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LETTER OE TRANSMITTAL.

Department of the Interior,

United States Geological Survey,

WasJiinyton, D. C, Jajiuari/ 31, 1896.

Sir: I transmit herewith the inanuscript and iUustrations of a memoir

and the plates for an accompanying athis upon the Marquette Iron-bearing

District of Michigan, by W. S. Bayley and myself

The field work upon which the present report is based began more

than five years ago. This work was by W. N. Merriam, W. S. Bayley,

H. L. Smyth, J. Morgan Clements, James R. Tliompson, and C. R. Van
Hise, although Mr. Bayley mapped a larger area than anyone else.

Several others have rendered subordinate assistance. The mapping of the

area from west of the center of R. 28 W. to Michigamme was mainly

the work of Mr. Merriam. He also studied the Republic tongue, but his

work in this part of the area was supplemented by a much more detailed

study by Mr. Smyth. From the center of R. 28 W. to the center of

R. 27 W., the mapping was partly the work of Mr. Merriam and partly

that of Mr. Bayley. East of the center of R. 27 W. to Lake Superior

the mapping was mainly by Mr. Bayley, although i\Ir. Clements assisted

one field season. Mr. Smyth mapped the Republic tongue and the area

to the west. All the underground work in connection with the mines

was done by Mr. Thompson. My own part of the task was tlie structural

study of the whole district, to which I gave one entire field season and

large parts of several others.

The field work on the western part of the district l)y ]\Ir. Merriam

and. Mr. Smyth was for private parties. The original specimens, notes, and

maps were placed at our disposal for the joreparation of this report. To
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the gentlemen furnishing this material we are very greatly indebted.

To Mr. James R. Thompson our especial thanks are due for a large

amount of gratuitous work, and especially for plats and sections of the

majority of the mines of the district, showing the relations of the iron-ore

deposits to the surrounding rocks. To the agents, superintendents, and

engineers of the mines of the district we are indebted for numberless

courtesies.

Of the manuscript, Chapter I, upon the literature; Chapter II, upon

the Basement Complex; Section III of Chapter IV, upon the Clarksburg

formation, and Chapter V, upon the igneous rocks, were prepared by W. IS.

Bayley. Chapter VI, upon the Republic trough, was prepared by H. L.

Smyth. Chapters III and IV, with the excejjtion of Section III of the

latter chapter, upon the Algonkian, were prepared by C. R. ^'an Hise, as

was also Chapter VII, upon the general geology.

The drawing for the atlas was done by E. R. Maurer andF. E. Moitow.

The beautiful originals for the colored plates were prepared by Mr. J. L.

RidgAvay, from ])olished specimens furnished him. They are photographic

in their accuracy.

Very respectfully, your obedient servant,

C. R. Van Hlse,

Geologist in Charge.

Hon. Charles D. Walcott,

Director United States Geological Survey.



OUTLINE OF THIS MONOGRAPH.

The Maniuette district occupies an area extending from Mariiuotte on Lake Superior west to

Michigamnie, a distance of something less than 40 miles. The breadth of the area of the Marquette

series proper varies from about 1 mile to more than 6 miles. From the western part of the main area

two arms project for several miles, one to the southeast, the Republic trough, and one to the south,

the Western trough.

The rocks in the district comprise three series, separated liy unconformities. These are the

Basement Complex or Archean, the Lower Marquette, and the Upper Marquette, the two latter

constituting the Algonkian for this district. The Basement Complex gives no evidence of water

deposition. The Lower Marciuette and Upper Marquette series are mainly sedimentary, although

large masses of igneous rocks are included. Each of the series of the district consists of several

formations. The transgression of the Lower. Marquette sea took place slowly, so that in parts of the

district the Lower Marquette succession is incomplete. lu other parts the succession is incomplete

because of inter-Marqnette erosion. .Vfter the Upper Marquette series was deposited the district was

folded, ftiulted, and fractured in a complex fashion, with resultant jirofound metamorphism.

Chapter I gives a history of geological explorations in the Manjuette district, and a full summary

of previous literature.

Chapter II treats of the Basement Complex. This occurs in two main areas, one north of the

Marquette series, called the Northern Complex, and one south of the Marcjuette series, called

the Southern Complex. There are also isolated areas within the Algonkiau. The Basement Complex

is composed of schistose and massive phases of crystalline and jiyroclastic rocks, so different from the

Algonkian sediments that there is rarely any difficulty in distinguishing between them. The schistose

phases are acid, intermediate, and basic. They are cut by a variety of massive igneous rooks, basic,

acid, and intermediate, in the forms of bosses and dikes. The rocks are undoubtedly of widely

different ages, but we are unable to separate them into sharply defined series upon the basis of age.

The Northern Complex is treated under the divisions Jlona schists, Kitchi schists, gneissoid

granites, hornblende-syenites, basic dikes, acid dikes, pcridotite, and ferruginous veins. The Mona

and Kitchi rocks are greenstone schists, which are believed to be largely reorystallized volcanic

materials. Their original forms included both tuffs and lavas. Basic schists are ]>redominaut, but

acid schists are found. The Mona schists are noncouglomeratic green schists. The Kitchi schists

contain numerous pebble-like bodies, which give them in many places a conglomeratic appearance.

The gneissoid granites and syenites are plutonic intrusive rocks within the greenstone schists. The

basic dikes are mainly diabase. The majority of these are schistose, and earlier than the upper beds

of the Marquette series. A few are fiesb, and these are probably of Keweenawan age. 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 deposiMan of the Lower Marquette series.



XXII OUTLINE OF THIS M0N0(;RAPH.

The Southern Complex is treated under the divisions micaceous schists, amphibole-schists, gneiss-

oid granites, Palmer gneiss, and intrusives. The micaceous schists include muscovite-schists, hiotite-

schists, feldspathic biotite-schists, and hornbleudio biotite-schists. The amphibole-schists include

greenstone schists, hornblende-schists, and micaceous hornblende-schists. The intrusives are mainly

basic and acid dikes. The greeenstone schists, the granites, and the dike materials are similar to the

corresponding rocks of the Northern Complex. The granites are intrusive in the schists. The isolated

areas within the Algonkian are gneissoid granite and schistose greenstones, that differ in no essential

respect from the corresponding rocks of the Northern Complex and Southern Complex, The Base-

ment Complex was deeply denuded before Lower Marquette time, as is shown by the fact that the

plutonic rocks yielded their detritus to the basal formation of the sedimentary series.

Chapter III treats of the Lower Marquette series. The Lower Marquette .=eries is composed of

the following formations, from the base upward : The Mesnard quartzite, the Kona dolomite, the Wewe
slate, the Ajibik quartzite, the Siamo slate, and the Negaunee iron formation. For each of these

formations the distribution, exposures, topography, folding, petrographical character, relations to

adjacent formations, thickness, and interesting localities are discussed. In treating the Negaunee

iron formation, the iron-ore deposits and prospecting are also considered.

The Mesnard quartzite fdimation, from 110 to 670 feet thick, is, as the name indicates, chiefly a

metamorphosed sandstone. However, in this formation are other varieties of rock. At the bottom

is a conglomerate, which at most places, in grading into the quartzite, passes through slate and

graywacke. The conglomerate is basal, in any particular locality being composed of coarse and fine

detritus from the immedi.itely adjacent rocks of the Basement Complex. At the top of the formation

is a thin belt of slate. The Mesnard quartzite is the first deposit of the transgressing Lower Mar-

quette sea. By the time the sea had transgressed a short distance upon the Marquette district the

Kona dolomite began to be formed, and hence the Mesnard formation is confined to the eastern part

of the district. In a large way the Mesnard ibrmation is folded into an east-west syncline with a

westward pitch. The two limbs unite south of Marquette and complete a L). Superimposed upon

this fold of the first order are close folds of higher orders, running in various directions, but more

continuously east-west. The rocks of the formation vary from those which have been indurated

mainly by siliceous cementation to those which have been completely metamorphosed. At various

places along the contact horizon of the Marquette series and the Basement Complex the mashing and

shearing have been so profound as to transform both into crystalline schists, which appear to grade

into each other. The coarser-grained kinds of the dynamically metamorphosed rocks are extensively

fractured, while the finer-grained kinds are mashed without macroscopioal fractures. Microscopically,

every original particle, small or large, shows strain effects.

The Kona dolomite, from 425 to 1,373 feet thick, is largely an altered limestone. The formation,

however, includes interstratified layers of slate, graywacke, and i|uartzite, with gradation phases

between these and the pure dolomite. The Kona dolomite, like the Mesnard quartzite, is confined to

the eastern part of the district. The formation has been folded iu a complex manner, the folds running

east-west and north-south. Consequent upon the folding and the different resisting powers of its

layers, the topography of the formation is exceedingly rough. When deformed the dolomite yielded

in most places without prominent fractures or cleavage, but iu the interstratified slates cleavage

was developed in many places, and the graywackes and quartzites were fractured or brecciated.

The dolomite varies through a slate into the Mesnard quartzite below, and by a lessening of the

calcareous constituent gradually passes into the Wewe slate above.

The Wewe slate, 550 to 1,0,50 feet thick, is chiefly a metamorphosed mudstone. With the slates

are, however, conglomerates, quartzites, graywackes, mica-slates, and mica-schists. The Wewe slate,

like the two previous formations, is confined to the eastern part of the district. The formation in a
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large way is folded into a jjreat westwavd-iiluuging syncliue, ami upon this major fold are superim-

posed folds of a higher order. The western boundary of the Wewe formation was the western limit

of the seashore at the time of the deposition of this formation, and thus basal conglomerates are here

found, which in all respects are similar to those of the Jlesnard formation, being composed chiefly in

each case of detritus derived from the immediately subjacent rocks of the Archean. As the result of

the folding, the slates show very generally a cleavage or lissility, but in many places where they are

coarse or brittle they are fractured through and through, or even transformed into reibungsbreccias.

The formation grades into the Kona dolomite below and into the Ajibik quartzite above.

The Ajibik quartzite, from 700 to 900 feet thick, is mainly a metamorphosed sandstone. The time of

the Ajibik (luartzite marks a rapid advance of the Lower Marquette sea, and therefore the formation

extends to the western end of the district. In the eastern part of the area the Ajibik quartzite grades

down into the Wowe slate, but for the major portion of the district it rests uneonformably upon the

Basement Complex. At many localities contacts and basal conglomerates are known. In some places

the motamorphism has l)een so severe as to transform the Basement Complex and the Ajibik quartzite

into crystalline schists, with parallel structures. The quartzite grades above either into the Siamo

slate or into the Negaunee iron formation. In different parts of the district, depending upon various

conditions, the original sandstone has been transformed into quartzite, cherty quartzite, ferruginous

quartzite, ferruginous cherty quartzite, quartz-rock, and quartzite-breccia. Some of the dynamic

breccias so closely resemble ordinary conglomerate as to deserve the name pseudo-conglomerate.

The Siamo slate, from 600 to 1,200 feet thick, is chiefly an altered mudstone, although locally it

was a grit or sand-rock, which has subsequently been changed to graywacke or quartzite. The larger

area of the formation is confined to the eastern part of the district, although a belt runs near the

north side of the Marquette series to the west end of the district. The major folding is similar to

that of the other formations. Superimposed upon the larger folds are secondary folds, and these at

various places are monoclinal. The formation is very generally affected by a cleavage or lissility, and

in the case of the monoclinal folds the cleavage is inclined in the same direction as the axial jilanes

of the folds. The Siamo slate grades into the Ajibik (£uartzit(< below and into the Negaunee iron

formation above.

The Negaunee formation, from 1,000 to 1,500 feet thick, is nonfragmental, heavily ferruginous

throughout, and contains the greater iron-ore deposits of the district. It is therefore called the iron-

bearing formation. Large quantities of intrusive greenstones are associated with the formation, the

masses of which vary in magnitude from great bosses 2 miles or more long and a half mile wide to

small dikes. The largest area of the Negaunee formation is in the east-central part of the district.

From this area two belts extend west to the western end of the district. Upon the whole, the forma-

tion is soft, and occupies lowlands between the more resistant greenstones and the Ajibik quartzite.

The formation is underlain by the Siamo slate or Ajibik quartzite, into which it grades, and is over-

lain uncomformably by the Upper Marquette series. Petrographically the formation comprises sideritic

slate, which may be griineritic, magnetitic, hematitic, or limonitic
;
griinerite-magnetite-schist ;

ferru-

ginous slate; ferruginous chert; jaspilite; and iron ore. The ferruginous chert and jaspilite arc fre-

quently brecciated ; the other kinds less frequently. The sideritic slate is the original form from which

the other varieties of rock have developed. The griinerite-magnetite-schists were formed by partial

recrystallization of the silica, by oxidation of the iron oxide in part to magnetite, by the union of a

part of the silica and iron protoxide, producing griinerite, and with the loss of carbon dioxide. The

ferruginous slates are the direct result of the decomposition of the iron carbonate and the peroxidation

of the iron with partial or complete recrystallization of the silica. The ferruginous cherts differ from

the ferruginous slates in that the iron oxide and the chert are largely concentrated into alternate

bands. The jaspilites differ from the ferruginous cherts in that each of the quartz grains of the chert
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bauds is stained red liy inclnded liematite. The iiou ores resulted from the couceutratioii of the iron

oxides through the ai^euey of dowuward-percolating waters. Tliese couceiitratiou-bodies usually occur

upon iuipervious basements in pitching troughs. The pitching troughs are formed by the Siarno slate,

the Ajibik quartzite, a mass or dike of greenstone, or by some combination of these. The ore deposits

are likely to be of large size where as a result of the folding the iron-bearing formation is much frac-

tured, thus permitting the ready action of percolating waters. The ore deposits occur at the bottom

of the Negaunee formation, within the Negannee formation, and at the junction plane between the

Negaunee formation and the overlying Ishpeming formation. From the position of the ore deposits

above the impervious formations it is concluded that their concentration occurred during or subsequent

to the folding which took place later than Upper Marquette time.

Chapter IV treats of the Upper Marquette series. This series is composed of the following

formations, from the base upward: The Ishpeming formation, the Michigamme formation, the Clarks-

burg formation. As in the case of the Lower Marquette series, for each formation the distribution,

exposures, topography, foldiug, relations to adjacent formations, petrographical character, thickness,

and interesting localities are discussed.

The Ishpeming formation includes two classes of rock, which are called the Goodrich quartzite

and the Bijiki schist. These rocks are sufBciently different to have different formation names, but

the Bijiki schist for the west eud of the district occupies a part of the horizon of the Goodrich

quartzite in the central part. The quartzite, from 600 to 1,550 feet thick, is confined to the central and

western parts of the district. The main area of the formation is folded into a synelinorium, which, as

a result of a western pitch, terminates to the east at Ishpeming. On account of the resistant character

of the formation, for much of the district it constitutes a ridge separating the less resistant Negaunee

formation below and Michigamme formation above. The Goodrich quartzite rests unconformably upon

the Negaunee formatiou. For the greater part of its area it grades up into the Michigamme or Clarks-

burg formations, but in the northwestern part of the district it passes into the Bijiki schist. The

least metamorphosed rocks are quartzites and quartzite-conglomerates, the grains of which show pres-

sure effects. The more metamorphosed rocks have been so mashed as to have become schist-conglom-

erates and micaceous quartz-schists. Where the formation rests upon the Archean the mica-schists and

mica-gneisses also occur. Between the various kinds there are all gradations. At the base of the

Goodrich <iuartzite is a basal conglomerate. For the major part of the district this conglomerate rests

upon the Negaunee formation. Its detritus is therefore derived mainly from that formation, and the

rock is an ore, chert, jasper, and quartz conglomerate. At a few places the Archean rocks are subjacent,

and their materials predominate in the conglomerate. The Bijiki schist, from to 520 feet tliick, is con-

fined to the western part of the district. The rock is a banded griiuerite-maguetite-sohist, which has

been derived by metasomatic and dynamic processes from an impure siderite.

The Bijiki schist grades into the Goodrich quartzite below and into the Michigamme formation

above.

The Michigamme formatiou occurs in a single large belt, stretching from the center to' the western

end of the district. It is folded into a great composite syncliue at the center of the Marquette syn-

elinorium. The rocks were originally ferruginous and nonferrnginous muds and grits. These have

been altered to slates, graywackes, mica-schists, and mica-gneisses. In this transformation the feld-

spars have decomposed to quartz and mica, the fragmental (luartz has been granulated, and the most

metamorphosed of the resultant rocks are foliated, completely crystalline schists. The formation

grades below into the Goodrich quartzite, Bijiki schist, or Clarksburg formatiou. Its thickness is very

considerable, probably 2,000 feet or more, but no accurate estimate can be given.

The Clarksburg formation differs from the other formations of the Marquette series in that its pre-

dominant rocks are composed of volcanic materials. The formation embraces basic lava flows, tuffs,
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ashes, and breccias, which locally .are interleaved with or grade into graywacke, slate, or conglomerate.

Much of the material has lieen profoundly metamorphosed, and schist-conglomerates, mica-schists,

and hornblende-schists have resulted. All of the foregoing rocks are cut by dikes and nuissos of

greenstone. The formation is confined to the south-central part of the district. It grades into the

Ishpeming formation or the Michigamme formation below and into the Michigamme I'ormatiou above.

No accurate estimate of the thickness of the formation can be given. The volcanic material was

poured out from a number of vents, the more importantones which have been recognized being located

near Clarksburg, Greenwood, and Champion.

Chapter V treats of the igneous rocks of the Marquette series not belonging to the Clarksburg

formation. These rocks are all basic, having the composition of altered diabases. As to age, they are

divided into pre-Clarksburg greenstones and post-Clarksburg gTeenstones. The older rocks occur

as dikes, bosses, sheets, and tuft" beds, although the latter two are subordinate. They vary from

rather fresh diabases to schistose rocks which are micaceous hornblende-schists, chlorite-schists, or

talc-schists. The more metamorphosed forms are most abundant on the peripheries of the masses,

and especially close to the rocks of the Negaunee formation, and such rocks arc often heavily ferrugi-

nous. The post-Clarksburg greenstones comprise only dikes and bosses. They are much fresher than

the older greenstones, being mainly nonfoliated. Their alterations are chiefly metasomatic. They com-

prise olivine-diabases, quartz-diabases, porphyrites, and basalts. It is conjectured that these rocks

are correlative with the eruptives of the Keweeuawan series.

Chai'TER VI treats of the Republic trough. This is an isoclinal syncline, extending southeast

from the western end of the district. The rocks of the Republic area belong to the Archean, Lower

Mar(iuette, and Upper Marquette series. The Archeau rocks comprise granites, gneisses, and crystal-

line schists. The schistose structure is especially developed adjacent to the Algonkian rocks. The

Lower Marquette series includes the Ajiblk quartzite and the Negaunee formation. The Ajibik

quartzite, probably not exceeding 100 feet In thickness, rests nnconformably upon the Archean. At

one place a coarse basal conglomerate is found in direct contact with the rocks of the underlying

series. For the most jiart the formation has been transformed to a micaceous vitreous quartzite or

into a mica-schist. The Negaunee formation consists of two horizons, a griinerite-magnetite-schist

below, and a specular jasper .above. The Upper Marquette series consists of the Goodrich quartzite

and the Michigamme mica-schist. The Goodrich rock has been transformed to a quartz-schist or to

a micaceous quartz-schist. In the southeastern part of the trough, at the bottom of the Goodrich

quartzite, is a great conglomerate, the detritus of which is derived mainly from the underlying Negau-

nee formation ; also there is a diiference in dip between the Goodrich quartzite and the Negaunee

formation. From these facts it is certain that the two are unconformable. The Michigamme mica-

schist occupies the center of the tongue. This grades down into the Goodrich quartzite. Basic

intrusives occur in both the Upper and the Lower Marquette series, the same as in the remainder of

the district. A fault with hade nearly but not quite parallel to the bedding occurs on the eastern

side of the trough near Republic. The iron-ore deposits are at the contact of the Ishpeming and

Negaunee formations or within the Negaunee formation. The important deposits are at the end of the

trough, and especially at the bottom of subordinate plunging synclines. They are secondary concen-

trations, produced by downward-percolating waters.

Chapter VII treats of the general geology, and involves a consideration of the Basement Com-

plex, the Lower Marquette, and the Upper Marquette series. The Lower Marquette has a possible

maximum thickness of 6,120 feet, but it is not probable that any single section will give as

great a thickness as 5,000 feet. The Upper Marquette series, excluding the volcanics, is probably

less than 5,000 feet thick; including the volcanics it is probably more than 5,000 feet thick.

Before the beginning of the deposition of the Lower Marquette series the Basement Complex had

been deeply eroded. The transgression Imrizon of the Lower Marquette series is a conglomerate,



XXVI OUTLINE OF THIS MOXOGRAPH.

which quickly passes upward into a qiiartzite. As the sea occupied a considerable time in advancing

over the land area, and as the advance was from the east, several formations were deposited in the

eastern part of the district before the entire area was submerged. These formntions are the Mesuard

qnartzite, the Kona dolomite, and the Wewe slate. Thus we have these formations and the overlying

Ajibik quartzite overlapping one another to the west. It follows that the transgression horizon is

somewhat arbitrarily divided between four formations.

The Lower Marquette series rests unconformably upon the Archean. This is shown at many

localities by numerous unconformable contacts and great basal conglomerates, the main part of

the detritus being in each case identical with the rocks of the Basement Complex at that locality.

Within the sediments of the Lower Marquette series are a few thin lava beds, showing volcanic

activity in Lower Marquette time. After the deposition of the Lower Marquette series the land was

raised above the sea, and erosion set in and continued for a long time. The denudation was deep

enough in some places to remove the entire Lower Marquette series. The Upper Marquette series was

therefore deposited unconformably upon the Lower Marquette series and the Archean. For the major

part of the district the immediately subjacent rocks belong to the Negauneee formation, and the basal

conglomerate for this area consists mainly of detritus derived from that formation. For smaller

areas other formations of the Lower Marquette series or the rocks of the Basement Complex underlie

the Upper Marquette rocks, in which cases the detritus is derived mainly from them. Above the

conglomerate, the first deposit of the advancing Upper Marquette sea, a sandstone was piled up,

which was later transformed to the Goodrich quartzite. In the western part of the district, above

this came a sideritic slate, which has been changed to a griinerite-magnetite-schist—the Bijiki schist.

Above the Bijiki schist followed the muds and volcanics which have been transformed respectively to

the rocks of the Michigamme and Clarksburg formations. Within the Lower and I'pper Marquette

series are abundant intrusives.

After the deposition of the Upper Marquette series the three series of the district were folded

together. The folding is of a complex character. The largest but least conspicuous folds have an

east-west direction. The miijor east-west fold is a great synclinorium, which in the central part of

the area is of the abnormal type. Upon the primary folds are secondary ones, upon these tertiary ones,

and 80 on to microscopic plications in the case of the finer-grained rocks. The more plastic forma-

tions vielded mainly by dowage ; the less plastic formations yielded partly by fracturing, although in a

large way obeying the general folding of the district. At many places the fracturing was so complete

as to produce reibungsbreccias, or even pseudo-conglomerates. A microscopical study shows that not

a cubic inch of material has escaped dynamic action. Every original grain of fair size gives evidence

of interior movement. The rocks have been kneaded throughout. As a result of the dynamic action,

there has also been faulting, but with two or three exceptions the faults are so small as to be unim-

portant. The manner in which the rocks have responded to deformation shows that when folded they

were in the zone of combined fracture and flowage. It is believed that they were buried under a

thickness of several thousand feet of sediments, perhaps as much as 10,000 feet.

The various formations of the Marquette series, as a result of the dynamic and other processes,

were metamorphosed in different ways, dependent upon their composition and position. In the softer

rocks cleavage and tissility were generally developed, and the rocks were extensively transformed to

slates or schists. In the harder rocks these structures are less prevalent, although at many places

alon" the major planes of accommodation, and especially at the contacts between the Basement Com-

plex or Archean and the Marquette series between the Lower Marquette and Upper Marquette series,

they also have beeu transformed into crystalline schists. At the former place the Archean rocks have

been transformed into similar crystalline schists. The rocks upon opposite sides of a contact have par-

allel schistosity, and therefore there are here apparent gradations between the unconformable Lower
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Marquette iind Upper Marciiietto series, ;\nd between the uucout'ormable Lower Marquette scries and

the Archeau. Alter tbe last period of dynamic raetamorpbism it is believed that the crystals of horn-

blende, garnet, staurolite, andalusite, and chloritoid, which are now unstrained, developed, under

quiescent conditions. The metamorphism is much more i)rofound in the western part of the district

than in the eastern and central i)arts. This variation in metamorphism corresponds with the closeness

of folding;.

During and subsequent to tlie later folding of the district the area has undergone vast denudation.

The character of the folding .shows that great mountaiu masses must have been produced, which have

been now reduced to approximate plains, so that the district is merely bluffy.

The Lower Marquette and Upper Marquette series are correlated with the Lower Huronian and

Upper Huronian series of the north shore of Lake Superior. They are also correlated with the Lower

Menominee and Upper Menominee series. The correspondence of the formations of the Marquette

series to those of the Menominee series is only approximate.





THE MARQUETTE IRON-BEARING DISTRICT OF
MICHIGAN.

By C. R. Van Hise and W. S. Bayley.

INTRODUCTION.
This report is a final account of tlie Marquette district, the oldest

important iron-producing area of the Lake Superior region. Already two

detailed reports have been issued upon it by the Michigan State survey.

The first, by Maj. T. B. Brooks, published in 1873, was a faithful account

of the structural and economic geology of the part of the district producing

iron ()re ;it that time, no attempt being made to completely map the area.

The intrusive character of most of the greenstones and the physical break

existing between the Upper Marquette and Lower Marquette series were

not recognized. While for closely studied localities Major Brooks's map-

ping is remarkably accurate, it was not possible under the circumstances

to fully determine tlie general succession. The second report, by Dr.

Carl Rominger, was published in 188 L This report is accompanied Ijv an

areal map of the district from Lake Superior to 1 mile into R. 28 W. The

topography is carefully indicated by hachures, and the areal distribution of

the more important formations is delineated with a fair degree of accuracy,

showing that the district had been traversed with great patience. However,

all quartzites are placed together, without reference to their age, and the

same is true of the slates. The map is not accompanied by any sections.

It is therefore to be considered as a lithological rathei- than a stiiictural map.

Many other papers upon the Marquette district, of greater or less impor-

tance, have been published by Wadsworth, hnnng, Pumpelly, and others.
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A preliminary report lias been published by us in the Fitteeiith Annual

Report of the United States Geological Survey.

The present report is based upon a detailed examination of the entire

Algonkian area from Lake Superior to Lake Michiganune. Topographic

maps of a part of the district, made by the United States Geological Survey,

have been supplemented in critical areas by large-scale plane-table sheets.

Practically all outcro]js have been accurately mapped on a large scale.

In the mining part of the ai'ea advantage has been taken of underground

workings and borings. Owing to the detailed character of this work,

combined with the advance of geological knowledge in the past twenty

years, it is now possible to present a much more satisfactory account of tlie

structure of the district than has yet been given.

Notwithstanding the fact that mining has been done for many years

in the district, it is little traveled away from the roads. The timber has

been cut off for iron smelting. Where the cut has been comparatively recent

the fires have ran, and there is now a tangle of fallen timber and briars

and bushes. Where the cut is older there is a thick second growth, 20 to

50 feet high. The area is therefore much more difficult to penetrate than

was the primeval forest. Moreover, the bushes are an eftectual bar to

extended vision, except from high, rocky points. While the disti-ict is not

mountainous, in detail much of it is exceedingly rough, so that in travers-

ing parts of it one is nearly always ascending or descending a steep slope.

Other parts are covered by a mantle of glacial deposits, through which the

rocks rarely protrude. Because of the irregularity of the topograjjliy and

the difficulty of seeing, it has been impossible to base locations on the

ordinary topographic maps. For the larger part of tlie district locating

was done either with the aid of the plane-table or l)y pacing from section

corners and cjuarter posts.

The rocks of the district comprise three series, separated by uncon-

formities. Each of these series consists of several formations. The

transgression of the sea did not occur o^'er the entire district even

approximately at the same time, so that in parts of it the succession is not

complete, and in other parts the succession is incomplete because of inter-

vening erosion. Finally, the district has been folded in a complicated

fashion in two directions, with resulting profound metamorphism.
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It is plain from the foregoing that the district is one of exceeding

difficulty, and that it has been possible to unravel its intricacies onh^ by

patient and laborious work.

The Algoukian of the ^lanpiette district is divisil)le into two series,

presumably the equivalents of the Lower Huroniau and the Upper Huro-

nian of other disti'icts of the Lake Superior region and of the Original

Huroniau of Canada. These two divisions are sepai'ated l)y an unconform-

ity. In this paper the lower clastic series of the Marquette area will be

called the Lower i\Iarquette series, and the upper the Upper Marc^uette

series. The Algonkian rocks are bounded on the north and on the south

by the Basement Complex, or Archean. The Archean consists of an intri-

cate mixture of gniiiite, gneisses, schists, and surface volcanics. ^Vll are

thoroughly crystalline.

The Lower Marquette series covers the larger part of the area of

Algonkian rocks east of Ishpeming, and forms belts on the north and south

sides of the Algonkian area west of Ishpeming. The easternmost Upper

Marquette rocks a])pear at Negaunee and at Palmer. Here, however, they

are in patches, the east end of the main area appearing at Ishpeming.

From this place west the Upper Marquette rapidly Avidens. At Lake Michi-

gamme the Algonkian expands into a broad area, from which several arms

extend. In each of these arms the lower series occupies the outer borders

of the Algonkian belts, the upper series appearing in the centers.

The area discussed in the present paper is limited on the west l)y the

east mile of R. 31 W., and on the south by T. 40 N., with the exception

that the southern extremity of the Republic tongue extends into T. 45 N.

The Algonkian rocks of tliis area, speaking broadly, are in a great syn-

clinorium. This synclinorium is of a peculiar and complicated character',

which will be fully considered later. It is sufficient here to say that in the

middle of the district the rocks in the outer borders of the Algonkian belt

are in a series of sharply overturned folds. The Algonkian rocks on either

side of the trough have moved over the more rigid Archean granite, and, as

a consequence, on each side of the Algonkian trough a series of overfolds

plunge steeply toward its center, producing a structure resembling in this

respect the composed fan structure of the Alps. There is, however, this

great difference between the Marquette structure and that of the Alps, that
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in passing from the sides of the trough toward the center newer rock appear

rather than older ones, so that in the center of the synclinoriuni the

youngest rocks are found. It is as if the composed fan folds of the Alps

were sagged downward, so that the structure as a whole is a synclinoriuni

rather than an anticlinoriuni. The structure thus differs from the composed

fan structure of the Alps and from the inverted intermout trough of

Lapworth, and may be called an abnormal synclinorium^ (fig. 1). This

structure prevails in the central part of the area from Islipeming and

Negaunee westward to Clarksburg, but it does not extend to Lake Su^jerior

on the east nor to Lake Michigamme on the west.

Fin. 1.—Generalized c i-section of Marquette aynel , showing tlio Afarquetto type of fold.

"While the more conspicuous folds have in general an east-west direction,

the rocks have also been under strong east-^vest compression, as a conse-

quence of AvhicU the folds are buckled so that they often show a steep pitch.

In places the north-south folds become more prominent than the east-west

folds, and control the prevalent strikes and dips. In aii intermediate area

the two series of folds are about equally important, thus producing most

irregular strikes and dips. These north-south folds are of two orders: the

first of great magnitude, but small dip; the second, superimposed on the

first, of less length of wave, but with steeper dip.

'Principles of Nortli American pre-Cambrian geology, by C. K. Van Hise: Sixteenth Ann. Kept.

U. S. Geol. Survey, Part I, 1896, pp. 612, 616-620.



CHAPTER I.

By W. S. Bayley.

GEOLOGICAL EXPLORATIONS AND LITEPtATURE.

l^hat portion of the Lake Superior region knoNvn as the JIarquette iron

range was bronght to the notice of geologists Ijy the early navigatoi-s of

the lakes during the first quarter of the present century, and to the indus-

trial connnunity in the year 1850, when the surveyors of the Chip])ewa

land district announced the discovery of great masses of iron ore in the

valley of the Carj) River. The literature which deals with the geologv of

the district far exceeds in volume that devoted to all the other iron-ore-

producing areas in Michigan, Minnesota, and Wisconsin taken together.

This is due to the early discovery of the district, to its importance as an

ore producer, to its comparatively easy accessibility, and to the fact that its

geology is so complicated as to have afforded data for manv different theories

concerning it. These theories have given rise to frequent and sometimes

violent discussions, and though many have been proved untenable, they

have done mneli toward the development of correct notions of the origin

and the geological relationships of the various rocks occurring in the district.

The history of the literature on the Marquette district may be divided

into four jjeriods, as follows: The first extending from the year 1820 to 1850,

the date of the appearance of Foster and Whitney's joint report; the second

beginning in 1850 and ending with the establishment of the Michigan survey

in 1870; the third beginning in 1870 and ending with the publication of

Rominger's report in 1881; and the fourth embracing the time that has

elapsed since 1881.



TflE MAKQUETTE IROXBEARING DISTRICT.

The work of the fii'st ])erio(I was mainly i)reliniiiiar}'. It beji'an with

the general notes of the early na\ngators and explorers, and ended with the

statement of the general features of the Marquette geology as given in

Foster and Whitney's report. This was a period of great activity. It

included the writings of the navigators or explorers, Schoolcraft and Bay-

field, of the first State geologist of Michigan, Dr. Houghton, and of the

United States surveyoi's and geologists, Cunningham, Gray, Locke, Ohan-

ning, Burt, Hulibard, Jackson, Foster, and Whitney. The various reports

made were devoted to a g-eneral discussion of the geology of the district

and to the classification of the rocks found.

The second jx-riod was not so fruitful of results. The onK- notalde

jjaper published during this time was that of Kimball, which appeai-ed in

1865. Whitney, Rivot, Whittlesey, Hunt, Bigsby, and Credner also cou-

tril)uted to the discussion. Very little that was new was added to the

knowledge* of the region, the principal articles, with the exception of the one

by Kimball, being in confirmation or in contradiction of the various jioints

raised b}' ilessrs. Foster and Whitney—mainly with respect to the di\isi-

bility of the "Azoic" series. In Kimball's ai'ticle the sequence of the rock

beds in several portions of the iron range is noted, and a theory of the

origin of the iron ores, in opposition to that advanced by P^oster and

Whitney, is advanced.

Tlie third period was again a tiuie of activity, made so through the

efforts of tlie Michigan and Wisconsin surveys. Alexander Winchell,

Brooks, Julien, Wright, Wichmann, and Rominger contributed to the State

reports, while Wailsworth, Crosby, and others published in the various

journals. In this period the publications took ;i much wider range than in

preceding jjcriods. Brooks and Rominger each published lengthy reports

dealing with the general geology of the entire district. Detailed descrip-

tions of observations are the rule in all the jjapers written, and the con-

clusions are based on these. In this period also the first detailed maps of

the mining region were made. In general the principal work done was the

recording of accurate observations. This period is also noted for the vigor-

ous controversy that arose between the advocates of the theory which

ascribed to the jaspers and ores of the region an ei'uptive origin and the
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adherents of the theory which regarded thein as of sedimentary orio-in.

The controversy continued to be waged violently througli the greater por-

tion of the fourth period, until finall}^, near its close, it was settled to the

satisfaction of both sides.

The fourth period is noted especially for the writings of the geologists

of the United States Geological Survey, more particularl}- those of Irvino-,

Pumpelly, VauHise, Williams, and Smyth, although the work of the newly
reorganized Michigan survey was an important element in settling several

of the questions that had been raised in the earlier discussion. Wadsworth
Patton, Lane, and Rominger contributed to the Michigan reports. Amono-

the other geologists who published during this period are Alexander Win-
chell, N. H. Winchell, Hunt, Reyer, Birkinbine, and Putnam. Tlie prin-

cipal problems attacked were the classification of the Marquette formations

into series, the definition of the series, and their correlation with the series

existing elsewhere in the Lake Superior region. During tjiis period also a

number of the doubtful questions as to the origin of certain members of

the various formations were settled, so that at its close nearly all the geolo-

gists with a personal knowledge of the region came nearer to agreement

than at any earlier time.

With this brief outline of the general direction taken h\ tlie geological

literature of the district, we pass at once to the consideration of the litera-

ture itself, discussing the several articles in the order of their jjublication.

A synopsis of each article is given, and this is accompanied by a commen-
tary intended to explain the circumstances under which the different papers

were written. Where possible the authors' own words have been quoted

freely in the abstracts, since it is thought better to allow them to explain

their own views than to make the explanations for them. Nov\- anrl then a

critical comment has been introduced, but the comment is in criticism of

some statement of fact by an author, and not of his views.
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Sf'HOOLCRAFT, Henry E. Narrative journal of travels from Detroit uorthwest

through the great chain of American lakes to the sources of the Mississippi River,

in the year 1820. Albany, 1821. Pages 157-160. With map and plates.

The first reference to the geology of the Marquette district is found in

a ^•ohuue by Schoolcraft, who, in the course of his travels along the south

shore of Lake Superior, as a member of the exploring party linder Grovemor

Cass, of Michigan, observed the existence of granite at the point now known

as Granite Point, some 9 or 10 miles north of the present city of Marquette,

and the unconformity between it and the sandstone immediately overlying

it. The granite, "rising out of the lake to a height of 200 feet, is connected

with the shore by a neck of land consisting of red and gray sandstone in

horizontal layers." Greenstone veins, varying in width from 2 to 30 feet,

were noticed cutting the granite. "The sandstone laps upon the granite,

and fits into its irregular indentations in a manner that shows it to have

assumed that position subsequently to the upheaving of the granite. Its

horizontality is perfectly preserved, even to the immediate point of contact,

which is laid bare to the view." A geological section is published, showing

the unconformity of the sandstone on the granite. The author does not

pretend to know the age of the sandstone, but he thinks "its position would

indicate a near alliance to the 'Old Red sandstone.'" The country back of

the lake appeared to Schoolcraft to consist largely of granite.

Thus the existence of granite cut by trap dikes in the Marquette region,

and of sandstone much younger than the granite, was first made known by

Schoolcraft, who also pictured and made classical one of the best-known

unconformities on Lake Superior.

Bayfield, H. W. Outlines of the geology of Lake Superior. Trans, of the

Lit. and Hist. Soc. of Quebec, Vol. I, 1829, pages 1-43.

Commander Bayfield, in 1829, on his tour around the lake, made a

numljer of observations concerning the geology of its coasts. He confirms

Schoolcraft's discovery of the existence of granite at Granite Point and of

horizontal sandstone resting immediately upon it. He finds this same
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sandstone with similar relations to the granite all alon<^ the south coast

of the lake from this point as far west as the east side of Keweenaw Bay.

Like Schoolcraft, he regards it as probably the "Old Red." The granite

and certain greenstones associated with it are cut by "veins of hornblende,"

which, however, never pass upward into the sandstone.

1841.

Houghton, Doitglass. Fourth annual report of the State Geologist,

Douglass Houghton. State of Michigan, House of Representatives, No. 27.

Reprinted in " IMemoirs of Douglass Houghton, first State Geologist of Michigan,"

by Alvah Bradish. Detroit, 1SS9. 302 pages.

The first general statements made with respect to the relations of the

Lake Superior rocks to one another are to be found in the reports of Dr.

Houghton, first State geologist of Michigan. The fourth report, j)ublished

in 1841, deals principally with the geology of the copper region, although

the general geological relations of the different portit)ns of the Lake Superior

region to one another are discussed, and the boundaries of the present

Marquette district are outlined. The presence of "Primary" and "Meta-

morphic" rocks in the vicinity of the present city of Marquette was known

to the author, though he refers to this locality only in a general way as

the region north of the Chocolate River. At Presque Isle, moreover, he

recognized the presence of a serpentinous trap rock, which lie thought had

been raised up through the sandstones now ly"^» ^H'^n it, for the oi-iginal

horizontal stratification of the sedimentary rock has been so disturbed that

its strata now dij) a,way from the trap in all directions. At the junction of

the two rocks the sandstone has been shattered and impregnated with

calcareous matter, and both rocks have lost their characteristic features

(j)p. 180-181).^

The main features of the geology of the Upper Peninsula of Michigan

are here for the first time a})proximately outlined. The primary rocks are

reported as extending northwestward from Little Presque Isle, a small point

jutting into Lake Superior, a little southeast from River des Morts, now

known as Dead River. Along the lake shore they are known as far west

' All references by page number iu this review are to the report as reprinted in the Memoir of

Douglass Houghton.
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as the Huron Islands, while inland they stretch westward as far as the

source of the Wisconsin River (p. 166). The larger portion of the Primary

series consists of granite or syenite (hornblende-granite). In its southeast-

ern portions granite is the predominant rock. Toward the northwest the

character of the series clianges almost imj^erceptibly. Quartz becomes less

and less abundant in the granite, and hornblende more abundant, until

finally the rock passes into a granular compomid of feldspar and horn-

blende, or into a greenstone. The granitic members of the series (which

are those included within tlie present ]\Iarquette district) are traversed in

all directions by greenstone dikes of various magnitudes that have produced

contact effects in the granite on both sides of them. These dikes are con-

nected with the great greenstone masses to the northwest. They are not

only of the same composition as the greenstone, but as the large areas of

the greenstone are approached the dikes become more and more abundant

m the granite, "until at length it becomes difficult to determine which of

the rocks predominates in quantity." Occasionally veins of other rocks than

greenstone are to be found cutting the granite, and "in a single instance

what was regarded as a true vein of poi'jjhyry, ha\dng a width of nearly

3 feet, was noticed, which Acin is crossed at angles of 53° and 107° by a

vein of greenstone, having a.width somewhat less than that of the j^orphyry.

In this instance the greenstone is clearly the most recent vein" (p. 176).

It is evident that Houghton did not discriminate between the A-ounger

greenstone dikes in the granite and the greenstone-schist comprising the

large areas of greenstone to which he makes reference. The latter do

not send apophyses into the granite, but, on the contrary, the granite

sends dikes into the greenstone-schists. There is a gradation such as

Houghton describes, but the granite, and not the greenstone-schist, is the

invading rock. The small dikes in the granite are as described in the report,

but they are not genetically connected with the greenstone-schists.

"Flanking the primary rocks on the south," writes Houghton, "is a

series of stratified rocks consisting of talcose, mica, and clay slates, slatv

hornblende rock, and quartz rock, the latter rock constituting by far the

largest jn-oportion of the whole group." Passing from the granite southward

near the lake shore, the series consists of a serpentine rock into which
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the fraiiite iusensiljly <i;'riules, iKiriibleiule-slates, talcose and micaceous

slates and clav-slates, and Hnally (jnartzites. 'I'lie series dips iiTeiiularly to

tlie south and southeast, while the cleavag-e of the slates is very unit'orni

to the north (p. 168). These "metamorphic" rocks are confined ex(du-

sively to the range of hills lying- upon the southeast side of the g-ranitic

rocks. They occupy a belt of country having- an average Avidth not

exceeding fi to 8 miles. The precise limit of the series to the southwest

is unknown. The southeastern boundary is tlie Chocolate River. The

alternations of the different members of the series are so complicated tluit

the author does not attempt to describe them. He contents himself witli a

description of the ([uartzite, which he finds to be granular and compact,

and a statement with regard to the serpentinous rock lying immediateh'

.

south of the granite. Tins rock has a regular-jointed structure resemljling

stratification. In composition it is very close to greenstone, since it consists

essentially "of granular feldspar and hornblende, Avith which serpentine

is intimateh- blended. This rock only occurs in the talcose slate as we

approach the granitic region, and possibly a more close examination may

show it to be a simple series of dikes lying parallel to tlie line of cleavage

of the slate rocks" (pp. 182-183). Like the primar}- rocks, the metamorphic

ones are traversed by trap dikes.

The serpentinous rocks to which the reference is made are the green-

stone-schists which were so long regarded as ])art of the sedimentary series,

and whose origin was a matter of doul)t laitil CI. H. Williams proved them

to be altered basic tuffs. The mica-slates and clay-slates and the quartzites

are members of the Marquette series.

In the economic portion of the report the State geologist refers to tlie

value of the granite and the greenstones as building materials, and gives a

list of the nnnerals found in the primary and metamorphic series. Among
those in the metamorphic series novaculite and hematite are mentioned, but

the latter is not thought to be of much value. "Although the hematite is

abundantly dissenfinated through all the rocks of the metamorphic group,

it does not appear in sufiicient quantity at any one point that has been

exannned to he of practical importance" (])p. lOU-lUT).
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Cunningham, Walter. A copy of a report of Walter CuuuiiigUam, late

miueral agent ou Lake Superior. Dated January 8, 1845. Communicated by Hon.

William Wilkins, Secretary of War, February 11, 1845. 2Stli Cougress, 2d session,

1814—15. Senate Documents, A'ol. VII, No. 98. 5 pages.

After Dr. II()ii<>-litoii's unfortunate death, the first information tliat

comes to us concerning the geology of the Marquette district is through

the re})orts of tlie commissioners appointed to examine the country ceded

to the United States Grovernment 1)y the Chippewa Indians, a Large tract,

inchiding all of the area embraced in the iron and copper districts of the

south sliore of Lake Superior, in addition to much other land. Gen. W.

Cunningham had been sent by the War Department into the "Chippewa

laud district" to examine the country and to gather information with respect

to the extent of the mineral lands on the south sliore of the lake, that these

lauds might be designated "mineral lands" l)y the proper authorities, and

so treated.

General Cumiingliam submitted his report in 1845. In it the Chocolate

River was fixed upon as defining the southern boundary of the mineral

tract, not because iron ores had been discovered near it, but presumably

because "in the vicinity of Death River important discoveries of lead ore

have been made." Very little was afterward heard of these discoveries,

but, at the time he wrote, Cunningham believed these occurrences of

galena marked the northeastern end of the lead range whose southwestern

extension formed the great lead region of Iowa, Illinois, and Wisconsin.

Stockton, John. A report of John Stockton, superintendent of the mineral

lands on Lake Superior, with maps, etc. Dated February 24, 1845. Transmitted to

the Senate March 17, 1815. 28th Congress, 2d session, 1844-45. Senate Documents,

Vol. XI, No. 175, pages 2-22.

Upon the designation of the "mineral lands" by General Cunningham

they were })laced luider the charge of General Stockton as superintendent,

with headquarters at Copper Harbor, on Keweenaw Point.

In his own report Stockton deals almost exclusively witli that portion

of the mineral lands in which co])])er was known to occur.
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Gray, A. B. Report by A. B. Gray. Ibid., pages lo-22. With map.

Accompanying Stockton's report are the reports of liis several assist-

ants, among whom was A. B. Gray, who refers incidentally to the rocks

between Granite Point and the Chocolate River as "trap and granite,

bearing the strongest indication of a metalliferous nature" (p. 18). They

contain veins of galena, chalcopyrite, and pyrite. The traps and granites

appear as knobs, some of which "are based on the south In^ metamorphic

and sandstone rocks." With Gray's report is published a map of the west

half of Lake Si;perior, showing very well the main features of the topog-

raphy of the district lying between the Montreal and Chocolate ri\-ers, but

containing no geology.

1846.

Gray, A. B. Report of A. B. Gray relative to the mineral lands on Lake

Superior. Dated March 10, 1846. Transmitted to the House of Representatives

June 16, 1846. 29th Congress, 1st session, 1845-46. Executive Documents, Vol. VII,

No. 211. 23 pages. With map.

In a second report, written al)out a year after that last referred to, Gray,

who in the meanwhile had been appointed assistant superintende;it, reports

the progress of his surveys of the Lake Superior mineral district, and gives

on a large-scale map the location of claims tiled by mineral prospectors.

It is interesting- to note that a large number of claims had been leased in

the district with which we are concerned at present, especially in T. 47 N.,

R 26 W., and T. 47 N., R. 27 W., the two most important iron-producing

townships in Michigan, and that they had been taken up, not with a view to

prospect for iron ore, but, in all probability, in the hope that galena, copper,

or an ore of copper might be discovered on them. It is true that Sauuiel

Peck reported the existence of large exposures of specular iron ore in the

range of hills south of Dead River and about 10 or 12 miles inland, but it

is plain that a great deal less interest was taken in this discovery than in that

of galena on Dead River and near the Carp, of gold in the "iron range,"

and of black oxide of copper at Presque Isle and near the mouth of the

Carp.
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Rogers, H. J). Verbal coinmuuicatiou to tlie Boston Society of ^Natural

History, April 1, 1S40. Proc. Boston Soe. Nat. Hist., Vol. II, pages 12.4-125.

Ill tlu' same year in which Grray wrote, Professor Rogers, in a verbal

communication to the Boston Society of Natural History, gave an account

of the mode of occm-rence of copper at Keweenaw Point, and discussed the

age of the sandstones and conglomerates of the Lake Superior region. In

the course of his remarks he announced the discovery of a contact between

a red sandstone and an underlying series of sandstones which he thought

to be the equivalent of the Primal sandstone and slate of the Appalachian

series, known in the reports of the New York survey as the Potsdam sand-

stone. The location of the contact is in the neighborhood of the Choco-

late and Carp rivers. The underlying sandstone is highly inclined and is

"traversed by jjarallel east and west axes." On the uplifted edges of this

sandstone rest unconformably beds of the conglomerates and sandstones of

the red sandstone series, with very gentle northern dips. If the underlying

sandstone is Potsdam, then the red sandstones and conglomerates of Lake

Superior are post-Paleozoic. The author concludes, "from various points

of analogy between the red sandstone itself, its trappean dikes, and their

mineral associations with the similar components of the ]\Iesozoic or New

Red sandstone of the Atlantic States, that the formation in question is of

equivalent age and origin with this last-named interesting group of rocks."

This contact w'as later described and pictured by Irving and other

geologists. Professor Rogers described its essential features well, but his

conclusion with regard to the age of the oveid3-ing rock is of course

valueless, since the imderlying sandstones are Algonkiaii, and not Cambrian.

Moreover, the overlying sandstones are not cut by trappean dikes.

Locke, John. Report of Johu Locke to Dr. C. T. Jackson, describing tlie

observations made on tlie geology of the mineral lauds in Michigan. Dated October

27, 1847. ;iOth Congress, 1st session, lS-t7-4S. Senate Documents, VoL II, No. 2,

pages 183-199.

By acts of March 1 and March 3, 184(!, the mineral lands of Lake

Superior were taken from the jurisdiction of the War Department and

placed under control of the General Land Office, at that time a branch
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of the Treasury Department. Thereupon Dr. C. T. Jackson was aj)pointe(l

by the Acting- Secretary of the Treasury "to make a geological survey of

the Lake Superior district, in JMichigan." Dr. Locke was selected b\' Dr.

Jackson to be assistant geologist to take cliarge of one of the exploring

parties, whose duty was to examine that })ortion of the south shore of the

lake east of Keweenaw Point. His report was published in 1848, although

the reports of Jackson's other assistants did not appear until the records

of the following Congress were printed, and not until after the appearance of

the re})orts of the linear surveyors, whose work was concluded and whose

results were probably known to Dr. Locke before he took the field. These

latter reports take precedence in point of time, although they were not

given to the public until after Locke's report.

Li his report Locke mentioned pure iron ore as occurring on Presque

Isle. He further remarks (p. 187):

The region drained by Dead and Carp rivers is full of interest, and, geologically,

is a "compact country," presenting a great variety in small distances. * * * |it

consists of] knobs of greenstone and augitic traj), surrounded by altered sandstone and

slates. Perhaps not so much "knobs" as ridges. The sandstone is changed almost into

quartz, and the slates occur so nuich transformed that at some points it is difficult to

distinguish them from trap. * * * This region has been called the " Cornwall of

America," in reference to its general geology. It has been said that there are rocks

there suitable to contain gold, silver, copper, lead, &c. So far as I have observed, it

is a gold region " all but ihe gold," a silver region without silver, and acop])er region

with veins and bunches of ore so thin and scattered as to be luiprotitable for working.

The author of the report refers to the ore of the Jackson Iron Com-

pany as similar to that of Missouri, and aimounces the discovery of some

very pure iron ore along the western edges of Ts. 47 and 48 N., R. 2(5 W.,

and in the contiguous towns. He also identifies the "granite" of the

Michigan map (probabh' referring to the map afterward published by

the linear surveyors) as a |)orphvritic syenite.

Channing, Wm. F. Dr. Channing's synopsis of the survey in charge of Dr. John

Locke. (Second section.) 30th Congress, 1st session, 1847-48. Senate Documents,

Vol. II, No. 2, pages 207-208.

Locke's report is so badly written that it is fortunate for its author's

rejaitation as a geologist that he had with him as "first subagent" Dr.
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Cliiiiiniiig, who has given us a synopsis of tlie geoh^gical resvilts reached

by Locke's party.

After referring to the point of Presque Isle as consisting of "ti-ap much

modiiied l)y the neighboring sandstone, with wliich it has a junction a

short distance inhmd," and to the character of the ores ("sulphuret of

copper and iron") mined there, Chainiing briefly outlines the results of a

trip made inland from the Carp River "through the metamorphic region

and the iron region to the syenite on the Escauawby River," as follows:

On Carp River the principal rocks are the metamorphic slates and sandstone

quartz. In the former, in T. 48, R. 2G, two veins of quartz were observed contain-

ing copper pyrites. * * * In sec. 30, T. 48, R. 26, a quarry of horustone occurs,

adjoining the quartz, which furnishes oilstones of the finest quality.

The location of the Jackson Iron Company is in R. 27, T. 47, sec. 1. The iron

region, which has its northern limit here, was observed for many miles. It consists of

magnetic and iinmagnetic oxides of iron, occasionally associated with metamorphic

slate or chlorite slate. * * *

South of the metamorphic region the slates and sandstone quartz gradually

pass into quartz and feldspar rock and fine-grained sj^enite.

Still farther south the coarse and porphyritic syenite on the Escauawby River

comes in. These rocks were rarely found to contain mica.

The pitl)lished documents of the first session of the Thirtv-tirst Con-

gress (1849—50) contain the reports of the linear surve^'ors, those of Dr.

Jackson and his assistants, and of Messrs. Foster and Whitney, who suc-

ceeded Jackson as United States geologists. Although all these bear the

same date of publication, the reports of the linear surveyors had been

submitted to the authorities several years before their publication, even

l)efore the date of publication of Locke's first report already referred to,

and copies of them had evidently been furnished to Jackson and to Foster

and Whitney before they entered upon their surveys; so that the reports

bearing date of 1849-50 must not be looked upon as contemporaneous.

The work of the linear surveyors was prior to that of Jackson and his

assistants, while the work of Foster and Whitney was undertaken, at least

in part, after Jackson's work. The value and importance of the difierent

reports published in this year must be judged in the light of this knowledge.

The Chippewa land district was subdivided into townships and sec-

tions by William A. Burt, Bela Hubbard, and others, under the direction
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of Douglass llougliton, during the years 1845 and 184G. Houghton

instructed his assistants to observe the ledges on their lines df traverse,

1 mile apart, running east and west and north and south, to report their

character, and to collect specimens from them. The repoi-ts of ]\lessrs.

Burt and Hubbard are based on these observations. Geolog}', of course,

was of secondary interest to these surveyors, and yet tlieir geological

work has been of great value to all later g'eologists who have made

excursions into the district surveyed. Foster and Whitney used the linear

surveys to great advantage in prosecuting tlieir explorations, and all

geologists who have followed these two have been guided to important

outcrops by the notes of tlie surveyors. These notes, as has already been

mentioned, are printed in the same volume of the Government records as

the reports of Jackson and of Foster and Whitne}^, but since the latter

gentlemen made use of them, it is but right that Messrs. Burt and Hubbard

should be given priority in a discussion of the literature of the region.

Consequently, in this chapter their reports are given precedence of the

reports of Jackson and Whitney, although appearing later in the same

volume that contains the reports of these latter gentlemen.

Burt, Wm. A. Topography and geology of the survey, with reference to mines

and minerals, of a district of township lines south of Lake Superior. 31st Congress,

1st session, 1849-50. Senate Documents, Vol. Ill, No. 1, pages 811-832. With map,

opposite page 880.

Burt, as the result of his first yeai-'s survey, divided the rocks seen by

him during his journeys along the section lines into five principal grou])s:

the primary rocks, the traps, the conglomerates, the sandstones, and the

slates. The primary rocks, including the metamorphic ones, he found

generally a little inland, with the metamorphic rocks flanking the other

members of the primary series on the south. The rock to the north is

"sieuite," or " sienite granite." Hornblende is a moi'e frequent constituent

than mica, hence "sienite" is the predominant rock type. Greenstone

intrusives and ^eins of quartz and feldspar cut the primary rocks in all

directions. In the metamorphic series south of the primary granite and

MON XXVIII 2
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syenite, "quartz, compact and g-rannlar; imperfect talcose slates, which are

in some instances sliglitly argillaceous, and slaty hornblende " are the pre-

dominant t}-]Des. The rocks are more or less stratified, and are imperfectly

jointed. "Within the area of the metamoqihic rocks the surveyors saw

several knobs of syenitic granite and some dikes of greenstone. On the

sketch-map accompanying the report (opposite p. 880) are given the outlines

of the areas occupied by granite, metamorphic rocks, and clay-slates in

T. 48 N., R. 26 W.; T. 49 N., R. 25 W., and T. 47 N., R. 26 W. (See PI. I.)

Hubbard, Bela. General observations upon the geology and toi)ograpby of

the district south of Lake Superior, subdivided in 1845 under direction of Douglass

Houghton, deputy surveyor. 33 st Congress, 1st session, 1849-50. Senate Docu-

ments, Vol. Ill, lS"o. 1, pages 833-842.

Hubbard's report is upon the same district as is that of Burt, refeired

to above. The author divides the townships surveyed in 1845 into two

classes, in one of which he 2:)laces Ts. 46 X., 47 X., and 48 X., Rs. 24 W.,

25 W., and 26 ^Y., all in the Marquette district. He then proceeds to

describe the geology of these towns. He adds little new to Burt's descrip-

tion, but his treatment of the subject is more satisfactory, as it is more

comprehensive. T. 46 X., Rs. 24 W., 25 "W., and 26 V\., and the lower

tier of sections in the towns north, are occupied by granites. These rocks

appear in a succession of rounded knobs, having' a general direction a little

south of west. They "vary much in character and composition, being

sometimes hoi-nblendic and approaching a perfect sienite, but more com-

monly feld.spatliic, or composed of quartz and feldspar.'' In the more

southerly portion of the district the feldspar is red, and the granite of a

coiTesponding tint. Soiue portions of the rock are massively stratified.

A second area of granite begins on the coast a little south of Presque Isle

and ii;ns westerly inland. It occupies the portion of T. 48 X., R. 25 W.,

lying north of "Rio des Morts" (Dead River). "The granite of this

portion of the country is traversed by large and irregular dikes of green-

stone trap, and the granite itself puts on a trappean character, the two

rocks being sometimes with difficulty distinguished from each other. This

is the commencement of an apparently very large extent of granitic coun-

try extending westerly into the region not yet surveyed by section lines"
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(p. 834). Between the northern and southern granite areas Hes the

region of nietamorphic rocks. Tliis region is divided into two parts

—

the southern or qnartzite portion, and the northern or trappean portion,

corresponding to our present division into tlie fragmentals and greenstone-

schists. In the southern area are found white and In-own quartz rocks,

talcose and augitic slates and clay-slates, slaty hornblende, and specular

and micaceous oxides of iron. These rocks cover a tract of country 1}'iug

"between the granites on the south and a line bearing north of west from

the mouth of Carp River to the center of the west line of township 48,

range 26." This tract is described as rolling, with numerous ridges trend-

ing nearly east and west. The central portions of many of the ridges

seem to be trap, which is capped and flanked by the metamorphosed

rocks. No outcrops of this trap Avere seen, however. Its presence was

inferred from the character of the metamorphic rocks and their dips, which

were thought to be in all directions away from a central axis. All the

metamorphic rocks are pervaded by "the oxides of iron, sometimes inti-

mately disseminated, and sometimes in beds or veins," which are frequently

of such "great extent as almost to entitle them to be considered as rocks."

The ores are described, and the positions of some of these outcrojDS are

noted. The northern portion of the metamoqihic area embraces all the

country between the quartzite grou]) just described aud the granites to

the north, with the exception of aboiit 5 square miles in the northeast part

of T. 48 N., R. 26 "VY., where clay-slates occur. "This division of the meta-

morphic region is characterized by the frequent occurrence of knobs or

uplifts of greenstone and augitic trap, making their appearance rather

irregularly over the country, and suiTounded by altered sandstones and

slates." The greenstone is igneous in origin.

This report of Hubbard's is by far the most satisfactory one published

up to this time. It supplements Houghton's general rejjort of 1841, and

for the first time gives a fair idea of the character of the counti-y n(iw

included in the Marquette area, the distribution of the rocks occupying the

district, and their relations to one another. Of course the report is frag-

mentary. The author regarded it as such, and yet it contains in shadowy

outline mauA* of the conclusions of later g-eolog'ists.
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BuuT, Wm. a. Geological report of the survey, " with reference to miues and

minerals," of a district of towusliip lines in the State of Michigan, in the year 1846,

and tabular statement of specimens collected. Dated March 20, 1847. 31st Congress,

1st session, 1849-50. Senate Documents Vol. Ill, No. 1, pages 812-875. With maps,

oi)p()site page 880.

The experiences of a second season in the Upper Peninsula of Michigan

resulted in Burt's second report. In this the author generalized to a greater

extent than was possible in his earlier report. The territory surveyed during

this second season embraced all of the "Marquette district," in addition to the

country north and south of it for a number of miles. The general geology

of all this area is briefly outlined, and the results of the 3-ear's work are

indicated on a map.

The granites of the region are said by the author to pass in some

instances into syenitic greenstones. They are cut Ijy trap and are very

often gneissic in structure. In Ts. 47 N. and 48 N., Rs. 27 W., 28 W., and

29 W., are argillaceous slates that are the extension westward of the slates

observed in 1845. These slates dip " at a high angle, generally conforming

to the surrounding granites, or flanking the numerous protrusions of green-

stone within their boundary. They appear like the remnants of overlying

rocks among the greenstones, which have escaped the denuding effects of

causes that partially stripped tliis region of similar rocks previous to the

completion of its present elevation" (p. 546). "The talcose slates are of

many varieties, such as would result from their passing into argillitic and

into hornblende slates." The greenstone and hornblende-slates occupy only

a small portion of the area mapped in PI. I, though they formed the largest

portion of the area sm-veyed. The greenstones are described as more or

less granular and syenitic rocks, with a dark color when moist. Their com-

position is hornblende, feldspar, and quartz, with the hornblende largely

predominating, sometimes almost to the exclusion of the other constituents.

The hornblende-slates are fine-grained and compact varieties of the green-

stone, possessing a "laminated or slaty structure." The slates are cut by

quartz veins and by later trap dikes Avhich are supposed to unite with the

trap range of Keweenaw Point to the west.
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The autlidv coiichKles his remarks on the general geohio-y of tlie re<'ion

by inentionini;- the h)eations of fourteen exposures of iron ore met with ak)no-

the traversed lines. He infers from his observations that the reoion is an

exceedingly rich one, far excelling- any other portion of the United States

in the abundance and good quality of its ores (p. 852). It is to lUnl's

energy and to his disco^'ery of ore that later developments of the iron dis-

trict are due, although, as we have seen, Locke's report referred to t-he ores

of the region two years before that of their discoverer was given to the

public.

Lists of specimens collected along the township lines are appended

to the reports, and it is these that have afforded such great aid to later

geologists.

Jackson, Charles T. Report on tlie geological and mineralogical survey of

the mineral lands of the United States in the State of Michigan, etc. Dated

]S!^ovember 10, 184ii. 31st Congress, 1st session, 1849-50. Senate Documents, Vol.

Ill, No. 1, pages 371-502. With maps. Also House Documents, Vol. Ill, No. 5,

pages 371-502.

Reference has ah-eady been made to the appointment of Dr. Jackson,

in 1847, as geologist for tlie survey of the mineral lands of the State of

Michigan. The reports of Locke and Channing, wdiich appeared in 1848,

Avere the first fruits of the survey. Li 1850 the reports of Jackson himself

and of several of his assistants were submitted to the Secretary of the

Interior, concluding the survey under Jackson's charge.

In his own rejjort Jackson gives a miiuite and detailed account of his

explorations and their results. Most of Jackson's personal observations

were made m the copper region. In the report, however, he notes that in

1846 Mr. Joseph Stacy explored the region "between the mouth of Dead

River and Lake Michigan, and established the fact that there was an

inexhaustible amount of compact and micaceous specular iron ore in that

district." Its analysis gave: Silica, 3.88; lime, 0.17; peroxide of iron,

96.11. A small portion of the ore is in the state of magnetic oxide. The

localities were examined more carefully in 1847 by Assistant Geologist

Locke and Subagent Channing, whose report is referred to below. In 1 848
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Jackson received a specimen of pure hematite from near tlie Carp River

(pp. 478-4711). The maps that accompany the report are mainly of the

copper regions.

Locke, J. Cnited States geological survey of public lands in Micbigau. Field

notes of 1847. Accompanj-ing report of Dr. Jackson. 31st Congress, 1st session,

1849-50. Senate Documents, Vol. Ill, No. 1, pages 572-586.

Ahhoug-li Locke's report, which accompanies that of Dr. Jackson, is

but a copy of the author's field notes, it contains a few points of interest

concerning the iron region. Locke and his assistants coasted along the

shore of Lake Superior from L'Anse to beyond the Chocolate River. At

Presque Isle the junction of the trap and sandstone on the east side of the

point was observed, and fresher trap dikes in the main "trap mass" were

noted. Li the vein mined by the New York and Lake Superior Mining Com-

panv is a mixture of galena, asbestos, pyrite, and arsenopyrite. Inland from

the mouth of the Carp River a large number of veins of quartz containing

copper pyrites were seen cutting metamorphic slates. At the Jackson loca-

tion (sec. 1, T. 47 N., R. 27 W.) the direction of the iron range is about east

and west. Much ore lies in loose pieces on the surface of the ledges. The

best of it is of a loose crystalline structure, Init about one-half consists of

"ribbon" ore, striated with red veins, which deserve examination to ascer-

tain their character, while a third variety is a slaty ore, compact and pure.

Along the west lines of sees. 6 and 7, T. 47 N., R. 26 W., exposures of ore,

metamorphic sandstone, and ferruginous quartz were seen. Continuing

farther south, the explorers found ores of various qualities, and at the south-

west corner of section 18 an "augitic rock." On the east branch of the

Escanaba River they ran into "red sienite." About a mile north of the Carp

River, near the coast, there occars a clay-slate, which farther north is "highly

metamorphic, and a trappean rock occurs, apparently blending with the

slate." Trap rocks "seem to l)e frequently interfused with the metamorphic

rocks in this region, and sometimes to receive even a stratified structure,

when slightly changed from their original type." "With regard to the

metamorphosed character of the regioai to wliich these notes * * *
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refer, there can l)e no doubt in })lacing- the coarsely crystalline sienite of

the Escaiiawl)v and southern part of the primitive district apart from the

trap and copper-bearing rocks of Lake Superior.''

At the mouth of Dead River SA^enite was observed, and at the first falls,

1 mile upstream, a talcose slate. Syenites and various slates were noted

at other places in the vicmity of Dead River, and the syenite was seen to be

cut very frequently by trap dikes. At "Point No. 2, west of Presque Isle,"

a junction of red sandstone with syenite is said to occur, but it seems to

have had very little significance to the writer, as he does not describe it, but

merely asserts its existence. The contact is probably the unconformity at

Granite Point.

Foster, J. W. Notes ou the geology aucl topography of portious of the couutry

adjacent to Lakes Superior and Michigan, in the Chippewa land district. Dated ISIay

26, 1849. 31st Congress, 1st session, 1849-50. Senate Documents, Vol. Ill, No. 1,

pages 773-801.

J. W. Foster, another of Jackson's assistants, reports the results of

his explorations along the Jlichigamme and Menominee rivers to Green

Bay. Only one or two observations are of interest to us in the pres-

ent discussion. Indications of the presence of iron ore on the north

side of Lake IMichigamme are plentiful. Horublendic and argillace(ius

slates form a range bounding the lake on the north, and within, the

hornblende rocks are beds of c^uartz. In sec. 1, T. 46 N., R. 30 W., where

Republic was afterward located, Foster and his associates crossed an

almost perpendicular cliff, composed of such pure specular oxide of u-on

that its mineral associates were difficult to determine. This pure ore forms

the brow of the clift'. Beyond it succeeds a bed of quartzite, containing

small specks of ore and large rounded masses of the same material,

forming with the quartzite a conglomerate. This is the first mention of a

conglomerate associated with the iron rocks, and, strange to relate, this

first conglomerate observed was the last one whose significance in the

geological history of the region was realizeil.

The ore was regarded by Foster as continuous with that of Carp

River, because the mineralogical and geological associations of the ore in
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both localities are the same. Other Ijeds ot" tlie same ore were observed

farther south along tlie Menominee River. Foster writes (p. TTG):

These bed.s, .'^o far as I have observed, present a marked siiuilaritj' in niineralogical

characters, and derive their origin from common causes, and these were aqueous.

The jointed structure and waved strati tication of some of the beds prove that ujneous

causes have opoi'ated, since their deposit, to modify and cliange their character.

WmTNKV, J. 1). Verbal communication to the Boston Society of Natural

History. Deceiid)er 1!», 1849. Proc. Boston Soc. Nat. Hist., Vol. Ill, pages 210-213.

J. D. Wliitney, who was also associated with Jackson, gave the main

results of his work in an address to the Boston Society of Natural History,

delivered in December, 1849, anticipating, to some extent, his official

reports. As in the case of most other accounts of Lake Superior geologv,

this one is devoted principally to the copper region. Reference, however,

is made to innnense deposits of iron ore, existing- maiuh'- as a fine-grained,

almost chemically pure peroxide of iron. "It occupies about eighty quarter

sections of the mineral country, and, at the nearest point, is about 12 miles

from the lake." The quantity of the ore is re|3orted to be beyond calcu-

lation. "It api)ears in the form of solid ridges and knobs, evidently of

igneous origin, the highest being about 1,100 feet above the level of the

lake, and some of them being half a mile long." The speaker exhibited

to the society a specimen of banded jasper and ore. In rejilvto questions,

Whitney declared that no New Red sandstone occurs in any of the region

examined by him. Since he had examined the coast of the lake near the

Carp and Chocolate rivers, it is evident that he disagreed with Rogers as to

the age of the Lake Superior sandstones and conglomerates.

Foster, J. W., and Whitney, J. D. Synopsis of the explorations of the

geological corps in the Lake Superior land district in the Northern Peninsula of

Michigan, under the direction of J. W. Foster and J. D. Whitney, U. S. Geologists.

Dated November r>, ISIO. 31st Congress, 1st session, 1849-50. Seuate Documents,

Vol. Ill, No. 1, pages 605-625. With map.s.

After the resignation of Dr. Jackson from the position he held on the

Lake Superior Survey, J. W. Foster and J. D. "\Miitney, his priucii)al assist-

ants, were ai)pointed to succeed him. They were furnished with copies ot'
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the field iidtes of the linear surveyors, in wliicli inanvledg'es of iron-bearino-

rocks had been located. With the aid of those and their own observations

they presented in their first joint report a fairly good general view of the

iron district. They also constructed a map which giive the first inforniation

we possess of the distril)ution of the ore-bearing rocks. The rei)ort is

simply a synopsis; so it is limited to general statements. With reference

to the iron region, we quote (pji. G09-()l()):

Oil refen-iug to the map wliicli accoiiipaiiics this .synop.sis it will be seen that

the iroji occiu's iu a nietaiiiorpliie foiiiiatioii, bounded by two granite belts one ou
tlie north and the other on the .south—and that it is prolonged westerly beyond the
Machigamig River. This formation consists of hornblende, talcose, and chlorite

slates, with associated beds of hornblende and felspar rocks, evidently trappean in

their origin. In that portion of the region drained by Carp and Dead rivers and
even in the head waters of the Escanaba, the trappean rocks rise in irregular knobs
and ridges from 100 to 200 feet above the general level of the country, and from 800
to 1,000 feet above the lake level. To the west and south of Machi-gumini (or Big
Lake) the ridges are less abrupt, and there are some townships where there is scarcely

a single exposure of the rock in place.

A description of the ores is given, their banded character is nofed, and
the great abundance of good ore in the region is emphasized. Nothiu"- else

of interest concerning the iron region is given in the synopsis.

On the map the color for the metamoriihic rocks of the Azoic system is

made to cover a large area of country which we now know to be underlain

by older rocks. The metamorphic series included the iron-bearing rocks,

but besides these it embraced also the "green-schists" north of the iron l^elt

jiroper, and many hornlileude-schists and mica-schists southeast tif Lake
Jlichigamme. Iu the metamor])hic area four colors are used to distinguish

the four rocks, quartz, saccluiroidal limestone, trappean rocks, and the undif-

ferentiated'schistose series. At the mouth of the Carp River there is mapped
a small area of sandstone, belonging at the base of the Silurian system.

The quartz is in ranges, beginning as two ridges at the lake shore on 1)oth

sides of the Carp River, uniting into one about F) miles inland, and continu-

ing as a single ridge to Teal Lake and 2 miles beyond. The saccharoidal

limestone is represented as several narrow bands occurring along the north

sides of the eastern quartz ridges. Presque Isle is colored for basalt, which.
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like the granite north and south of the nietaniorphic belt, is regarded as

younger than the raetamorphic I'ocks.

This map, which from the necessities of the case was very general,

served as a good hasis for the more detailed majjs published later.

Foster, J. W., and Whitney, J. D. On the diflerent systems of elevatiou

wbicli have giveu conflguratiou to North America, with an attempt to identify them

with those of Europe. Proc. Am. Ass. Adv. Sci., Vol. V, 1851, pages 13C-13S.

In the following vear the same auth()rs published a general paper, in

whicli three "grand systems of elevation" are described as having deter-

mined the outlines of North America. The first of these is the "Lake

Superior system," which ended immediately Ijefore the deposition of the

Potsdam sandstone. The culminating points of this pre-Potsdam continent

Avere in the Lake Superior district. It "stretched out in a long and narrow

belt of lanil, with liere and there a detached island, like that of the iron

region of Missouri or that of Carp River." Its longest direction was east

and west.

FosTEii, ,1. W.. AND Whitney, J. D. Ou the Azoic system as developed in the

Lake Superior hind district. (Abstract.) Proc. Am. Ass. Adv. Sci., Vol. V, 1S51,

pages 4-7.

This paj)er is an abstract of the well-known report referred to below.

In it the authors refer to the existence in the Lake Superior reg'iou of a

series of gneisses, schists, quartzites, marbles, and iron ores, lyiug' uncon-

formably below the Potsdam sandstone. i\Iost of the rocks are regarded as

metamorphosed sediments that have been changed from the original sand-

stone into subcrvstalline masses that have lost nearly all traces of their

stratification. Tliey have been subjected to the most violent dislocations,

appearing now as vertical beds or in the form of folds, compressed and in

some cases overturned. With these are associated flows, dikes, and bosses

of eiiiptive rocks, to whose existence the metamorphism of the sediments

is ascril^ed. Between this system of rocks and the overlj^ing- Potsdam

sandstone there is a clear and well-defined line of demarcation. In the
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rucks l)C'l()\v tills line are evidences of intense and l()n<i--continued igneous

ag'ency, and in tliose above it proofs of comparative trantpullity and repose.

These pi-e-Potsdani rocks occupy an almost continuous belt along the north

slioi-e of Lake Superior, and are extensively developed in the southern shore,

forming the watershed between the respective river systems of Lake

Superior, Lake Michigan, and the Mississippi. The unconformable super-

position of the Potsdam sandstone of the Silurian system upun the (piartzites

of the Azoic sj'stem was seen near Carp River, where the last-named rocks

occur in ripple-marked beds standing nearl)^ vertical, while the sandstone

lies ai-ound it in nearly horizontal beds.

The Azoic series was characterized by immense deposits of iron ore,

and the Silurian strata by deposits of coppei-. Near Teal Lake is a high

hill composed of alternating layers of jasper and iron ore that are curiously

contorted and plicated.

It is impossible to form a correct notion of the thickness of the Azoic

series. If measured across the edges of the strata, we should have a

thickness greater than that of the whole fossiliferous series. The strata,

however, are plicated and folded, so that in measuring across their edges

the observer is passing over a repetition rather than a succession of beds.

Foster, J. W., and Whitney, J. D. Report on tlie geology and topography

of the Lake Superior laud district. Part II. The irou regioD, together with the

general geology. Dated November 12, 1851. ;32d Congress, special session, 1851.

Senate Documents, Vol. Ill, No. 4. 400 pages. With plates and maps. Aljstract in

Bull. Soc. Geol. France, 1850, i)ages 89-100.

A little later in the same year Foster and Whitney published the report,

which sums u]) all the information concerning the geology of the Lake

Superior region gathered by the authors during- their four years' connection

with the survey of the Chippewa land district, first as assistants of Dr.

Jackson, and during tlie last two years as the geologists in charge of the

survey. In this report the authors present an account of the geology of

the entire Upper Peninsula of ^Michigan. For the first time we here leam

of the general relations to one another of the various rock systems in this

region, and obtain the first definite information with respect to the detailed
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geology of the irou-})r()(]uoiug district. Although iinpriuted with "The

Iron Region" on its title-page, the description of the iron region j)roper

occupies only about 95 pages of the report.

The map accompanying the report is in general like that published

with the authors' earlier report (PI. II), though the colors have been

changed. Presque Isle has for some reason been colored as gi'anite, and

"basalt" has been left out of the scheme of colors. There are a few other

differences in the two maps, but in the main they are identical.

The report is introduced by a tabular statement of the order of suc-

cession of the rocks existing Avithin the limits of the district studied. This

table as given b}' the authors (p. 2) is as follows:

Classification of Ike rocks.
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Silurian age, all llu! members of the Azoic system, all the meml)ers of the

Volcanic series except the basalts and amygdaloids, and representatives

of all the Plutonic rocks.

The oldest class of igneous products consists of hornblende and felds])ai' rocks

and serpentine rocks, and may be regarded as contemporary with the Azoic system.

Next in order are the granites and syenites, which are iuterniediate in age between

the Azoic and Silurian systems. These are traversed by at least two systems of

greenstone dikes, which are anterior to the purely sedimentary deposits. * * *

Below all the fossiliferous groups of this region there is a class of rocks consist-

ing of various crystalline schists, beds of quartz, and saccharoidal marble, more or

less metamorphosed, which we denominate the Azoic system. This term was first

applied by Murclnson and De Verueuil to designate those crj'stalliue masses which

preceded the Paleozoic strata. In it they include not o7ily gneiss but the granitic

and plutoiiic rocks by which it has beeu invaded. We adopt the term, but limit its

significance to those rocks which were detrital in their origin, and which were sup-

posed to have been formed before the dawn of organized existence. (P. .'{.)

The rocks described by the authors as couiprising- the Azoic system

include "gneiss, hornblende, chlorite, talcose, and argillaceous slates, inter-

stratified with beds of quartz, saccharoidal marble, and immense deposits

of 8})ecular and magnetic oxide of iron." Most of these rocks are regarded

as metamorphosed sediments that have been altered by intrusions of trap,

basalt, and serpentine, which occur cutting through the sediments as dikes,

interleaved with them as sheets, or protruding- through them as bosses. The

rocks are contorted. They rarely exhibit the characteristics of sediments,

but the evidences of their metamorphic origin are plain, since they become

more and more crystalline as the great "lines of igneous outburst" are

approached. "Gneiss generally flanks the granite, succeeded by dark

masses of hornblende with numerous joints, but obscure lines of bedding,

which often graduates into hornblende slate or chlorite slate as we recede

from the purely igneous products" (p. 14). In the vicinity of the settlement

of Marquette "an epitome of nearly the whole geology of the district" may

be observed. Here the authors noted the existence of two quartzite ridges,

one on each side of the Carp River. These unite farther westward and

form a single ridge that extends beyond Teal Lake. The horizontal Pots-

dam sandstone is described as abutting against the quartzite, and the latter
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rock is mentioned as containing fragments of slate and jasper, and hence as

being younger than these rocks. Granite is said to have intruded tlie

cjuartzite of the southern ridge, causing great dislocations in its beds, and

metamorphosing it to such an extent as to destroy its bedding planes.

Siliceous slates and marbles are interstratihed with the quartzites near

the lake. North of the cjuartzite range the country as far north as the

Dead River is underlain by chlorite-slates and talcose slates, intersected

b)' three east-and-west belts of igneous rocks, many of which ai'e thought

to occur as sheets. "Many of the slates appear to be composed of pul-

verulent greenstone, as though they might originally have been ejected

as an ash and subsequently deposited as a sediment, and pass bv imper-

ceptil^le gradations from a highly fissile to a highly compact state" (p. 16).

Tliis is the first expression of the view that some of the greenstone-schists

of the region were originally volcanic ashes, alth(jugh the illustrations

offered are not always of the rocks which were later shown to be tuffs,

and the processes by which the ashes were made were not conceived as

the same in nature as we now regard them.

Where the Azoic slates and the overlying Potsdam sandstone are in

contact, the latter may plainly be seen to be the young-er rock. At L'Anse

(which is at the head of Keweenaw Bay and outside of our district) there

is an unconformable superposition of the sandstones and the slates. The

authors picture this and describe it in some detail as of great importance.

This section is esceedius'ly iiisti'uctive, inasmuch as it enables lis to draw a line

of demarcation between two formations, ditt'erent in age and external characters.

While the newer formation—the Potsdam sandstone—is but slightly if at all disturbed,

and little changed by metamorphism, the older or Azoic slates are contorted and folded

into numerous arches, and in several places invaded by igneous rocks. Their structure

has been changed from granular to subcrystallme, and tlie whole mass is intersected

by numerous planes of lamination. (P. ]!).)

The granite of the Azoic was found to form man}' of the points of the

lake north of Little Presque Isle, and to occur inland in rounded, dome-like

hills. Everywhere this granite is cut by "powerful" dikes of greenstone

and veins of ([uartz.

In describing a section from the shore of Lake Superior across Teal

Lake to the mouth of the Escanaba River, the authors give many details as
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to the oe.eurreuce of beds of coug-loinerate, slntes, etc. On tlie Hue between

sees. 2-9 and 32, T. 47 N., R. 26 W., near where tlie viUage of Pahuer is

now situated, a large exi^osure of conglomerate was found whicli "is made
up of coarse blocks of various sorts Avhich belong to the ucighljoring

trappean and slaty beds, and are of very considerable dimensions. Anion"-

them we recognized not only fragments of the rock associated witli the

iron, but masses of the iron itself, and of the Ijanded and jasper)- varieties."

This is evidently the description of an exposure of Upper ]\Iarquette basal

conglomerate. The authors regard it, however, as a friction conglomerate,

whose origin is connected with the "eruption" of the adjacent granite, i. e.,

the granite to the south. The ore deposits are older than the conglomerate,

because they yielded fragments to the latter. But, since these and other

fragments were cemented by ferruginous material, it w^as presuijaed that

"emanations of metallic matter must still have been issuing from beneath"

when the conglomerate was formed (p. 41). The relations existing between

the granite and the Azoic slates are thoi;ght to be those of an intrusive

rock to an intruded series. The hornblende-slates near the southeast corner

of sec. 25, T. 47 ISl., R. 27 W., for instance, are penetrated l:)y a wedge of

granite, "shooting out in ramifying branches." Such are, indeed, the

relations of the granite to these hornblende-slates. The authors did not

realize, however, that these hornblende-slates are older than many of the

other members of their Azoic series.

From the quotations that have been given it is seen that Foster and

Whitney regarded as present in this region two series of sedimentary rocks,

the Potsdam representing the Silurian, and the Azoic a pre-Silurian series.

The former were shown to be much younger than the Azoic rocks, which

are mucli metamorphosed. The Azoic series alone is cut by dikes of green-

stone and by granite; hence both these rocks are younger than the Azoic,

but not so young as the Potsdam. In the Azoic occur the ore beds.

These ore beds were found principally in a belt of crvstalline schists

and intercalated trappean rocks, bounded on each side bv a l:)elt of granite.

Many occurrences of the ore were located in the present Marquette district,

and a large number of the occurrences are described at some length. In

some of these exposures dark quartzites are associated with the ores, and the
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fritpnK'utal rock is inipre'i'nateil witli tlie oxide. This observation leads

the authors to coiicUkU! that the dittiisiou of ore through tlie rocks must he

ascribed to some general cause quite independent of the nature of the rock

itself. Many descriptions of now famous ore Ijodies are given. It is fre-

quentlv asserted that tlie ore l)eds are associated with the greenstone dikes,

and that the other rocks associated with the ores are saturated with emana-

tions of iron oxide. In sees. 10 and 11, T. 47 N., R. 27 W., in the vicinity

of the present citv of Ishpeming, large deposits of almost pure ore were

discovered. Here the ore "exhibits many of the characters of an igneous

eruptive rock, and can not be regarded in any other light than as a huge

lenticular mass, which has been elevated to its present position from beneath

while in a semifluid state, exactly in the same way as the trappean ridges

wliicli accomjjany it and which it so strikingly resembles in general outline

and position." After discussing- the various tlieories that might be offered

to explain the existence of ore and jasper in the forms noted in the region,

the authors conclude witli a resumed of their opinions with respect to the

origin of the Azoic rocks in general and the ore beds in particular. We
quote the resume entire (p. 69):

Wc may conceive that the various rocks of the Azoic series -svere originally

deposited in a nearly horizontal position, at a period prior to the appearance of organic

life upon the earth ; that these stratified deposits were composed, for the most part,

of finely comminuted materials, principally siliceous and argillaceous, in some cases

consisting of almost pure silex, like the purest portion of the Potsdam sandstone

which was afterwards deposited upon these strata.

During the dejiosition of these strata, at various intervals, sheets of jilastic

mineral matter were poured forth from below and spread out upon the surface of the

preexisting strata. These igneous rocks are exceedingly compact and uniform in

their texture, which would seem to indicate that they were under heavy pressure,

probably at the bottom of a deej) ocean. The same depth of water is also inferred

from the comparative absence of ripple-marked surfaces throughout the whole series.

During this period the interior of the earth was the source of constant emana-

tions of iron which appeared at the surface in the form of a plastic mass, in combina-

tion with oxygen, or rose in metallic vapors, or as a sublimate, perhaps as a chloride;

in the one case it covered over the surface like a lava sheet; in the other it was

absorbed into the adjacent rocks or difiused through the strata in process of formation.

Besides, a large amount of iron entered into the composition of the igneous rocks of

this period, chiefly in combination with silica, as a .silicate of the protoxide. Portions
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of the eruptive masses were occasionally subjected to denudation, and the ferruginous

particles were, under the action of violent currents, spread out in thin beds, or swept

into some depression of the surftice, forming a lenticular mass, upon which the strata

were afterwards accumulated.

When the siliceous materials had become iuipregnated with metallic matter,

which may have been scattered more or less uniformly through it, a rearrangement

of the siliceous and ferruginous particles in some instances took place, under the

action of segregating forces, by which the whole mass assumed a banded structure.

Subsequently, the whole series of beds, slaty, quartzose, ferruginous, and trap-

pean, were elevated and in all probability folded, perhaps at the epoch of the eleva-

tion of the granite ranges un the north and south of the ferriferous belt of the Azoic

system.

From this quotation we see that while the authors reganh'il tlie ore

material as igneous, they nevertheless, in order to explain the handed nature

of some of the jasper ores, found it necessary to admit the action of segre-

gating- forces, and in order to accoimt for the lenticidar forms of some of

the deposits they made use of the ideas of denudation and deposition. The

reason for refusing to accept the theory of a sedimeutar^' origin for the

banded ores and jaspers in general is apparent from the following quotation

(pp. 67-68):

At first glance this banded structure might be regarded by some as the result

of aqueous deposition, by which alternate seams of quartzose and feiTuginous matter

were si5read over each other, and the whole subsequently solidified and welded

together by heat; but if we examine the circumstances more closely it will be found

more difficult to account for all of the facts under this hypothesis than might at first

appear. The extreme tenuity of these bauds, which are often no thicker than a

sheet of paper, renders the supposition of their analogy to strata highly improbable.

In fact, this banded structure iu many of the Lake Superior ores—for example, at

the Cleveland iron knob—will be hardly apparent to the eye on fresh fracture of a

specimen, the weathered surface of which may present a beautiful series of intricate

convolutions of alternate bands of bright- red and steel-grey. Besides, on examining

this mountain mass we find every portion exhibiting equally fine and equally con-

torted series of convolutions. If these were really the result of aqueous deposition

we should expect from analogy with other deposits of a similar character that some

of the layers would be of more considerable thickness than others, and that, suppos-

ing the contortions to have been caused by lateral pressure of the plastic mass, in

some cases at least the foldings would exhibit a considerable radius of curvature,

which is not the case here.

MON XXVIII 3
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Reference has already been made t<i the discovery by the authors

of great numbers of greenstone dikes in the Azoic schists, and of knobs of

greenstone scattered among those of the ores. They iind great difficulty

in distinguishing between the greenstones of igneous and those of meta-

morphic origin. " The passage of one into the other, especially in the

southern j)ortion of the district, seems in many cases to be gradual, and

their general appearance and structure is S(j much alike that it is often

difficult to say where one begins and the other ends." Evidently the

authors regard many of these greenstones as forming portions of volcanic

flows. They class them with the diorites.

The unconformity at Granite Point between the granite and the

sandstone, and that at the Carp River between the latter rock and vertical

quartzite, were observed and correctly interpreted.

From 1850 to the appearance of Brooks's report in the Geology of

Michigan in 1873 A-ery little additional information Avas published concern-

ing the relation of ore deposits to their associated rocks in the Marquette

district. A number of short papers appeared in this interval, but they

treated only of small points in the geology of the region, and none dealt

with the relations of the rocks to one another.

BiGSBY, John J. On the physical geography, geology, and commercial

resources of Lake Superior. Edinburgh oSTew Phllos. Jouru., No. 105, July, 1852,

pages 55-62.

Bigsby gives a general account of the geology of the Lake Superior

region, which is based largely on the reports of the earlier investigators.

It contains nothing that had not already been conunented upon by others.

1854.

Whitney, J. D. The metallic wealth of the United States. Thlladelphia,

185-1. H. R. Schoolcraft. 510 pages.

Whitncv, in 18,54, published a volume containing a few references to

the iron ores of Michigan, repeating the statements made in Foster and

Whitney's report on the Iron Region. The ores are described as occurring
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" at intervals in a belt of slates from G to 25 miles wide, extending for a

distance of 160 miles or more westward into the State of Wisconsin."

ScHOOLCKAPT, Henry R. Observations on the mineralogy and geology of

the country embracing the sources of the Mississippi River and the Great Lake

basins. Summary narrative of an exploring expedition to the sources of the

Mississippi River in 1820. Philadelphia, 1855. Pages 303-362.

Hemy R. Schoolcraft, as geologist to the expedition of 1820 to the

som-ces of the Mississippi, made a report to the Hon. John C. Calhoun,

then Secretary of War, giving a brief account of the geology of the region

traversed by the exploring party thirty-five years before. In this we find

several references to the country with which we are now concerned. The

sandstone near Presque Isle and at Granite Point is described as horizontal.

The first-named point was recognized as "a headland of serpentine, resting

against which is a curious formation of magnesian breccia" (pp. 321-322).

Magnetic oxide of iron is reported as occurring in mountain masses in the

valley of the Carp River.

Whitney, J. D. On the occurrence of the ores of iron in the Azoic system.

Proc. Am. Ass. Adv. Sci., Vol. IX, 1856, pages 209-216.

After the ijublication of the "Report," Whitney spent portions of two

seasons in the Lake Superior region, and visited the iron districts of

Missouri and northern New York. The author finds a strong analogy

existing between the relations of the ores with the rocks associated with

them in these two districts and in Scandinavia and the relations of the

Marquette ores with their associated rock-s. All the facts observed con-

firm him in the belief that the Lake Superior ores are Azoic. They

Qccur in large quantities, and consist almost uniformly of specular and

magnetic oxides. Hydrous ores, carbonates, etc., were not seen in the

district, though it is tliought possible that they may exist on the borders of

the ore deposits, where they may have been aftected by the adjacent rocks.

The larger deposits are described as lacking the characteristics of A^eius.
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Some of the smaller ones "apjjroacii much nearer to segregated veins, and

might be classed with them, were they not developed on so large a scale

as to render it difficult to conceive of segregation as a siifficient cause for

their production "
(p. 212). Hence the author declares that there is only

one hypothesis that will explain their occurrence. We quote as follows

(pp.212, 213-215):

They are simply parts of the rocky crust of the earth, and, like other igueous

rocks, have been i)oured forth from the interior iu the molteu or plastic state. No
other origin can be assigned to the dome-shaped and conical masses of Lake Superior

and Missouri, or to the elongated ridges of the first-named region.

The eruptive origin of the great Lake Superior ore-masses seems also well sus-

tained by the phenomena which they exhibit. They alternate with trappeau ridges

whose eruptive origin can not be doubted, and which themselves contain so much

magnetic oxide disseminated through their mass, as one of their essential ingredients,

that they might almost be called ores. These eruptive masses include the largest

and purest deposits of ore which are known in the Lake Superior or the Missouri

iron regions; but there are other localities in both these districts where the mode of

occurrence of the ore is somewhat difierent and where the evidences of a direct

igneous origin are less marked. This class comprehends those lenticular masses

of ore which are usually included within gueissoidal rocks, and whose dip and strike

coincide with that of the gneiss itself, but whose dimensions are limited. * * *

Such beds of ore as these may in some cases be the result of segregating action; but

the facts seem rather to indicate that they are made up of the ruins of preexisting

igneous masses which have been broken and worn down during the turbulent action

which we may suppose to have been preeminently manifested during the Azoic epoch,

and then swept away by currents and deposited in the depressions of the sedimentary

strata then in process of formation. In confirmation of this hypothesis * * * it

may be noticed that the ores occurring in this form and position are less pure than

those of decidedly igueous origin, as if they had become more or less mixed with

sand during the in-ocess of reconstruction, so that they not unfrequently require to be

separated from their earthy impurities by washing before they can be advantageously

used. Again, it may be observed in the case of some of the ore beds of this class

that the bed rock or foot wall is considerably rougher or more irregular in its outline

than the hanging wall or roof, as if depositions had taken place upon a surface

originally rough and uneven, the upper surface of the ore being considerably smoother

and more regular than the lower one, and sometimes separated from the rock by a

thin seam of calcareous matter.

There is still another form of deposit which is not unfrequently met with iu the

Lake Superior region. * » • This consists of a series of quartzose beds of great
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thickness, aud passing- gradually iuto specular iron, wliicli frequently forms bands

of nearly pure ore, alternating with bands of quartz more or less mixed with the

same substance. * * * Deposits of this character are usually very distinctly

bedded. * * * These deposits seem to have been of sedimentary origin, having

been originally strata of siliceous sand, which has since been metamorphosed.

The iron ore may have been introduced either by the sublimation of metalliferous

vapors from below during the dei)osition of the siliceous particles or by precipi-

tation from a ferriferous solution, in which the stratified rocks were in process of

formation.

RiVOT, L. E. Voyage an Lac, Superieur. Ann. des Mines, Ser. V, Tome VII,

1855, ])agcs 173-328; Tome X, 1850, pages 365-474.

Rivot, of the iScole des Mines, Paris, made two visits to the Lake

Superior region in the years 1854 and 1855, respectively, with the purpose

of studying the geology of the copper rocks, more particularly on Kewee-

naw Point. In connection with his study he made a general survey of the

granitic and the iron-bearing rocks. According to this author, granites

associated with gneiss and various schists, quartzite, limestones, slates, aud

trap form a belt stretching from a point on the lake north of Marquette as

far west as the State of Wisconsin. They constitute a metamorphic series,

and in them are great beds of iron ore, associated with amphibole-schists.

At the Jackson mine the ores are accompanied by trap and by talc-schists

and amphibole-schists, in which the "primitive stratification" can still be

detected. To the north and south the iron-bearing beds are limited by

conglomerates composed of portions of all the rocks noticed in the region,

cemented by a ferruginous matrix. The traps associated with the ores

are said to be similar to those in the Keweenawau region. They pass into

the amphibole-schists, and like these latter are believed to be metamorphic

and "not igneous rocks" (p. 413).

All the "metamorphic" rocks are believed to have been sediments

which have since their deposition been metamorphosed into crystalline

schists and granites, the latter of which in their present position are younger

than the traps and sandstone lying upon them. In other words, the granite

was apparently regarded as the fused basal portion of a sedimentary series,

which, after fusion, intritded the upper beds of the series (p. 231). The

granites, schists, traps, and sandstones are, seemingly, all believed to be of
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Cambriau age, the discordance between tlieni Ijeing- explained as due to

dislocations caused by the granite. Even the sandstone near Marquette

is supposed to have suffered fracturing, etc., tlirough the action of the

gi'anite. The unconformity at Granite Point is not referred to specifically.

Later observations have shown that nearly all of Rivot's generaliza-

tions regai'ding the origin of the metaraorphic rocks and their relations

to one another are erroneous.

1S57.

Whitney, J. D. Remarks ou the Huroniau and Laureutian systems of the

Canada Geological Survey. Am. Jour. Sci. (2), Vol. XXIII, 1857, pages .305-314.

Whitney, in 1857, published an article which, while it does not treat

directly of the Marquette rocks, does so indirectly. The Canadian geolo-

gists, as a result of their studies, had come to the conclusion that under

the Potsdam of the western Great Lakes there are two great unconform-

able series of rocks, called by them the Laurentian and the Hurouian series.

The piu'pose of Whitney's article is the denial of the existence of two

series beneath the Potsdam of the south shore of Lake Supeiior.

1859.

Leslie, J. P. The iron manufacturer's guide to the furnaces, forges, and

rolling mills of the United States, etc. Isevf York, 1859. Tages 480-489.

This author gives a very generalized account of the ores of Marquette,

the descriptions of their geology being taken mainly from the reports of

Foster and Whitney and of Rivot. The ores are said to be in a gaugue

rock, consisting of a mixture of quartz and a silicate of iron, alumina, and

lime.

Whittlesey, Charles. On the origin of the Azoic rocks of Michigan and

Wisconsin. Proc Am. Ass. Adv. Sci., Vol. XIII, 1859, i)ages 301-308.

Charles AVhittlesey, in this article, deals with the Marquette district only

as a portion of a larger Azoic area. From the results of cliemical analyses of

many rock specimens collected from northern Wisconsin and Upper Michi-

gan he concludes that there are two metamorphic series in the Azoic, both

older than the Potsdam, one characterized by the presence of the alkalis.
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sodium and potassium, and the other destitute of these elements. From a

careful reading of Whittlesey's article it appears that the author is inclined

to doubt the sedimentary and metamorphic origin of the Huronian ores

and to advocate an eruptive origin for them, as well as for the schists

associated with them.

ISGl.

Hunt, T. S. Ou some poiuts in American geology. Am. Jour. Sci. (2), Vol.

XXXJ, 1861, pages 393-414.

Hunt reviews the conclusions reached by .studies in the older rock

formations of America, and announces that Mr. Alexander Murray, after an

examination of the south shore of Lake Superior, had found that the Mar-

quette ores, together with the quartzites, conglomerates, limestones, slates,

and the "great beds of diorite which we are disposed to regard as altered

sediments," all belong to the Huronian series as defined by the Canadian

survey, and to that portion of it which is equivalent to ilurchisou's

Cambrian in Scotland (p. 394).

WiNCHBLL, Alexander. First biennial report of the progress of the geolog-

ical survey of Michigan. Lansing, 1801. 339 pages.

By an act approved February 15, 1859, the State of Michigan decided

to finish its geological survey begun under Dr. Houghton. Alexander

Winchell was appointed State geologist. He published one report, which

is devoted almost exclusively to the geology of the Lower Peninsula. In a

few sentences the geology of the Upper Peninsula, as outlined by Foster

and Whitnev, is described.

This repoi't constitutes about all of the results of the revivified survey.

It was evidently abandoned at the opening of the war, and nothing else

was done by the State in the way of geological work in the Upper

Peninsula until the second survey was established in 1869.

1SG3.

BrasBY, J. J. On the Cambrian and Huronian formations. Quart. Jour. Geo!.

Soc, Vol. XIX, 1SG3, pages 36-52.

Bigsby correlates the Azoic rocks of the south shore of Lake Superior

with the Huronian of Canada. He places in this group not only the
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schists, slates, quartzites, and limestones, but also "the extraordinary and

extensive intermixture of the beds of greenstone and granite which defy

descri})tion and classification."

1S6.5.

Kimball, J. P. On the iron ores of Marquette, Michigan. Am. Jour. Sci. (2),

Vol. XXXIX. 18G5, pages 290-303.

In the year 1865 Kimball published the most important article on the

iron district of ]\Iarquette that ajjpeared between the report of Foster and

"Whitney and that of Brooks. In it the author contradicts Whitney's

notion that the Azoic of the Marquette region is nondivisible. Following

Hunt, he divides the rocks underlying the Lake Superior sandstone into

two series, the Laurentian and the Huronian. He calls attention to the

fact that the granites are separated from the Azoic schists by Foster and

Whitnev on lithological rather than structural grounds, and therefore that

the relations of the schists t(i the granite have not been established upon

sufficient data. From his own observations made in the Huron Mountains

and elsewhere he concludes that the granites and the associated rocks are

metamorphic and indigenous (were formed in their present positions), and

are not exogenous (intrusive), as Foster and Whitney declared the granite

to be. It is true that Mr. S. W. Hill, working with Foster and Whitney,

discovered a granite dike intrusive in slates, and therefore younger than

the latter; but Kimball explains this as an independent dike, not in any

way connected with the greater masses of granite. On account of the

lithological similarity of this rock with the Laurentian granites of Canada,

and in accordaqpe with the author's notion as to its origin, the granites and

gneisses of the Marquette district are placed in the Laurentian series, which

is older than the Huronian.

This conclusion is correct, but the granite is nevertheless intnisive, as

Foster and Whitney supposed.

South of the granite and its associated gneisses lie the great greenstone-

schist areas of later authors. These are described by Kimball as dark-

coloi'ed hornblende-schists, which represent the "baseof the Azoic or Huro-

nian series." They are separated from the gneisses, so far as we can leani,
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simph- because of the great litliologioal difFerences between the two sets

of rocks. Following these schists to the soutli is

—

a series of augitic rocks aud schists, interstratified with magnesian hydrous rocks

and slates, .the two kinds of rocks being represented on the one hand by liypersthene,

pyroxene, and bedded diorite passing into diorite-shites, and on the other by takiose

aud chloritic schists. The former character of the rocks prevails to such an extent

as to impart to the lower members of the Huronian series a distinctively augitic

aspect. The several rocks composing this augitic zone are commonly of a greenish

color, and vary in this respect chiefly as to shade, resembling iu 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 Laurentian rocks, which there form a distinguishing feature. (P. 294.)

From this quotation it is plain that the author regards these green

schists as of sedimentary origin, and as forming the lower division of the

Huronian series. South of these are the <|uartzites, slates, and other

plainly fragmental rocks, which "are associated with greenish hornblendic

slates and more or less crystalline diorite, and at their base with bands of

dolomite, somewhat siliceous and highly altered." (Jverlying the quartz

zone are the ores of the region, associated with talcose, argillaceous, and

siliceous schists. These are thought to be the equivalents of the upper

slate-conglomerate of the north shore, which is Upper Huronian. The

ores are specular schists and conglomerates and earthy red hematites.

The conglomerates are described as resting ujjon diorites and chlorite-

schists in some cases, and ixpon dark quartzites in others. The ervstalliue

rocks of the Huronian are regarded as metamorphic as well as the schists.

No "trappean overflows" were observed, as were reported by Foster and

"Whitney. Thus Kimball seems to place himself alongside Rivot in denying

the igneous origin of any of the larger masses of greenstone in the region,

while at the same time he acknowledges the igneous nature of the smaller

dikes.

In addition to his discussion of the general relations of the Marquette

rocks, the author attacks the prolilem of the genesis of the ores, and

declares very strongly in favor of their sedimentary origin. This is the

first time any definite statement had been made in contradiction to I'oster
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and Wliitney's declaration tliat the greater portion of the specular jasper

is eru])tive.

Tlie author descriljes the entire series of tlie iron-bearing rocks as

occurring in great flexures, with a uniform trend east and west.

The position of the beds of si^eciilar iron ore [is] * * * at tlie top of the

Huroniau series as developed in the Marquette region, and * * * tbey are inter-

stratified witli tiilcose and argillaceous schists. Sharing' the plications of the entire

series, these specular schists, as they may properly be called, are accordingly folded

into synclinal basins and anticlinal crests, of which the axes in the case of the former

lie below drainage, in the bottoms of the valleys, and in the case of the latter are

commonly obliterated through the erosion of elevated outcrops. * * *

The bosses of specular iron, tlie iron knobs, * * * are the most striking

examples of exception to the general effects of denudation already noticed. They are

instances of the i)reservation of the anticlinal crest. * * * (P. 299.)

The ores were observed to be associated with the schists in these folds,

and hence they must have been "under the saino conditions of deposit and

secondary modification" as these lattei*, which, it is believed, are meta-

morphosed sediments.

The hard ores of the region are sliown to be genuine sediments.

We quote the author's own words (p|). 3()l-30"2):

Beds of specular conglomerate are of frequent occurrence throughout the iron

region of northern Michigan, consisting of a paste of specular peroxyd of iron,

through which are disseminated fragments of jasper and rounded pebbles of specular

iron ore, which usually ditfer from the paste in texture, a difference very perceptible

among ores of any one class, even within narrow limits of distribution. These con-

glomerates not unfrequently resemble breccia in the angularity of the jasper frag-

ments which they contain; but the pebbles of specular peroxyd, although sometimes

obscure in a matrix of the same material, commonly serve to indicate the detrital

origin of these beds. That they are derived from local detritus is evident from the

fact that the jasper fragments are not rounded, while the particles of softer specular

iron ore are worn but slightly. They seem to be of littoral formation and to have

been derived from dismembered and crumbled deposits of successive lamin* ofjasper

and iron ore, similar to those deposits distinguishable in the bosses of the region. The

specular conglomerate invariably exists under circumstances of true bedding, and is

traver.sed by parallel joints splitting the imbedded pebbles. It occurs interstratified

with talcose and argillaceous schists quite as regularly as the homogeneous ores.

* * * A specular conglomerate, uncontaminated with any considerable portion of

jasper, forms the bulk of the schists at present wrought by the Lake Superior mine.
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The author couchides his discussiou of the orig'iii of the ores liy the

statement that

—

the iron ores of the Hurouian series iu Michigan are essentially schists and heavy-

bedded strata, iu which none of the phenomena of aqueous deposits formed by precipi-

tation from water on the one hand, or by detrital accumulation on the other, are

wanting. They exhibit not only sti-atification, anticlinal and synclinal folds, but are

invariably traversed by systems of joints, and at many points exhibit a perfect slaty

cleavage. (P. 302.)

As for the greenstone-schists and greenstone-shites, he declares that

they

—

are intermediate in compositiou between clay-slate and hornblende-slate, and together

with the talcose aud chloritic slates, with which they are iuterstratifled, are probably

products of such a decomposition iu the wet way of the same crystalline sediments

which, entirely or less undecomposed, have gone to form those greenstones which

constitute members of the same series. (P. 303.)

This means, we suppose, that the greenstone-schists were dej)osited as

crystalHzed sediments, and were afterward metamorphosed in the jjresence

of water. The paper concludes (p. 303):

From a stratigraphical point of view, while evidence is elsewhere often obscure,

the Huronian greenstone, schists, and iron ores of Northern Michigan, in the absence

of close attention to their special chemical conditions, exhibit sedimentary and meta-

morphic phenomena adequate to render quite untenable, it is believed, the theory of

the exotic character of any portion of them.

ISGG.

Daddow, S. H., and Bannan, Ben.T. Coal, iron, aud oil; or the practical

American miner. Pottsville, Pa., 1866, pages 546-550.

In connection with a discussiou of tlu^ iron ores of the United States,

Daddow and Bannan describe those of the Marquette region at some

leno-th. The productive magnetic masses of the district are believed to be

the result of precipitation. They are said to be uniformly stratified.

The rocks which are intercalated with the ores are of volcanic origin, and though

not now reposing iu the form of dikes, they are true volcanic rocks, disintegrated by

coming in contact with water while iu a molten state.

The authors quote a private report by Foster to the Iron Cliffs Mining

Company, in which, however, there is nothing recorded new to the
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literature of the suV)ject. The ores are divided into the magnetites, red

hematites, and browu hematites, all of Avhich seem to be regarded as

sedimentary in manner of deposition, but as volcanic in origin. Even the

conglomerates of the region are explained as volcanic

:

MucU of the specular ore coutains fragments of angular jasper hi the shape of

breccia, evidently the disintegrated portions of trappeau rocks which were precipitated

with the ores when the molten mass was thrown into the surrounding waters, proving

that these accumulations of ore-beds aud intercalated schist owe their origin to local

causes, or that they are not the results of distant formations, but that they are true

beds formed by the flow of molten lava, highly impregnated with iron, into the waters

that existed around and perhaps over the volcanic vents. (P. 548.)

Crednek, Hermann. Die Gliederuug der eozoischen (vorsilurischeu) Forma-

tionsgruppe Xord-Amerikas. Zeits. gesammt. Naturw., Giebel, Vol. XXXII, ISGS,

pages 353-405.

Hermann Credner, during his visit to North America, made a rapid

examination of the pre-Silurian rocks of Michigan and Minnesota, and

announced his conclusions regarding them in two articles, of which the

first deals with the general relations of the pre-Silurian formations to one

another and to the younger rock series for all the explored parts of the

United States aud of Canada.

The author agrees with Kimball in dividing the pre-Cambrian rocks

of the Marquette district into two divisions. The basal rocks all over upper

Michigan he declares to consist of a series of gneisses, mica-schists and horn-

blende-schists, granites, and syenites, which are included together as the

Laurentian series. Above these unconformably are the Huronian beds.

The principal rocks of the Laurentian are mica-schists. These are inter-

bedded with granites, syenites, hornblende-schists, aud gneisses, the whole

forming a conformable series 20,000 feet in thickness. Details are given and

localities are described in which the relations between the Laurentian

and the overlying Huronian series were made out, but these localities are

without the limits of the Marquette area, so they do not directly concern

us at the present time. It may be mentioned, however, that at Sturgeon

River, in the Menominee district, the author observed a great layer of
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conglomerate, which he thoug'lit was embe<kled iu tlie gneisses. Largely

because of this observation, he concludes that the whole Laurentian series

is a bedded one of metamorphosed fragmental sediments.

In the Marquette area the oldest member of the Iluroniau series is a

quartzite impregnated with iron oxide. In the northern pttrtion of the dis-

trict siliceous hematite replaces the quartzite, and in both portions of the

region limestone is the next succeeding rock. Serpentines, chlorite-schists,

talc-schists, and diorites are interbedded with the quartzites. This series

of rocks, according- to the author, was deposited close to the shore-lines,

whereas the Menominee series to the south was a deep-sea deposit. The

ores of the Marquette district were examined quite closely. They are

described as consisting of magnetite, martite, and hematite.

Structurally the Marquette Huronian forms a great synclinal basin

made up of minor synclinal and anticlinal folds, of which there are six iu

the neighborhood of Marquette. Underlying this folded series unconform-

ably is the Laurentian, and above it unconformably is the Lake Superior

sandstone.

1SG9.

Gredner, Hermann. Die vorsilurischeu Gebilde iler "oberen Halbiusel von

Michigan" in 25'ord-Amerilva. Zeits. der dentscheu geoL Gesellschaft, VoL XXI, 186!),

pages .516-568. With map and three plates of sections.

In the second article Credner gives more specific details concerning

the geology of the Upper Peninsula of jMichigan. The geology of Smiths

Mountain (now Republic I\Iountain) and of the Negaunee region is fully

described. The sequence of rocks in both districts is given as the author

saw them, and inferences are di-awn from the observations. The schistose

greenstones associated with the quartzites and ores are regarded as inter-

bedded chlorite-schists, and the massive greenstones as interleaved diorites.

In the vicinity of Negaunee the lowermost beds are (juartzites, replaced

locally by limestones and interbedded with chlorite-schists, and above these

is a schist complex of a white and brown banded quai-tzite, red jaspers, and

hematites, and beds of pure hematite, with two interbedded diorite sheets

and a bed of chlorite-schist. The character of the ores is discussed. Limon-

ites I'eplace the hematites locally, as at the Foster mine, and magnetites
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replace them elsewhere. lu some of the mines, as at the Lake Superior

and the Cleveland, the ores are closely associated with octahedral crystals

resembling magnetite, except that they possess a red streak. The magnetites,

hematites, and limonites are believed to represent different stages of devel-

opment in the alteration of the same mineral substance. The hematite is

regarded as an oxidation product of magnetite, as is indicated by the pseu-

domorphs of the former after the latter mineral in the chlorite-schists. The
limonite is hydrated hematite. As for the origin of the magnetite, it is

thought j)ossiljle that this was precipitated from a solution produced by the

action of carbonated waters on carbonate of iron, and that the entire cycle

of changes from the carbonate to limonite was completed before the begin-

ning of Cambrian time.

The lower portion of the Huronian, represented, according to the

author's view, by the "chlorite-schists" north of Marquette, is cut by dikes

of dioritCj and north of Light-House Point by a dike of red syenite con-

taining fragments of diorite, uphanite, quartzite, ehlorite-sehist, and hematite.

These diorites and the syenites, he declares, are the only eruptive rocks

observed by him in the iron-bearing- region.

The chlorite-schists referred to are not now regarded as members of

the iron-bearing series, so that the Jiorites and the syenite cutting them are

not necessarily younger tlian the iron series. The syenite dike containino-

fragments of quartzite and hematite has not been seen by any one but

Credner.

A geological map and several geological sections accompany the article.

The work on the Marquette district up to the close of the sixties and
the estaldishment of the geological survey of Michigan had been concerned

with the general relations of the rocks to one another and their separation

into large groups or series. Foster and Whitney had succeeded in differ-

entiating the pre-Cambrian rocks from later formations, calling the former

the Azoic series. The granites associated with the Azoic rocks were claimed

to be intrusive into these. The greenstones so abundantly present in the

Marquette area were regarded as metamor})hi(^ rocks, with the exception of

the small, well-delined dike masses, and the jasper ores were thou<>-Iit to
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be lai-o-elv eruptive. The ores l)e(lded witli cou-^-lomerates were recognized

as sediments. Hunt added the next important suggestion in the study of

the region 1)V deehn-ing the ore-bearing rocks Hurouian, and hence younger

than certain other portions of the Azoic, which represented the l^aurentian.

Kimball then made as thorough a study of the Marquette region as the

conditions allowed, and reached conclusions directly at variance witli those

of Foster and Wliitnev. Kimltall found the Azoic divisible into tlie Lau-

reutiau and Hurouian, to the latter of which series the ore beds belong.

Both the Hurouian and the Laurentian series, together with the green-

stones in the Huronian, were concluded to be metamorphic, while the

granites were thought to represent metamorphosed sediments older than

the rest of the Laurentian. This conclusion, of course, was directly

opposed to that of Foster and Whitney, who l)elieved the granites to be

eruptive. The ores of the Marquette district were likewise thouglit to

be sedimentarv exclusively. No eAddence of an eruptive origin of the ores

was found.

The remainder of the publications on the district, up to the time of the

appearance of the abstract of this monograph, were confined largely to the

following problems: (1) The divisibility of the "Azoic," (2) the origin of the

granites and greenstones, and (3) the origin of the ores. The first jiroblem

could not be solved until a very detailed examination of the entire district

had been made. The solution of the second problem awaited the intro-

duction of the microscope as a working tool of the geologist. The third

problem became tlie principal bone of contention.

The establishment of the ge(ilogical survey of Michigan and the

appointment of Maj. T. B. Brooks to investigate the iron district were

important steps in the solution of the three problems referred to. Since

the api)earance of Foster and Whitney's report in 1S51 almost nothing had

been added to our knowledge of the geology of the Marquette district

except what had been contributed by Kimball in 18G5 and by Credner in

18G9. The problems to be solved in- the district were so peii^lexing and

the physical difficulties to be overcome in solving them were so enormous

that it demanded the aid of the State to enable geologists to study the

area with anv degree of completeness.
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WiNCUELL, Alexander. Report on llie progress of the State geological

survey of Micbigan. Lansing, 1S71. (H pages.

The second State geological survey of Michigan was established in

May, 1869, with Alexander Winchell as State geologist. Under its opera-

tion several valnaljle reports were made, and a new era in the history of

geological work in the Marqnette district was ushered in—an era of activity

snch as had not been known since the days of Bnrt, Hnbbard, Jackson,

and Foster and Whitney.

In his report of progress the State geologist mentions the condition of

the work intrusted to his care, and outlines the contents of the proposed

volumes intended to be issued by the survey. With relation to the

Marquette district, he states that

—

the rich masses of magnetic and hematitic ores of iron are fonnd not to be those

erujited outbursts which the older geologists were inclined to regard them. They

are simply constituents of the system of sedimentary deposits which make up the

Huronian system of Michigan. The diorites of the region appear to be equally of

sedimentary origin, and are found strictly interstratifled with chloritic, silicious,

taleose, argillaceous, micaceous, and hematitic schists. * * * (Pp. 26-27.)

A few other references are made to tlie geology of the Marquette district,

and a scheme of superposition for the rocks found there is given; but the

same subjects are treated more fully in Brooks's report.

Brooks, T. B. Iron-bearing rocks (economic). Geol. Surv. of Michigan, Vol.

I, 1869-1873, New York, 1873, Part I. 319 pages. With maps.

In this i'e})ort the author first gives a history of the development of

the iron-ore industry on the Upper Peninsula, and then briefly character-

izes the difi^erent systems of rocks occiu-ring therein and outlines their

distriliution. He recognizes the Laurentian, Huronian, Copper-bearing,

and Lower Silurian series, and after a few remarks on the topography of

the region underlain by the rocks of each series he proceeds to the detailed

desci-iption of the IMarc^uette area. It is with this j)ortion of his paper that

we are most concerned.
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Tli(^ niaior liTliolt>i>'ical iiroiips recog-uized in the Marquette district are

the ores; the ferruginous, siHceous, and jaspery schists; the diorites, diorite-

schists, and rehited rocks; the magnesian (chloritie) schists; the quartzites,

inchidinu- conglomerates, breccias, and saudstoues; iuarl)h', argilUte or chiy-

slates, and related rocks; mica-schists; anthophyllite-schists: and carbona-

ceous shales.

The ores comprise five varieties, viz: the red specular, including slaty

and granular aggregates of nrartite and magnetite; the magnetic ores; the

mixed ores, consisting of interbanded jasper and specular ore; the soft

hematites, which are the most ferruginous portions of a limonitic siliceous

schist, from which silica was probably removed by thermal waters
;
and the

flao- ores, emln-acing ferruginous schists, in which silicate minerals are often

iiresent. These latter are often like the mixed ores, from which they ditfer

principally in geological occurrence.

The diorites and their schists are obscurely bedded rocks, varying in

texture from aphauitic to eoarse-grainL-il and sometimes |)orphyritic. They

are composed of a nonmagnesian hornblende and a plagioclase. They

occur in beds, where they present "in mass precisely the same phenomena

as regards stratification as do the acconq)anying schists and (quartzites."

In the Laurentian area rocks similar to these occur as dikes and veins, and

probably as beds. In the Marquette district the greenstones are abundant

and are verj' closely associated with the iron ores.

The magnesian schists are problematic rocks, consisting largely of talc

or chlorite. Their cleavage is distinct, but their bedding planes are obscure.

In color these schists vary from grayish to green. They are intercalated

•with the pure, hard, and mixed ores at mo.st of the mines worked; but iu

a few of the mines, and in the quartzite ridge north of the outlet of Teal

Lake, thevform "slate dikes." The authctr finds it impossible to draw the

line between the chloritie schists here considered and certain dioritic schists

like those mentioned above. At the Marquette quarries typical chlorite-

schists are found bedded with granular diorites.

The quartzites are recognized as occurring in three principal horizons.

One of these is near the base of the Huronian, the most important one is just

above the hard-ore formation, and the third is near the top of the series.

MON XXVIII i
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The first is known as tlie lower quartzite and tlie second as the upper

quartzite. Tlie lower (juartzite is often calcareous, <i'rading- in places into

a marble. Sometimes it is talcose. Occasionally it is interbedded with

arg-illite. The upper quartzite has none of the characteristics of the lower

bed, Init on the other hand it is frecpiently conglomeratic, at times passing

int(i a tnie conglomerate. The lower bed is rarely, if ever, ferruginous,

Avhile the upper one is composed, at several places, of alternate bands of

quartz and magnetite sands. The marbles, which are dolomitic in a large

measure, are regarded as a phase of the lower quartzite, whicli they overlie.

This marble is itsually siliceous, and is filled with crystals of calcite or

dolomite that 3-esemble orthoclase in appearance.

The argillites and clay-slates are present in several beds, whose relations

to other l)eds will l)e mentioned later. These rocks are true slates, and

manv of theni are aljove the upper f[uartzite.

The mica-schist group embraces a number of different rocks, whose

predominant feature is the possession of a micaceous constituent. .Some-

times they are more nearlv micaceous (piartzites than true schists. The

mica-schists often contain crystals of nndalusite, seams of l)lack hornblende,

and bunches of white quartz. Three horizons of the schists are noted,

the most im])ortant of which is near the top of the series in the western

portion of the district.

The anthophyllite-schist lies innnediately below the liighest mica-schist

horizon. It is a slightly magnetic rock, varying in color from bro^^nish

black to dull slate. It shows a tendency, in some places, to pass into

limonitic schists, and so may pass into a merchantable ore. Other horizons

of the schist are mentioned and their places in the series fixed.

The carbonaceous shale may be a carljonaceous variety of the clay-

slate, with which it might appropriately be placed. It contains a large

quantity of graphite, which burns off when the rock is heated, and leaves

it white.

After characterizing the lithological peculiarities of the rocks found in

the district, Brooks descriljes in detail each of the principal mines worked at

the time the survey was made.
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Near the Repul)lir niiue outcrops of Iliirouiau and Laurcntiau rocks

were seen iu such relations to each other that, ah-hou<rli no contact of the

two series was observed, tlie author nevertheless concluded that the former

series is unconfornial)lv upon the latter.

The Repuljlie and Kloinan mines are described in more detail than

most of the others. The author here discovered the relations of the differ-

ent formations to one another. He publishes a map of the area around

these mines, which is so accurate and comprehensive that the district has

served as a type district and a starting point for all geologists who, since

Brooks's time, have worked on the Marquette iron range. We quote the

author's description of Republic ^Mountain (formerly Smith's Mountain):

The numerous outcrops of rock and ore at this uiouiitaiu, the strong magnetism

possessed by three of the beds, the remarkable uniformity in thickness of the several

formations, and the bold topographical features presented, all of which were carefully

surveyed and ai-e faithfully represented and explained on the accompanying * * *

maps and charts, * * * leave but little more to be said in this j)l;ice regarding

the general structure of Republic Mountain.

* * * The ten formations, represented by colors on tlic map, * * * will

now be enumerated, commencing with the lowest, which reposes nouconformably on

the Lanrentiau granites and gneisses.

The lowest bed of the series will be numbered V, for reasons which will hereafter

appear. (Pp. 125-126.)

Then tollows tlie enuuKn-ation of the beds, which is given here In more

concentrated form than ap[)ears In the author's report.

At the liottom of the series Is a quartzose rock (V), followed above "by

a magnetic, bright, banded, siliceous, and chlorltic schist" of various colors

(VI). "The greenish layers are apparently chlorltic, the wliltlsh and grayish

are quartz, and the ])rown and dark gray are siliceous layei-s of the red and

black oxides of Iron." Following the schists Is a diorlte (VII), and above

the diorlte another magnetic siliceous schist (VIII) like VI. A diorlte (IX)

again appears overlying VIII, and another schist (X) similar to VI and

VIII overlies the diorlte. This schist often contains enough iron to make

it a fairly rich flag ore. Formation XI Is a coarse diorlte, schistose in

places, and XII is a reddish quartz or jasper-schist. The Iron formation
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(XIII) lies above tlie jasper-schist. It consists of beds of mixed ore and

jasper, in which the hunint^j are contorted and twisted, indicating the presence

of larger folds in the formation as a whole. Conglomerates were also seen

by the author in portions of tins belt. Specular ore, magnetite, and a bed

of magnesian schist make up the Ijalance of the iron formation. Above the

iron formation is the upper quartzite (XH' )> which near the contact with

the ores is conglomeratic, and above the quartzite is another bed of diorite

(XV), whicli has some resemblance to the micaceous clay-slate of Spurr

Mountain. It will be observed that the author has fairly good evidence

here of the existence of an erosion interval between portions of the iron

formation and the up[)er quartzite; Ijut unfortunately he regarded the pres-

ence of the conglomerate at the base of the upper quartzite as possessing

little significance. This conglomerate is the same as that reported by

Foster in 1849. It will be referred to again and again in the present

volume, for it is largely on the evidence afforded by the presence of such

cono-lomerates that the Huronian within this district has been divided b}'

later authors into an upper and a lower series.

The oiitcrops of the above-mentioned formations present on the surface

a horseshoe-shaped form, which, taken in connection with the dip of the

strata, leaves no doubt as to the structure of Republic Mountain. "It is

e\'idently the southeast end of a synclinal trough, with Smith's Bay in the

center, vinder which, at an unknown depth, all the rocks represented Avould

be found, and in the same order." (P. 129.)

On the opposite side of the ^lichigamme River from Republic the

continuation of the Huronian bands was not found where expected, and so

a fault was supposed to exist through the bed of the stream.

The account of the geology of RepubUc Mountain includes descrip-

tions of Formations V to XV. At the Spurr mine the formations from XVI

to XIX were observed as follows: The lowermost (northerly, since the

.beds here dip south) bed at Spurr Mountain is a clay-slate (XV), followed

to the south by a soft, brownish, ferruginous rock (XVI), Avhich may be a

•decomposed varietv t)f the anthophyllite-schist (XVII) which overlies it.

The ferruo-inous rock is soft and is not found in outcrops at this place,

but it is seen in a ledge east of Champion, near the Keystone mine. The
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auTliciiilivUite-sc'liists arc exposed at tlie Clianipi)ii i'urnaoe, where tliey

lie above the terruginous schist. Formation XVIII is not seen at Spurr

Mountain, liut it is found at the west end of Lake Michigamme, where it

ap])ears to he between the anthophylhte-schist (XVII) and the mica-schists

(XIX) exposed on the south shore and on the ishmds of the lake. The

bed is a gray quartzite, the supposed third quartzite of the region, to which

reference has ah-eady been made. The mica-schists are the youngest mem-

bers of the iron-bearing series, and are very abundantly developed.

With respect to the position of the strata below V the author is not so

confident. He thinks that the iron ores and the associated rocks of the

Magnetic, Cannon, and Chippewa locations in the vicinity of Republic

belong here. These rocks are different from any of those described as

occurring in Formations XV-XIX. From their proximity to the Laurentian

they are supposed to be the oldest members of the Huronian. They are

beds of siliceous ferruginous schists, alternating with chlorite-schists and

diorite.

The geological structure in the mines of the western portion of the

district is simple. It becomes more complicated in those in the vicinity of

Ishpeming and Negaunee. Beyond these towns the iron-bearing horizons

are lost. At the Lake Superior mines the ores are in a series of trouglis

with east-and-west axes. Above and below these are beds of chloritic

schists. On the east side of the mine the relations of the rocks are so

complicated that the author does mit attempt to explain them.

The remarkable features are the great masses of liglit grayish-greeo chloritic

schist, having a vertical east-aud-west cleavage, no discernible bedding planes, and

holding small lenticular masses of specular ore, which couform iu their strike and dip

with this cleavage, and which seem to have no structural counection with the main

deijosits. They appear like dikes of ore squeezed out of the parent mass, which we

may suppose to have been iu a comparatively plastic state when the folding took

place; or they may have been small beds, contained originally iu the chloritic .schist,

and brought to their present form and c(mditiou by the .same causes, which produce[d],

the cleavage in the schist. (Pp. 130-lJ^O.)

In the hanging wall of this mine Brooks found, instead of the usual

quartzite, a magnesian schist, similar to the schist associated with the ore..
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After the rapid survey of the most important mines is concluded, the

author writes as follows (p. 143):

Looking back over the field we have now hastily surveyed, * * * it will be

seen that, while there are many irregularities, on the whole the ore basin gradually

widens toward the west, from a mere point at the Jackson mine to a width fully 5

miles at the west end of Michigamme Lake, beyond which too little is known to

enable us to accurately define its limits. It follows, therefore, that all the Huronian

rocks north, east, and south from the Jackson mine are below, or older than the ore

formation (XIII), and all the rocks to the westward and inside of the ore basin are

youiKjir, hence above it.

The country southeast of the Jackson mine produces dark-colored,

eaithy hematite.

I believe these ores all belong to one formation, No. X, in which, up to this time,

no merchantable ores, e.Kcept the Lake Augeliiie hematite, have been mentioned as

occurring. It is at least certain that they are older thau Formation XII, which

embraces the Lake Superior and Winthrop deposits. (P. 143.)

The Cascade range lies south and east of Negaunee, extending east

and west through the southern portion of T. 47 N., R 26 W. The ores here

are jasperv oxides with a "flagg}" structure." They are near the Laurentian,

and the whole series is overlain by a talcose quartzite, believed by the author

to be the equivalent of No. V of the Republic series, and to be a continuation

of the same bed that forms the hills north of Teal Lake and becomes calca-

reous at Morgan furnace. On this supposition the Cascade ores are older

than those of Repu]:)lic, and are the equivalents of the ores of the Magnetic,

Cannon, and Chippewa mines. The absence of ores north of the Teal Lake

quartzite is thought to require investigation, since the ores of the Cascade

range are supposed to be inmiediateb' beneath the continuation of this

quartzite.

The most prominent of all the formations of the Marquette district is

this lower quartzite. It is so uniformly present and at such a constant

horizon that an account of its distrihutiou is largely an account of the

structiu'e of the entire iron-bearing series.

A brief description * * * of the great geological basin Ibrmed by this

quartzite, which embraces within its folds the great mass of the Huronian rocks, and

uineteeu-twcutieths of all the ore. will possess interest. Like the ore horizon (XIII),
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which we saw came to a iioiut at the Jackson iniuc, aud wideued to the west, so

the opposite croppiugs of this quartzite converge to the east and come togetlicr

at the Chocolate Flux quarry [on the shore of Lake Superior]. * * * From this

starting point the south rim of the basin bears away toward Goose Lake, where some

minor folds aud low dips make it the surface rock for a large area northeast of the

lake. From the south end of the lake west, the formation has a prevailing talcky char,

acter, often argillaceous and sometimes conglomeratic; it has a great thickness and

strikes west by south. West of the Cascade it seems to assume more the character

of a chloritic gneiss and protogiue, or at least a well-defined bed of i)rotogine rock

occupies the position in which we would expect to find the quartzite.

The northerly rim, starting also from the Chocolate quarry, maintains a nearly

due-west course, crossing the railroad at Morgan Furnace, * * * passes north

of Teal Lake and south of Deer Lake, [is seen] occasionally at various points further

west, aud last, so far as I know, north of the Spurr Mountain, nearly 40 miles west

of Lake Superior. (Pp. 149-150.)

The o-eueral geology of the entire district covered by his report is

described by Brooks in a chapter on the magnetism of the iron-bearing

rocks. This we quote:

Kocks of the four oldest geological epochs yet made out on this continent are

represented on the Up])er Peninsula of Michigan; two belonging to the Azoic, one to

the Lower Silurian, and one between these, of questioned age. The equivalency of

these with the Canadian series has not been fully established, but the nomenclature

of the Canadian geologists will be employed provisionally.

The Laurentiau of the Upper Peninsula is like that of Canada in being largely

made up of granitic gneisses, but differs in containing no limestone so far as I have

seen, and little, I may say practically no iron ore, and very little disseminated

magnetite. Next above the Laurentiau, and resting on it nonconformably, are the

Huronian or iron-bearing rocks; these are also called by the Canadian geologists

"the lower copper-bearing series." This series comprises several plainly stratified

beds of iron ore and ferruginous rock, varying in the percentage of metallic iron from

15 to G7 per cent, interstratified with greenish tough rocks, in which the bedding is

obscure, which appear to be more or less altered diorites, together with quartzites

(which pass into marble), clay-slates, mica-schists, aud various obscure magnesian

schists. The maximum thickness of the whole in the Marquette region is not far

from 5,000 feet.

While the great Huronian area of Canada north of Georgian Bay bears, so far

as I am aware, little or no workable iron, and derives its economic importance from its

ores of cojiper, the Marquette series, supposed to be of the same age, are eminently

iron-bearing, and have as yet produced no copper. It is doubtful if in the same extent
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aiul thiclciiess of rocks, aiiywlime iu tlie world, there is a larger percentage of irou

oxide than in the Maniuette series. In the order of relative abundance, so far as made

out, the ores are the Jimj, the red specular hematites, soft or brown hematites, and

magnetites. These all exist in workable beds, and all as disseminated minerals in

rocks usually siliceous. * * * So far there seems to be the greatest concentra-

tion of magnetic ores iu the Michigamme district of the Marquette region. From this

the relative proportion of magnetite seems to decrease as we go east, north, west,

and south.

Next younger than the Huronian are the copper-bearing rocks of Keweenaw

peninsula, * * * the age of which has led to iiiuch controversy. * * * The

relations of the copper-bea ing rocks to the Huroniau are not fully made out. In

tracing the dividing line from Bad River in Wisconsin to Lake Gogebic, Michigan,

last fall * * * we found them nearly, if not precisely conformable, but widely

different iu lithological character * * *.

The next series of rocks iu ascending order are the horizontally liedded Lower

Silurian sandstones, which skirt the south shore of Lake Superior nearly its whole

length, called by Foster, Whitney, and Dr. Eominger, Potsdam, and assigned by the

Canadian geologists, under the name St. Clary's, to a later period. * * *

We will now return to the Huronian or highly magnetic series, taking up its

structure iu some detail. xVbout nineteen lithologically distinct beds or strata make

up the series; of these, six and probably seven are so magnetic as to cause con-

siderable variations iu the needle. These beds vary from 40 to several hundred

feet in thickness, and strike and dip in all directions and at all angles. The

prevailing strike, however, is easterly and westerly, and the dip at high angler

often vertical. * * * (Pp. 215-21S.)

The sequence of the strata iu the ^Marquette seines is outhued as follows:

I, II, III, 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 novacu-

lite; VI, VIII, and X are vsiliceous ferruginous schists; VII, IX, and XI are dioritic

rocks, varying much iu character; XIII is the bed which contains all the rich spec-

ular and magnetic ore, associated with mixed ore and magnesian schist; XIV is a

quartzite, often conglomeratic; XV is argillite or clay-slate; XVI is uncertain; it

contains some soft hematite; XVII is anthophyllitic schist, containing iron and

manganese; XVIII is doubtful; XIX is mica-schist, containing staurolite, andalusite

and garnets. * # *

These 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 -10
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miles. * * "While some of tlie beds present litliological ebaracters so constant

that tbey caji be identified wberever seen, others undergo ,i;reat changes. JLirble

passes into quartzite, which in turn graduates into novaculite; diorites, almost por-

phyritic, are the ecpiivalents of soft magnesian schists. * * * The total thickness

of the whole series in the Marquette region is least at Lake Superior, where oidy

the lower beds exist, and greatest at Lake JMichiganime, where the whole nineteen are

apparently jiresent, and may have an aggregate thickness of 5,000 feet. (Pp. S3-S4.)

With regard to the associations of the various ores, it may be said that magnetic

and specular ores are often found together, as are also the specular and soft hematite

ores; but so far the magnetites and hematites have not been found in Juxtaposition.

If we suppose all our ores to have once been magnetic, and that the red specular was

first derived froni the magnetite, and the hydrated oxide (soft hematites) in turn from

it, we have an hypothesis which best explains many facts, and which will be of use to

the explorer. (I'p. 220-221.)

Besides the niaguetic charts, three g'eoh)o-ical maps pertaining to the

Marquette district accompany tlie report. One represents the general geol-

ogy of the entire Upper Peninsula (see PI. Ill), the second is a detailed

map of the whole of the Marquette district, and the third is a lai'ge-scale

map of Reiniltlic Mountain. The northern boundary of the iron rocks is

placed much farther north by Brooks than it is in this monograph. Brooks

included with his Huronian all of the greenstone-schists north of the iron-

bearing' rocks, and made their contact with the granite the l)Oundary line

between the Marquette iron-bearing rocks and the Laurentian. These

schists are Group XIII of Brooks's series, and are regarded by him as

high in the series. In this volume the}' are placed below the whole of the

ii'ou series.

Several appendixes are added to Brooks's report and published as

Vol. II of the Michigan State survey. Some of them are of great scientific

interest. Those of Julien and of Charles E. Wright are the first articles in

which the lithological features of the Marquette rocks are described in detail.

Julien, Alexis A. Lithological descriptions, etc., of 259 specimens of the

Huronian and Laurentian rocks of the Upper Peninsula. Geo!. Surv. of Michigan,

1869-1873, Appendix A, Vol. II, New York, 1873, 197 pages.

The aim of Julien's report, in the words of its author, as given in the

letter of transmittal addressed to Brooks, "is but a provisional one, viz, to
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give a soiiit'wliat popular description of such cliaractcristics of the common

varieties [of tlie Marquette rocks] as may l)e easily discerned (with a very

few exceptions) in the field, * * * and also to propose a temporary

nomenclature and classification for the present use of your report."

The rocks are divided into three great divisions, the simple rocks, the

mixed crvstalline rocks, and the fragmental rocks. The first division is

subdivided into calcareous, quartzose, silicate, iron ore, and carbonaceous

rocks, and the mixed crvstalline rocks into older and younger feldspathic

rocks. The former includes granites, gneisses, mica-schists, greenstones, and

traiipean diorites, and the latter only diorite-aphanite. The fragmental rocks

examined were sandstone-schists.

The greenstones comprise diorite, amphibolite, serpentine, chloritic dio-

rite, diorite-wacke, diorite-schist, amphiljole-schist, diorite-greenstone, mica-

ceous greenstone-schist, schalstone, aphanite-schist, and chlorite-potstone.

All these varieties are supposed to be derivatives of diorite, and none of

them were believed to be derived from diabase. "I am decidedly of the

opinion," writes Julien, "that no augite occurs in these rocks, and that there

is no diabase whatever in this region" (p. 42). The trappean diorite and

the diorite-aphanite are intrusive basic rocks, but according to the author

the^s' contain no pyroxene.

The simple silicate rocks determined are amphibolite, amphibole-schist,

hornblende-schist, anthophyllite-schist, chloritic schist, argillite, and talcose

schist. The argillites are placed in this division rather than among the

fragmental rocks because some of them were believed to be composed of

greenstone (diorite) ash.

A few mineralogical notes close the report.

Bkooks, T. B., and Julien, A. A. Catalogue of the Micbigan State collection

of the Hurouiaii rocks and associated ores. Geol. Surv. of Michigan, 1869-1873,

Appendix B, Vol. II, Xew York, 1873, pages 199-21:2.

The second appendix is a classified list of the collections of Michigan

rocks distriltuted by the State to certain colleges and institutions in this

country and abroad.
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Wright, Charles K. ^Microscopic tleteriniuatioiis and descii|iti(iiisot" 78 speci-

mens of Huroniau rocks and ores. Geol. Surv. of Michigan, 1SG9-1S73, Api)eudix C,

Yol. II, New York, 1873, pages 213-231.

Ill the tliird appendix Wright elassities for the first time the rocks of

the Marquette area in accordance witli their microscdpical features. 1 )iorites,

diorite - schists, ohh )rite - schists, hornblende - scliists, anthophvlHte - schists,

quartzites, argillites, and various specimens of ores -were sul)mitted to tlie

author, who describes them briefly, Init -with sufKcient fullness to make their

recognition ])ossible. Wright surmises tliat diabase mav exist among the

greenstones of the region.

Houghton, Douglass. Remarks on rocks between Chocolate River and

Granite Point, embracing Marcxuette Harbor. From unpublished MS8. Geol. Surv.

of Michigan, 1800-1873, Appendix E, Yol. II, New York, 1873, pages 23!»-24(J.

These notes, which comprise the iiftli appendix to Hmoks's report,

possess only a historical value because of the long delay in their publication.

It is unnecessary to refer to them further than to state that the author dis-

covered and figurt'd the unconformity l)etweeu the Lake Superior sandstone

and the quartzite near the mouth of the Carp IJiver.

Brooks, T. B. The lamination, plication, and faulting of banded ore and

jasper (mixed ore), with illustinitious (figs. 10 to 20). Geol. Surv. of Michigan,

1869-1873, Appendix K, Yol. II, pages 283-202.

The final appendix is one added ]>y Brooks liimself It comprises

eleven figures of banded jasper and ore, with their exjjlanation. Its object

is to illustrate the Avay in which the original parallel lamination of the ore

and jasper may be entirely obliterated, and may be replaced by a mechanical

brecciated structure. The figures are yery interesting and suggestive.

ROMINGER, C. PaliBOZoic rocks. Geol. Surv. of Michigan, 1S(;0-1S73, Yol. I,

Part III, New York, 1873, 101 pages.

In the same volume of tlie jMichigan survey in which Brooks's report

occurs is one by Rominger on the Paleozoic I'ocks of the Upi)er Peninsula.

The only portions of this report in which we are now interested are those

relating to the unconformity between the Huroniau and the Potsdam beds

near Marquette, and the description of the Presque I.sle rocks.
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The unconformity mentioned by Foster and Wliituey as occurring'

near the Carp River is described by Rominger in these words (p. 90):

We fiiul here vertically erected white quartzite beds of the Huroiiiau group,

l^rojectiiig iuto the lake, which have preserved their granular sandstone structuie

and are distinctly ripple-marked. They are surrounded by brown sandstone and.

conglomerate ledges, horizontally abutting again.st them. The sandstones, which

are of very irregular discordant stratification, closely adapt themselves to all inequali-

ties of the cliffs, which exhibit under the sandstone covering a ronnded, water-worn

surface, indicating their long exposure before they were enveloped by the sandstones.

lie describes Presque Isle as formed by

—

a protrusion of peculiar rock masses, difl'ering considerably from the rock beds of the

Huronian group in the vicinity. Lowest is a black, unstratifled, semicrystalline mag-

nesian rock, resembling a half-decomposed basalt or a highly ferruginous serpentine.

It forms considerable cliffs at the north end of the spur; more to the south we find it

overlaid by a more light-colored, once stratified rock, which is involved in the upheaval,

with its ledges bent and broken up in great confusion. * * * The principal rock

mass, which is found in all forms, from compact crystalline to an absorbent, earthy

condition, is chemically a dolomite. * * *

On the south jjortion of Presque Isle this dolomite is uuconformably overlaid

by a conglomerate and succeeding sandstone layers, which are identical with the

sandstones of the Marquette quarries. The sandstone strata some distance off from

the protrusive rocks [the "dolomites"] are nearly horizontal. In immediate contact

with them they have a considerable dip, corresponding to the convexity of the

underlying surface. It is possible that the strata were slightly uplifted after their

deposition, but I am more inclined to explain the existing dip as an adaptation of

the sediments to the surface on which they were deposited. The conglomerate beds

at the base are 5 feet thick and contain numerous fragments of the underlying

dolomitic rocks and of their inclosed jaspery minerals. (P. 92.)

On Ligltt-House Point the author noted that the bands of diorite,

whicli had been so frequently mentioned by earlier authors as interstratified

with the Huronian schists, "are connected among themselves by transverse

bands cutting across the strata of tlie schists," and therefore the diorites

are believed to be intrusive (p. 03).

Rominger thus makes the Prescpie Isle dolomitic rock older than the

sandstones associated with it, and the green schists of Light-House Point

he regards as intrusive.
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Again, following the reports of the Michigan survey, there is a dearth

of articles of a general nature on the Marquette rocks. This period of

little activity was brought to an end by the publications of the Wisconsin

survey in 1879. A nuniljer of volumes, in which reference is made to the

geology of the Marquette district, were pulilished in this interval, but the

statements in them are largely based on the work of others than their authors.

A number of short articles also appeared during this time, Init they are

devoted mainlv to the elucidation of special points in the discussion.

1ST4,

Dana, J. D. 3Iaiuial of geology. 2d ed., New York, 1874.

In the second edition of his Manual, Professor Dana makes the same

statements regarding the origin of the Marquette ores and of the Archean

rocks in general as were made in 1865, when he accepted Foster and

Whitney's views. With regard to the geological position of the beds, we

find that the author has discovered evidence enough for separating the

Azoic (now Archean) beds into two series, the Laurentian and the Huronian,

but he is not satisfied that the Marquette ores are not members of the first

series. On one page (p. 151) he places them with the Laurentian, and

on another page (p. 159) with the Huronian, mainly in deference to the

opinions of the Lake Superior geologists, who emphasized the lithological

differences between the acid schists of the Laurentian and the basic ones

of the Huronian. " The evidence as to age is far from conclusive," writes

the author. " The extent of the beds of iron ore aftbrds some reason for

believing, as shown by Whitney, that they are true Laurentian" (p. 159).

Exactly the same statements concerning the ilarquette region are

given in the third edition of the Manual, published in 1880.

Newberry, J. S. The iron resources of the United States. The Interna-

tional Review, Vol. I. 1874, pages 754-780.

This author gives a general review^ of the iron resources of the United

States, and refers to the Marquette ores as magnetites, hematites, and

hydrated sesquioxides, inclosed in Huronian terranes. The "ore beds

were once horizontal strata, deposited in conformity with many other
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stratified sediments, but tliev are folded and broken in such a way that

their true nature was for a Ling- wliile misunderstood" (p. 758). The dis-

triliution of the ore l)odies is beheved to be " dependent upon the immense

surface erosion wliicli this region has suffered. This has removed by far

the greatest part of the ore that originally existed here, leaving it only

where it formed masses of unusual magnitude and solidit}-, which have

resisted the erosive action, or where, in synclinal troughs, it has been

bevond the reach of the glaciers, which have ground off all the more

elevated portions" (p. 758).

In this view the ores are manifestly supposed to have existed as an

extensive bed over the Marquette Huronian area, of which tlie j)resent ore

bodies are the remnants. This we now know to be contrary to the facts.

The irregular distriliutiou of the ore bodies in the region is not the result

of erosion, Init is tlie result of the action of secondary processes under

especially favorable conditions, prevailing only here and there throughout

the district.

1S7.5.

Ptjmpelly, Raphael. On pseudomorpli.s of chlorite after garnet at the Spurr

Mountain iron mine, Lalie Superior. Am. Jour. Sci. (3), Vol. X, 1875, pages 17-lil.

With plate.

This article is of a mineralogical nature. In it the author describes

the well-known chlorite pseudomorphs of garnet occurring in the chlorite-

scliist overlving the ore bed at the Spurr mine. The chlorite-schist is

composed of minute flakes and needles of chlorite, through which are

scattered small octahedra of magnetite and the garnet pseudomorphs.

From the result of his investigation of the rock the author infers that the

schist was originally an argillaceous limestone (,>r marl that was changed

by metamorpliic processes into its present form.

Whittlesey, Charles. Physical geology of Lake Superior, rroc Am. As.s.

Adv. Sci., Vol. XXIV, 1875, pages GO-72. With map.

Whittlesey den-ies the existence < "f a true Laurentian series in Michigan.

The granitic rocks, heretofore regarded as belonging in this series, are

eruptive, as shown Ijy their analyses. In some instances in the Mart^uette
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region, the aiithoi- writt's, tlieso cruptivos "have pushed up thr()U<rh tlie

Huronian beds, cuttini;;' tlieiu and the Potsthim at tlie same time," but

he does not give jiarticuhn-s. llie oi'es of the Marquette area and their

associated rocks are beheved to belong in the Huronian svsteiu, wliicli in

Michigan and in Canada possess a remarkable similarit\'. Incidentally the

author gives a sketch of the relations between the trap and sandstone at

Presque Isle. The former is re])resented as penetrating the sandstone and

producing on the contact a friction conglomerate.

1S76.

Bkooks, T. B. On the youngest Huronian rocks south of Lake Superior, and

the age of tlie copper-bearing series. Am. Jour. Sci. (3). Vol. XI, 187(5, pages

20C-211.

In his ^lichigan re})ort on the iron-l)earing series Brooks places the

granites with the gneisses of the Upper Peninsula, and regards them all as

belonging- with the Laurentian, unconformably beneath the Huronian l)eds.

In 1S76, however, in an article dealing more particularly with the

Menominee iron district, the same author notes the discovery of granites

cutting micaceous and hornblendic schists similar to those in Formation

XIX of the Manpiette series. If this formation is the toiimost portion of

the series, as is suj)posed, the granite must be Huronian. ^lorcover, the

Huronian series is so different lithologically from the copper-bearing series,

and the movements that have been undergone by the two series are so dif-

ferent in amount, that it is necessary to conclude that the copper-bearing

series is much younger than the Huronian. "We are therefore justiiied,

I think, in regarding the copper-bearing rocks of Lake Superior as a dis-

tinct and independent sei'ies, marking a definite geological period which

separates the Silurian from the Huronian ages." For this series the author

proposes the name "Keweenawian," unaware that Hunt' two years earlier

had reached the same conclusion and had proposed as thc^ name of the

series "Keweenian."

This article, though dealing almost exclusively with a region outside

the Marquette area, is of interest, since it contains the first definite statement

'Trans. Am. Inst. Miu. Eng., Vol. I pp. 339-341.
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that tlic Iluroiiiaii of ]\Ilclii<i;iiu, inehidiug- of course the Mar(|uette Huronian,

is a distinct and older series than that to which the copper-bearing- rocks

belong.

The (jnestion of the age of the Keweenawan was contested long and

l)itterly, and it was tinallv decided to the satisfaction of most geologists

that the view snggested by Hunt and Brooks is the correct one. The

copper-l)earing rock.s are younger than the iron-bearing series of the Upper

Peninsula and entirelv distinct from them. The literature of this subject

need not be referred to again. The subject is mentioned here merely to

simplify and make clearer the geology of the Marquette rocks, which in

this district had l)een included with the eopper-l)earing series as forming- a

portion of Foster and AMiitney's Azoic.

Brooks, T. I>. Classitied list of rocks observed in tlie Hurouiau series south

of Lake Superior, with remarks ou their abuudance, trausitious, aud geographical

distribution; also a tabular preseutatiou of the sequence of the beds, with au

hypothesis of equivalency. Am. Jour. Sci. (3), Vol. XII, 1876, pages 194-204.

In another article in the same year Brooks g-ives a revised classilication

of Huronian rocks, based on microscopic examinations of thin sections

made by A. Wichmaim, Charles E. Wright, and Frank RutleA'. The clas-

sification includes Huronian rocks from tlie then known iron-bearing

areas of this age in Michigan and Wisconsin. We are concerned only with

the Marquette series. This, exclusive of the youngest observed member

(the granite bed), according- to the author, has a thickness of not more

than 6,000 feet. The sequence of the beds is shown in the following- table,

in which the italicized names are those of the rocks possessing greatest

lithological interest

:

Lower Silurian.

Copper series (wanting).

nURONIAX.

XIX. Grayish black miea-schiKt, often xtoiirolitic, and holding andahtsite and

garnets; rarely chloritic schist. Quartz in bunches aud veins, aud hornblende seams,

rare. Quartzyte. (?)

Probably soft slate.

XVII. Anthophyllitic (?) schist, usually magnetic, and coutaining manganese.
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XVI. Banded oclirey itorous qiiartz-si^hist.

XV, Ijlackisb arnillaccous slate, with imiieifect cleavage, rarely micaceous, and
sometimes holding garnets.

XIV. Grey arenaceous qitart~ite, often semi-scliistose and sometimes micaceous;

quartz conglomerate.

XIII. Pure specular hematite and magnetite ores; ferruginous banded jaspery

scbist, with interstratified beds of ch 1oritic and hydromicaceous schists. "Trap dykes"

at Washington mine.

XII. Ited arenaceous (iiiait; schist, banded with micacroiis iron; qunrtzose limotiitic

ores.

XI. Dionjtf, hornblende-schist, chloritic schist, chloritic-looking mica schist; rarely

hornblende gneiss.

X. Siliceous hematitiv and limonitic schistose ores, often manganiferous; siliceous

schists; garnetiferous antliophyllitic (eklogyte) schists; obscure compact chloritic (?)

magnetic schists, with conchoidal fracture.

IX. Hornlilendic rock aud related diorite and diabase, often micaceous.

VIII. Ferruginous quartzose flags ; clay-slate; quartsite ; rarely chloritic and
authophyllitic (?) schist.

VII. Hornblendic rocks, with related greenstones. (?)

VI. Ferruginous quartzose schist; clay and chloritic slates.

V. Qnartzite graduating into protogine, with interstratified beds of dolomitic

marble; noracnlitc: rarely chloritic and micaceous schist, and dikes of chloritic schist.

Syenite (quartzless), diorite, diabase, hornblende-schist, and obscure chloritic

slates, conglomeratic quartsite and various ([uartzose iron ores. Well-characterized

toZc-schist is found in this horizon oulj' at Mar(iuette.

Xonconforuiiible with Laurentiau.

Diabases are recognized as occuiTino' among the greenstones, contrary

to the earlier opinion of tlie author. These rocks, together with the diorites

and the rehited schists, are still reg'arded as "metaniorphic."

Lithologically the division is into (1) fragmental rocks, exclnsive of

limestone: (2) me1amor])hic rock.s, not calcareous; (3) calcareous rocks;

and (4) igneous rocks. Among the fragmental rocks are noted quartz-

conglomerates in the middle horizon of the series. Tlie second division

includes granite, the gneisses, schists and slates, syenite, diorite, gabbro,

diabase, and the pyroxenic, the garnetiferous, the olivinitic, and the chloritic

and talcose rocks, besides quartzite, jasper, chert, and the iron ores. The
eruptive rocks are the granites, traps, and the hydrous magnesian schistose

MON XXVIII ')
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rocks observed iu dike-like masses. Sometimes these latter rocks are

believed to have been "formed from the abraded material of the walls of a

fault."

Wiehmaim, Turnebohm, aud Zirkel, according to the author, all agree

in regarding many of the greenstones as diorites and diabases of eruptive,

and not of metamorphic, origin. Among them they would place also many

of the dioritic schists and chloritic diorites. The author, however, still

regards them as metamorphic, and so includes them with the metamorphic

rocks.

1878.

Hunt, T. Sterry. Special report on trap d.ykes and Azoic rocks of south-

eastern Pennsylvania. Part I, Historical introduction. 2d Geol. Surv. of I'cnnsyl-

vania, E, 1878, 2.")3 pages.

'Hunt refers to the Marquette rocks as belonging partly in the author's

"White Mountain or ]\Iontalban series and partly in his Green i\Iountain or

Huronian series. Those belonging to the Montalban are the micaceous and

hornblende schists of Brooks's Formation XIX aud the granites associated

with them (Formation XX). The Huronian rocks underlie the Montalban.

In Michigan they include the greenstones, diorites, serpentines, carbona-

ceous argillites, and porphyries. The author agrees with most of the earlier

writers on the district in regarding the greenstones as indigenous, that is,

as formed in then- present position by the metamorphism of sediments.

"Wright, Charles E. First annual report of the Commissioner of Mineral

Statistics of the State of Michigan for 1887-88 and previous years. Marquette, 1879.

229 pages.

In this report Wright Inietly sketches the geology of the Upper Penin-

sula. The author accepts, with st)uie modifications, Brooks's view as to the

sequence of rocks in the Marquette district. He believes that there are two

metamorphic granites iu the district—one Laurentian and the other occupy-

ino' a position in time between the Marquette or Lower Huronian rocks and

the members of the copper-bearing or Upj)er Huronian series. The green-

stones are believed to exist in beds, and to be represented in some places



GEOLOGICAL EXPLORATIONS AXD LITEEATUEE—1879. 67

by slates and mag-nesian schists. Bed X of Brooks is a layer of siliceous

ferrugiuous schists, from which, locally, silica has been removed, leavmg

deposits of soft ores. These ore bodies are noticed to be in those portions

of the series where the disturbance has been greatest. The (|uartzite and

jasper-conglomerates were also observed in many mines forming the hang-

ing walls of the ore bodies, but their significance was not realized by the

author any more fully than it was by Brooks. Below Bed V, which is

the lowest identified by the latter geologist, AYright places a cjuartzite and

a garnetiferous mica-schist.

The author also reports the discovery of a series of sharp ridges

composed of serpentine, marble, magnesian schists, etc., about 3J miles

northeast of Ishpeming. The rocks are similar to those occuriing at

Presque Isle.

WiCHMANN, Arthur. A microscopical study of some Huronian clay-slates.

Quart. Jour. Geol. Soc, Vol. XXXV, 1870, pages 15C-164.

In this paper Wichmaun gives a detailed description of the slates of

the Marquette district. He divides them into clay-slates, " deposited ou the

upper strata of quartzite " (forming Bed XV of Brooks and Bed VIII of

Credner), and occurring also in the marble series (Bed V of both Brooks

and Credner), novaculites, and carbonaceous shales. The slates are simi-

lar to those of later periods. Often they contain small tourmaline and

hematite crystals. The novaculites are hard, brittle clay-slates containing

garnets and quartz. In the carbonaceous slates carbonaceous material is

present in large quantities, and crystalline components are absent. The

paper ends with a discussion as to the processes of formation of slates,

but reaches no decided conclusions.

Irving. E. D. Xote on the stratigraphy of the Hurouiau series of uortheni

Wiscousiu : and on the equivalency of the Huronian of the Marquette and Penokee

districts. Am. Jour. Sci. (3), Vol. XVII, 1879, pages 393-398.

In 1879 Professor Irving began his series of valuable contributions to

the geology of the IMarquette district with a note in which he calls attention

to errors in Brooks's scheme of equivalency for the strata of the different
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Huroulan districts in the Lake Superior region, and pi-oposes a new scheme,

whicli lie claims shows clearly the equivalency of the Penokee and the

Marquette series.

Crosby, W. O. Oh a possible origin of petrosiliceons rocks. Read March 5,

1879. Proc. Boston Soc. Nat. Hist., Vol. XX, 1S78-S0, pages 160-169.

Crosby compares the felsites and "petrosilexes" with the siliceous red

clays di-edg-ed Ijy the Clialleuger Expedition from the deep seas. With

respect to the Marquette jaspers and ores he says (p. IGS):

One of the most interesting rocks in the Marquette iron district, in the Upi)er

Peninsula of Michigan, and the one jnost closely associated with the iron ore, is a

brownish or I'eddish jasi)er; it sometimes becomes cliloritic or micaceous, passing into

chlorite-schist, etc., but for the most part it is a distinct and beautiful stratified jasper.

This Lake Superior jasper, like all the petrosiliceous rocks so far as known, belongs

to the Huronian formation, and may, apparently, be fairly taken to represent the

petrosilex and felsite characterizing many other Huronian areas, but apparently

wanting here. Its association with the iron oi'e is usually very intimate; the two

substances being interlaminated in such a manner as to give rise to a banded structure

which matches in all important particulars the banding of the petrosilex of eastern

Massachusetts and other regions, the hematite simply taking the place of the feldspar.

The extreme irregularity of the banding in many cases makes it not only proper but

necessary for us to conclude that, as in the case of the petrosilex, it is largely the

result of a segregation process, the two constituents, hematite and jasper, having been

originally more intimately mixed

With very few exceptions this JIarquette ore always contains some oxide of

manganese, usually from 1 to 3 per cent, though the ore ^roni one bed contains nearly

7 per cent.

Here, then, so far as cin-mical composition is concerned, we have a formation

almost identical with some of the siliceous oozes of the deep sea; while the chief

structural distinction consists in the different forms of the segregated masses of the

iron and manganese oxides, lenticular layers taking the place of irregularly rounded

nodules, certainly a distinction of no great importance.

The author does not claim to prove that the jaspers and ores origi-

nated from deep-sea oozes, but only to show the close analogy existing

between these ancient rocks and the deposits now lieiiig formed in the

ocean's depths. There are several misinterpretations in the descrijition
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of the i;i8pers given. The ;iuth(ir had not visiteil the Min-([uette district,

so he must luive obtained his n.otions ot" tlie rehitions of the jasper.s from

the hterature on tlie area. The jasjjers Jiad freciucmtly been described

as interstratified with chlorite-sehist, etc., but nowhere had it been shown

that tlie two rocks grade into each other. Moreover, the ]\larquette ore

does not usuulh- contain from 1 to 2 per cent of manganese.

isso.

Brooks, Thomas Benton, The geology of tlie Menominee iron region (east of

center of Range 17 E.), Oconto County, Wisconsin. Geology of Wisconsin, 1873-1879,

Vol. Ill, pub. in 1880, Part VII, pages 429-599.

The Wisconsin reports, ahhough they are devoted mainly to the discus-

sion of Wisconsin problems, contain numerous references to the geology

of Michigan. In Brooks's report on the geology of tlie Menominee iron

range are several references to the Marquette rocks. There is, besides, a

new table of the formations in the Marc^uette Huronian. The principal

difference between this table and. that published in the j\Iichigan report is

the addition of Formation XX, which embraces tlie "granites" southwest

of Lake Michigamme, thought to be younger tlian the mica-schists of the

vicinity. The references to the Marquette series are mainly with respect

to their correlation with the Menominee series.

As an appendix to this report (pp. (!61-GG3) Bi'ooks gives a brief sketch

of the Laurentian rocks in Michig-an. This series includes inica-g-neisses,

hornblende-gneisses, hornblende-schist, chloritic gneisses, chloritic schists,

often derived from the mica-gneisses and hornblende-gneisses, and granites.

The latter rocks are the massive varieties of g-neiss "in which all interior

evidence of bedding is obliterated by inetamorphic action." All the o-ran-

ites of tlie Laurentian, with the exception of the dike granites "and certain

great irregular red masses," are thought by the author to be altered sedi-

mentary rocks.

The Laurentian rocks are cut in all directions by dike-like masses of

granite and greenstone, of which the latter are "far thicker, more regular

and persistent than those of the granite."
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WiCHMANN, Arthtik. Micfoscopical observ^ations of the iron-bearing (Ilnro-

nian) rocks from the region south of Lake Superior. Geology of Wisconsin, 1S73-79,

Vol. Ill, 1880, pages GOO-656.

A series of about 500 tliin sections of rocks from the Penokee, the

Meuomiuee, and the Mar([uette iron districts ^yas submitted by Brooks to

Arthur Wichmann for microscopical study. Wichmann's report aimounces

the resuhs of the studv and the conchisious reached Ijy liim concerning the

origin of some of the rocks investigated—conchisions that have ah-eady

been referred to in some instances. The rocks are divided into hthokigical

groups as follows: nonfragmental rocks, including simple rocks, massive

rocks, and schistose rocks; aiid fragmental rocks, including clay-slates,

sandstone, and chert-breccia, of which the latter occurs only in the Ponokee

district. Among the simple rocks are found limestone, dolomite, quartzite,

magnetite-schist, jasper-schists, chert schists, hematite-schist, and serpentine;

among the massive ones, granite, syenite, diorite, and diabase; and among

the schistose ones, gneiss, mica-schist, hornblende-schist, chlorite-schist,

augite-schist, talc-schist, sericite-schist, and eklogite. The serpentine is an

altered olivine rock. Diabases are abundant in the Marquette district, and

are eruptive in origin. By addition of hornblende to the diabases, diorites

result; lience the diorites are also eruptive. The talc-schists described by

Brooks in Bed XIY are sericite-schists of sedimentary origin.

Hunt, T. Sterry. Letters and notes on tbe iron-bearing and associated

rocks of the Marquette region, and comparisons with tbe Archeau of Canada and

of the eastern United States. Appendix A, Geology of Wisconsin, 1S73-79, Vol. Ill,

1880, pages 657-CGO.

In the same volume in which Brooks's report is ])ublishcd are several

letters and notes by Hunt on tlie iron-bearing and associated rocks of

the Marquette district. One of these letters is from Hunt to Alexander

Winchell, and is dated November 26, 1809. In this Hunt mentions the

difficulty of assigning names to the greenstone-schists of northern ilichi-

gan, which include altered varieties of many distinct rocks. In a letter to

Brooks dated February 22, 1871, an attempt is made to correlate various

members of the ]\Iarquette series with the Huronian and Montalban rocks

of New England and the Adirondacks. In a third letter Hunt expresses
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doubt as to the alteration theory with respect to the ori<)-lu of the rocks of

the Marquette district. He is inclined, apparently, to regard these rocks as

direct sediments.

Wadsworth, M. E. Notes on the geology of tlio iron and copper distritits of

Lake Superior. Bull. JNIus. Com]). Zool., Vol. VII, ISSO, 1.57 pages and 6 plates.

In this paper Dr. Wadsworth submits in great detail his views on the

origin of the Marquette ores. As a preface to his own observations he

gives a summarv of the work done in the region, as follows (pp. 2G-27):

lu general, then, in looking over the views advocated by past observers, we find,

in brief, the following opinions held.

The rocks of this district (excepting the sandstones) were all taken as Azoic by

Foster and Whitney, and not considered to be capable of subdivision into geological

periods. We must akso notice that Prof. H. D. Rogers regarded them as of Primal

or Potsdam age. On the other hand, we find that this formation is divided by

Murray, Hunt, Kimball, Winchell, Credner, Brooks, and Wright into the Huroniau

and Laurentiau. This division is based upon lithological characters, and on nncon-

formability said to exist between the two. Rivot considered the whole as Potsdam.

The granite is regarded as an eruptive rock by Foster and Whitney, Bigsby, and

Whittlesey; and as of sedimentary origin by Rivot, Kimball, Brooks, Hunt, and

Wright. These latter, with Credner, take it as being older than the schistose rocks

associated with the iron ores, and, excepting Rivot, with its accompanying gneissoid

rocks comi:)Osing the Laurentian formation. Foster and Whitney and S. W. Hill

regarded the granite as younger than, and eruptive in, the schi.sts.

The gneisses and schists were taken by all the observers as being of sedimen-

tary origin, except possibly Whittlesey, whose language is as obscure as the formations

about which he writes.

The metamorphism of the schists is supposed by Hubbard, Rivot, Kimball,

Hunt, Brooks, and Wright to be occa.sioned by chemical agencies, accompanied, as

part thought, by galvanism. Foster and Whitney and Bigsby considered that the

metamorphism was brought about by the presence of eruptive rocks, and their

accompanying chemical agencies. Foster and Whitney regarded the "diorites" of

this region as eruptive rocks, but Rivot, Kimball, Hunt, Winchell, Credner, Brooks,

and Wright, as sedimentary ones and interstratified with the schists. The iron ores

are regarded as all of sedimentary origin by Foster, Kimball, Dana, Hunt, Winchell,

Credner, Brooks, Newberry, and Wright, but are believed for the most part to be of

eruptive origin by Whitney, and by Foster and Whitney. These ores were said to be
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in the uppei- portion of th« Iluiouian series by Kimball, Brooks, and Wright, with

the ''(liorites" underlyiTig them.

It will thus be seen that, while Foster and Wliitney regarded certain of the

rocks in the lluroniau as eruptive, Hubl)ard, Rivot, Kimball, Hunt, Creduer, Brooks,

and Wright regarded all, with a few slight exceptions, as sedimentary; and Hough-

ton, Hubbard, Locke, Kimball, Rivot, and Brooks teach that they pass by gradual

transition into one another.

The most important points, then, about which there has been or is difference of

opinion, ai-e the age and relation of the granite and schists, the origin of the diorites

and iron ores, the passage of one rock into another, and the presence or absence of

eruptive rocks. These and other questions relating to this district admit in many

cases of no middle ground; one or the other party must be mistaken in their obser-

vations or conclusions, or both.

After reviewing the literature on the Marquette area the author proceeds

at once to attempt tlie sokition of the prol)hnus tliat present themselves.

He studied the district miiuitely, and so compelled others who disagreed

with his conclusions to make a similar close study of it. Consequently,

"Wadsworth's paper may be regarded as the opening chapter of a new

volume on the geology of the district. As we shall see, several of the

author's conclusions were subsequently proved untenable, but the work

required to prove them wrong was necessary before a con-ect knowledge

of the geology of the district became possible. The article is especially

valuable for its detailed description of the relations existing lietween the

various rocks.

The contat-ts of the jasper and ore with the schists associated with

them are shown to bt> like those of an eruptive with an older rock. At

the Lake Superior ]niiic, for instance, the jasper and ore were seen in contact

with the chlorite-schist.

The junction of the two is very irregular, the banding of the jasper and ore

following the irregularities of this line, while the schist is indurated and its lamiute

bear no relation to the line of contact. Stringers of ore in-oject into the schist, which

near the jasper is filled with octahedrons of magnetite. The schist loses its green

color generally, and becomes apparently an indurated argillite. The contact and

relations of the two rocks are not such as are seen when one sedimentary rock is laid

down upon another, but rather that observed when one rock is intrusive through

another; and in this case the intrusive one is the jasper and its associated ore. (P. 30.)
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Observations of the same character were made at the New York, Jack-

sou, and other mines, and iu all of these the contacts of the jasper and ore

witli the surrounding schists were found to have the peculiarities of eruptive

contacts. The "bosses" of schist so frequently met with in mining- opera-

tions are likewise regarded as jjroofs of the eruptive origin of tlie ore.

This structure evidently is consonaut with the theory of the eruptive origin of

the jasper and ore. They break obliquely up through the schi.st, and send otf

brauche.s, which, pursuing the same general course, leave wedge shaped masses

between them and the trunk. (P. 31.)

At the Home mine, on the Cascade range, at the Pittsburg and Lake

Superior mine, on the same range, at the Lake Superior mine, Ishpeming,

and at a nuipber of other ]daces dike-like masses of the jasper are reported

as cutting schists and ferruginous sandstones overlying the ores. At the

Pittsburg and Lake Superior mine, "while in general these little dikes

follow approximately the bedding [of the quaiizite], they are seen not to

exactly do this, but cut the lamina^ oljliquely through much of their course."

In order to determine, if possible, what was the original state of the

ore and jasper, the author examined thin sections of both. Of the jasper

he writes (p. 33):

Microscopically this section is composed of a fine grapular aggregate of quartz

and hematite, and a more coarsely crystallized portion made up of octahedrons of

magnetite or martite, and of quartz of secondary origin. The quartz iu the first part

is largely filled with minute globules and grains of ore, which also occur in irregular

masses and in octahedrons. The quartz associated with the more coarsely crystallized

portion is water clear, and shows the usual fibrous granular polarization of secondary

quartz. Wherever the iron is in a distinguishable crystalline form it is iu octahedrons.

Of other sections of jas[)er and ore he writes (}). 33):

The structure of the quartzo.se portion is like the devitrification structure of the

rhyolites and felsites. * * * The jaspery portion is finely banded, and shows an

apparent fluidal structure. We are inclined to regard the structure as fluidal, but iu

a rock so deeply colored it is difticult to make satisfactory examinations.

It was impossible to determine whether or not the ores Avere all origi-

nally magnetic. In some cases the magnetites are believed to be secondary,

since the hematite where in contact with diorite dikes is often changed to

this mineral.
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At the Repuljlic miue magnetite and niartite (hematite pseudomorphs

after magnetite) are frequently found near the "quartzite" of Brooks (For-

mation XIV). For this reason, and because the quartzite is firmly welded

to the ore, and l)reaks across its laminae, cutting them and sending tongues

into the "mixed jasper and ore," the rock is supposed to be eruptive

(intrusive). In one place (pp. 54-55) the author describes it as greisen.

Tlie quantity of magnetite present at an}^ place is thought to be dependent

largelv upon the abundance of eruptive dikes and their proximity to the

ore deposit.

The question as to the origin of the 1)asic massive rocks of the region

the author answers decidedly. He finds many examples of fresh and

altered diabases occurring in dike-like forms, cutting the green schists near

Marquette, Ishpeming, and Negaunee, and traversing a "breccia or con-

glomerate" near Deer Lake and other j^laces. The material of the dike

in the Deer Lake conglomerate "is so altered that it resembles a chlorite

schist, and in the thin section is seen to be composed of chlorite, quartz,

and mica. It holds some feiTUginous masses resemljling the product of the

decomposition of titaniferous iron, as Avell as one or two that prolialily

resulted from the decomposition of olivine or brown hornblende. * * *

We regard tlie rock simplv as a more highlv metamorphosed condition of

the diorites of the region" (pp. 42-43). Other dikes were seen at the Jack-

son and the Washington mines, cutting the ore, and south of the Champion

mine, traversing the granites and gneisses. In many cases the dikes show

their intrusi\e character in the field, and exhibit under the microscope the

features usually regarded as appertaining to crystalline rocks.

The "magnetic siliceous schist" of Brooks is learned to be composed

of actinolite, hornblende, magnetite, and garnet, and together with other

similar rocks, including Wichmann's eklogite, is believed to be eniptive.

The actinolite-schist south of Humboldt passes into a quartzite rock made

up principally of alternating layers of quartz and actinolite, and is therefore

sedimentary. The author thinks that the actinolite-schists were formed of

the detritus of the garnetiferous actinolite rocks, which are intrusive.

From these studies it is plain that the eruptive nature of many of the

massive beds of "diorite" described bv earlier writers as interstratified with



GEOLOGICAL EXI'LOIIATIONS AlfU LITERATURE—1880. 75

the Huronian schist is proved conclusively. TIicn- were reg'arded as sed-

imentary by the earlier g-eologists, because, as stated by them, they were

found to grade insensibly into the "green schists" a.ssociated with them.

Wadsworth, however, declares that this is not the case. The massive* beds

are distinct from the schists. The contact lietween the two rocks is often

sharj), and the one rock does not grade into the other. The large masses

of diorite, like that south of Teal Lake, are not interstratified beds, but are

true dikes. Thus the origin of these massive beds is set at rest. As to the

origin of the green schists so frequently associated with the dikes, nothing

is said. It is true that the author found some of the diabase and "diorites"

becoming schistose, and others passing into tApical chlorite-schists and

hornblende-schists, but the origin of the older schists, tln-ougli whicli all

the dike rocks were supposed to cut, has been left unsettled.

With respect to the origin of the soft hematites, the author is in accord

with the majority of those who had studied them. He places them, how-

ever, in the same formation with the jasper ores, and not in a different and

lower formation, as does Brooks. The soft ores are believed to have l^een

formed through the decomj)osition of ferruginous schists by thermal waters.

The geology of tlie Salisbm-y mine and its situation seem to the author to

lead to this view. The ores are most abundant where the schists, jaspers,

etc., are most fractured and shattered, and hence are found in the acute

angles between interpenetrating diorite dikes, provided, of course, the

"diorite" is younger than the jaspers and ores, as is su])posed to be the

case. Near Ishpeming and Negaunee "the dip of the jasper increases as

it approaches the 'diorite,' sometimes standing nearly vertical. It was not

observed in contact with the 'diorite,' but we feel that the constant uptilting

of the jasper and associated schist when near these intrusive rocks is good

evidence that the 'diorite' eruption was later than that of the jasper"

(pp. 51-52).

The next problem attacked is the relation of the gi-anite to the Huro-

nian schists. If it is intrusive in the schists, it is younger than they and can

not be of Laurentian age, as had been thought by earlier writers. The
author describes a number of localities where granite veins traverse gneisses

and micaceous and green schists, and wdiere, consequently, the granite is
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younger than tlie scliists. If these schists are Huronian, as was l)elieved

to 1)0 the case, then the granite is not Lanrentian. More signiticant, if

found correct, are the author's observations that tlie granite is intrusive also

in (juartzite. On the line of the Chicago and Northwestern Railway, south

of Tshpeming, tiie granite is mentioned as cutting a quartzite "that resembles

the ordinary 'Huronian' (juartzites." Southeast of Champion it is said to

cut a sedimentary micaceous and magnetite schist.

If these ol)servations are correct, some of the granites of the Mar-

quette region are younger than the quartzites associated with the ores; but

apparently later observers could not anywhere find quartzite intruded by

granite.

The microscopic features of the various granites mentioned by Wads-

worth, and of manv of their associated rocks, are described by him. At

Re})ulilic a fine-graincil rock, composed essentiall)' of quartz and mica, Avas

found in actual contact with typical granite or A'ery near the latter rock.

This, together with the "quartzites" of Formation XIV, at the same place,

is regarded as the modified edge of the granite, and, from a purely

petrographical standpoint, as gneiss.

After describing the characteristics of the Potsdam sandstone, the

author discusses the nature of the Presc|ue Isle trap and its relations to

the sandstone associated with it. By microscopic examination he finds the

"trap" to be a ])eridotite composed of olivine, enstatite, and diallage in its

freshest portions, and a serpentine elsewhere. The serpentine has evidently

been derived from both the olivine and the diallage of the original peridotite.

With it is always a large (piantity of dolomite, so that it seems probable

that Rominger's stratified doh unite at this place is simply a very nmcli

decomposed portion of the peridotite. With respect to this latter rock the

author says (p. ()2):

We regard this ))eridotite as an erupdve rock, younger tbau the sandstone over-

lying it, and agree in tliis particular with Dr. Houghton. The portion tilled with veins,

that was taken l)y him as a sedimentary rock belonging to the sandstone, or a mixture

of sandstone and trap; as a volcanic sand or ash, by Messrs. Foster and Whitney; and

as a dolomite, older than both trap and sandstone, by Dr. Rominger, we regard as

sim])ly the upper portion of the intrusive mass, modified by its contact while heated

with the overlying sandstone, and by the percolating waters since.
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He g-ives as liis reasons for this concliisioii tlie observations that tlie

sandstones were "found to contoi-m in their stratification to tlic contour of

tlie whole mass" of ])eridotite; that the lower portions of the; overlying-

rock are altered, as though by the action of heat and heateil waters; the

absence of pebbles and fragments of the peridotite from the conglomerates

of the sandstones. The serpentine northwest of Ishpeming, first mentioned

by Wright, from its microscopic features is thought by Wadsworth to be

an altered peridotite.

The author sununarizes his work antl conclusions in a few pages, from

which we extract these passages:

Tbe observations aud fij;ures nivcii in the prececliug' test sbow conclusively that

the statements of Messrs. Dami, Kimball, Hunt, Brooks, and others, that th(^ iion ore

is interstratified in the a&sociated schists, are incorrect, and only return to the view

advocated by Mr. Foster in his early publication. So far as geologic science has now

advanced, the facts observed can only be explained by the eruptive origin of both the

ore and jasper, as they make the same formation. The only escape from this conclu-

sion is the supposition that the ore and jasper have been rendered plastic in situ, while

the chlorite-schist has not been. * * * That the ore and jasper have been thus

rendered plastic, while the schists, quartzites, and other associated rocks have not

been, is too absurd, chemically or geologically, to be tolerated for a moment as an

hypothesis. * * * The ore and jasper show that they are the intrusive bodies by

their breaking across the lamination of the schists aud other rocks, bj' the changes

that take place in the latter at the line of junction, by horses of schist being inclosed

ill the ore, by the curvature of the lamination produced by the intrusion of the ore

and jasper, etc. Not the slightest sign of the plasticity or intrusion of the schists

relative to the ore or jasper was seen. That the ])resent lamination of the schist

existed prior to the intrusion of the ore and jasper is shown by the ettect of the latter

upon and its relations to it. That this lamination is the original plane of deposition is

for part of the schists not known ; * * * The lamination, however, coincides with

many of the well-stratified rocks adjacent, aud in some of these the ore aud jasper

were unmistakably intrusive. * * * In the tiner-grained detritus composing some

of the schists it is quite likely true that the lamination does not coincide with the

origiual bedding; but if it does not, then the breaking of the ore across any chosen

plane whatsoever, except the lamination plane, can be shown more easily than in the

former case. * * * We are well aware that objections from a metallurgical or

chemical standpoint have been raised against the theory of the eruptive origin of

hematite and silica together, in such forms as we now find them. If the ore was

magnetic at the time of eruption, and has since been altered, this objection is then
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(lone away with. The sccoiulaiy cbauges that have occurred in the rock since eruption,

as shown by microscopic examination, may also help. It is well known that there are

facts in every science that it is not able to explain at any one given time; but the facts

exist the same, and the s(^ience in time rises to meet them. So in this case the fact is

they are eruptive, and the burden of chemical explanation rests upoTi the chemist, not

upon us. He must explain it sooner or later, unless he disproves our observations.

Crystals of hematite crystallizing from the molten magma of trachytes and rhyolites

have long been known, and are described in all the standard works of micro-lithology.

These then offer the same problem, and prove that hematite can be crystallized

directly out of the same molten magma, and at the same time with the sihca and

silicates. It is the business of the chemist to meet the facts, and not for us to make

the facts conform to his knowledge or theories.

We have found that a large proportion of the rocks said to be iiiterstratified,

and to pass by insensible (or any other) transitions into the adjacent rocks, are

eruptive, and do not so pass into the country rock. The assumption that they were

stratified was based on their foliation being parallel to their walls, on their being

intrusive approximately parallel to the lamination of the schists, [and on] their gen-

eral resemblance to the country rock of similar composition * * *. The intrusive

rocks belong in general to the basalts, but are of course old, and in the majority of

cases greatly altered. One probable andesite as well as intrusive felsites (rhyolites)

was discovered. » * *

The "soft hematites" are doubtless produced by the decomposition of the jasper

and its ore, brought about by the fracturing of the rocks by the intrusives and by the

secondary action of water, presumably hot, on account of the microscopic characters

of the quartz deposited by it. Besides the "soft hematites" there occur the quartzites

and conglomerates derived from the ore and jasper, as well as the sandstones and

schists impregnated by iron, which are sometimes mixed to a slight extent.

We have heretofore seen that the view that the " Huroniau " unconformably over-

lies the "Laurentian" has been only supported by the fact that the foliation of the

latter did uot conform in its dip to the lamination of the former. This proof is of no

value unless it can be shown that both rocks are stratified and in situ. That the latter

is uot so, we have seen in numerous localities. Heretofore the two systems have not

been observed in contact, but recently statements have been published that their

junctions have been seen in other regions. * * *

So far as the Marquette district is concerned we have shown very much stronger

and more abundant evidence to prove that the "Laurentian'' granite is younger than

the "Huronian," and an eruptive rock, than has been advanced by Mr. Brooks (the

only man who has advanced anything called proof) to show that it is older. * • »

(Pp. 6G-70.)

The general structure of the country would seem to be as follows. The schists.
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sandstones, etc., baviuy been laid down in tin- usual way, were tlieii disturbed by the

eruption of the jasper and ore; this formed the knobs of jasper, the banding belong-

ing to the fluidal structure, and not to sedimentation. Besides occurring in bosses,

the jasper was spread out in sheets, and intruded through the roclv 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 "diorites," -which completed most of the local

folding and tilting of the strata. Finally, the granite eruption took place on both

sides of the •'Ilurouian," uplifting and contorting the strata near it, and perhaps

laterally compressing the inclosed iron-bearing rocks. No basis exists so far, then,

for the scheme of formations laid down by Mr. Brooks, as it was founded on the

suj)position that all the rocks were sedimentary.

Although, in deference to the common custom we have employed the term

jasper in writing of the siliceous eruptive rocks associated with the ore, in reality it

it not properly called so. * * * It is more acid than the rhyolites, the silica being

above 80 per cent. * » * We would propose, therefore, that all the acidic

eruptive rocks, whose chemical and physical constitution carries them above the

rhyolites should be designated as jd.sjiiUtcs, * * * in accordance with a sugges-

tion of Professor Whitney. (Pp. 75-76.)

issi.

Wadsworth, M. E. On the origin of the iron ores of the Marquette district,

Lake Superior. Read March 17, 1880. Proc. Boston Soc. Nat. Hist., Vol. XX,

1878-1880, pages 170-479.

The baudecl ores of the Marquette district, as will be remembered,

are regarded as eruptive Ijy Foster and AVhituey and as sedimentary by

Kimball. Since 1865 Kimball's notion regarding them had been generally

accepted; at any rate it was not seriously questioiied until Wadsworth

reopened the discussion as to their origin.

The author first states that the ores in question do not, except in some

few cases, present the characters of vein-stones. The question to be decided

is as to whether "the ore and jaspilite were deposited as sediments in situ

or are of eruptive origin."

The grounds upon which their sedimentary origin had been advocated

are these:

(1) Bog-iron ores are forming at the present day.

(2) On account of the banding or lamination of the ore and jaspilite.
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(3) The baiiuings sbow foldings and contortions.

(4) Tliejaspilite and ore are jointed and sliow cleavage.

(.")) The associated rocks are seilinientary, and on account of the alternation

with schists, the ore and jasi)ilitc, as well as the schists, must be metamorpbosed

sedimentary rocks.

(t>) The i)reseuce of phosphoric acid.

Tliesc arguments are then taken tip and discussed separately. That

nviiuliert'd (1) is summarily dismissed as no argument. We will let the

author himself reply t(.) the others.

(2) The banding and lamination of the jaspilite and ore do not appear to us to

be proof of sedimentary origin, since a similar banding is strongly marked in the

rbyolites the modern lavas approaching nearest the jaspilite, in dikes of felsite, in

furnace slags, etc. * * * This structure is common to botb sedimentary and

eruptive rocks, lience per se is of no value either way. The structure of the banding-

does often show the origin of the rock wben it lias been studied with care. Those

advocating the sedimentary origin of the above mentioned ore have rested their claim

on the simple fact that the rock was "striped," and not on the character of the

banding. We have studied the banding and can find nothing in it that proves

sedimentation or is inconsistent with that repeatedly seen by us in known eruptive

rocks.

(3) The folding and contortion of the banding would take place in any rock

whatever its origin, after it was in position, if subjected to proper conditions. * * *

Hence folding and contortion of banding in rocks, like the banding, is common to

both sedimentary and erui>tive rocks, and like the latter (banding) is no proof of

either origin.

(4) Joints and cleavage planes are well known to be common to both sedimen-

tary and ernptive rocks, hence their presence can not be taken as i)roof of either

origin.

(5) Wlioever advanced the view that since the associated rocks were sedimentary,

therefore the jaspilite and ore must be, * * * nuist have been aware that this

principle would prove the great majority of dikes and veins to be sedimentary. A dike

jiassing through slate nuist be sedimentary because the slate is sedimentary. * * *

(6) The presence of phosphoric acid could only have been taken as proof of

sedimentary origin by those who had no knowledge of eruptive rocks, since it is well

known to occur in many of the latter. * * *

We have now taken up all the evidence which we are aware has been used to

prove the sedimentary origin of the jaspilite and ore. The characters used as proof

seem to be such as are conunon to both sedimentary and eruptive rocks or are of no

weight. (Pp. 473-475.)
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Tlie evidence given in belialt' of the eruptive origin of tlie jiispilite

and ore are the eruptive rehitions that are shown to exist between them and

the associated rocks at their contacts. "Tlie jaspihte and ore are found to

break in various directions across tlie lamination of the associated rocks,

to indurate them at the line of junction, to send string-ers and tongues into

them, to cut the lamina' in every direction; in short, to liehave always

like an eruptive rock and never like a sedimentary one" (p. 470). This

theory assumes the sedimentary origin of the schists associated with the

ores and jaspilite.

The author thinks that if the ores were originally magnetite, or if they

have always lieen hematite, there is no chemical diiticultv in the way of

believing in their eruptive origin, for magnetite is present in all eruptive

rocks, and hematite in many of them.

We rest our conclusion that the jaspilite and iron ore in the Marquette district

are eruptive upon the tact that they possess characters which eruptive rocks exhibit,

especially iu relation to other rocks, and which uo sedimentary rock, proved to be

such, has been known to have. They otter no characters inconsistent with those that

known eruptive rocks have, but they do exhibit those, as said before, that no strati-

tied rock has, so far as our i)resent knowledge, not theory, goes. (P. 477-478.)

The paper closes with a statement of the conditions demanded by the

sedimentary and the eru[)ti\'e theories. It is pointed out that the conglom-

erate over the ore \\-ould, according to the sedimentary theory, necessitate

tlie belief in a time interval between the ores and the overlying rocks,

whereas according to the eruptive theory this would not be required.

RoMiNGEK, C. Marquette iron region. Geol. Surv. of Michigan, Vol. IV,

Part I, New York, 1881, px). xiv and 154. With map.

In the year 1881 C Kominger, who had been ajipointed State geolo-

gist of Michigan to complete the survey begun under Alexander Winchell,

publi.shed a report based on three seasons' field work. In this time its

author was able to accomplish an immense amount of geoU)gical work,

and to accumulate a great mass of facts concerning the geology ot the

district studied. This report is intended as a supplement to that of Major

Brooks. It deals solely with the scientitic aspects of the case, while

MON xxviii (j
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Brooks's report considered the district principally from the economic stand-

point. The uv,\\) furnished by Kominger is extremely accurate in its

delimitation of the \ari<)us formations recognized by its author. It has

proved of incalculable value t<> the present writers in their iield work in

that portion of the district covered l)y it. Its topography, as well as its

geologv, shows evidence of the immense amount of careful labor put

upon it.

In general the author regards the Marquette iron-bearing rocks as

Huronian and as Iving in a synclinal trough formed by the upheaval of the

edges of the granite basin in which they rest. By the rising of these edges

the inclosed sedimentary rocks were uplifted and compressed into parallel

folds. The uphea\ed granitic and sedimentary rocks are traversed by rock

belts, which represent lava streams that were intruded from below at different

periods after the formation of the traversed rocks. The author declines to

regard the granitic rocks of the region as Laurentian, since as a series they

do not correspond lithologicallv with the Canadian Laurentian, and since

the discordances described as existing between them and the Huronian rocks

are not discordances between the two divisions at their immediate contacts.

Even if discordances do exist they would prove nothing, according to the

author, in Ijeds so nnu-h disturbed as are those in the Marquette district

As far as my own observations go, I have never been .able to discover any posi-

tive proof of an existing discordance between the granites of Marquette and the

adjoining Huronian beds; on the contrary, outcrops of the two kinds of rock supposed

to represent the coutact of the two formations exhibit every^rhere a remarkable

parallelism in strike and dip. and in a good many localities, where belts of granite are

found iuterlaminated between the Huronian schists, the conformity is perfect; but I

am far from believing that these conformably interstratitied bands of granite ever had

been formed there as regular members of the sedimentary series; I consider them as

iutrusive masses » * * ^vhich came to the surface after the Huronian beds were

already formed, and by their eruption caused not only the great dislocations of the

Huronian formation, but the halfmolten plastic granite masses induced by their cou-

tact with the Huronian rock beds, also their alteration into a more or less perfect

crystalline condition, and commingled with them so as to make it an embarrassing tiisk

to tind a line of demarcation between the iutrusive and the intruded rock masses.

(P. 6.)
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Romiug-er thinks Brooks's sulKlivisioiis ure more numerous tliaii is

necessary in discussing the formations present in the Marquette series. He
recognizes only six "groups," as foUows, beginning with tlie h)werniost:

the granitie, the ihoritie, the iron, the (juartzite, the arenaceous shite,

and the mica-schist. The members of the "granitic grou)).-" are confined

to the northern and southern Umits of tlie Marquette area, where thev exist

as the predominant rocks, intimately associated>with diorites, green schists,

etc., with which they often seem to be interlaminated.

The granites on both sides of the synclinal basin are similar in compo-

sition and structure. They consist essentially of red ortlioclase, quartz,

and a micaceous mineral that often resembles chlorite. S(imetimes this is

replaced b}^ a hydromicaceous substance which imparts to tlie <i-ranite a

subschistose cleavage. Such granites are found at a few i)laces in the

northern granite belt and on the south side of the synclinal hasiu, on

the line of contact between the normal granites and the lower (juartzite

formation. Here they appear to be metamorphosed cpiartzites, "as we find

all degrees of transition from tlie ordinary (piartzite into a regulai- granitic

rock mass" (p. 15).

Associated with the granites are also belts of gneissoid rocks, consisting

of dark mica or a dark-green hornldeiide, feldspar, and ([uartz.

This stratified banded rock, in contiguity with the granite and alternating with

it in parallel belts, often becomes completely intermingled and entangled with it. The
granitic masses intersect the gneissoid, enter wedge-like between them in the direc-

tion of the lamination or transversely, inclosing strips of the gneissoid ledges

between the loops of the anastamosing granite seams, and, moreover, frequently the

so-intermingled masses are curved into the most curious coils and serpentine flexions,

which evincss their almost liquetied, plastic condition at the time their intermixture

took place. (Pp. 16-17.)

The granites and gneisses are cut by large and small dikes of horn-

blende-rocks, by diorites, and by seams of quartz. In the northern halves

of sees. 20, 21, 22, and 23, T. 48 N., R. 2(i W., is a range of genuine sye-

nitic rock composed of dark hornblende and a reddish-gray ortlioclase.

From these descriptions it is seen that the granite is considered an

eruptive rock intruding certain dioritic and hornblendic schists that must be
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older tliaii the gTiuiite, ami \'et tlie author places the granite in tlie oldest

forniatiou of the series. Naturally, if tlie granites as erui)tive rocks pro-

duced the folding of the Huronian beds, tliey must be the youngest of

all the rocks occurring in the series, and can not possibly be the oldest in

their present [)osition. The author explains this anomaly in the following

Avords (pp. 22-23):

The granites, considered in tbeir present .surface position, are, in relation to

the stratified sedimentary rocks of the Huronian series, actually the younger rocks.

* * * The hypothesis of their contemporaneous eruption is therefore well admis-

sible. But supposing this to have been the case, one may ask, Of what nature, theu,

was the substratum on which the Huronian sediments were deposited? I answer,

Nothing contradict.'j the possibility of their depo.sition on a surface of granite already

formed; it is even probable to me that it has been so; but if we reflect upon the high

degree of plasticity and the almost perfect liquefaction which the couuerued rocks

subsequently underwent, and upon the dislocating forces, causing the softened

* * * masses to intermingle almost chaotically, we can no more wonder that the

traces of the originally existing former relative position of the rocks among themselves

are greatly obliterated.

The meaning of this is that the Huronian rocks were laid down

upon a crust of granite which had not become rigid. Subsequently

the granite rose and was erupted through the beds that had been piled

upon it.

The "granitic group" contains a great many beds of green schists,

hornblende-rocks, and diorites, but the granites are the predominant rocks.

The "dioritic group," on the other hand, is made up of a large succession of

.schistose beds interstratified with massive belts of diorite almost identical

'Chemically with the schistose beds. The lines of demarcation between the

granitic and the dioritic "groups" are not sharp; indeed, as the author

declares, they are " artificial lines of demarkation for the convenience of

description." "I do not intend to indicate by these subdivisions (into

groups) separate, distinct epochs.

'

The various crystalline hornblende-rocks associated with the granites

•are considered to be remelted Huronian sediments. Those more remote

from the eruptive are much altered, but the author believes that he can

.detect in them the sedimentarv structure. Throuo'li them have been intruded
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the lower luelteil portions of the series, either as dikes or as slieets of a

clioritic character.

The schists coiistiti'iting the greater part of the "dioritic group" are

dark-grav or hlackish-greeu rocks, composed of horuljlende, chh^rite, and

mica, with feldspar and quartz. Chlorite frequentl}- replaces the horn-

blende and often seems to be a product of its decomposition. A part of the

schists belonging to the group are composed largely of a hydromicaceous

constituent.

The (lioritie rock-belts are usually imbedded couformably with the schists, and

not rarely au insensible gradation from the schistose condition to the massive dioritic

can be observed. In the exposures the massive body of diorite generally forms a

nucleus around whicli, eccentrically, the inclosing rock masses assume more and more

a perfect schistose structure. * * * Other, generally narrower, diorite belts inter-

sect the schists transversely, which differ little in composition from the conformably

interstratitied masses, ami may, as I previously intimated, represent the lowest, more

completely liquefied portions of the rocks in progress of alteration. (P. 24.)

The schists of this "group" are described as occupying an area south

of the northern granite belt, as far west as they Avere examined, viz, the

west side of the eastern tier of sections in K. 28 W. On Dead River,

above Bancroft's, a succession of schists and diorites, measuring 3,000 feet

in aggregate thickness, Avas traversed, but these figures are not regarded a&

indicating positively that the thickness of the series is as great as this.

There may ]}e folds in the rocks at this point, causing a repetition of the

same beds on opposite sides of the axis of folding. They were, however,

not detected.

In its northern portion the schist belt comprises dark rocks with a

delicately laminated schistose structure. At Marquette there is interstratified

with tliean a belt of Ijanded quartz-schist, which in places becomes a lean

magaietite ore. Farther south the schists are lighter-colored and their

structure is more fissile and slate-like. Some of the layers are tinged with

red oxide of iron, and irregular Ijelts of heraatitic iron ore are interstratified

with them,' as at the Harlowe or Eureka mine. Argillite-like beds are met

with on the hillside south of Ridge street, in ^larquette, and immediately

north of these is a belt of novaculite more than 100 feet in width. South
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of the argillites arc a.uaiii (liorite-scliists, and south of these is found a repe-

tition of the argilhtes. Still farther south the rocks have an in^elted dip,

and the novaculites and argillites are found just beneath the "(piartzite

grouj)." From the facts oljserved with respect to the distribution of the

schists in the schist V)elt, the author concludes that "we must necessarily

infer the existence of repeated plications of the strata exposed * * *

and an overturned ])osition of the northern part of the layers, as the

uovaculites and argillitcs uuderlving them are beyond doubt the (-(juiva-

lents of those seen on the south side next below the (piartziti', and upon

the dioritic lavers, and repx'esent the uppermost beds of the dioritic rock-

group" (p. 32).

Yerv nianv detailed descriptions of individual exposures are given by

the author, but they are not necessary to an understanding of his discussion

of the district. It is interesting, however, to mention the discovery of great

beds of conglomeratic schists in the upper })art of the "dioritic group" in

the neighborhoo<l oi' Deer Lake. These are spoken of as conglomeratic

or brecciated seams, because a jiart of the pebbles are angular nnd a part

rounded. "The majoritv of them consists of granular, somewhat porous

feldspathic substance, which on fresh fractures contrasts little from the

surrounding schistose mass, Init shows itself very plain on weathered

surfaces, on which the ])ebbles turn white or pale reddish" (p. 3fi). Other

conglomei'ates exist in which the schists are the groundmass and the

pebbles granite. Some of tliese are in the same horizon as are the Deer

Lake conglomerates, while others, interstratified with the schists, are much

lower in the series.

The greenstones with the iron forhiation, like those near Lshpeming

and Negaunee, Avere regarded bv Brooks as interstratified, metamorphosed

sedimentar\- l)eds. Rominger, on the ccmtrary, regards them as the lower,

fused portions of the dioriric series that were forced up into their ])resent

position. In other words, he looks upon them as eruptives which were

forced between the beds of the iron formation as sheets, but which in origin

are fused sedimentary rocks, as indicated above.

The quartzite formation succeeds the "iron group" in age, but precedes

it in the author's discussion of the two series in question. A number of
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sections are descriheil across tlu- I'oriuatiou. Tliev are so nearl\- alike in

general features that we need refer to only two of them in this place. In

particulars, however, they vary widely.

Tlie ({itartzites of the Mesnard rang-e, near Marquette, are iuterhedded

with arg-illites and liydromicaceous* schists or slates, and with ferruginous

and siliceous slaty seams, all dipping south nearly vertically. Conformably

superimposed u])on the quartzite is a series of siliceous limestones, inter-

laminated with li: nils of novaculitic slaty seams of a purplish color. The

limestone is folded and corrugated. Farther south (juartzites again appear,

and, following these, a baud of conglomerate inclosing (juartzite pebbles and

novaculitic schistose fraguieuts, which "are cemented together by a paste

of similar schistose material, and intermingled with quartz-sand and octa-

hedric crystals of inartite." South of the conglomerate 1)elt is a recurrence

of the entire series, but in reversed order, though the dip continues to be

southerly.

At the west end of Teal Lake is another wide exposure of <|uartzites,

whose description, given in the author's words, will express his notion of

the relation of the "quartzite group" to the underlying dioi-ites:

Large ami very iustructive exposures of the quartzite fonnatiou and of its

conuectiou with the underlying dioritic series are observable at the west end of Teal

Lake. The south slope of the hilLs is formed by a thick belt of compact, heavy-

bedded, whitish quartzites, which project iu long rock walls, dipping southward

under an angle of 0.5° to 70O; north of this belt we find dark-colored slaty rocks

richly impregnated with minute crystals of martite in connection with seams of lighter

colored, not ferruginous, argillitic or novaculitic schists, amounting to eonsidcrable-

tbickness; another thick body of quartzite ledges follows on their north side, which

forms the edge of the northern slope of the hillside, on which a descending section

through the lower portion of the formation down to the dioritic series is well exposed;

novaculitic seams alternating with bauds of quartzite form the upper part of the

slope; beneath them follows a large succession of silky, shining, hydromicaceous

slate-rocks, with a crystalline, granular, aluminous groundmass in different shades of

color, and in some of the seams charged with large proportions of granular crystals

of martite and magnetite. These slaty rock-beds are on their north side conform-

ably adjoined by chloritic and dioritic schists with inclosed massive diorite belts,

which rock series composes all the hill ranges farther north to the valley of Carp

Elver and those on the north side of the valley. (P. 45.)
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Xenr Lake ( 'oopcr "tlic([nartzit(' t'drnuirioii f'oriiis * * * the basal

girdle of a luucli Iiiii'licr iiKiiintaiii ]hh\\ of dioritic rocks, wliieh occupies

tlie central part of the al)Ove-uaiiie(l section; and here frequent opjxirtunities

are offered to sec tlie intimate connection existing between tlie two groups,

linked together bv uninterrupted succession, and by gradations in the

change of tlie material of the rock l)eds"' (p. 46). Thus there is no

unconformitv l)etween the dioritie schists and the overlying quartzites, l)ut,

on the other hand, tlie rocks grade into eacli other; hence the diorites are

but little older tlian tlie quartzites. At the contact of the quartzites with

the granite the former rock is often altered. Its structure becomes schistose

and in composition it approaclies granite. The author quotes several

occurrences of this character as illustrations of "the transformation of

sedimentarv strata into a g-ranite-like rock" by exposure to contact with

eruptive granite. From tlie descri|)tions so carefully given it is clear that

the quartzite formation is folded into a large syuclinorium, composed of

numerous small syncdines and anticlines. The upper portion of the quartzite

is calcareous, as has been remarked. It comi)rises a series of siliceous

limestones and calcareous slates, which is called the "marble series."

Conglomerates and breccias are often to be found associated with the

quartzites, especially when the latter are near granite. In the south half

of sec. 22, T. 47 N., R. 26 W., certain hills are "composed of a very coarse

granite breccia, inclosing blocks of large size, several feet in diameter,

cemented together bv an arenaceous and cliloritic interstitial mass of a lami-

nated, e^adently sedimentary structure, whicli exhibits itself plainly in some

portions of the rock, in which the rock fragments are more thinly scattei-ed

through the cementing groundmass. In certain portions of these knobs the

granite appears in solid masses, too large to be taken for fragments pertain-

ing to the breccia which fact induces me to suggest the nucleus of all these

hills to be a sidid granite mass, whose shattered surface portions are rece-

mented on the spot by sedimentary d(5bris washed into the interstices"

(p. 62). A little farther south in the same section are other conglomerates,

whose "inclosed waterworn grains are in part granite, in part slate frag-

ments." Near the southwest corner of the section are other congloraei'ates,

whose matrix is a slate and whose pebbles are waterworn granites. In
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all these cases the (-(.uiiloinerates arc associated with the ineiul)ers of the

quartzite t'oniiatiuu near the liraiiite.

Other couo'loiuerates of a different nature were found above the iron-

bearing formation. These are geuerally coarse (luartzite-conglomerates,

composed partly of rounded waterworn pel)bles, partly of angular tnig-

nieuts of Hinty quartzite, of red-banded ferruginous jasper, of novaculitic

or argillitic schist, and of other rocks. At the Cascade mine the conglom-

erate has "partly the structure of a very coarse sandstone with a micaceo-

ferruginous cement, l)eing partly formed of an agglomeration of large

pebbles and angular fragments, some of which have the size of a man's

head, which are all iirndy cemented together l)y a micaceo-chloritic, sandy,

mterstitial mass, often disseminated with granules of martite. The pebbles

are o-lassy or flinty quartzite, jasper-banded siliceous iron ores, novaculitic

and aro-illaceous slate fragments, and dioritic rocks. Tliesc conglomerates

have the thickness of from 50 to 60 feet, and can l)e followed in one con-

tinuous sheet all the way east to the Gribben mines" (pp. 66-67). Among

the other occurrences of this conglomerates and breccia, descril)ed are those

of the Home, Jackson, Cleveland, Gibbon, Salisbury, Lake Superior,

Champion, Saginaw, Goodrich, Keystone, Repuldic, and Michiganmie

mines. Although the full significance of the widespread occurrence ot

this conglomerate above the ore formation was not realized, Rominger

nevertheless was led liy its existence to suggest " that disturbances of not

oidy a local extent nmst have occurred at the end of this era of iron

sediments."

In discussing the iron-ljearing formation the autlmr declines to admit

the existence either of the two imn formations »)f Brooks or ot his two

quartzites. Only one iron-bearing fonnation is recognized b}' the author,

and onlv one (quartzite, and this is the upper (juartzite of Brooks.

The surface rock of the environs of ^'egauiiee and Islipeming is almost exclu-

sively formed of the iron-bearing rock series. * *

The strata are in an extremely disturbed condition, folded and distorted in every

possible way, usually without causing a rupture of the beds, but in some other

Instances the laminated banded seams composing the thicker ledges have ruptured,

and the ends often came in a faulted position to each other, and were so recemented

by the siliceous groundmass. * * * These disturbed beds lie, in every instance,
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directly, but very often iueoiifi)rmably, on cUlorito-bydro-micaceous scbists, or on

crystalHue dioritic masses wbicb are constant associates of these chloritic scbists, or

sometimes dioritic scliists, as bornblende and cldorite substitute eacb other, or are

both components of them.

Overlooking the extremely plicated and corruyated condition of the strata,

they form, considered in their totality, a synclinal basin hemmed in between dioritic

ridges. (Pp. 72-73.)

After (k'scrihini;- the general structural t'eatitres of the <»re t'orniatiou

Rouiiug'er jjroceeds to de.scribe the ditfereut mmes, givmg details too

uumerotts to mention in this review. He heg'in.s with the Jackson mine,

which he saA-s is in the upper jiart of the formation whose lower portion

is fou.nd on the diorite hills south of Negaiuiee. The ores are in a banded

jasper rock, and are usually associated with "belts of argillitic schists called

soapstone by the miners." The ore bodies are irregularly distribtited

through the jasper-hematite-schists, except that

—

a very rich seam of ore is almost invariably found on top of this jasper-banded rock-

serie.s. immediately beneath the quartzites which form the terminal strata iu all these

exposures. This upper ore belt is almost regularly brecciated iu its upper part, and

the same is true of the lower (juartzite beds, which often are a mixture of ore frag-

ments with quartzite pieces held together by an arenaceous cement. As this is the

case iu nearly alf the mines of the district, we nuist suggest that great disturbances,

of not only a local extent, must have occurred at the end of this era of irou sedi-

ments. (P. 74.)

In another part of the series, it is declared, there is a great thickness

of argillitic rocks, all impregnated with red oxide of iron, and in these are

intercalated ore seams in such quantity as to make this one of the most

productive fields for the miner.

These ore deposits are not regular sedimentary layers, originally formed of iron

oxide in this state of purity, but are evidently the product of decomposition of the

impurer mixed ferruginous ledges by percolating water, leaching out the siliceous

matter and replacing it by deposition of oxide of iron held in solution. (P. 75.)

The ores are dark or yellow soft ores, composed parth' of hydrated

and partly of noidiydrated oxide, and containing often globular and con-

cretionary masses with a radiating or fibrous structure or "with the granular

crystalline form of goethite." Pj-rolusite and other manganese compounds,
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quartz, 1)arite, and inulular masses of a soft aluminous silicate are associated

with tliese ores. Where the ore beds are in contact with the diorites there

is usually an unconformity between them.

All the tire l)eds of Negaunee are placed together. The luu-d-ore for-

mation is not separated from the lower soft-ore series, the latter ores being

regarded as local phases of the former. East of Negaunee the lower

portion of the iron series is found.

The absence of tlie upper ore-bearing, red jasper-banded rock series, with

inclosed seams of liaid specular ore, and of the quartzites incumbent on it, from

the exposures of the lower part of this group on the east side of Negaunee, is

remarkable, because younger strata, which elsewhere have their place above these

eliminated beds, directly succeed the others. These younger rock beds cover most

of the .surface east of this place for many square miles, and no more of the iron

formation can be discovered in that direction. (P. 80.)

After his description of the mines the author declares that "every one

of these localities difters somewhat from the other in the character of its

layers, but the unity of all these deposits as coordinate mendjers of one

formation is plainly obvious" (\). 87). At Teal Lake the entire series is

oyerturned with the quartzite under the ore formation.

The actinolitic schists of the western portion of the iron range are

placed in the iron formation.

At the Republic mine the diorite beds that were reported by Brooks

as interbedded with the sedimentary formations are found b}- Rominger to

be "intrusive belts of short local extension" (p. 101). At the Spurr and

Michigamme mines, however, diorite forms the base of the series and this

rock, which is often chloritic, exhibits sometimes obscure traces of former

stratification.

The formation lying above the quartzite is termed the "arenaceous slate

group," because so many of its members are "sandy, siliceous layers," alter-

nating with "slaty argillitic l)eds." The character of the strata differs in

different places, but on the wdiole the nature of the series is as indicated.

The rocks comprising this series are found sometimes lying upon the

quartzites, sometimes upon the iron formation, and often directly upon the

diorite sei-ies. The most easterly exposures of them are near the center
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of the SE. \ sec. G, T. 47 N., R. 25 W., Avhere tliey are represented by

black slates. From this point tlie formation extends westward, with a few

interruptions, to Lake ilichigamme. Sandy micaceous flagstones, black

carbonaceous and light slates, and sand-rock, interspersed Avith ferruginous

layers, refeiTed to as "flag Ores,'' are all included in the "group." They

are the equivalents of the great slate formation at L'Anse and on Huron

Bay. All the slates of the series are cleaved, with the cleavage planes

usually inclined to the stratification. The sequence of the different members

of the formation was not determined, though the lighter-colored layers in

the west appear to be tlic upper portion of the series, with the older mendjers

farther east.

Above the "arenaceous slate group" near the railroad, west of the

Michigamme mine

—

are outcrops of dark blackisligray rock beds, partly of slate structure, partly iu \vell-

lainiiiated, banded, more compact seams, which succession of beds follows immediately

above the actinolitic rock series, dijiping in conformity with that southward. These

rock beds consist of a subporous groundmass, formed of very minute granules of white

translucent quartz, in intermixture with a large proportion of brightly glistening black

mica scales, and not rarely also with chlorite. In the softer, quite fissile schistose or

slaty beds the mica overbalances the granular quartz, and they have a silky luster.

In the compact banded ledges the quartzose groundmass prevails and their aspect is

dull. Certain seams inclose an abundance of brown garnet crystals, from the size of

a mustard seed to that of a pea. These beds I consider as representatives of the upper

horizon of the fifth group ; they correspond with the micaceous schists * * * on

the north side of the Keystone mines. * * * On the south shore of the lake,

[ Michigamme j opposite Michigamme village, the rock beds come to the surface near

the water's edge; we find there silvery-shining gray-colored mica-schists, some .smooth,

even bedded, others much corrugated, which essentially (consist of the same minutely

granular quartzo.se groundmass mingled with lighter coloied mica scales, which com-

poses the schists on the west side of the Michigamme mines. This great similarity iu

the sedimentary material is an evidence of the close connection between this mica-

schist group and the arenceous slate group, which proves the immediate succession of

the iirst to the other more reliably than it is done by the southern dip of the strata,

conformable with those of the Michigamme mine. » » * The dip of the nearly

vertical rock beds is almost uniformly to the south, but the succession of beds is so

immensely large that there must be .suggested a frequent doubling up of the strata,

which, in a belt of several miles in width, retain from one end to the other almost the

same general rock character." (Pp. 131-132.)
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Tlit'iv are nuuiv varieties dt" these schists, t'rniii ahiiost l)lack to silver-

white ill eolor. Some are garnetiferous : others contain aiidahisite. All are

regarded as sedimentary.

This concludes the author's observations on the iroii-liearing series.

The remainder of the report is devoted to the serpentines and the i-rup-

tive dikes met with in his explorations. He descril)es for the first time in

detail the serpentines northwest of Ishpeming. Both the Ishpemiug and

the Presque Isle serpentines occur in " noiistratitied masses, which, if tliev

ever originated from mechanical sedimentary deposits, are by chemical

action so completely transformed as to efface all traces of their former

detrital structure. They resemble a volcanic erujitive rock, forced to the

surface in a soft plastic condition" (p. 135). The dolomitic and other

phases of the rock are all accurately described, but nothing is added to

our knowledge of its age or origin.

The eruptive dikes cutting the Huronian deposits, including the granite,

consist, in the order of their age, of diorites, dolerites, and certain schistose

rocks, proliably originally diorites. The diorite dikes vary in width from a

foot to 50 or (iO feet, the wider ones being, as a rule, coarser than the narrow

ones. The dolerites are found only in the highest formation. Most of these

are massive, but many of them, cutting granites, are schistose thrciugh

pressure.

The quartz and other vein rocks of the district are described as fissure

veins.

1882.

Columbia University. The Marquette iron region. By the students of the

Summer School of Practical Mining, Lake Superior, 1881. Scliool of Mines Quarterly,

Vol.III, 1882. I, November, 1881, pages 3.5-48; II, ibid., January. 1882, pages 103-117;

III,' ibid., pages 197-207; IV, ibid., pages 213-253.

In the summer of 1881 the students of a class in the Summer School

of Mining connected with Columbia University spent a fe^^' weeks in the

Marquette district, and in the following year published a record of their

observations in a series of articles. Parts III and IV of the series and a

portion of Part II are devoted exclusively to descriptions of the mining
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operations of the district. Part 1 mid the remainder of Part II deal

largely with a theory to account for tlic deposition of the ore l)(>iH('s.

The general geology of the district is described as in previous articles.

The Laurentian rocks are apparently regarded as metamorphosed sediments,

for it is related that "the beds of rock constituting the system are usually

tilted at higli angles, the whole series having been upturned and flexed,

broken and displaced, until little evidence of the original deposition in

horizontal strata remains." The Huronian rocks were observed to be tilted

nearly vertical. "They have l^een raised into folds or crumpled into

gi'0U]JS of irregular flexure, forming a series of irregular synclinal troug'hs."

The diorites and diorite-sclnsts are believed to be the prevailing rocks

of the series, and apparently are regarded as sedimentary in origin. Con-

glomerates containing pebbles of jasper were found grading into quartzite.

The ore bodies lie in the strata, forming minor folds.

The most interesting- portions of the paper are those dealing with the

character and origin of the ore bodies. The Champion, ilichigamme. Lake

Su})erior, New York, Cleveland, and Jackson mines are described l>riefly,

and some points in their geology are touched upon. At the Michigamme

mine the chlorite pseudoniorphs of garnet were found bv Messrs. Dawes and

Oothout (pp. 46-47), but their nature was regarded as di)ul.)tful, since most

of them were thought to be monoclinic in crystallization. This, of course,

is an effect of the distortion to wliicli tlie crystals liave been subjected.

Messrs. Crocker and Porter examined the Jackson mine (pp. 107-109).

Here they found great complications in the stratigraphy. The "ore masses

were deposited in the jasper by some action of water, and over and between

them layers of 'soap rock' were deposited."

The descrij)tion of the occurrence of the ore bodies in the Champion

mine, by C. Q. Payne, gave Prof. H. S. Munroe an opportunity to suggest

a theory for the deposition of the ore. Payne states that the Champion

mine deposit lies in one of the minor folds of the iron-bearing rocks. It

consists of a number of overlapping lenses, with the west end of one lens

usually lying to the north side of the next western lens, and overlapping

the underlying lens on the hanging-wall side (see fig. 2). " The foot wall

of the ore bed is dioryte and the hanging wall quartzyte. Chloritic schist
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occurs ill large qua-uTity l)et\veeu tlic lenses and t'orins in nearly every

case the rock-bedding under the different lenses. * « * Jasper occurs

mostly on the toot-wall side of the lenses and l)ack of the chlorite-schist."

The author then, assuming that the ore was accumulated liy the transport-

mg and oxidizing action of water, proceeds to account for its deposition by

supposing the original drainage of the area to have luul an east-west

course through a numlier of small lakes. In these lakes precipitation of

limonite may have taken place, which, upon metaniorphism, was trans-

formed into hematite and magnetite. The ditferent lenses of ore may
represent the accumulations in different lake basins, or portions of the

accumulation in a single basin, in which the process of deposition was

interrupted at intervals. On this theory the overlapping of the lenses is

explained by slight shifting of the localities of deposition, lirought about

by the same causes as produced tlie suspension of de))ositioii. I'hc se([uence

of the deposits, viz, ore, quartzite, and slate, is tlu)Ught to be due to a sej)-

Flo. 2.—Horizontal section of ori> bodies at the surface of tbe Champion mine.

aration of the material in the lakes through the mechanical action of

wind-disturbed water.

Professor Munroe, in referring to this theory of Payne's, calls attention

to the fact that the water of a lake, disturbeil by the action of the wind,

would not separate a mixture of substances into its component ])ortions.

The deposit formed iu the bottom of a hike would be no riclier, on the average,

than the sediment flowing in. There might be local patches of concentration, due to

wave action on the shores of the lake, or to the deposition of heavy sediment at the

mouths of small streams, but the deposit would be like the immense beds of "mixed
ore" found in the iron regions. * * *

Munroe believes, however, that the mechanical action of water has in

some cases played an important part in the concentration and purification

of the rich ores, but he believes that the water was in the form of running

streams. The heavy and purest ores were concentrated above the lighter

and less pui-e ones, which were carried farther downstream, wliile the
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lig'btest ])articles were waslu'd away from the neighborhood of the couceii-

trates. Tlius the ores uj)sti-eaiii grade into k'ss pure ores farther down-

stream, and these into beds containing no ore. The section iUustrated in

fig. 3 was supposed to lend aid to this view.

The four lenses shown in the section, vrith the intercalated seams of chloritic

schist, suggest in their arrangement the false bedding or cross bedding sometimes

found in sandstone strata. This false bedding is due to the actiou of ruuniug water

depositing sediment in successive layers on a sloping bank. * * * For example,

during and after a freshet any stream heavily charged with sediment will deposit

beds of sand having this structure in the pools and wider portions of its l)ed.

According- to this tlieorv, maguetitic or hmouitic sand would be deposited

even Avhere the current Avas .swift, while tlie more common sand and clay

Avould be carried onward. After the freshet, when- the Aelocity of the stream

-^zr-tr^^ErEOireofion ofold Currentr^

Fig. 'A.—Cross-section throngli ore liodies at the Edwiirds miue.

decreased, the lighter substance svould be deposited n])on the iron sand, and

this, when metamorphosed, would give rise to various schists. During sub-

secjuent freshets most of the lighter material would be washed away, leaving

the ore bodies covered with a thin film of mud or sand. "The lighter 'tails'

of the deposit being- swejjt awav, there would be left a place for a new

deposit of ore beyond and ovei'lappiiig the older one." The distribution of

the ore bodies of the Pjdwards mine is thought to correspond in all respects

to the distriV)ution e.N])ected of deposits thus formed; "the pure t)re is in

each case at the head and the mixed ore at the tail of the natural puddle, as

indicated in the sketch." When the ore lenses consist partly of magnetite

and ])artlv of sj)ecular ore, the former is found at the head, the latter iu the

middle, and mixed ore at the tail of each lens. This theory is intended to

explain more particularly the manner of concentration of the hard ore on
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tlie Marquette range, thougli nowhere so stated, since nearly all of the

observations upon which it is based were made in the hard-ore mines. It

is interesting in that it recognizes the sedimentary origin of these ores and

ascribes their concentration to the action of moving water, an agency whose

geological impoi'tance in this district had hitherto been largely overlooked.

The large regular beds of ore formed in the district are thought to have

been deposited originally as beds of bog ore.

Claassen, Euo. Mineralogical notes. Am. Jour. Sci. (3), Vol. XXIII, 1882,

page 07.

In this vear also Edo Claassen published a note giving the record of

an analysis of orthoclase crystals found implanted on hematite in one

of the Cleveland mines. He also describes polyhedi'al cavities in several

micaceous hematites, supposed to have been produced by the removal of

crystals of pyrite from the midst of the ore.

1883.

Irving, R. D. The copper-bearing rocks of Lake Superior. Third Ann. Hept.

U. S. Geol. Survey for 1881-82, Washington, 1883, pages 89-188. With geological map
of Lake Superior region.

The year 1883 marks the entrance of the geologists of the newly

organized United States Geological Survey into the discussion of the

Marquette problems. Prof. R. D. Ir\-ing was appointeil to take charge

of the work in the Lake Superior region, and from the date of his tii'st

report unck^r the auspices of the Survey until his death in 1888 he devoted

himself energetically to the solution of the problems concerning the

con-elation of the Lake Superior formations and those connected with the

geology of the iron-bearing rocks, more particularly those relating to

the Peuokee and to the Marquette series. It is safe to say that, consider-

ing the short time in which he worked, no one has added more to the

clear understanding of the relations existing between the various rock

series in the Marquette district than has Professor Irving.

In a preliminary account of the Keweenawan series Irving discusses

the relations of this series to the older rock series associated with it. In

MON XXVIII 7
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this couiiectioii lie describes the Marquette Hurouiaii schists as occuiTing- in

intricately folded troughs. He points out that the principal dilTerence

between the Huronian in this region, as described by Brooks, and that on

the north shore ot" Lake Superior, consists in the presence in the Marquette

district of diorites and other greenstones, syenites, granite, gneisses, sericite-

schists, chlorite-schists, and talc-schists, jasper and chert-schists, augite-

schists, and amphibolites. Otherwise the rocks in the two areas are alike.

The diorites of the Marquette district are uralitic diabases. Brooks's

syenite is an altered diabase rich in orthoclase. The chlorite-schists fall

into two classes, in one of which the rocks are altered greenstones, while

in the other they are related to hoi'nblendic and micaceous schists. The

gneisses and granites rise from beneath the schists that are associated with

the iron-bearing rocks. Other schists which are iuterbedded with the

gneisses must be regarded as belonging with them. The Keweenaw^an, or

copper-bearing- series, is distinctly younger than the Huronian.

On the map accompanying the report the Marquette Huronian occu-

pies approximately the same area as it does on Brooks's map, except in the

area southeast of Michigamme Lake, where the gneisses and granites are

colored for the Archean (pp. 166-173).

Irving, R. D. The copper-bearing rocks of Lake Superior. Mon. U. S. Geol.

Survey, Vol. V, Washington, 1883, xvi and 464 pages. With maps. The Marquette

and Menominee regions, pages 393-409.

The same year that saw the preliminary report on the Keweenawan

series saw also the full report of which the preceding paper is an abstract.

About the only additional idea concerning the Huronian rocks, embraced

in the detailed report, is imparted in one of the conclusions, which is as

follows

:

The Huronian sediments are metamorphic, whatever the nature of the meta-

morphosing process may have been—and the metamorphism has always been gi-eatest

where the folding has been greatest—while the Keweenawan sediments are unaltered.

The metamorphism and folding may have taken place before or during the period of

Keweenawan eruptions and depositions, or both. Our present knowledge of the

Huronian is too incomplete to allow of a very tirm opinion as to this point. (P. 409.)
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Whitney, J. D., aud Wadsworth, M. E. The Azoic system and its projwsed

subdivisions. Bull. Mus. Ooiiip. Zool. Harvard Coll., Geol. Ser., Vol. I, 1884, pages

xvi and 331-5G5.

Ill tliis artirle Whitney and Wadsworth review all the literatim^ relat-

ing to Foster and Whitney's Azoic system, and eonchide that no basis

exists for its subdivision. The "diorites" of the 31ar([uette district are

again asserted to be eruptive, as are also the iron ores and jaspilites of the

area. "The only evidence that the Wisconsin geologists have that the

Laurentian and Huronian ai-e what they ])urport to be is lithological, and

thev liave advanced no sound argument showing that tliev form distinct

ages in the Azoic system" (p. 4!I7).

JULIEN, A. A. Genesis of the crystalline iron ores. Eng. and Min. .Tour.,

Vol. XXVII, February 2, 1884, pages 81-83.

The author maintains the sedimentary origin of the jasper ores of the

Marquette region. lie ad^ances the view that they were originallv frao--

mental rather than chemical sediments. The ores are supposed to liave

been washed as fragments from preexisting- rocks, and to have l)ecome

mixed with other similarly 'derived detritus. Their present condition is

thouglit to be due to metamorphism.

Smock, .John C. Geological distribution of the iron ores of the eastern

United States. Eng. and Min. Jour., Vol. XXXVII, January-June, 1884, pages

217-218 and 230-232.

Smock, ill his geological classitication of the important iron-ore deposits

of the country, places the magnetite and hematite of the Marquette district

iu the "Huronian period."

Wadsworth, M. E. Litliological studies. Memoirs Mus. Comp. Zool. Harvard
Coll., Vol. XI, Part I, Cambridge, 1884, pages 13(5-139, 7 plates.

Ill his chissitication of the basic terrestrial and meteori(r rocks the

author describes thin sections of the Presque Isle and Ishpeming serpentines.
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He declares that in Ixitli localities the rock was originally a Iherzolite, as he

liad already soiue time earlier declared the Presque Isle rock to be. The

limestones associated with the serpentine are also believed to be altered

Iherzolites. The peridotite is still believed to be intrusive in the overlj'ing

sandstones, and for the same reasons previously given. Fourteen thin

sections of rocks were examined. Their descriptions leave no further doubt

as to the correctness of the author's view concerning the origin of the ser-

pentine. A colored plate containing three lithographic reproductions of

the microscopic appearance of thin sections of Iherzolite, serpentine, and

dolomite illustrates the descriptions.

Irving, R. D., aud Van Hise, 0. R. Ou secondary eulargenieuts i)f mineral

fragments in certain rocks. Bull. U. S. Geol. Survey No. 8, WashiTigton, 1884. With

plates of thin sections.

Irving and Van Hise announce some of the results of their study of

thin sections of Potsdam and St. Peter's sandstones—results which had

already been aianounced in a brief form by Irving in an article published

in June, 1883, in the American Journal of Science—and add a number of

new facts concerning these and similar rocks of other horizons. The authors

show conclusively that many of the quartzites, quartz-schists, graywackes,

etc., of the Lake Superior and other regions are sandstones whose inter-

stices have been filled with secondary quartz, largely by deposition of this

material around the fragmental quartz grains in optical continuity with

their substance. This conclusion is important in that it indicates that a

part <;)f the quartzites and graywackes that make up a considerable pro-

portion of tlie Marquette iron-bearing series are not extremely metamor-

phosed rocks, Init are simplv sandstones hardened by (juartz infiltration.

Much of tile mica-schist of Brooks's lower quartzite, north of the Michigamme

mine, and of Formation XXI in the Penokee region shows enlarged quartz

o-rains, and the jaspers and cherts so common in the iron formation of the

Marquette Huronian sometimes contain enlarged fragmental grains of quartz

in a matrix of chalcedonic silica. This latter fact is in opposition to the

view of an eruptive origin for these rocks, and in favor of that which

ascribes to them a sedimentary origin. A large number of thin sections

are described in detail. They all confirm the conclusions outlined above.
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Irving, R. 1). Prelimiuary paper on an investigation of tlie Arcliean forma-

tious of tbe northwestern States. Fifth Ann. Kept. U. S. Geol. Snrvey, for 1883-84,

"Washington, 1885, pages 175-2413. With maps.

Ill this paper we find for tlie first time a definite statement of the

j^roblems to be attacked in ^vorkillo out tlie structure »t' the Lake Superior

region, and a report of the author's success in solving- tliem.

The first problem which he attacks is the stratigraphic relation of tlie

bedded rocks. "In the purelv granitic areas this qiu^stion will not present

itself, and it is very doubtful whether anything in the way of a determination

of a succession of layers can be accomplished in the regions where the

rock is inainh' gneissic." In some of the Iluroiiiaii areas the succession of

layers can easil}- he worked out, but in the Marquette area, "besides the

obstacle of frequent heavy drift covering, an additional and more serious

difiiculty is met with in the complex folding to which the rock layers have

been subjected
"

The second problem which presents itself fia- solution is the structitral

relations of the iilainly sedimentary rocks to others that are, or mi\y be, of

eruptive origin, such as the greenstones of the district )irovisionally called

Huronian.

The third prolilem is the origin of the gneisses and granites, of the

schists associated with these rocks, and of the iron ores and jaspers among

the Huronian rocks.

The fourth problem is one of correlation between the rocks of difierent

portions of the lake region. This does not concern us at present.

With respect to the Manjuette series, the author writes (pp. ls;i-l!X)):

The rocks of this series are highly fokled, and their structure is often very

difficult to work out. Moreover, the luetasomatic changes which the crystalline

members of the series have undergone have often been extreme; added to which

diflticulties are frequent interruptions by drift covering.

Although studied more minutely and by more different authorities than any

other portions of the region, the divergencies of view as to structure and genesis in

this region, even among the later writers, have been very great. • * *

After having obtained a thorough acquaintance with the rocks of this region

and those of the type region of Lake Huron, no doubt remains in my mind as to the
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correctness of tlie jjositioii of tliose who Lave heretofore regarded the two series as

equivalent. I came away from the Marquette region, indeed, with a good deal of

doul)t as to whether some of the greenish schists inchided by Brooks, Rominger,

and others within the lower portion of the iron-bearing series, might not really belong

with the older gneissic formation. Excluding these schists, the remainder of the

series has a distinctly Huronian aspect. Like the latter, it may be described as, in

the main, a fragmental slate and quartzite series, including a large proportion of basic

eruptives. * » * Besides the quartzites, magnetitic schists, chert-schists, iron ores,

limestones, dolomites, clay-slates, mica-slates, and greenstones, which make up the

bulk of the Marquette series, a number of other less abundant kinds have been

described as occurring. It is among these kinds that the lithological differences

between the rocks of this region and those of the typical Huronian area of Lake

Huron are found. * * *

A considerable proportion of these unusual kinds are plainly but the results of

metasomatic changes upon the ordinary basic eruptives of the series, find in the list

of rocks so produced come, I think, in all ])robability, a number of the so-called

hornblende-schists and actinolite-schists.

These schists had been regarded as sedimentarv h\ tmnw oljservers

because of their schistose structure, but to Irving thev seem ;uiquestion-

ably eruptive.

The question as to the successiou of beds in the Marquette district

is left unsolved. Neither Brooks's nor Rominger's scheme is accepted, nor

is any other one adopted. Tlie greenstone layers, XI, IX, VII, and those

below V of Brooks's di\isi()ns, including hornblendic and chloritic schists,

are all believed to be erujttive, some contemporaneous with the sedimentary

layers, and others intrusive in and between them.

With respect to the origin of the jasper ores, the author writes (pp.

192-103):

My studies in this connection are as yet incomplete, and I feel unwilling, therefore,

to advance any general theory. But several points with regard to these ores which

have impressed themselves upon our attention may be mentioned. In the first place,

I may say that I am quite unable to accept any of the jasperj' ores as of eruptive

origin. From the most highly contorted and confused forms we have every gradation

to forms in which the sedimentary lamination seems so distinct as to render irresist-

ible the conclusion that all are of one origin. * * * Jaspery and quartzitic ores,

which must, I thiuk, be admitted by all to have had the same genesis with those of

the Marquette region, occur in the Penokee-Gogebic belt, and again in the Animikie

formation of the National boundary, in a relatively undisturbed position arul under
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such circumstances that their oiigitial sedimentary deposition seems to be placed

beyond doubt. What has l)eeii the origin of the iron oxide of any of these ores,

whether fragmental or chemical, or both, I do not undertake now to discuss, but that

inucli of the quartzitic material mingled with them, particularly in the Penokee belt,

Las had the same fragmental origin with the associated quartzites I Lave convinced

myself from study in the field and from study of the thin sections. Besides this

fragmental siliceous material, however, and occurring frequently intermingled with

it, and again at times almost or entirely excluding it, is a chalcedonic or amorphous

silica. Much of the jasper of the Marquette ores seems to be made up of purely

crystalline quartz, but much of it also is chalcedonic or amorphous. * * * So far

as our study has extended it Las seemed evident to us that this chalcedonic silica is

of original formation, or at least that it existed in its present condition prior to the

formation of much of the series.

Reference is made to the fact of the existence of fragments of ore and

jasper in the quartzite-conglomerate overlying- the ore formation, which, it

is admitted, proves that the ores are older than the quartzite, and tliat they

were in their present condition prior to the deposition of the quartzite, but

this is not regarded as proof that the ores and associated jaspers are

eruptive.

At the time the paper was published work was being done on the

schistose and gneissic areas, of the district, but it had not progressed

sufficiently to allow of a statement regarding the relations of the rocks of

these areas to those of the IMarquette sediments. Tiie article concludes

with petrographical descriptions of the different rocks met with in the Lake

Superior region, among which are many from the Marquette area. The

serpentine of Presque Isle is found to be an altered peridotite, as Wadsworth

had shown. Wadsworth, however, believed it younger than the overlying

sandstones, while Irving regarded it as older. The Ishpeming serpentines

were found to b_ similar to tliose of Presque Isle.

The examination of thin sections of the Huronian rocks showed

l)lainly that

—

the rocks which form the bulk of the llurouian in all areas do not properly fall under

the head of metaraorphic rocks. Of the remaining rocks met with in these areas, the

various augitic and hornblendic geeenstones, peridotites, and felsitic porphyries I now

look upon as in all probability of eruptive origin. There remain to be accounted

for the various hornblende-schists, chloriteschi.sts, mica-schists, hydromicaschists,
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jaspery and chert rocks, aud limestones. As stated above, the chloritic and horn-

blendic schists I regard as in part the products of the alteration of basic eruptives-,

and the hydroinica-schists of acid eruptives. The chert and jasper rocks I am
inclined to look upon as of some sort of original chemical origin ; certainly they are

not the results of a metamorphism of sedimentai-y material. The limestones do not,

as far as I know them, appear in any essential i-espect different from many met with in

the unaltered formations of later date. There remain the mica-schists and slates, and

some of the hydromicaschists and chlorite-schist. That these latter often contain

much of the original fragmental material we have satisfied ourselves, but how far

those of their constituents which are plainly of original crystallization were so

crystallized when the rooks were in the state of mud, or have been produced by

purely pseudomorphic change upon fragmental material, or how far, finally, they

may be the result of a genuine recrystallization or metamorphism, are questions for

•which I have no answer. However they may be answered, it seems to me that it will

remain true that the various formations here classed as Huronian, including the

origiual type Huronian, are in the main not properly strongly metamorphic formations,

as, for instance, the older gneisses must be, if of sedimentary origin. (Pp. 241-242.)

The g-eneral map of the Lake Superior region pubhshed with this

report, so far as it reUites to the Marquette district, does not differ essen-

tiallv from that aecompauyinii- tlie earher paper on the eoj)i)er-])earin<>-

rocks.

At the close of the paper is an abstract of the buHetin l)y Irving

and Van Hise on the enlargement of quartz and other grains in fi-agmental

rocks.

Irving, E. D. Divisibility of the Archeau in the Northwest. Am. Jour. Sci. (3),

Vol. XXIX, 1885, pages 237-249.

In the paper just quoted Irving referred to the gneisses and schists

as older than the Huronian series. In another paper published in the same

year he gives his reasons for regarding them as much older than the latter

rocks. In the Peuokee-Gogebic district he finds six reasons for conchiding

that the succession of formations is as follows: Gneiss-granite-green-schist

formation; great unconformity; iron-bearing- slate formation; unconformity;

Keweenawan series. In the ^Marquette district the iron-bearing rocks are

in a highly folded condition, and there is thus this difference between the

Marquette and the Penokee districts. The author agrees with Rominger
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in believiny tliat tliL^ "dioritic g-roup" of this uuthor is the basement upon

whieli the rest of tlie series was spread. The lueniljers of tliis "<i'ronp," if

sediineutarv, are in a highly metamorphosed condition.

Where these greenish schists coiue into contact with the bounding granite the

latter penetrates them iu the most intricate manner, so that we can not resist the

conclusion that it is the more recently formed rock. From this unmistakable relation,

regarding his Dioritic Group as the lowest member of the slaty or iron bearing .series,

Dr. liominger naturally passes to the conclusion that the granites are, in large meas-

ure, subsequent to his entire series. * * * To me, however, it seems plain that in

the greenstone-schists at the base of the Marqnette iron-bearing series we have the

equivalents of those * * * south of the Peaokee-Gogebic iron-bearing series,

like which tlicy form, as I conceive, part, not of the higher, but of the lower forma-

tion. * * * The slate series above the greenish schists, in the main composed

of I'elatively little altered rocks, was originally built up npon a basement composed of

granite, gneiss, and these greenish schists themselves, and subsequently was i)ushed

into trough-like forms by lateral pi'essnre. (Pp. 245-246.)

The proofs given in support of this view are the same as those advanced

in the case of the Penokee district.

The penetratiou of the greenish schists by the granites where the two come into

contact, as contrasted with the entire absence of any such relation where the bounding

granite forms contacts, as it doesi at a number of places, with the slates and quartzites

above the greenish schist group; the occurrence in the lowrr series of only highly

altered sediments, gneiss and granite, while the higher rocks are relatively little

altered; the occurrence in the higher series of fragments from the lower, "recom-

posed" rocks, occurring at points where the quartzites of the upper series come into

contact with tlie gneisses of the lower—all of these arguments hold here as well as in

the Penokee region. Here, then, again it seems to me plain that we have to deal with

a lower or greenish-schint, gneiss-granite member, and a higher, uncontormably overlying,

slaty, iron-bearing member. (P. 246.)

Irving thus argues that there are two portions of the Azoic or Arcliean

series iu the Marquette district, and that the two portions are separated bv

an unconformity. To these two parts lie gives the names Laurentian and

Huronian, following Logan's example for the region north of Lake Huron.

The names are not new, nor is the idea new that the pre-Keweenawaii

rocks of the Marquette district may be divided into two series. But we

have here for the first time sufficient reasons given for their separation into



106 THE MAKQT'ETTE IKON-BEAKING DISTRICT.

two di.stiiict series, and tor tin- first time we find tlie g-reen schists separated

from the iron-bearing rocks and jdaced nncont'ormably beneath them in the

same series witli the granite.

18SG.

iBViNci, K. 1>. Origin of the feirugitioiis schists and iron ores of tiie Lake

Superior region. Am. Jour. Sci. (3), Vol. XXXII, 18SG, pages 255-272.

Irving continued the discussion in the folh.)wing year, when he pubHshed

an article devoted exclusively to the origin of the iron ores of the Lake Supe-

rior region, but mainly of those of the Penokee district. The conclusions

reached in this paper had already been foreshadowed in the bulletin on the

Enlargement of Quartz Grains in Quartzite, etc. In its introduction the

author gives the status of the problem at the time of the publication of his

paper. Two theories had been proposed to exj)lain the origin of the ores

and jaspers of the district in question—an eruj)tive and a sedimentary

theory. Of the former, advocated by Wadsworth among later geologists, the

author states that the phenomena cited in its favor are with one exception

—

mainly trivial matters occurring within tlie spa(;e of a few inclies, or feet, at most,

and * * * all are more easily explicable as irregularities in original deposition,

as irregularities due to the crumpled condition of the strata, or, and this chiefly, as

due to infiltrations of iron oxide and silica into cracks in the rocks, and the replace-

ment of rock material by such substances—ou theories of original sedimentation of

the iron beds than on those of an eruptive origin. * * * The occurrence of frag-

ments of the banded jasper in the immediately overlying (juartzite deserves more con-

sideration, siuce it certainly indicates that, to some e.xtent at least, these substances

bad reached their ])reseiit condition at an early day. But cooling from a state of

fusion is not the oidy way of reaching rapidly the indurated condition, and a former

fused conditiou seems to be 7iegatived at once by tlie nature of the material,—quartz

and iron oxide. (P. 250.)

Ho then dismisses the eruptive tlieorA- as improl)al)le, and proceeds to

argue in favor of a sedimentar}- origin for the ores in question, first stating

briefly the nature of the sedimentary theories already proposed.

Those who have maintained the theories of a sedimentary origin have relied

chiefly upon the common intimate interlamination of siliceous and ferruginous mate-

rials; upon the manife.st restriction of the ores and jaspery schists to definite strati-

graphical horizons; upon their interfolding with other members of the same series.
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and upon their apparent gradation in places into plainly fragmental deposits. These

conditions being talien to indicate original sedimentation, different authors have

imagined the unaltered deposits to have been argillaceous carbonates like those

of the coal measures; to have been brown ores, like those found under bogs, or

accumulating in shallow lakes, at the present day; or to have been magnetic sands

like those of modern sea shores. All of these theories appear to regard the silica of

thejaspery schists' and ores as having been sand; its present nonarenaceous, nonfrag-

mental condition being taken to be the result of metamorpliism. (P. 2")."'..)

Tlie studies of tlie author were coniined largely to the Penokee-

Gogebic district, where the rocks are less disturbed than they are in the

Marquette district, but their conclusions are made to cover also the ores of

the latter area.

While holding the sedimentary origin of the ores and jaspers, it

is shown that the close association of these rocks with nonraetamor-

l)hosed quartzites, graywackes, etc., precludes the notion of a metamorphic

origin for the former rocks. Moreover, "all theories of a formation of

these ferruginous rocks by metamorpliism or recrystallization in situ from

some sort of sedimentary deposit seem to regard the jaspery or clierty

material as representative of a fragmental siliceous ingredient in the

original deposit. On these theories this substance has been recrystallized

from a fragmental material" (p. 259). But the microscope shows that the

jaspers an<l cherts are composed largely of chalcedonic silica, like that

deposited from solution. It contains intermingled with it fragmental grains

of quartz that liave lost none of their original angularity, and which are

easily distinguished from the chemically precipitated chalcedony. Hence,

the metamorphic theory is abandoned and a chemical theory advocated in

its place. According to this theory the original sediments were ferruginous

carbonates. I'he least altered of the ferruginous schists still contain car-

bonaceous material, and often little rhombohedra of siderite, and the amount

of this carbonate present varies inversely with the amount of disturbance and

alteration the rocks have suffered. In the Penokee district a bed of hematite

was traced directlv into one of these carbonate-bearing schists. In this and

the other unfolded Huronian iron districts there is excellent proof that the

origin of the ores and jaspers was as indicated. In the Marquette district

the complication of the structure obscures the evidence to a considerable
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exteut, but trom the similarity between tlie rock associations in this and in

the less folded areas the author has no doubt that the ores and jaspers

here have the same oi'igin as in the Penokee district.

A ffood many of the ore bodies, and more particularly some of the so-called

soft hematites, appear to have resulted, partly at least, from a direct oxidation of the

iron carbonate of some of the eherty schists. In other cases the ore bodies owe their

origin and general shape, we think, to processes of infiltration and replacement.

(P. 207.)

Thus after the carbonates were precijiitated they were subjected to

metasomatic processes.

The conclusion reached b}' Irving as the result nf his extensive

studies may be summarized as follows:

(1) The original form of the beds of the iron-l)earing horizons was

that ot a series of thinlv bedded ferriferous carlionates iuterstratified with

carbonaceous slatv la^•ers, like the carbonate-bearing beds of the Coal

Measures.

(2) By a process ot silicification these carbonaceous beds were trans-

formed into the various ferruginous rocks. The silicification varied in

degree, sometimes producing only a few seams of silica, ^^'hich traverse the

otherwise unchanged rock, at other times completely substituting the

original rock, in which case cherts were formed.

(3) The iron thus removed during silicification passed into solution

and was redeposited as it became further oxidized, making ore bodies in

one place and forming the coloring matter of the jaspers in other places.

The hematite interlaminated with the jasper is taken to be mainly the result

of a secondary infiltration following the banding of the original rock, though

it may be imagined to have been formed at times by direct oxidation from

iron carbonate seams.

(4) Sometimes, instead of leaching it out completely, the silicifying

waters seem to have decomposed the iron carbonate in place, producing

most of the actinolitic magnetite-schists.

(5) The rich ore bodies have probably had different origins in different

cases. Some of the red hematites seem to have resulted from a direct oxida-

tion in place of the original carbonate, since in some of them pseudomorphs
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of the carbonates may be detected. Some of tlie magnetite mines appear

to be working on the richer portions of the magnetitic schists.

(6) Some of the sihcifying process went on before the folding of the

foi-mation, and some of it afterward; and to tlie hiter period beh)ng the

larger bodies of crystalline ore, the crntnbling and shattering of the layers

aifording the best conditions for the action of the silicifving waters.

PuMPELLY, Raphael. Report on the itiining indu.stries of tbe United States

(exclusixe of tbe precious luetals), with special investigations into the iron resources

of the Republic, etc. Department of the Interior, Census Office, Vol. XV, Washing-

ton, ISSO, pages 1-82. With maps and plates.

In the report of the Tenth Census on the iron ores, Pumpelly gives a

brief survey of the IMarquette district and records a number of analyses of

its ores. Very little that is new concerning the geology of the district is

communicated, as the work is largely a compilation. The ores are stated

to be in the Huronian, which is regarded as the upj^er member of the

Archean, unconformably reposing upon the schists of the Lain-entian.

While the iron series occiu's nniformlj- in the lower i)art of the Huronian, its

structure and character vary in different places. In the Negaunee district it consists

of a lower and an upper series. The lower is made up of tlag ores, siliceous and fer-

ruginous schists, and some argillaceous and talcose slates and anthophyllitic schists

and beds of diabase. * * *

The upper series, which is separated from the lower by a bed of diabase and a

thinner bed of chloritic and talcose slate, contains the rich ores. It consists of a thick

mass of banded iron and "'jasper," the iron ore being pure and the jasper generally

colored red. * * * In places subsequent chemical action has removed portions of

the jasper, while the space thus formed has been filled with limonite in large quayti-

ties, as at the Lake Superior mine. The upper part of this upper series has generally

a bed of talcose slate, in which the fissile cleavage is wholly independent of the

bedding, and which is impregnated with small octahedra of martite. The ore in

contact with this slate has the same structure and is impregnated with similar crys-

tals of martite. The upper portion of the upper series consists of beds of rich ore,

often granular martite, with talcose schists and very talcose quartzites. (Pp. 7-8.)

The author notes that in the western part of the Marquette basin the

ores are largely magnetic. The basin itself narrows and then widens out

to form "the broad Huronian area of the central ])art of the Ujiper Penin-

sula," where the slates of the uppermost horizons are tlie predominant
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country rocks. From the south end of tlie wider portion of Lake Michi-

gamine a looj) of Iluronian rocks extends southeastward, cuhninating- at

Republic Mountain, where tlie entire lower and upper series are beautifully

represented.

It is needless to add that Puinpelly's Upper and Lower Huronian are

not coordinate with the Upper and Lower Marquette as understood in the

present voluiue. Some of his Upper Huronian rocks are unquestionably

members of the Lower Marquette. Many of the "beds of diabase" are

now known to be intrusive masses.

Putnam, Bayakd T. Notes on the samples of iron ore collected in Micliigan

and northern Wisconsin. Ibid., pages 421-4.:>7. With geological map.

In the same volume Putnam, in the introduction of his remarks upon

the analyses of the Marquette ores, declares that the Marquette strata "form

a broad synclinal trough, corrugated in the direction of its axis by several

minor folds, resting on Laurentian rocks." He repeats some of Pumpelly's

statements and gives an abstract of jiortions of Brooks's report. Samples of

ores were taken from all the important mines of tlie district and were

analyzed. In addition to the geological map accompanying the report,

which, by the way, is a reproduction of the Brooks map, there are sketch

maps of the New York, Lake Angeline, and Salisbury mines.

1887.

Irving, R. D. Is there a Huronian group? Am. Jour. Sci. (3), Vol. XXXIV,

1887, pages 204-216, 249-263, 365-374. Read before the Nat. Acad, of Sci., April

22, 1887.

Ill this paper Irving returns to the discussion begun by him in 1885

The purpose of his present article is

—

to inquire if there can be carved off of the upper portion of the great complex which

has been called Archeau, a series of Iluronian rocks, a series entitled—by structural

and genetic separateness, by clastic origin, by largeness of volume, and by being made

up of subordinate divisions of the formation rank—to the rank of a group, i. e., to a

rank equal in classificatory value to the Cambrian, Silurian, etc. (P. 207.)

After deciding that the series of rocks on the north shore of Lake

Huron, called Huronian by Logan and ]\Iurra}', deserves the title of group,



GEOLOGICAL EXPLORATIONS AND LlTEliATUllE—1887. Hi

Irving- proceeds to distniss the relations to one anotlier ot" tlie other supposed

Huronian areas in the Lake Superior region. With respect to the Marquette

area, he refers to the two views lield as to the age of tlie granites, etc., on

the sides of the llurouiau trough, explaining that Kinihall, linxiks, and

others regarded them as unconforraably beneath the bedded rocks, while

Wadsworth and Roniinger, among the later geologists, regarded them as

eruptive into the bedded series. Irving liimself tinds that the green schists,

which on account of their banding had always been j^laced with the frag-

meutal beds as part of the iron-bearing series, are cut l)y granite dikes,

whereas, on the other hand, the granites and their associated schists are

separated from other members of the stratiform series by unconformities and

by basal conglomerates containing great l)owlders of the underlying granites,

etc. This is explained by making a divisioii of the rocks of the district

into two series, an older one comprising the green schists, than which the

granite is younger and into which it is intrusive, and a younger series com-

posed of the bedded fraginentals and their associated rocks, into which the

granite never sends dikes, but to whose lower layers it has A'ielded pebbles

and bowlders and large quantities of finer detritus.

The ujjper series is composed mainly of detrital rocks, of whose frag-

mental nature there can usually be no doubt, though in many cases the

rocks are somewhat sheared, and have had developed in them secondary

sericite. With the detrital rocks are bedded limestones, cherts, etc., that

are lielieved to have been originally chemical sediments, and interbedded

diabasic eruptives. This series is a unit among the formations of the Lake

Superior region, and is so similar to the originally descril)ed Huronian in

its litln)logy and in its structural relations with other overlying and under-

lying formations, that it may safely be correlated with this and l)e called

Huronian. Investigations in the other supposed Huronian areas lead to

the same conclusion, viz, that the Huronian "is a true sedimentar^- group

in origin, in volume, in chronological distinctness from other groups above

and below it. It is not only compayaUe, as to volume, with the ordinanly

recognized rock groups, it exceeds most of them; l)esides which it is sepa-

rated from the adjacent rocks by tremendous unconformities, rei)resentative

of immense lapses of time." (Pp. 3 70-3 7 L)
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Tlie Huroniiiu and the Keweenawan series together represent a great

interval between Archean and Cambrian times. They may be inckided in

one group, comprehending the fragmental series between the Archean

crystallines and the Cambrian fragmentals. For this group the author

proposes the designation Agnotozoic, because there are here and there traces

of life in some of the rocks belonging to it, but the nature of this life is

unknown. For the Marquette area, then, as well as for the remainder of

the Lake Superior region, he gives the following succession:

(1) The great Basement Complex, of crystalline schists, gneiss, and

granite, as to whose further divisil)ilitv or nondivisiliility no opinion is now

expressed. Unc( mformity

.

(2) The Huronian series, mainlv of detrital rocks. Uncontbrniitv.

(3) The Keweenawan series, of interleaved detrital and eruptive beds.

Unconformity. (Absent from the Marquette range proper.)

(4) The Potsdam or Upper Cambrian sandstone.

Irving, R. 1). On the i-lassitication of the early Cambrian and pre-Cauibrian

formations. A brief discussion of principles, illustrated by examples drawn mainly

from the Lake Superior region. Seventh Ann. Rept. U. S. Geol. Survey, for 18S5-SG,

Washington, ISSS, pages 365-45-4.

In the following year the same author pul)lished a paper which has

already become one of the classics of geological literature. In it he enun-

ciates and discusses the principles that should determine the classification

of nonfossiliferous rock series, and illustrates their application by appeal to

the pre-Cambrian formations in the Lake Superior region.

After explaining in full the significance of unconformities and basal

conglomerates and of lithological difterences in establishing time relations

between contiguous formations, the author cites examples from the JMarquette

district, among others, to emphasize his points.

Time gaps are shown to have existed between the deposition of the

lowermost layers of the Potsdam sandstone and the formation of the under-

lying granites, and l)etween the })roducti(>n of the former rocks and of

the fragmental beds usually classed as Huronian. A picture of tiie uncon-
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forniitx' l)etween the sandstone and tlie granite on tlie lake shore near

Marquette is given, and several sections are published which illustrate a

similar unconformitv at Granite Point, and unconi'orinities between the

sandstone and the Huronian beds at L'Anse, and on the lake shore south of

Marquette (pp. 409-411). Several of tiiese unconforinitics liad l)een known

as far back as Foster and Whitney's time.

Another time interval is shown to have elapsed between the formation

of the gi'anitic rocks and the deposition of the oldest Huronian l)eds, pro-

vided the green schists of the district are separated from the Huronian and

placed with the granitic series, as had been advocated by the author in

1887. The discoi'dance between the two series "may be proved on the

ground bv the discordant positions of the schists of the two series, when in

contact or near proximity, by the large development of basal conglomerates

where the two foi-mations come together, by tlie indifference in position of

the belts of the upper series to those of the lower, by the striking contrast

in amounts of alteration of the upper and lower schists, and liy the totally

dissimilar relations of the two sets of schistose rocks to the plainh' eruptive

granite masses" (p. 433). Three generalized sections across the ^larquette

district and a re])roduction of a photographic view of a hillside 2 miles

south of Marquette illustrate this j)ortiou of the paper (pp. 431-43o).

The Marquette iron-bearing series is described as abedded accumulation

of carbonaceous slates, ferruginous and jaspery schists, limestone, quartzite

and quartzite-schists, graywacke and clay-slates, and eruptive greenstones,

amounting in all to from 5,000 to 10,000 feet in thickness. The series is

separated by unconformities from the gneissic and schistose beds below

it, and from the Potsdam sandstone above it, and so possesses a distinct

iudividualitv, a foct emphasized in the paper of 1887.

Reyer, E. Geologic der amerikaui.scLeu Eiseiilagerstiitten (insbesondere

Michigan). Oesterr. Zeitscbr. fiir Berg- uud Hiitteuweseu, Vol. XXXV, 1887, Xos.

10 and 11. Abstract in Xeues Jahrbuch fiir [Mineral., 1888, Yol. I, pages 248-249.

The original of this article has not been seen, but from the abstract of

it given l^y Stelzner in the Neues Jahrbuch we learn that its author regards

the iron-bearing series of Michigan as an association of sediments and

MON XXVIII 8
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('ruj)tivc.s, tlie latter liivviny lieeu pouretl out on tlie bottom of the ocean.

The siHceoiis sediments are thought in part to have been produced through

the decomjiosition of the eruptive masses, in part to have come from the

surrounding land as erosion detritus, and in i)art to have been formed by

the accumulation of the remains of organisms. The iron ore associated

with these rocks is thought to have been deposited from springs whose iron

constituent was derived by solution from the eruptive rocks. The chemical

processes concerned in the formation of the ore beds were supposed to l^e

the following: The basic eruptives contained iron as oxide and chloride.

Its chloride was dissolved in the sea watei', and from this dilute solution

the iron was precipitated as an ocherous deposit of the hydi'oxide. This

was subsequently dehj^drated and changed into hematite. Stelzner, in the

review of the article, declares that the theory rests upon tlie assumption

that the diorites associated with the ores are eruptive, and this he states

had not yet been proved.

Williams, G. H. Some examples of the dynamic metamorphism of the ancieut

eruptive rocks on the south .shore of Lake Superior. Proc. Am. Ass. Adv. Sci.,

thirty-si.vth meeting, 1S8S, pages 22.J-226.

In this preliminary notice of the results of microscopical work on

the ]\Iarquette banded green schists Williams states that this series of rocks

owes its schistosity to pressure and not to original bedding. The rocks are

believed to be squeezed and stretched eruptives. The reasons for these

conclusions and the descriptions of the observations on which they are

based were not published in full until 1891.

BiKKiNBiNE, John. Iron ore mining in 1SS7. Mineral Resources of the United

States, calendar year 1S87, Washington, 1888, page 34.

This author, in connection with statistical tables showing the ore

production of the various American iron-ore districts, incidentally refers to

the deposits of the Lake Superior mine as lying in "a synclinal fold

trending east and west, the western extremity outcropping." The entire

deposit is said to be underlain by chlorite-schist and to be overlain by

hematite-jasper.
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WiNCHKLL. N. H. The iron-bearing rocks at ^Maniuette, Michigan. Geo!,

and Nat. Ilist. Surv. of Minnesota, Sixteeutli Ann. Kept, for 18S7, St. Paul, 1888,

pages 40-54.

A. Wiucliell and N. H. WiuclicU made a rapid trip tliruuiih tlie Marquette

district in the summer of 1887, and ])ublislied records of their observations

independently. At Negaunee, Ish})eming, and Marquette, X. H. Winchell

made a few observations that are of some interest. In the Negaunee area

the mines east of the town were the special objects of study. Here a gra-

dation is reported between coarse quartzites, through an impure hematite

banded with chalcedonic silica, into an earthy, hematitic, jasperoid rock.

"This shows a common origin for them all rather than a chemical or

eruptive source for the jaspilyte and not for the others "
(p. 42). At the

Iron Cliffs mine siderite was seen associated with the hematite. The most

important observations were made in the Cascade area, where there is

described as unconformably overlying the iron formation a quartzite-cou-

glomerate. It contains pebbles of red jasper, chert, and hematite. This is

the conglomerate so frequently described by the earlier geologists. N. H.

Winchell appeai-s to have been the first to have noticed that it lay uncon-

formabh' upon the iron formation. It is regarded at Cascade as the southern

rim of the syncline whose northern rim is in the quartzite bluffs of Teal

Lake. From the character of tlie pebbles found in this conglomerate, "it

is apparent," writes the author, "that the iron-ore formation iiuisf have heen

constituted in pretty ucarlij its present state prior to the fonnatioii of the

conglomerate'" (p. 44). This conclusion, it will be noticed, is the same as

that arrived at by Wadsworth and by Irving. A little farther west, at the

Saginaw mines, in the Ishpeming- district, the same unconformable relations

were observed l)etween an overlying conglomerate and the underlying iron

formation. Two figures are given illustrating these unconformities, in the

first of whicli the conglomerate is laljeled Potsdam (p. 45). It is evident

that the author did not at this time perceive the full meaning of the facts.

North of Ishpeming the conglomeratic greenstones of Deer Lake were

examined. They are described as soft, quartzless, schistose rocks, without

any bedding structure that can be attributed to sedimentation. They

appear to be unconformably beneath the quartzite. These conglomerates
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and the serpentine of the district are regarded "as one group, the serpentin-

ous condition prevaihng whenever, locally, greater alteration has taken place

in the original rock, which was an eruptive, basic one. It overflowed and

mingled with the rocks of the iron-bearing series unconformably, and wliere

it is now in contact with them it constitutes, at least in some places, the

'soapstone' and the 'chloritic rock' of the mines. Subsequentlv the rocks

•of the Huronian were deposited unconformably on the iron-bearing and

serpentine groups" (p. 48). The iron-bearing beds are thus placed under

the Hur(_)nian, with the unconformity between this series and the Archean

above the iron formation, rather than some distance below it, where Irving

placed it.

The geology of the Michigamrae mine is also described, and, north of

it, an unconformable contact between granite and quartzite. At this contact

is a conglomerate, but the author is not sure which of the two rocks is the

overlying one.

At Marquette the green schists north of the town, which Ir\"ing placed

below the Huronian, were examined. These are I'egarded as inseparable,

genetically and geographically, from the serpentine group. They are

believed to be eruptive, and to underlie unconformably the cpiartzite, and

thus to constitute a part of the "iron formation."

This greeuisb schist * * * is heavy, dark withm, free almost, or entirely, from

original ([uartz. On its weathered surface its structure is indicated hy bands of

varying shades of green, and in the seams it glitters with hydro-mica. These bands

of color are not continuous, but consist rather of an interrupted, narrow striping in

which the color lines become lost by running to needle-shaped points or by fading into

each other. The single light-colored lines sometimes continue for only a few feet or a

few inches; and in some cases, when narrow, they rise and disappear in the space of

less than an inch, bringing the darker lines into contact so as to present the asi)ect

of a nearly homogeneous green rock. * * * In other places * * » the striping,

which resembles that of sedimentation, is more evident and persistent, and in some

parts coTild be more correctly denominated a banding, some of the bands being 2 or 3

inches in width ; but even then they lose their identity in 10 or 12 feet and give place

to a finer schisto- fibrous lining. (Pp. 51-52.)

A plat of Light-House Point is given. Here the schist is made out to

be the oldest rock. This is cut by quartz-porphyry and other dikes.
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WiNCHELL, Alkxander. Tbc Marqiit'ttc iron loiiidii. Ihid., paf^es JTl-lS.').

Ill luaiiv points Alexander WiiielicU (lititers with his l)rotht'r as to the

signitioauce of the facts observccl. In other points the two are agreed.

Among the ))oints lirouglit out Ijy Alexander Winrliell are the inter-

stratiiieation of the ore beds with the associated rocks, and the occurrence

of a conglomerate above the on; beds in the Lake Superior mine.

The downward succession of beds in the Ishpeming syncline is thought

to be as follows: red slate; black slate and mixed ore; ore; talcose rock;

diorite. The red slates are banded hematite and jasper; the black slates

are magnetic jaspers; and the talcose rock is an argillitic variety, as is also

the miner's "soap-rock."

The Deer Lake conglomerates are regarded as sedimentary because

" they contain foreign pebbles."

The contact of the granite and quartzite north of Micliigamme, where

N. H. Wiiu-hell reported tlie existence of a conglomerate, is given a peculiar

interpretation (p. 177):

Immediately in coutact with this [the granite] is a greenish (luartzj^te, wliieh

passes by transition into the granite. * * * It might also signify that the

"granite" was originally a sedimentary rock, but, containing more feldspar-making

elements than the quartzyte, metamorphism changed it to a rock of the granite series,

but could not make anything but a quartzyte of the overlying beds.

Xear the Buffalo mine the author saw a black argillite, which was.

thought to be unconformable on (piartzite.

After describing other phenomena seen l)y him, Winchell sums up his

study in these conclusions (p. 1 SA)

:

Tlw Miirquette Iron-hearing rocks are not of Huronuin mje. * * * That they

are older than Huronian is shown by a fourfold line of evidence. («) The rocks arc

different. In the original Huronian the argillites are almost exclusively black and

carbonaceous or magnetitic, instead of bluish or ashen and luematitic. They are more

prevalently siliceous or flinty. The quartzytes attain a more enormous development,

are much purer, especially the upper, and hold position entirely above the argillitic

member, (b) The Canadian Huronian succeeds immediately beneath the Palceozoic system.

The Marquette strata do not. The Marquette strata are succeeded immediately

downward by crystalline schists. The Huronian strata are not. (c) Some evidences

exist of an unconformable overlyiny sub-Palwozoic system in the Marquette region. I
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refer here l)otli to tlie niiooiitbrmability describeil in the * * * vicinity of the

Baffah) mine, and to Major Brooks's l)ri(>f notices of highly carbonaceous black slates

occiii)ying a i)ositiou higher than the Mar(iuette argillytes. (f?) Proof is to be adduced

in this report of the unconformable subterposition of the Vermilion iron schists relatively

to the Animike slates. If the Marquette and Yermillou rocks are mutual equivalents,

the former nuist liold position beneath the same system—that is, beneath the Huronian.

The Marquette iron-bearing roclcs belong to a system not yet defined. If they underlie

the Huronian they equally overlie the Laurentian. They are not separated from

the Laurentian by a structural uucouformability, but by the evidences of a long inter-

vening lapse of time and a most important change in the action of the geologic

forces. Strata fully crystalline and strata essentially earthy, though fou.ul in con-

formable juxtaposition, must necessarily belong to two different ages and modes of

geological activity.

For this "'older svstem" in Minnesota the iiuthor suggests the name

Marqnettiau (p. 3Go).

1S90.

Wadswokth, M. E. a sketch of the geology of the Mai'quette and Kewee-

nawan districts. Along the south shore of Lake Superior. Published bj- Duluth,

South Shore and Atlantic R. R., 1890, pages 65-^2.

In 1890, after having- been appointed State geologist of Michigan,

Wadsworth ])ublished a very interesting article, which, though written for

the traveling public, gives a succinct and strictly scientific account of the

geologv of the iron and copper disti'icts of Michigan from the author's

point of view.

All of the rocks under the Potsdam sandstone are placed in the Azoic

svstem. Thev are stated to have been formed in three wars: (1) By

mechanical means; (2) by eruptive, igneous, or volcanic agencies: and

(3) by chemical action.

The rocks of mechanical origiii are the detrital quartzites, argillites,

gneisses, schists, conglomerates, etc

These rocks were invaded by eruptive material forcing its way irregularly through

the soft sedimentary materials, indurating them, bending their planes of deposition,

<;hanging their color, and sending tongues, arms, and dikes through them in every

direction. It has also been protruded through the schi.sts in large masses, contorting

them and tearing them across, and oftentimes ending in small arms or branches.

This eruptive rock is now very greatly metamorphosed, and is termed jaspilite. Like

the siliceous eruptive rhyolites and felsites, it is generally more or less banded in its
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chaiacter, which iKiiidiiig is clue ti) its having Howed, the same as is seen in (lie baiul-

iug of the siliceous furnace slags. * * * It is this fluidal structure or banding

that is so often mistaken in the rhyolites, felsites, trachj'tes, and Jaspilitcs for the

planes of sedimentation. (V. (iO.)

The ore associated witli the jaspilite is said to be a concentrate from

its magma. In places the rocks haA^e been shattered and tlieir cracks tilled

with ore throug'h the action of percolating water. Aftei- cooling, the jaspi-

lites were acted npon bv the waves, yielding a detritns that was dej)Osited

upon the underlying ore deposits, forming true sedimentary deposits, many

of which have been since worked for ore.

Three kinds of ores are distinguished, magnetite, hematite, and martite.

The ore associated with the jaspilite is usually of the latter kind.

The argument in favor of the eru|)tive origin of the ores and jaspi-

lites is outlined, and it is stated that in 1885 Charles E. Wright, at that

time State geologist of Michigan, had ^jroved to his own satisfaction that the

ores are eruptive. The author dismisses Irving's argument for their sedi-

mentary origin by declaring that he "starts out with either denying or

ignoring the occtirrence of the very facts which the present writer has

figured, and which caused him to hold the eruptive A-iew. A theory of the

origin of the iron ores that starts out with denying the facts that it ought

to explain can hardly be accepted until it recognizes these facts and explains

them'' (\). 71).

After the eruption of the jaspilites and their denudation, other rocks

were forced through the strata in a molten condition. Diabases and

diorites were the first rocks introduced, and they added so much volume to

the already existing rocks that these were thrown up into folds. Many of

these diabases and other basic rocks have become schistose, but they do

not pass into sedimentary schists, as has been sttpposed by some observers.

"The two look closely alike and are similar to each other in coin|»osition,

but do not pass into one another any more than water and oil do, although

a hasty observer might not see the line of separation between tlie two" (p. 72).

The author mentions that at the Cleveland mine and elsewhere the

"schistose diabase and diorite come in contact with the sedimentary schists"

(p. 72).
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Granitt' eruptions .succeeded tliose <it" the liasic rocks, as did also those

of serpentine. The age of the hitter with respect to tlie g-ranite is not

determined.

The i)rincipal de})osits of chemical origin in the district are the .sott ores.

The jaspiHtes anil their associated ores and rocks have been leached l)y per-

colating, nsually hot, waters, and their iron oxides dissolved and deposited

elsewhere along the channels through which the waters flowed, or the silica

has been removed and the ore left behind or locally concentrated. (_)n top

of tlie Azoic rocks and unconformable with them lies the Potsdam sandstone.

The two important points to be noted are that the author had not, np

to this time, changed his views as to the age of the granite, which he still

believed to be younger than the ore l>eds, nor as to the origin of the ores

associated with the jaspilites, both of which latter rocks are still regarded

as eruptive.

1S91.

Ibvino, R. D. Explanatory ami historical uote. The greenstonescbist areas of

the Menominee and Marquette regions of Michigan. Bull. U. S. Geol. Survey No. G2,

Wasliiugton, ISOl, pages 11-L't. With nia[>.

In 18!)1 appeared the paper by G. H. Williams ()n the greenstone-

schist areas of the Menominee and Marquette regions, in which it was

shown that the l)andeil green schists (which had l)een regarded by mo.st

geologists as sedimentar\' and had been placed by them in the iron series,

and which Irving had separated from the Huronian and placed in the

Basement ( 'omplex) are fragmental volcanic rocks and lavas.

As an iutroductiou to the discussion, Irving gives an account of the

general relations of the schists to the granite and to the fragmental rocks

associated with them, and explains in more detail than had been done

hitherto his reasons for sejjarating them from the Huronian series and

placing them with the underlying granites and gneisses.

Besides occurring here and there more or less confusedly mingled with masses

of granite and other rocks, these greenish schists occur also in large continuous areas,

which they entirely occupy, except for certain relatively unimportant basic and acid

intrusives. » * * The bulk of these areas is composed of nondescript fine-grained

greenish schists, which appear to grade into the more massive greeustoue-like forms
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oil the oiie liand, and into the more distinctly deveh)ped chhjiitic and h((rnbleudic

schists on the other. As a rule these varions schists present no parallel structure

other than that which seems referable directly to secondary causes; that is to say,

they do nor present such banded varieties as would suggest the action of sedimenta-

tion during their production. Uowever, such banded varieties do occur in sulxndinate

quantity, pre.senting then very strikingly regular, rapid alternations of light and dark

bands. (P. ll.j

111 sdiue ])l;u-es within the greenstone areas there <iccur scliists with

a more (.r less obscure frag-mental appearance, which is nuich more pro-

nounced on tlie weathered surface than on the fresh fracture. As a rule

these schists are without any paralhd structure except tlie shitv ck^avao-e

which all the g-reen schists present. Among them are the rocks observed

by A. Wiiichell and N. TI. Winchell at Deer Lake.

In his description of the map (PI. Ill, fig. 2) accompanying his paper

the author writes (pp. 14-1.")):

The line of demarkation between the schists and the granites * • * is not

a sharp one, since the two seem to mingle more or less confusedly tm each side of the

somewhat arbitrary line indicated upon the map. Southward of this greenstone-

scthist area * * * 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 fragmental 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.

The autlior contrasts the schists with the detrital rocks to the south of

them. He agrees with the earlier workers in the district as to the inferior

position of the greenstone-schists with respect to the stratifonn series, and

as to the intrusion of the schists by the granite. But he disagrees with

previous geologists who regarded the green schists as belonging in the

stratiform series and the granite as younger than the detrital series.

In other words, it thus far appears to me that there is good reason to believe

that these greenstone-schists along with the granites, gneisses, etc., form a portion

of the basement upon which the overlying detrital iron-bearing series was once hori-

zontally and unconformably spread.

The granites are shown to be unconformably beneath the detrital

series and to be at the same time younger than the greenstone-schists;
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hence these hitter rocks must he much okler thiui the detrital heds. In the

coiigh)meriites separating the granites from the overlying stratified beds

there are often fragments of schists, and fre(|uently there is a matrix com-

posed of comminuted greenstone. In the SW. \ of SE. J sec. 29, T. 48 N.,

R. 25 W., a congh)merate composed of fragments of granite, quartz, and

green schist, cemented by a dark slaty material, lies immediately on the

contact of the greenstone-schist area with that of the detrital series.

Sucli occurrences as these, when cousidered in coimectiou with the manner in

which the granite penetrates the greenish schists and is involved 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 together

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 sedimen-

tary 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 granite masses which intruded them, according to all the later developments and

doctrines of petrography, must have been crystallized in depth, and must therefore

have had removed from over them great masses of materials before yielding fragments

to wave action. (P. 23.)

These remarks refer to the coarse granites of the district, and not to

the fine-grained red granites which intrude the coarse granite and may

be even as young as the iron-bearing series, though none of its dikes have

been seen cutting the detrital rocks in the Marquette ai-ea.

* * ' Accepting Professor Williams's conclusions as to the surface origin of

most of the greenstone-schists of the ^Nfarquette region, I should suppose that, after

the accumulation of these rocks to the thickness of several thousand feet, they were

intruded by granite bosses. These bosses perhaps may have been merely softened

portions of the underlying gneissic basement, which, indeed, maybe represented in an

unaltered condition in i)ortions of the granitic areas themselves, for all that has yet

been determined to the contrary. Subsequently mountain-making movements brought

about the folding and alteration of these enormous sheets of eruptive material, now

represented by the greenstone-schists. Following this was the great denudation

which brought to light the previously buried graniiic masses. This erosion was
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followed in turn by tbe accnniulatiou in the usual horizontal position of the irou-

beariuji' iletrital series, whose folding and erosion were still later iirocesses. And yet

this folding and erosion all preceded the deposition of the horizontal Cambrian sand-

stones of the region. (Pp. 2.')-24.)

A ('(intiriiiatit)U <it" these conclusions is furnished, according to Irving,

bv the similarity between the great dikes, cutting the greenstone-schists

and tlie sheets of eruptive greenstone in the iron-ljearing series.

For the latter greenstones are in large measure interatratifled with the sedi-

mentary layers of the iron-bearing series, following the bending of its layers; so that,

even if these greenstones are in the nature of intruded sheets, it seems necessary to

believe that their intrusion took place before the folding of the iron-bearing series.

,
Now, tbe corresponding dikes in the greenstone-schist area were evidently intruded

subsequent to the production of the scliistosity of the intruded rocks. If, then,

these are facts, the time when the iron bearing series was folded was very much

subsequent to that time at wliieh tbe greenstone schists received their schistosity.

(P. 24.)

The nia}) acconipanA'iug Irving's paper is jiracticallv Roniinger's map

interpreted according to Irving's ^'ie^v. That is, the greenstone-schists are

placed with the granites l)elow tlieiron-ljearing series. In the legend of

the map we see for tlie first time the use of the term Algoidvian, by which

it was decided b^• the United States Geological Survev to designate the

fragmental series lying Ijetween the Archean crystallines and the base of

the Cambrian. The term stands in the period place as equivalent to the

Agnotozoic group.

Williams, G. II. The greenstone-schist areas of the -^lenominee and Marquette

regions of Michigan UnW. U. S. (Jeol. Survey No. (i2, Washington, 1891, pages

134-217. With plates of thin sections.

Williams's paper deals primarily with the microscojjical features of the

green schists already so frequently mentioned.

The author divides the district studied into four areas: (1) The Easteiii

area, near Marquette; (2) the Western area, immediately north of Teal

Lake, in the town of Negaunee; (3) the Northern area, lying north of

Dead River; and (4) the Deer Lake area. The Eastern area is further

divided into a northern and a southern half
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Ill the iiorrli halt' of the Eastern area tlie Uxyers of the scliists

—

are alternately of a darker and lighter shade of green, which gives these particular

greenstones their characteristic striped appearance. In these banded rocks * * *

intrusions of comparatively little altered acid and basic matter are abundant. These

are for the most part conformable to the bedding of the schists, and embrace

granites, gneisses, schistose prophyries, diorites, and diabases. Whenever, in tliese

undoubtedly eruptive rocks, a schistose structure is apparent, this is conformable to

the bedding of the banded greenstone-schists.

Tlie southern portion of the area * * * is occupied by niucli more massive

and homogeneous greenstones of a nearly uniform light-green color and an almost

aphanltic structure. These are characterized by their division into oval or lenticular

areas which interlace and which are separated by a finely schistose material of much
finer grain. This peculiar parting, * * * at iirst glance, resembles the spheroidal

weathering of many eruptive rocks. There is, however, better reason for regarding

it as of mechanical origin. * * * Intrusive rocks are rarer than in the banded

greenstones of the northern portion of this area. (P. 137.)

A large number of thin sections of these schists are carefully described.

Some of the descriptions will be referred to in the body of this monograph.

At this point it will l)e necessary simply to (piote the author's conclusions.

With reference to the rocks of the Nortliern area he writes (p. 158):

* * * The structure of these greenstone schists is such as to necessitate a

belief in the original nature of their stratification ; while, on the other Land, their

chemical as well as their mineralogical composition renders it impossible to .separate

them from the massive and highly altered greenstones (uralite, diabases, etc.) with

which tliey are more intimately associated. Their parallel banding indicates a

fragmental, but their chemical and their mineral composition indicate an igneous

origin. The only satisfactory reconciliation of these opposite sets of characters is to

be found in that group of rocks intermediate between sediments and lavas, known as

volcanic tuffs.

In the opinion of the writer, then, the banded greenstone-schists of the Northern

Marquette area are to be regarded as consolidated and highly metamorphosed diabase

tuffs. These are intimately associated with numerous contemporaneous flows of

diabase and quartz-porphyry, together witii tuft's of the latter rock; while all have

been broken through by much younger dikes, both basic and acidic.

The rocks of the Southern area are not banded. "They are, for the

most part, massive, pale green in color, and apparently homogeneous in

structure."
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Ot" tlicsc till' author s^ays:

The oocasioual survival of the characteristic diabase structure even in some of

the more foliated forms, taken in connection with their evident identity with and

gradual transition into the massive varieties, appears to be suflicient proof that,

with the excejition of certain unimportant tufl' deposits, these green-schists have

been derived from basic eruptives through the agency of intense mechanical and

chemical action. (P. 165.) Originally [they were] massive basic Hows. (P. 103.)

The <'Teenstoiies of the Western or Ne<>aunee area, tlie second chosen

for examination, are Kkc tlie scliists of the Southern Manjuette ai-ea, while

those of the area north of Dead Ri\er are essentially similar to the rocks

in the Northern Marquette district.

Of the Deer Lake area Williams has little to i-ccord. A transcrii)-

tion of portions of Irvinj^'s fi(^ld notes d('scril)es this area as underlain

bv the jirecnstone-couglomerates referred to in his pul)lished papers and in

the articles of Uominger, N. H. Winchell, Alexander Winchell, and others.

Williams recognizes these as composed of volcanic detritus, ejected hj' an

exjtlosive force at the earth's surface. He calls them agglomerates, which

term is used "to designate a tumultuous assemblage of volcanic ejecta-

meuta, bombs, foreign Idocks, etc., of all sizes and shapes, cemented by a

fine-grained paste of volcanic ash" (p. 1 !>()).

Van Hise, C. R. An attempt to harmonize some apparently conflictiug views

of Lake Superior stratigraphy. Read before Wisconsin Acad. Sci., December 30,

1890. Am. Jonr. Sci. (3), Vol. XLI, 1891, pages 117-137.

In this article the author points out the significance of the existence of

the conglomerates abo^e the ore horizon. He calls attention to tlie fiict that

Foster, Foster and Whitne^^ r)rooks. K(Mninger, Wadsworth, Irving, and the

Wincliells had all recognized and described these conglomerates, and that

they all h;ul detected in them fragments of the underlying formations, but

the Wincliells onlv regiirded them as marking a break in the succession

of beds of sufiicient importance to warrant placing the rocks above and

below it in difierent geological ages. K. H. Winchell believed the break so

great that the overh'ing rocks were provisionally referred to the Potsdam.

The author describes the occurrences of the conglomerate at the (rood-

rich, Saginaw, Fitch, Barron, Winthrop, Cascade, Wheat, Jackson, Lake
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Superior, Baninin, Hostciii, Spurr, Mirlii^aniiuc, and Kepiiblic mines, and

shows tliat in iuaii\- instances its stratifieation is unconformable with that

of the ores and jaspers in contact with it and below it. He publishes a

photograph of the contact at the Goodrich mine, which exhibits the layers

of the jasper abutting against the conglomerate, and the latter unconform-

ably upon tluim. Since this conglomerate, as well as other similar ones,

contains ore, chert, and jasper fragments in precisely the same conditit)n in

which they occur in the underlying formation, it is plain that the latter

had reached its present condition before the conglomerate was deposited.

There is thus evidently a large time break, repi-esented by this unconformity,

in the series of rock beds lying aljove the granites and schists and beneath

the Potsdam sandstone. In other words, the rock series heretofore known

as the Huronian in reality includes two series, one above and the other

below the conglomerates lying n\Hm the ore-bearing formation.

Those [the rocks] upon the lower side of this break, in the exceedingly contorted

jasper, in the schistose character of its quartzites, and in the general assumption of a

semicrystalline character, show the evidence of profound dynamic action. In the

upper series, on the contrary, the folding has not been intense ; the fragmental charac-

ter of the slates and quartzites under the microscope is evident at a glance, and no

indication of great dynamic action is seen. While subsequent to the deposition of

the upper series the whole region has been subjected to a new folding, great enough

in places to give the later series a dip of 00° or 70°, as at the Goodrich, it has not

suffered since that time such intense dynamic movements as have produced the more

thoroughly crystalline and folded character of the earlier series. (P. 122.)

These facts contirm the coirectness of the view that the two series

belong to fundamentally different geological epochs.

In a footnote ^"an Hise refers to Wadsworth's anticipated objection to

this theory in view of the fact that the ores and jaspers are regarded by

him as eruptive, and states that this author's facts "indicate the eruptive

origin of the ore and jasper only if the schists are of sedimentary origin."

His own investigations show, however, that the Marquette iron-bearing

members " contain many schistose dikes, and also that in many cases the

massive greenstone knobs of the ^larquette region vary by imperceptible

stao-es into the schists associated with the iron ore and jasper. The schists

are then, in part at least, of eruptive origin. * » * This ^-iew reverses
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Dr. Wadsw'ortli'f?, and makes his .sediiueiitary rocks eruptive and liis erup-

tive ones sedimentary" (jjp. 123-124:).

The reiuainder of the paper is devoted luaiulv to tlie correhition of the

several Iluroniaii areas in the Lake Superior region, and to a discussion of

principles of nomeuclature. Tlie terms Upper Marquette and Lower Mar-

quette are u.sed l)y the author to designate those portions of tlie Ilurouian

above and below tlie uneonfonnity in the Marquette district, and the.se

together comprehend all the Algoukian series in this district. Below the

Lower Marquette is the Fundamental Complex of schists, granites, etc.,

(the Archean rocks), and above the Upper Hurouian lies the Potsdam

sandstone.

( )f course, where the Upper Marquette is in contact with the Archean

there are conglomerates and unconformities between the two series, ju.st as

there are between the Archean rocks and those of the Louver .Alanpiette

series. In each of the two series there is believed to occur an iron-bearing

foiTnation. The banded jaspers and ores immediatelv under the conglom-

erates belong in the Lower ^Marquette, and the cliertA' ores of the Dalilta,

Wetmore, and Beaufort mines, all of which are in black slates, l>elong

in the Upper series.

Wausworth, M. E. a .sketcli of the geology of tlie ^larcjiiette auil Keweeuawan
districts. Along the bowstring or soutli shore of Lake Superior. Published by

Geueral Pass. Dept., Duluth, South Shore and Atlantic Railroad, 1891, pages 77-01.

Li a second edition of the little handbook of the Didutli, South

Shore and x\tlantic Railroad we find Wadsworth's view^s on the oi-igin and

relations of the Marquette rocks ra])idh' clianging, as the result of the

studies by the Michigan survey, of Avhich he had been the chief for several

years.

Instead of classing all the formatiims of the district in the one "Azoic''

group, the author separates them into three divisions, naming them the

Cascade, the Repuljlic, and tlie ITolvoke formations.

In the Cascade formation are placed the hornl)lende-schists Avhicli are

invaded by granite and other eruptive rocks south of Palmer, and certain

detrital rocks composed of their debris, besides the eruptive jaspilites and
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ores associated witli these. No new facts ai-e given with respect to the

origin of the orc^s, Lnt the author repeats his former view and emphasizes

the notion of the eruptive oi'igin for these particular ores.

Al)ove the ores, and forming the base of the succeeding Repuldic for-

mation, he ])hices a series of fragmental deposits of ore and jaspilite. These

are described at mucli greater length than in the earlier article. The ores

constitute a large proportion of those mined. They ])ass upward into

([uartzites. The contacts between the fragmental and eruptive jaspilites^and

ores can be seen at the Jackson, Lake Superior, and other mines. In the

Cascade range all the jaspilite is of the fragmental kind; its layers are

interlaminated with those of quartzite.

Above this fragmental jaspilite foi-mation, with its associated qviartzites

and schists, both at Republic and at Cascade, there is another fragmental

series, composed of conglomerates, (piartzites, schists, etc. This formation

is well seen at the Holvoke mine, and hence has been called the Holyoke

formation.

'Die diabases and diorites are still believed to liave been erupted after

the denudation of the nonfragmentai jaspilites—that is, in Republic time.

Of the granite, however, two eruptions are now recognized. ()ne of these

"is older than tlie detrital jaspilite, if not older than any of the ore-beariug

formations, while another occurred subsequently to the ei'uptions of the

beforementioned * * * dialiases and diorites."

The peridotite of Presque Isle is now regarded as younger than the

granite in its proximity, while that northwest of Islipeming is shown to be

younger than any other of the large intrusive masses in tlie jMarquette

district.

The most important facts brought out in the paper, especially impor-

tant because the}" are opposed to the author's earlier opinions, are: the

divisibility of tlie Azoic into three formations of diHerent geological ages;

the recognition of an old granite, older than most of the ore deposits; and

the acknowledgment of the sedimentary origin of many of the ores and

jaspilites. T\w green schists are j)resumabh' still placed above the oldest

formation of the district.
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Hunt, T. Stekry. The iron ores of the United States. Trans. Am. Inst.

Min. Eng., Vol. XIX, New York, 1891, pages 3-17.

In his Pittsburg- address to the mining engineers Hunt gave a rapid

re\aew of the geological relations of the iron ores of the United States.

The pre-Paleozoie rocks for the entire country are di\aded bv hini into

the Laurentian, Norian, Avoniau, Huronian, Montalban, and Taconic sys-

tems, and the rocks comprising them are Ijelieved to liave been deposited

in a hot ocean highly charged with active chemical agents. The Marquette

ores are placed in tlie last of the above divisions—the Taconic—and in

that division of it which tlie author denoniinates the Animikie. With

regard to the ores of these pre-Paleozoic terranes the aitthor writes:

We moreover reject as untenable the notion of the igneous origin of the iron

ores themselves, which appear to be in all cases deposited from water, generally con-

temporaneous with the inclosing rocks, but more rarely by subsequent processes in

fissures, after the manner of mineral veins. (P. 5.)

GOETZ, Geobgk W. Analyses of Lake Superior ores. Ibid., pages 59-61.

Goetz gives a record of the analyses of ores from thirty-six mines in

the Marquette district.

Lane, A. C, Keller, H. F., and Sharpless, E. F. Notes on Michigan

minerals. Am. Jour. Sci. (3), Vol. XLII, 1891, pages 499-508.

The authors identified the cldoritoids of Humboldt, of the Fitch and

the Champion mines, referred to briefly and only incidentally by the geolo-

gists who had studied the district, as a triclinic chlorite similar to masonite.

It occurs "in altered arkoses or similar rocks, in one case both in the cement

and in the basic and acid pebbles of a conglomerate." They also find that

the hornblende in tlie "actinolite" or " anthophyllite " schists, associated

with the ores, especially of the western portion of the Marquette area, is a

monoclinic iron-amphibole or a griinerite.

Van Hise, C. R. The preCambrian rocks of North America. Conipte-rcndu

5tli sess. Internat, Cong. Geologists, Washington, 1891, pages 109-150.

This article is a condensation of the eighth chapter of the correlation

bulletin on the Archean and Algonkian of North America which is referred

to on pages 133—135.

MON XXVIII 9
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Van Hise, C. R. Pre-Cambri.iii geology of the Lake Superior region. Ibid.,

pages 489-512. \Vith maps.

In this ])apei', which is explauatory of a trip made througli the iron

districts of Lake Superior with some members of the International Con-

gress of Geologists, the author gives descriptions of the general character of

the Basement Complex and of the Upper Huronian and Lower Huronian

series. Very little is contained in these descriptions that had not been

given in earlier publications, of which it is largely an abstract. The maps

ai-e reproductions of those published Ijy Brooks, Irving, G. H. Williams,

Pumpelly, and Van Hise.

1892.

Van Hise, C. K. The iron ores of the Marquette district of Michigan. Am.

Jour. Sci. (3), Vol. XLIII, 1892, pages 110-132.

In this paper Van Hise gives a resume of the results of a preliminary

examination of the Marquette district.

Two ore-bearing formations are recognized in the district^one belong-

ing in the Lower Marqviette and the other in the Upper Marquette series, as

defined by the author.

The ore deposits of the Lower Marquette series consist of the banded

jasper and ore so many times described. The jasper is not a fragmental

rock. It is composed of individualized silica, forming bands which, when

white, are known as chert. When the grains are stained with red oxide of

iron they give rise to jasper. The siliceous bands are not regular in thick-

ness. The}" sometimes extend for long distances with a nearly xmiform

widtli. Sometimes they wedge out abruptly. Often they occur as rows of

lenticular masses. Near the top of the formation the silica is nearly all

jasperized. Farther down, as a rule, it is more cherty, until in the loAver

portions of tlie formation the siliceous l^ands are white.

Actinolite-magnetite-schists are also associated with the ores, especially

where these are magnetites.

Another and important component of the ore-bearing formation is a

cherty carbonate of iron. This lias been found most frequently where the

formation dips under a greenstone. Cutting these rocks are bosses and
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(likes of " fjToenstonc," wliicli were orif^inully, in inost cjises, diabase. In

their present <'i)iiiliti<)U tliev eonsist of (lii)rites, chlorite-scliists, talc-schists,

and other siniihir rocks which are known h)cally as " soapstones," "paint

rock," etc.

The rocks overlvinjj;- the ores are the congh)inerates and quartzites at

the base of the Upper series. The rocks occupy a g-reat syncUnal folil,

which in some places is corrugated into minor folds.

After thus outlining the general features of the lower iron formation,

the author proceeds to discuss the mode of origin of the ores. He clas-

sifies the deposits as follows: (1) Those at the contact of the quartzite-

conglomerate and tlie ore-bearing formation
; (2) those resting upon soap-

rock, which grades into massive diorite; (3) those resting upon soap-rock

dikes cutting the formation; (4) those interbedded in the jaspers and cherts.

Deposits of the first kind consist usually of specular or magnetic ore.

They occur either within the underlying jasper-ore formation or within the

basal layers of the conglomerate. In the latter case they are genuine

detrital concentrations. Those deposits within the jasper, but at the contact

of this with the conglomerate, are found usually where the former rock is

shattered, or sharjily folded, or where cut by dikes. The jasper often

passes into the ore gradualh'.

lu following a.jasper baud toward the ore it was found that instead of remaining

solid it becomes porous and frequently contains considerable cavities. These spaces

m the transition zone are lined with crystalline ore. In passing on toward the ore

deposit more and more of the silica is found to have been removed, and the ore has

.eplaced it to a corresponding degree. An examination at many localities led to the

conclusion that the transition from the banded ore and jasper to the ore takes place

as a consequence of the removal of silica and the substitution of iron oxide. Often

m these cases the fine grained jiart of the ore is that of the original rock, while the

coarser material is the secondary infiltration. (P. 121.)

The deposits of the second class comprise manv of the soft ores and

some of the hard ores. In either case the ore body follows along the con-

tact plane between tlie impervious "soapstone" and the unchanged jasper.

In deposits of the third class the ore, which is usually soft, nuxx lie

upon both sides of a vertical dike. When the dike is inclined at a high

angle the ore lies on its upper side only. In the troughs formed by inter-
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peuetratiii;j;- dikes or h\ offshoots from large masses of "diorite" the ore

deposits are the thickest.

Large ore bodies of the fourth class are unknown.

All the ore Ijodies of the second, third, and fourth classes lie wholly

within tlie lower iron formation, and at any horizon within it, provided in

the second and third cases there be present a "soapstone." Thus the distri-

bution of the ores is similar to their distribution in the Penokee district,

where thev have been shown to l)e dependent upon the presence near

them of some rock impervious to water.

All tlie facts bear toward the couclusiou that the ore i.s a secoudary concen-

tration produced by the action of downward percolating water. * * * The ore

deposits occur at places where circulating waters are sure to be concentrated. The

soap rock accommodates itself to folding without fracture, and while probably allowing

more or less water to pass through, acts as a practically impervious stratum, along

which water is deflected when it once comes in contact witli it. * * * On the other

hand, the brittle, siliceous, ore-bearing formation has been fractured by the folding to

which it has been subjected, so that -yhere these processes have been extreme water

passes through it like a sieve. That the tilted bodies of diorite or soap rock, especially

when in a pitching synclinal or forming a pitching trough by the union of a dike and

a mass of diorite, must have guided dowuward-tlowing waters is self-evident. * * *

It is also idain that the contact plane between the quartzite-conglomerate and the

ore-bearing formation, that is, the plane of unconformity between the Upper and

the Lower Marquette series, must have been a great horizon for downward-flowing

waters. (P. 125.)

Alou"- these channels silica was removed and iron oxide concentrated.

After aro-uino- the question the author concludes that the concentration

of the ores occurred, in all probability, "during and later than the folding

and erosion subsequent to Upper Marquette time" (p. 126),thi-ough the long

continued action of percolating waters, flowing downward along channels

whose courses were determined by the existence of imper^^ous rock masses

cuttino- tlu-ouo-h less impervious ones, or were directed l)y the contact plane

between the Upper and the Lower series. The iron probably came from the

formation in which the ore now occurs, and the diabases in their alteration

to "soapstones" provided some of the alkalis necessary to dissolve the silica.

The difference between the soft and the hard ores is supposed to be

due to the fact that the latter were first deposited in a crystalline condition
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and were ;^t"tel•^\•ar(l slie;uv(l, and that tlie schistosity (if tlie ore at the con-

tact of the Upper aud Lower series, as well as that iuterl)anded with the

jaspers, is the result of this shearing. The magnetic ore in the contact

deposit is thought to have been directly deposited in that form, while tliat

in the actinolite-schists may have been formed by direct oxidation oi' an

original iron carbonate.

The Upper Marquette ores have in general the same origin as the Lower

ones. The impervious strata here are often beds of black slate. Unaltered

carbonate is often found associated with the ores, and there is little difficulty

in recognizing all the stages of alteration between this and the oxide ores.

Sometimes a single ore body may belong in part to the Lower Huro-

nian and in part to the Upper Huronian, the replaced ore of the former and

the mechanical ore of the latter, at the contact of the two formations, being

welded together by secondary intiltrations.

Van Hise, C. R. The iron ores of the Lake Superior region. Trans. Wisconsin

Acad. Sci., Arts, and Letters, Vol. VIII, 1892, pages 219-228.

The author treats the same subject in this article as in the last. The

discussion in the present paper, however, is more comprehensive and less

technical than that in the preceding one.

Van Hise, C. R. Correlation papers—Archean and Algonliian. Bull. U. S.

Geol. Survey No. 86, Washington, 1882, pages 52-208, and Chapter VIII. With map,

page 48.

This is the correlation essay to which reference has already been

made. In it the author reviews the literature on the Lake Superior region,

summarizes it, and interprets it with the aid of his own experience. The

conclusions as to the succession in the Marquette district are in accord with

the author's views as published in earlier papers.

Some of the general conclusions reached in the study have a direct

bearing on the geology of the Marquette district, since this is one of the

areas that have yielded premises for the conclusions.

It is showii that the schistose crystallines under the Huronian rocks in

this district are older than the latter, forming a basement on which the

fragmental rocks were deposited.
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The l)asement series

—

consists of a most intrit'ate mixture of nearly massive rocks, among whicli grranite

and granite gneiss are predominant; of gneissic aud schistose rocks, all of which are

completely crystalline, and so folded and contorted that nowhere has any certain

structure over been made out over considerable areas. * * » The minerals in the

rocks generally show evidence of dynamic action; they do not have the clear-cut,

definite relations characteristic of the later jdutonic rocks. » * * Further, the

basal complex is not only recognized by its positive but by its negative (-haracters.

Nowhere in It is a persistent thick formation of (juartz-schist (although vein-quartz

is abundant), of liuu^stone or marble, of a graphitic schist, or of a conglomerate.

(P. 470.)

This complex, iu its positive as well as in its negative charactevistics, is

unique among the geological formations; hence, observes the author, it

deserves a descriptive name (Archean) to distinguish it from the clastic

formations above it.

Concerning the origin and stratigraphy of this complex little is known.

The only division generally applicable to the Archeau warranted by present

knowledge is its separation into (I) fine grained mica-schists, feldspathic mica-schists

(technically gneisses), hornblende-schists, hornblende-gneisses, etc., and (2) the granites

and granitoid gneisses, with their associates. (P. 488).

The term Laurentian is propost-d for the lighter-colored, gneiss-granite

portion of the complex, and Mareniscan for tlie darker, schist j)ortion.

The classification of the Marquette rocks, then, in its general featiu-es,

is as follows:

Paleozoic Cambrian — . Potsdam.

Affnotozoic or Proterozoic . .Alsonkian.
eweenawau.K

lluronian. . .|
PP "

[ Ijower.

Archean Archean Mareniscan and Laiu-entian.

In the Lake Superior region, between the Archean and the Potsdam sandstone,

the great Algonkian system is subdivided into three series, which are separated by

very considerable unconformities. The lowest sei-ies is closelj^ folded, semicrystalline,

and consists of limestones, quartzites, mica-slates, mica-schists, schist-conglomerates,

and ferruginous aud jaspery beds, intersected by basic dykes, aud in certain areas

also by acid eruptives. It includes volcanic elastics, often agglomeratic, and a green
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chloritic, finely laniiiiated schist. The thicikness of this series has not been worked

out with accuracy, but at its maximum it is probably more than 5,000 feet. As the

term Huronian has been for many years ai^plied not only to the Upper Huronian

series, but to this inferior .series about Lake Superior, it is (tailed Lower Huronian.

Above this series is a more gently folded one of conglomerates, quartzites, slates,

shales, mica-schists, ferruginous beds, intcrbedded and cut by greenstones, the whole

having a maxiniiiin thickness of at least 12,000 feet. » * » In its volume, degree

of folding, and little altered character the I'pi)cr Huronian is in all iesi)ects like

the ujiper series of the original Huronian, and can be correlated with it with a con-

siderable degree of certainty. Above the Up])er Huronian is tlie great Koweenawan
series. * * *

The unconloriiiity which sei)arates the Ijower Huronian fioni the Tip])er Huro-

nian and that which separates the latter from tlic Keweenawan each represents an
interval of time sufficiently long to raise the land above the sea, to fold the rocks, to

carry away thousands of feet of sediments, and to depress the land again below the

sea. That is, each represents an amount of time which perhajis is as long as any
of the periods of deposition themselves. In parts of tlie region the lowest clastic

series rests unconformably upon the Fundamental Oomi)lex, but in certain areas the

relations have not been ascertained. The upper of the three clastic; series, the

Keweenawan, rests unconformably ])el()\v the Cambrian. (Pp. 409-500.)

VVadswortii, M. E. a sketch of tlie geology of the iron, gold, and copper

districts of Michigan. Nature, December 1, 1802, page 117.

Ill this same year, at a meeting- of the Geological Society of London,

Wadsworth gave an advance abstract of his report for 1891-92 as State

geologist of Michigan. In this paper all tlie rocks below the Cambrian are

still called Azoic, but they are separated into three formations, beginning

with the Cascade as the oldest, as in the brochures of the Dulutli, South

Slioi-e and Atlantic Railway. 'I'lie Cascade formation embraces gneissoid

granites, basic eruptives and schists, jaspilites, and the associated iron

ores and granites. Next follows the Republic formation. Beginning with

the oldest beds, this embraces conglomerates, breccias and conglomeratic

schists, quartzite, dolomite, jaspilite and associated iron ores, argillite, schists,

granite, felsite, diabase, diorite, peridotite, and porphyrite. In ^•iew of dis-

coveries made l)y the State survey of Michigan and by tlie United States

Geological Survey regarding the jaspilites, the author is inclined to give

up his former view of the eruptive origin of these rocks and their associated

ores. The newest Azoic formation is the Holyoke (the Keweenawan is
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regarded as Cambrian). This com])reliends conglomerates, breccias, con-

glomeratic schists, quartzites, dolomite, argillite, graywacke and graywacke-

schist, granite, felsite (?), diabase, diorite, peridotite, jjorodite, serpentine,

and raelaphyr or ])icrite.

Wadswortu, M. E. Subdivisious of the Azoic Arclittan in Northern Michigan.

Science, December 23, 1802, page 355.

In this article the author further subdivides the "Azoic," adding two

new formations to those recognized in the preceding paper. The table he

publishes shows the supposed equivalency between his own formations and

those proposed by Van Hise.

SlICHIQ^VN GEOLOGICAL SURVEY. MTED STATES GEOLOGICAL SrRVEY.

Azoic or Archean system

:

i

Laureutian (?) period i Cascade formation...

,, , f Republic formation .

.

Hnronian period
I Mesnard formation .

.

Holyoke formation .

.

egaiinee formation .

Michigan period.

Fundamental Complex.

Lower Marquette series.

lUpper Marquette series.

Gresley, W. S. a hitherto undescribed phenomenon in htematlte. Am.

Geologist, Yol. IX, 1S92, pages 219-223.

Gresley describes a specimen of fibrous red hematite from the Lake

Supeinor region that seems to consist of fragments of botr3'oidal masses.

In the mid.st of tlie masses are cavities, around .jvhich the fibers sometimes

curve. No theory is proposed to account for these. It is suggested, how-

ever, that hematite, in "growing," encountered obstructions that have since

been removed.

1S93.

Wadsworth, jM. E. Report of the State Geologist for 1891-92. State Board

of Geol. Surv. for the years 1891 and 1892, Lansing, 1893, pages Gl-73. Signed

October 17, 1892.

In this paper the author gives an account of the work done under his

direction by the IMichigan survey during the years 1891 and 1892. The

discovery of the conglomeratic base of the Republic formation, resting
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upon tlie old gneisses and gTiinites of (Cascade age, south of tlie Winthrop

mine, is reported. The quartzites of Teal Lake are described as proljahly

belonging with the Holyoke formation, because their basal portion is n thin

conglomerate rc-sting upon chloritic and sericitic schists that resemble cer-

tain of the schists in the Republic formation. This quartzite is unconforiu-

ably above the marl)les or dolomites of the eastern portion of the j\Iar-

quette district, which in turn are conformably above the Mount Mesnard

quartzite. There are thiis two ([uartzites here, one above and the other

below the marble.

The marbles and the underlying (piartzites a})pear to l)e unconfoi-m-

ablv above the I\e])ublic formation, which, according to the author, includes

sericite-schists and green schists, and at the same time to l)e below the

Holyoke formation. This series of rocks is known jn-ovisionally as the

Mesnard formation. One oi the difficulties in determining the exact rela-

tions of the Mesnard rocks to the neighboring series is due to the fact that

there is believed to exist above the Holyoke series, and uncouformably

above it, another series of graywackes, quartzites, etc., which is designated

the Negaunee formation. The existence of the Mesnard and the Negaunee

formations is not proved beyond doubt, but it is thought to be probable.

The sequence in the Marquette district is thought to lie tliat indicated

in the scheme publislied in Science the preceding year.

Wadsworth, M. E. a sketch of the geology of the iron, gold, and copper

districts of Michigan. Ibid., pages 75-155. Dated March 2G, 1892.

The details upon which the conclusions of the preceding article are

based are given in this article in the same report.

The author begins this paper with a discussion of the means ]>y whiidi

the various Marquette rocks were produced, and gives a table of rock

classification. In these preliminary remarks he refers to the green schists

north of Teal Lake and those near ]\Larquette as altered or metamorphosed

detrital deposits, in which class he also places many of the chlorite-schists

of the iron mines, the griinerite-schists and mica-schists in the western

portion of the area, and certain ottrelite-schists near Palmer, on the Cascade

raug-e.
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The Cascade fonnatiou sliows best its relations to tlie younger forma-

tions near tlie Volunteer mine, on the Cascade range.

Here one finds an old honiblendic scliist tliat has been invaded by eruptive

granite and other volcanic rocks. * * * It is not impossible that the hornblendic

schist may be au altered eruptive or volcanic rock, instead of being a sedimentary

one, although the evidence thus far obtained points to the latter origin.

Near the mine the Republic formation, with a basal conglomerate, may

be seen rej)osiug unconformably upon the Cascade rocks, and imconform-

ably above these may be seen the Hoiyoke rocks.

The rocks comjirising the Cascade formation have already been men-

tioned. Some of them are detrital accumulations derived either from an

older formation or from some volcanic source. It may be that the Cascade

series should be divided into two parts, since it appears that in a few areas

some of the gneisses are eruptive in origin instead of fragmental, as is

the case with most of the Cascade gneisses, which are younger than the

eruptive gneisses and contain fragments of tliem. All these gneisses are

cut bv granites and by liasic dikes.

The composition of the Kepul^lic fornuvtion has already l)een outlined.

In it are most of the jaspilites of the district. These, it is stated, may still be

regarded as eruptive at Ishpemiug and Negaunee, though elsewhere they

seem to be sedimentary. The phenomena formerly supjiosed to prove the

eniptive origin of the jaspilites and ores are shown to be explained by

the eruptive nature of the green schists with which they are in contact.

The sedimentarv t)rigin of the jaspilites is plainly shown in the Cascade

range, south of Palmer, where these rocks are interlaminated with quartz-

ites, often in thin beds. Some of the beds contain fragments of banded

jaspilite, which would indicate that there is an occurrence of this rock some-

where beneath the Republic fomiatiou. Moreover, most of the jaspilites

interlaminated with the quartzites "appear to be composed of a tine

jas])ilite mud derived from the jaspilitic debris."

The belief in the existence of jaspilite in the Cascade formation rests

upon the evidence just given; but the author thinks it possible that the

jaspilite fragments in the conglomerates may have I'ome from veins in

the older rocks, although these are rarely observed.
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The Repul)lic formation as a whole is separated from tlic Cascade

formation below and from the Holyoke formation al)ove l)y (•()n<ilomcrates

and unconformities. The conjrlomerates are well known at a nundier

of places. Objections are raised to the acceptance of Irvinii's tiieorv of

the origin ot the ores from an oriii'lnal ferrniiinous carbonate, since it is

believed that the carbonate is itself secondary and that the phenomena of

alteration reported are "due to surface action on the iron-bearin<i- sc-liists."

More detailed accounts of tlu? eruptive rocks cutting;- tlie h'epublic

formation are given in this report than in the abstracts alread}- r(4erre(l to.

Granites, felsites, diabases, diorites, and porphyrites are all reco<i-nized

as intrusive in the Repuljlic i-ocks. Many of the green schists of the

formation are thought to be eruptive, though it appears tliat some ol' them

are still i-egarded as sedimentary-.

The porodites, or volcanic asluis, are common in botli the Repul)lic and

the Holyoke formations, though "more apt to be seen in tlie former."

In treating of the Holyoke formation Wadswoith refers to his former

belief that Brooks's (piartzit(^ tongue in the iron formation at lve})ul)lic Is

an eruptive greisen. He now corrects this earlier statement and acknowl-

edges the rock to be quartzite, but supposes the iron-schists below and above

this tongue to be of different ages. The former he regards as He})ublic and

the latter as Holyoke. At this place and at several other localities there

were observed in the Republic rocks fissures filled with Holyoke sediments.

These the autlior proposes to call clasolites.

Very little information is given with respect to the rocks of the Molvoke
formation other than that contained in pre^'ious papers.

The Marquette and Ishpeming serpentines are believed to be proved

the youngest of the large intrusive masses in the district, and to be

younger than any of the dike .rocks except the youngest diabases and the

melaphyrs.

Under the heading of chemical dei)osits the author ])laces the soft iron

ores of the district and the quartz veins, some of which can-\- auriferous

pyrite and native gold.

Chapter IX of the i-eport contains a description and an analysis

of a new fibrous mineral from the Champion mine, which A. C. Lane
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calls lieaconito, and also analyses of a cliloritoid, an ainpliibole, and a

clay. A list of minerals occnrrint;- in tlie Upper Peninsula concludes the

cliapter.

Lane, A. 0. Microscoi)ic cliaracters of rocks and minerals of Michigan.

Kept, of State Board of Geol. Surv. for 1891-92, Lansing, 1893, pages 176-183.

In an a])j)endix to Wadsworth's report Lane describes very brieil)' the

microscopic characters of some of the most interesting- rocks of the Marquette

district.

Among these the class of the quartz-diabases is mentioned as well

characterized by the presence of quartz, sometimes, indeed, only in small

quantity. The rocks are the youngest eruptives of the district. The}'

occu])A' well-defined dike tissures, and have altered the slates adjacent to

them. Their quartzose component is iisually in the interstices between the

diabasic constituents, and is frecjuently intergrown with plagioclase. It is

regarded as original. The rocks are present in some of the n^iines, and in

these cases they seem to have aided in guiding the aqueous currents active

in producing the ore, but they are different from the miners' "diorites," and

are younger than these.

The amphibolites and hornblende-schists of the author include the

"diorites" referred to. They are all secondary rocks, having been derived,

in all prol)al)ilitA', from diabases. In the alteration of tlie latter rocks into

the former ones iron o.xides were removed and were condensed into ore

bodies. Transitions from chlorite-schists, which are often but marginal

forms of the amphibolites, into ore bodies can he seen at the Chamjnon

mine, the magnetite replacing the eruptive rock in j)laces. The author

ascribes to some of the ores of the district this origin, but excludes the soft

ores from the category.

Patton, H. B. Mi('roscopic study of some .Michigan rocks. Ibid., i)ages

184-180.

In another appendix Patton deals with the microscopic features of

some of the rocks referred to in Wadsworth's report. Aplitic diorites are

mentioned as occurring in the SE. ^ sec. 14, T. 48 N., R. 25 W., and on the

Middle Picnic Island.
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BiRKiNBiNE, John. Iron ores. Mineral I{e.sources of the United States, cal-

endar year 1891, Washington, 18'.l.!, pages l(>-4«.

We find in this paper- an abstract of the reports of (A D. Lawton,

conimi.ssioner of mineral statistics for ^Michigan, explaining tlie occurrence

of the ores in the Maniuettc district. IMie rocks associated witli the ores

are stated to be built up of the detritus of the Laurentian rocks. The ore

formation is folded, the ore bodies being- found in the troughs of the folds,

with a hanging wall of quartzite, which is often sei)arated fr. .111 'the ore by

"soap rock" (}>. 17).

Van Hise, G. E. The snccessiou in tiie Marqnette iron .listrict of Micliigan.

Bull. Geol. Soc. Am., Vol. V, 1893, ])age.s 5-0.

The first announcement of results reached In' the Lake 8ui)erior

division of the United States Geological Sitrvey hi the detailed examina-

tion of the Marquette area was made in 1893 by Prof. C. R. Van Hise, in

a short paper read at the Madison meeting of the Geological Society of

America.

The oldest group of the district is called the Basement Complex, follow-

ing Irving's suggestion. It consists of granite, gneisses, hornblende-schists

and mica-schists, green schists, and greenstone-conglomerates, which appear

to be surface volcanics, in part lavas and in part tuffs. The schists are

intruded by granite and gneissoid granite. No sedimentary rocks are known

in the group.

Unconformably on this gr(.up is the Lower JMarciuette, consisting, in

ascending order, of conglomerates and (luartzites, and the iron formation,

including actinolite-magnetite-schists, ferruginous cherts, jaspers, etc.

The Upper Marquette rests upon any one of the lower formations.

Broadl}- speaking, it is a shale, mica-slate, and mica-schist formation,

although at its base are often found quartzites and conglomerates. Where

the underlying rock is the iron-bearing formation of the Lower ]\Iarquette

the basal member of the upper series consists of a recomposed iron-bearing

formation, which may, in consequence of secondary concentration, afford

workable ore bodies. Another iron-ore horizon occurs at from several hun-

dred to 1,000 feet above the base of the series. This formation is not much

unlike the corresponding formation in the lower series.
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Ill the eastern p(»i-ti(>n of the district is the Mesiiard formation of the

Michigan survey. In this the succession comprises: (1) A lower quartzite

and conglomerate; (2) a dolomite interstratified with slates and cherty

qnartzites; and (3) an upper quartzite. The tiiie position of this forma-

tion is not yet determined.

Great intrusive dikes and l)osses of altered dialiase liave liroken through

the Marquette series and have been the causes of minor folding in them.

In the upper series is also an extensive area of contemporaneous volcanics,

largeh' tuffs, running from north of the Saginaw mine to Champion. The

locus of the ancient volcano was southeast of Clarksburg. In passing east

and west from this center more and more waterworn sediment is found

intermingled with the volcanic debris, until finally the rocks j^ass into the

ordinary sediments of the district.

WiNCHELL, N. H. Field observations of N. H. Wincbell in 1892. Twenty-first

Ann. Kept. (Teol. and Nat. Hist. Snrv. of Minnesota for 1892, Miuneapoli.s, 1893,

pages 80-99.

A few hastily taken field notes and a statement clain^ing priority in the

discovery of the existence of two Huronian formations in the Marquette

district comprise the (^nly portions of N. H. Winchell's Twent}'-first Annual

Report that deal with the area under discussion.

The Republic mine is placed by the author in the Keewatin fonnation.

With respect to the second part of the article, it will be sufficient to relate

that Wiuchell appeals to his discovery of the conglomerate in the Saginaw

mine in 1888 as evidence that he recognized the existence of two ore-

bearing members of the Huronian in the Michigan iron district. He omits

reference to the essential fact that he placed the rocks abo\-e the con-

glomerate in the Potsdam. The Saginaw deposits are now placed in the

Taconic. There accompany the article several sketches of the contacts

between the conglomerate and the underlying iron formation as tlie autlior

saw them in the Saginaw and Goodrich mines.

WiNCUELL, Horace V. Historical sketch of the discovery of mineral deposits

in tbe Lake Superior region. Proceedings of the Lake Superior Mining Institute,

1893, pages 19-22.

In this article Horace V. Wiuchell recounts, among other things, the

incidents leading to the discovery of the ore deposits of the Jackson, Cleve-

land, Republic, and other mines.
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Smyth, H. Ij. A coutact between the Lower Iluroiiiiiii and I he luiderlying

granite in the Itepnblic trough, near Republic, Michigan. Jour, of (ieol., Vol. I,

1893, pages 208-274.

Sinvth describes as existing south of the Rei)uhlic mine, in tlu' l)en(l

of the horseshoe made by the ontcro|)pino-s of tlie iron-l)eiiring rocks,

the first proved unconformity between what is regarded as the lowest

member of the Lower Iluronian series in the Marquette district and the

imderl>ing Basement Complex. The existence of this unconformity was

inferred by Brooks from the fact that the strike of the cpiartzites and actin-

olite-schists near this place runs directly across the foliation in the neigh-

boring granite. Smyth discovered the iictual contact of the two series,

and found the basal member of the overlying one to be a coarse conglom-

erate containing large bowlders of the same granite as that below the

coutact. Between the conglomerate and the granite h a thin band of a

schistose rock, in all probability representing a sheared portion of the

granite or of the conglomerate.

Van Hise, C. R. An historical sketch of the Lake Superior region to ('ambriau

time. Jour, of Geol., Vol. I, 1893, pages 113-128. With map.

]\Iuch of the information imparted in this summary statement of the

knowledge concerning the relations of the pre-Cambrian formations to one

another in the Lake Superior region is contained also in the coi-i-elation

essay on the Archean and Algonkian, already referred to. There are

described, however, a few additional facts of detail that are of interest.

The Lower Huronian is now said to be composed of three members,

instead of the two recognized in earlier papers. In ascending order they

are as follows: (1) Conglomerates and quartzites; (2) limestone and chert;

(3) the iron-bearing formation. These three members are not often seen

in a single section, in consequence, in some cases at least, of the entire

absence of one or the other of them. Basic eruptive rocks are also

abundant in the Lower Huronian, and acid eruptives occur not infrequently.

At the end of Lower Huronian time the Lake Superior region was

raised above the sea, folded, and subjected to erosion, and the U^jper

Huronian sediments were deposited upon the Lower Huronian ones. Like

the Lower series, the Upper series consists also of three formations, which are
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all less ci-ystalliiie tliaii the three formations of the Lower series. These are:

(1) A lower slate, passing locally into a quartzite or conglomerate, (2) an

iron-bearing formation, and (3) an upper slate member. Where the lowest

member of this series rests immediately npon the Lower Huronian, the

underlying member may be any one of the three older formations, and

the character of the overlying conglomerate varies accordingly.

Volcauics, as distinguished from intrusive ernptive rocks, occur inter-

laminated with the Upper Huronian sediments. "In the Michigamme

iron district is an extensive area of greenstones, greenstone-conglomerates,

agglomerates, and surface lava-flows, many of which are amygdaloidal"

(p. 121).

At the end of Upper Huronian deposition the land was again raised

above the sea, and after the rocks had been folded, gently as a rule, but

intensely locally, the atmospheric agents once more l^egan their work of

cutting them down. The land was then again submerged, and after some

time (during which elsewhei'e the Keweenawan rocks were formed) the

Potsdam sandstone was laid down npon them.

Smyth, H. L. The quartzite tongue at Ecpublic, Michigau. Jour, of GeoL,

Vol. II, 1894, pases 080-(!91.

The subji'ct of discussion in this paper is the origin of the quartzite

tongue mapped by Brooks as penetrating the iron-bearing formation at

Republic, on the western side of the eastern heel of the horseshoe. It is

this quartzite that was stated by Wadsworth in 1880 to be an eruptive

greisen, and was later (in 1892) determined to be a quartzite whose position

between two portions of the iron-bearing formation was explained by

supposing that the rocks on the different sides of the "tongue" were of

different ages—that on the western side belonging with the Holyoke forma-

tion, and the larger eastern mass of the same rocks to the Republic series.

An imconformity was shown to exist by Wadsworth between the quartzite

and the eastern jaspilites and ores.

Smyth explains the phenomenon as du(^ to a fault along tlie contact

plane between the quartzite and the iron formation, which is also a plane
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of unfOiift)niiity. The iron-bearing rocks on both sides of the qnartzite

are of the same age, and, indeed, are portions of the same formation;

conseqnentl)^ there are not two ore horizons in tlie Repnbhc area, as

Wadsworth snpposed.

The Repnbhc structure is described as a s^-nchne some 7 miles hjng'.

Its axis runs about northwest, and is nearly horizontal, except at its south-

eastern end, south of Smith Bay, Avhere it dips about 45° to the nortliwest.

The rocks are thus exposed in a horseshoe-shaped curve. They have been

squeezed nearly into parallelism on the two sides of the axial plane, the

Lower Marquette rocks dipping a little more steeply than those belonging

in the U})per ]\Iar(|uette series. The radius of tlu; ciu've at the toe of the

horseshoe, measui-ed from the base of the upper quartzite, can be very

little greater than the thickness of that formation. The pr-essure caused

by this sharp folding has not only crushed some jtortions of the more

brittle rocks affected by it, but has also ])roduced three synclines and two

anticlines subordinate to the main syncline.

1S95.

WiNCHELL, N. H. The origin of the Archeau greeustones. Twenty-third

Ann. Rept. Geol. and Nat. Hist. Surv. of Minnesota, 1895, pages 4-35.

N. H. Winchell criticises Williams's work in the greenstone-schist areas

of the Marquette and Menominee districts, but adds nothing to our knowl-

edge concerning them. The author seems to believe that Williams had

concluded that the greenstone-schists of the Marquette district are mainly

squeezed irruptive rocks, whereas the strong point of his paper is the doc-

trine that they were originally basic tuffs and surface lava flows. After

discussing the j^roblem somewhat at length, Winchell reaches very nearly

the same conclusion as does Williams, i. e., he concludes that the greenstone-

schists are mainly altered tutfs of basic rocks. He does not believe, how-

ever, that they reached their present condition through the action of

d}'namic metamorj)hism, but the processes by which they liave becqme

schists are not clearly set forth.

The author furthermore ascribes to the schists a definite horizon at

the close of the Archean, and places under them an iron-bearing- formation,

MON xxviii 10
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chlorite-schists, clay-slates, graywackes, conglomerates, aud quartzites. He
also states that the greenstone knobs in the neigliborhood of Negaunee are

outliers of the greenstone-schists, older than the iron-formation rocks by

which they are surrounded; but he cites no proofs of the correctness of this

statement.

Dana, J. D. Manual of geology. Fourtli edition. American Book Company,

1895.

Professor Dana, in the last edition of his Manual, declines to recog-

nize the Algonkian system as distinct from Archean. He places the Mar-

quette ores in the Hurouian as recognized by Logan and Murray, and

accepts the conclusions of Irving and Van Hise as to their origin from a

carbonate by metaniorphism (pp. 449-450).

RoMiNGER, C. Geological report on the Upper Peninsula of Michigan, exhib-

iting the progress of work from 1881 to 1884. Iron and copper regions. Geol. Surv.

of Michigan, Vol. V, Lansing, 1895, jiages 1-94.

This is the long-delayed report by Rominger on the iron and cojjper

districts of Michigan, to which reference has ali'eady been made several

times. In justice to its author it should be stated that the work upon which

it is based was done in the years 1881 and 1882, and the manuscript was

completed in May, 1885, but the publication was deferred for the reason,

given in Rominger's own Avords, that " the description of all the results

obtained comprises the space of about 50 or 60 printed pages, too small for

a se^^arate publication in book form." It was not until the fall of 1893 that

enough additional material had been accumulated by the Michigan survey

in proper shape to be incorporated with Rominger's report and make a

volume of sufficient size to warrant its publication by the State board of

geological survey.

The report is a continuation of that of 1881. Some of the conclusions

reached in it are different from those reached in the previous report, but on

the whole the author maintains his original position with respect to most

of the disputed points. He still declines to regard the Marquette rocks

as comprising portions of two distinct series, as "no tenable line of

demarcation between an older Lam-entian and a younger Huronian group
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uucoufonnably deposited on tlie first could be observed" (p. 1). The
entire series of rocks observed in the district is classed as " Hurouiau."

The granites and gneisses of the lowermost portion of the series are

now thought to have the characters of eruptive rather than of sedimentary-

rocks. A solid crust of granite served as the substratum on which the

Huronian beds were laid down, as is proved by the occurrence of belts of

granitic conglomerate and breccia in different horizons of the series.

Two occurrences of these conglomerates associated with the granites

are particularly described, Adz, that in the SE. ^ sec. 22, T. 47 N., R. 26 W.,
and that in the N. ^ sec. 29, T. 48 N., R. 25 W. The first locality furnishes

excellent proof of the correctness of the author's conclusion. Here are

several knobs with nuclei of massive granite sun-ounded by mantles of

coarse breccia, made of fragments of granite in a cement composed of well-

laminated quartzose material, and around these are hydromica-slates inter-

bedded with heavy belts of compact quartzite, which are conformable

with the breccia. At the second locality the conglomerate is interlami-

nated with diorite-schists, and is at some distance from any known outcrops

of granite.

In the former report the author described a gradation of the granite

into quartzite. The outcrops thought to show this gradation were again

visited. The gradation rocks are now regarded as a mixture of granite

fragments and of sand material.

Granite was upheaved, according to the author, and was intruded into

the overlying strata near the close of Huronian time, since it is found in

contact with all the Huronian strata up tcj the youngest, thouo-h inti-usive

belts of it are rarely found higher than the iron-bearing formation. More-
over, the beds in contact with the granite are always dislocated. The
dislocation, however, is not always due to the upheaval and intrusion of

the granite. It has been caused in part by diorites and diabases, which
intersect the gi-anite as well as the incumbent beds.

The greenstones intersecting the granite are identical with those

intersecting the schists of the Huronian series, and with those interlami-

nated with these rocks. Their massive forms grade into greenstone-schists.

This fact led the author in his previous report to regard the diorites as
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fused sediments, representing the lowermost beds in the .sedimentary suc-

cession. In the second report he does not look upon them as belonging-

with the sediments, but believes them always to be later eruptives. Of

the two kinds of greenstone the diabases are regarded as the youngei\

They are often found cutting the diorites. The latter rocks, on the con-

trary, are old rocks. Although in ii few cases they wei'e observed to

contain the remnants of decomposed augite, the greater portion of them

are thought to be original rather than secondary rocks (uralitic diabases)

derived from diabases by alteration. In this respect the author diifers

from those geologists who are inclined to look upon all the diorites of the

district as altered diabases.

As the result of closer investigation, an iron-bearing horizon was

discovered in the arenaceous slate group, so that the author now recognizes

two ore horizons in the Marquette district instead of one only, as originally

was the case.

HoBBS, W. H. Miueralogical notes. Am. Jour. Sci. (3), Vol. L, 1895, i)ages

121-128.

2. Barite aud manganite from the Lucy mine, Negaunee, Michigan, ijages

123-125.

3. Chloritoid from blocks on tbe south shore of Miehigamme Lake, Michigamme,

Michigan, pages 12.5-127.

The first of these two notes is ])urely mineralogical. The two min-

erals described are from the Lucy mine, in the SW. \ sec. 6, T. 47 N.,

R. 26 W.

In the second note the author calls attention to the existence of a

chloritoid with the composition of masonite in specimens of a phyllite-

schist picked up on the south shore of Lake Michigamme. The rock is not

known in situ. The chloritoid is the same as that described by Lane,

Keller, and Sharpless in 18'J1.



CHAPTER TT.

By W. S. liAYLEY.

THE HASKMEN^r COMPLEX.

P)e]()\v tIic .Vlyoukiau deposits of the Manjuette area are scliistose and

massive pliases of crystalline and pvroclastic roeks, so different from the

Algoukian sediments tliat there is rarely any diffii-uhA' in disting-uishiiiy

between them and the clastic rocks above them. These inferior rocks are

unconformabh' l)elo\v the lowest members of the Marquette series. It is

probable that the^' embrace members of widely different ages, but up to

the present time no separation of the schists into sharply defined subgroups

upon the basis <tf age has been attempted, because of the complexity of the

relations existing between the various r<:)ck types, due largely to the many

vicissitudes through which they have passed and the consequent alterations

to which they have been subjected.

Divisions corresponding to the Laurentian and Greuville series of

Canada, as defined by Adaras,^ and even the lithological ones, Laurentian

and Mareniscan, proposed l)y X'dii Hise," are not clearh' distinguishable in

all of the district that has been studied. Jiut the work on the pre-C-ambrian

areas is as \'et far from complete. A more careful investigation of large

areas will jjrobablv show that, in a general sense, such broad distinctions

as those recognized in the terms "Laurentian" and "Mareniscan" do exist

in the Michigan "Archean." The present study of the Marquette district

was primarily directed to the Algonkian series. In the jjre-Algonkian

'Afurtber pontribiitioii to our knowledge of the Laurentian, l)y F. 1>. Adams: Am. Jonr. Sci.

3d series, Vol. L, 1895, p. 58.

^Correlation papers—Archean and Algonkian : Hull. U. S. Geol. Survey No. 86, 1892, pp. 488—tiO.
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part of tlie district it has been prosecuted only carefully enoug-li to insure

accurate mapping of the main areas.

In consequence of the widespread occurrence of the granites and

schists beneath the sedimentary formations, and the complexity of their

structural relations, the term "Basement C'omplex," first proposed by

Ir^'iug, has been used to designate them, as indicating that they constitute

the basement upon which the Marquette sediments were laid down.

This Basement Complex in the Marquette district, as elsewhere in the

Lake Superior region, consists of a series of acid and basic schists, cut by

veins and dikes of granite and other acid rocks, dikes of basic erujjtives,

and bosses of acid, intermediate, and basic materials. The whole comprises

a confusing mass of crystalline rocks, the relations between which may

sometimes be discovered, but which more frequently are not decipherable.

So different are these rocks from the members of the Marquette series in

appearance, structiu-e, and composition that even where there is no apparent

structural break between the two series, on lithological g-rounds alone they

would naturally be regarded as of different ages, or at least as having been

produced under very different conditions. It is partly for the ]nirpose of

contrasting- their characteristics with those of the Algonkian rocks that the

members of the Basement Complex are here described.

The Marquette rocks are bounded both to the north and to the south

by areas of the Basement Complex. The northern area differs somewhat

from the southern one in the nature of its rocks, and therefore the two are

discussed separately. In addition to these tw<i large areas, there are smaller

ones tliat are entirely surrounded Ijy the Algonkian beds, like islands in a

sea of rocks. In these areas the rocks are not materially different from

those of the larger areas, but for the sake of clearness in picturing the

structure of the Marquette range they will be referred to separately and

described briefly.

SECTIOX I. THE XORTHERN COMPLEX.

Throughout nearly its whole extent, from Lake Superior as far west as

beyond Lake Michigamme, the Marquette series is limited on the north by

a belt of crvstalline and pyroclastic rocks, cut by basic, intermediate, and
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acid dikes and bosses and by granite and (juartz veins. Near Lake Superior

tlie two series are separated by a small area without outcrops, except occa-

sional ledges of Potsdam sandstone. Whatever rocks may underlie this

area, they are buried deep beneath Pleistocene sands and gravels. Else-

where the exposures of the two sei'ies are close together, and at many
places actual contacts may be seen.

The rocks comprising the Northern Complex are gneissoid granites,

syenites, greenstone -tuffs, greenstone - conglomerates, greenstone -schists,

peridotites, aplites, vein granites, diabases, diorites, and epidiorites. The
first five are at many places highly foliated, while the last six are massive,

or but slightly schistose. The former occupy the greater portion of the

belt, so far as it is within the limit of the map (Atlas Sheet IV). They
are older than the latter, which cut them in the form of dikes and bosses.

The foliated rocks occupy areas whose boundaries are not so well

defined as is the case with the Marquette fragmentals, since the schists

and the granitoid gneisses and syenites gradually pass into one another,

through the intrusion of the liasic rocks by dikes and veins of the acid

ones. Nevertheless, an attempt has been made to map these areas. In

their interiors the different phases of schists, granites, and syenites are well

characterized, but on their ])erip]ieries there is always a complex mixture

of the various schists with one another or with the granitic rocks. The
respective colors on the map are believed to cover the areas within which

the corresponding rocks predominate largely over other rocks. Tlie bound-

ary lines separating the different areas are drawn at about the places where

the different varieties are found in approximately equal quantities.

The greenstone-schists include two classes. The rocks of the first class

are nonconglomeratic green schists. These are called the Mona schists,

because good exposures are found on hills of this name southwest of

Marquette. Those of the second class contain pebble-like bodies, and

these are discussed separately. Their best development is on the Kitchi

Hills, in the neighborliood of Deer Lake, northwest of Ishpeming, and

hence they are called the Kitchi schists. They have frequently been

referred to in the literature on the district as the Deer Lake conglomerates

or agfj-lomerates.
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THE MONA SCHISTS.

Tlie Moua scliists einhrace green and gray fibrous rocks with a well-

cliaracterized schistosity, dense greenish-gray ones that are not pronouncedly

schistose, and highly foliated dark-green ones with the aspect of hornblende-

schists. These are interbanded with one another, and with certain light-

pink, yellow, or white talcose and sericite-schists, described later under the

heading "acid schists." The green schists are all composed of the altered

constituents of diabases. They are probably all derived from the lava or

the tuff form of this I'ock. The-s' are referi-ed to as greenstone-schists to

distinguish them from tlie true amphibole-schists, which are composed

essentiallv of amphibole and quartz, and which are without the distinctive

features of nn altered erupti\'e, whatever their origin niay have been.

DISTRIBUTION AND TOPOGRAPHY.

Tlie Mona schists, with the associated acid schists, occupy the eastern

portion of the Northern Complex, extending westward from Lake Superior

on the east to about the west line of R. 26 W., where they are replaced

by the Kitchi schists. In its eastern portion the area stretches northward

a mile beyond the northern limit of the accompanying map (Atlas Sheet IV)

to a great area of gneissoid granite, which is similar in its characteristics to

the granites farther west. A mile west of the east line of R. 26 W. the

belt narrows and has a width of only IJ or 2 miles. Here it is bounded

on the nortli b^' a narrow belt of coarse red syenite, lying parti}' within

the limits of the map. On the south the schists are in contact with the

transgression fjuartzite of the Lower Marquette series throughout its entire

extent, except toward the east, where they jiass beneath the Pleistocene

deposits bordering the lake.

The topography of the area is, in a minor way, rugged in the extreme.

Large and small hills of the schists rise with rough, jjrecipitous faces above

the level of the sun-ounding country, and lift their smooth, glaciated lieads

from 200 to 900 feet above the level of the waters of Lake Superior. When

the hills are low their tops onlv project as smooth, round knobs al)ove the

drift deposits surrounding them (PI. IV, fig. 1). The higher hills are
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composed of f^TOups of these knoljs, i-aised high above the valleys between

them. Their sides are ragged and rough, or smooth and vertical, and their

tops are rounded knolls

The streams flowing over tlie schists have not yet succeeded in trenching

their channels to any considerable depth. Tlieir courses are marked by

rapids and cascades, over which the waters tumble in a series of low falls.

The rocks in the beds of the streams and along their sides are usually rough

surfaced, in consequence of tlieir highly developed schistosity. As a resixlt,

we find the di-ainage channels through the greenstone-schists presenting an

entirely different aspect from those through the granite areas or through

the areas underlain by the Algonkian rocks. The view shown in PL IV,

fig. 2", is tvpical for the larger streams through this district,

EKLATIONS TO AD.JACBNT FORMATIONS.

It has already been stated that the green schists pass graduallv into

the gneissoid granites to the north through the intrusion of the former by

apophyses of the latter. In referring to this contact Williams writes:^

There is no such sharp line of contact us is represented on Roininger's map, but,

on the contrary, as Roniinger himself explains, there is a complete interpenetration

of the two rock masses. The granite has intruded itself into the schistose greenstones,

for the most part follo\ying their bedding and forcing apart their strata. The amount

of the acid rock gradually diminishes as we go soutliward.

At a greater or less distance from the contact the granite is completely

absent, and the green schists occur alone, except for the dikes of aplite and

diabase that everywhere cut through them, as well as through all other

members of the Basement Complex, and the narrow l)ands of acid schists

with which they are interlaminated.

The stratigraphic separation of the Mona schists from the Kitchi

formation to the west has not yet been possible. In passing from the former

area into the latter, beds of the conglomeratic schists are found more and

more frequently between those of the nonconglomeratic kinds. As Ave

shall see later, many of the Mona schists are probably altered tuffs, while

' The greenstone-schist areas of the Menominee and Marquette regions of Michigan, by G. H.

Williams : Bull. U. S. Geol. Survey No. 62, 1890, p. 146.
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Others are squeezed basic lavas. A sliarp line of demarcation between

these rocks and the tuftaceous greenstones of the Kitchi formation to the

west is therefore not to be expected, for the former are probably only much

metamorphosed phases of rocks like the latter.

From the Algonkian beds to the south the schists are separated by

conglomerates and great unconformities. In the conglomerates large

bowlders of the schists are often found; consequently there can be no

cpiestion but that the latter rocks were consolidated and had been made

schistose l)efore the basement beds of the overlying clastic series were laid

down upon them.

The ]\[ona schists are therefore pre-Algonkian. They are older than

the granites of the Basement Complex, and are of about the same age

as the rocks of the Kitchi formation, which are probably their western

equivalents.
I'ETKOGRAPHICAL CHARACTER.

The structure of tlie schists varies within wide limits. In some places

the rocks are very fine grained and as fissile as slates; at others they are

coarser-grained, fibrous, and distinctly foliated; again they may be very

coarse grained and fibrous but possessed of only indistinct foliation; and,

finally, they may be dense and apparently quite massive. In the latter

case they always yield to fracture much more readily in one direction

than in others, and in thin section inider the microscope they are seen to

have a schistose structure. The schistosity of all the well-foliated varieties

dips at high angles, and strikes nearly east and west, approximately parallel

to the trend of the Marquette trough.

Dr. AVilliams, who has studied the rocks of this area in detail,

divides the eastern portion of the area into a northern and a southern

half, in the former of which banded schists prevail; in the latter, apha-

iiitic varieties. In neither half, however, are the rocks of either variety

excluded by those of the other. Farther west the dense and the banded

fibrous schists are associated in the most intimate manner.

bask; schists.

The dense varieties.—Tlic aphauitic scliists as a rule have a light-green

color, sometimes shading to grayish or pinkish green, and a uniformly fine
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grain. Occasionally their texture is so fine that hand specimens resemble

greenish cherts in appearance, or massive graywacke-like sediments. In

the ledo-e the rocks present a inidely schistose structure, which is lost in the

specimens. In some exposures, as in the knob in the NE. \ NW. ] sec.

28, T. 48 N., R. 26 W. (Atlas Sheet XXX), the rock is divided into oval

or lenticular masses, separated from one another by schistose material of

the same nature as that composing the oval masses, but of nuich finer grain.

This structure, as has been pointed out by Williams, is neither concretionary

nor ao-o-lomeratic. It is similar to the structure of certain Saxon schists

which Rothpletz has shown to be mechanical in origin.

In thin section the aphanitic schists are found to be nearly as uniform

in composition as they are in appearance. They consist of granular

epidote, small flakes and needles of cldorite and hornblende, and altered

plagioclase, with the addition usually of calcite, leucoxene, a little quartz,

and mosaic areas of albite and quartz. The plagioclase may sometimes be

detected in small lath-shaped crystals, lying in all azimuths amidst the

other components, but more frequently the mineral is so much decomposed

that its orio-inal form can no longer be recogiiized. The epidote grains are

usually scattered through the slide. Not infrequently, however, they are

aggregated into little groups with the cross-sections of feldspars. The

plates and needles of chlorite and the needles of hornblende, which are

rather abundant in some sections of the rocks, are quite small. They

are intermingled with a few sericite flakes, a little calcite, and small areas

of the clear mosiac already referred to. Usually these ct)nstituents inclose

the leucoxene and the altered plagioclase crystals in the same way as

glass incloses the crystal components in a glassy basalt. In other cases the

use of crossed nicols brings out an arrangement of the various constituents

in such a way as to resemble the structure of fine-grained diabases, and

even of gabbros. In still other instances, in the apparently heterogeneous

aggregate of components, under crossed nicols a structure resembling that

of tuff is discerned. Broken pieces of altered plagioclase are discovered

in a fine-grained matrix with no well-defined structure. In composition

the greenstones are altered diabases or basalts, and their structure, when

discernible, is either that of basic lavas or that of tuft's.
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The sfliistosity of tliese g-reenstoiies, which is seen both in the ledge

;ui(i to a limited degree in thin section, where the chlorite s^jicules are found

to lie with their long axes in a uniform direction, is explained best as a

result of movement, as Williams has already observed. This geologist

declares that the study of these pale-green aphanitic greenstones seems to

indicate that they were not originally to any great extent tuff deposits, but

that they were massive flows of diabase, which have since suffered profound

chemical and stnu-tui-:il changes, in consequence of having been subjected to

intense (Unamic action. Perhaps the greater portions of tliese dense green-

stones were originally la\a flows, as suggested by Williams. A large portion

of them, however, were tuft" deposits. The signilicant fact in connection

with them is that they were all surface materials.

Many of the dense schists have been weathered until the\' now consist

largely of calcite and epidote, so that no evidence of their original character

remains.

The banded varieties.—Thc bauded sclilsts, best cxposcd in the northern

portion of the Mona schist area, are composed of alternate layers of

darker and lighter shades of green, giving- them a striped appearance.

Their texture is much coarser than that of the aphanitic greenstones

described above, and their structure is characteristically schistose. They

all contain an abundance of secondary amphibole* and consequently thev

are all more or less tibrous. Where their til)rosity is pronounced and tlieir

schistosity marked they form very fissile schists. Where the schistositv is

less marked the rocks may still be tibrous, but the fibers are grouped around

centers scattered through the specimen, and the rock has the aspect of a

uralitized diabase or gal)l)ro.

On account of their l)an(led character these schists have been regarded

as sedimentary Ijy nearly all geologists who have studied them. "The

alternation in the color and composition of the lavers is so frequent and so

constant, and their parallelism to the east and west strike of all the rocks

of this neighborliood is so exact," writes Williams, "that no hypothesis of

their originally massive character will satisfactorilv account for the observed

facts. On the other hand, the chemical and the microscopical characters of

these schists agree closeh' with those of associated massive greenstones
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which arc known to have been derived l)y the aUeration of basic eruiitive

rocks."

'

Normally these schists show in thin section large or small slieaf-like

bundles of bluish-green hornblende scattered through the slide indiscrim-

inately or aggregated into groups with irregular outlines and frayed edges,

and embedded in a groundmass consisting of nuxch decomposed plagio-

clase and a mosaic of colorless grains of albite and quartz. With the

hornblende, chlorite is frequently associated, the areas occupied by the

two minerals sometimes having the outlines of an amphibole or a pyroxene

crystal. Much leucoxene is observed in most sections, and not infrequently

granular ei)idote is intermingled with the components of the mosaic. In

addition to these substances, which are well defined, there are certain

obscurely outlined i)lagioclases, which i)resent between crossed nicols the

shapes of sharp-edged fragments. In none of the slides of these rocks has

anything been detected that may be i-egarded as a waterworn sand grain.

The plagioclase, whether in the fragments or in the indefinite areas

that serve as a sort of groundmass to nnu'h of the hornblende, is altered

to epidote, sericite, chlorite, and calcite. The mosaic filling the interstices

between everything else is in all probability secondary, as it not infre-

quently fills little veins cutting through the hornblende, chlorite, and altered

plagioclase. This mosaic is like that described by Lossen" in the schistose

diabases of the eastern Harz, which have been shown to owe their foliation

to mashing.

The Marquette banded schists show the structure sometimes of massive

rocks and sometimes of pyroclastic ones, but more frequently they exhibit

no structure from which their origin can lie inferred. Their composition,

however, is that of diabases. Their field aspects are verj- diff"erent from

those of most schistose diabases. The rocks are banded, like sedimentary

ones. A possible explanation of these opposite sets of characters is that

the rocks exhibiting them are water-deposited elastics of volcanic origin,

'The greenstone-schist areas of the Menominee and Marquette regions of Michigan, by

G. H. Williams : Bull. U. S. Oeol. Survey No. 62, 1890, p. 154.

"-Zeitschr. Deutsch. geol. Gesell., Vol. XXIV, 1872, p. 730; Jahrbuch K. preuss. geol. Landesan-

atalt, 1883, p. 640; 1884, p. 528.
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like the tuffs of modern volcanoes, which have been tilted from their

original position and have been rendered schistose by mashing, as have

also many of the dike masses that intrude them. They possess many of the

characteristics of dynamically metamorphosed tuffs, and others due to

weathering processes.

Other varieties.—lu additiou to tlic apluuiitic schists and the banded schists

of this area, there are three other phases that should be mentioned. The

first phase strongly resembles schistose varieties of the dike rocks to which

the name "epidiorite" is often given. These rocks probably represent the

coarser lavas that were associated with tlie glassy and fine-grained lavas

and the tuffs that gave rise to the more common types of schist in the

district.

In the second phase the structure is plainly diabasic, but the quan-

tity of hornblende is so great that the rocks might well be called

amphibolites. In a rock from about 200 paces east of the NW. corner of

sec. 35, T. 48 N., R. 21 AV. (Atlas Sheet XXVII), for instance, the hornblende

is very abundant. It is a fibrous variety, consisting of long, almost color-

less needles or thin prisms scattered through a felt of greener fibers, the

mass forming pseudomorphs after diabasic augite. Feldspar is not al)un-

dant in the rock. That which is present is penetrated by needles of liorn-

bleude and spicules of chlorite to such an extent that its characteristic

features are often almo.st completely obscured.

The third phase is more nearly like the true crystalline schists than

are any others of the greenstone-schists. This is the least common type

in the Mona schist area. It apj^ears to be confined to its northeastern

portion. In the hand specimen the rocks of this type are dark-green in

color, verv fine in grain, and extremely schistose. Under the microscope

they appear to be much fresher than the other green schists. They are

composed almost wIkiUv of long, narrow prisms and needles of light-green

hornblende, lying in a mass of tiny, clear grains of plagioclase, which

interlock in the manner of the grains of a crystalline schist. Intermingled

with these clear feldspars are a few larger grains of reddish, altered ones,

clouded by inclusions of epidote, kaolin, and sericite. On their edges

some of these seem to l)e passing into the clearer, fresher-looking feldspar,
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which is no doubt a new product, derived from tlie plagioclase of nn older

rock. Epidote in small, almost colorless grains is ([uite conunon in and

between the new plagioclase particles, sometimes as single individuals,

sometimes as clusters of grains that are so thickly crowded as to be

almost opaque. Plates of the common yellow-green epidote are occasion-

ally met with, and crystals of zoisite are common in the altered plagioclases

of some sections. As a rule, ilmenite and leucoxene are not so widely

spread in these rocks as they are in some of the other schists. In the

schists derived from dike material and from the compact and coarse-grained

lavas leucoxene is abundantly present, whereas in the banded schists,

supposed to be altered tuflfs, and in the amphibole-schists, it is uncommon.

In a rock from 1100 steps^ N., 100 steps' W., SE. corner of sec. 2, T. 48 N.,

R. 26 W., however, the section is sprinkled with little black particles of

ilmenite, each one of which is surrounded by a rim of colorless leucoxene.

These schists are like those described by Williams" from the "Brook

section" west of Marquette. Thus far they have been found only in the

southern halves of T. 4S N., R. 2h W., and T. 48 N., R. 26 W., although

they no doubt exist in other portions of the northern greenstone area. It

is impossible at present to decide whether these schists are squeezed tuffs

or squeezed lavas," but they are no doubt mashed rocks derived from basic

volcanic material of some kind.

ACID SCHISTS.

In a number of i)laces within the area of the Mona schists the green

schists are associated with light-colored rocks that are very like certain

schistose acid dikes that cut across the greenstones. There is great diffi-

culty in determining whether these light schists were derived from eruptive

porphyries or from their tuffs. In many instances the latter is sujjposed to

be the case. The larger decomposed fragments that lie in the tine-grained

groundmass of these rocks are so badly shattered, and the different pieces

near together fit into one another so imperfectly, that it W(iuld seem hardly

' In this volume locations will freqiieutly be given from the southeast corners of sections, in steps

at the rate of 2,000 per mile.

'^The 'reenstone-schist areas of the Menominee and Marquette regions of Michigan, by G. H.

Williams : Bull. U. S. Geol. Survey No. 62, 1890, pp. 156-157.
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possible that tliey could be fragments produced by the crushing' of crystals.

Besides, these white or pink schists and the green ones occur side by side

in the same ledge, and the two apparentl)' grade into each other.

In many of the sections cut from the acid rocks only quartz and sericite,

with perhaps a little epidote, can be discovered. The three minerals form

a very fine gi-ained aggregate, resembling strongly the mosaic of many

devitrified rhyolites. The tiny quartz grains are separated from one another

by flakes of sericite, arranged with their longer axes in a single direction.

At present the rocks are sericite-schists. In a few of them obscure traces

of feldspathic fragments may be detected when their sections are examined

with low powers between crossed nicols, but from most of them every trace

of fragmental material has disappeared and the rocks are now thoroughly

crystalline.

Schists like these have been described by Williams,^ Avho regards them

as metamorphosed acid tuffs. They may ])ossibly have been acid sheets

interstratified with the basic lavas and tuflPs that formed the greenstones,

but when the fact is considered that they grade imperceptibly into the green

schists and that in some of them ti-aces of fragments may be recognized, it

seems more ])robable that they were, as Williams supposes, originally acid

tuffs which have been altered and made schistose by processes similar to

those that changed the diabasic lavas and tuffs into the greenstone-schists.

THE KITCHI SCHISTS.

Many of the green schists of the Northern Complex are noticeable for

the pebble-like and bowlder-like bodies scattered through them. These

fragments stand out so plainly on the weathered surfaces of the exposures

on the Kitchi Hills in the vicinity of Deer Lake (Atlas Sheet XXVII) that

thev may be seen from long distances. They are usually so well rounded

that the rock containing them looks very nuich like a sedimentary con-

o-lomerate. Indeed, so conglomeratic are their features that they have

frequently been called the Deer Lake conglomerates. (See fig. 4.) The

rocks are, however, jjlainly basic tuffs, Ijut they have preserved their

'The greenstouo-scbist areas of the Menoniiuee and Marquette regions of Michigan, by G. H.

Williams: Bull. U. S. Geol. Survey No. 62, 1890, p. 151
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tuffaceous character so nuicli more perfectly tliau have the handed varieties

of the Mona schists, from which they differ also in composition, that they

have been designated h\' the distinctive name Kitchi schists.

DISTKIBrriON A>'D TOPOGRAPHY.

The Kitchi schists occur just west of tlie ]\Iona scliist area, stretching

from tlie east line of R. 21 W. to the west line of sees. 25 and 36 in T. 48 N.,

R. 28 W., with a width var^ang from 2 miles to 3i miles (Atlas Sheet IV).

At the west end the scliists are in contact witli a coarse gneissoid granite.

I.

\. Iv

L
Fig. 4.—Cliff of Kitclii schists, in sec. 33, T. 48, R. 27.

Both to the north and to the south the "conglomerate" area is bounded

by Algonkian deposits, on the north by those belonging in the Dead River

or Silver Lake area, and on the south b}' those of the Marquette district.

It is not to be understood that these conglomeratic schists occupy this area

to the exclusion of all other rocks. There are associated with the conglom-

eratic phases many greenstone-schists, similar to those farther east, in which

MON XXVIII 11
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no traces of a tVa^-iix'iital structure can lie (letecti'd uutil tlieir thin sections

are examined niicrosco|)ically, and also some H<>-lit-colored acid si'liists,

idonticul in all their features with those amonii' th(^ Mona schists. All

these schists are cut by large and small dikt's of altered diabase, and by

a few acid dikes. Hut the conglomeratic schists ai-e the |iredominant ones,

and are tlR)se that give character to the western portion of the green-schist

are;

'{'he topography of the countrv coverr<l l)y these rocks is not very

dilferent from that of the country underlain !>)• the Mona .schists. Isolated

rounded knolis are not so frequent in the area of tlie "conglomerates" as in

that of the .Mona schists, but the larger hills have the same character in both

areas. Drift is U-ss thick in this district than in that of the .Mona schists, the

larger hills being oftener separateil from one another by swamp lands than

by drift deposits.

ItEI.ATIONS TO .VD.TACENT KOCKS.

Tile ndations of tin* Kitchi schists to tlie altered tulfs of the Mona

schists have alreacU' been (Uscribed. Tlie relations of tlie Kitchi sciiists to

the granite on the west are observable north of the west end of a pond

in the S\V. ', sec -JC, 'W 4S X., R. "28 W. (.Vtlas Sheet XXI), where they

seem to be the same as the relations i-\isting between the Mona schists and

the graniti- north of these rocks. In passing from the schist to the granite,

dikes of the latter rock hrst appear in the former: then the granite gradually

becomes predominant, schist la\-ers being interlaminated with tin' dikes or

anastomosing through the granite in an irreyidar maimer. Passing into the

granite the schists are found included in it as angidar blocks, and hnally

the massi\e rock appears completeU' Iree t'rom the schistose one. The

granite is therefore clearly intrusive in the Kitchi schists. The sedi-

meiitarv rocks north and south of the schists repose unconformably upon

till' latter, from which they are separated by true conglomerates.

rETROGRAlMIlCAL eUAl!A( TER.

IIASIC S( MISTS.

Macroscopicai.—Irviug, iu liis iutroiluctiou to Williams's article, already

rejjeateclly referred to, describes the Kitchi schists as greenish schists, with
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atendeucv to seliistosci structure that is uen-er vmy pronounced, lint wliii'li

varies considerably in its decree of develoimieut. 'The rocks contaui

pel)l)le-like Ijodies varying in size from 2 feet in diameter down to minute

friii;nients.

Occ,asi(mallv tlieso appear t;> !) well roumli-d, l)ut more coininonly

they are subanguLir and tiattened in a direction paraUel to the schistosity

i)lanes in the inclosing;- rock. On exposed sui-faces the " pel)l)les" stanil

out l)y virtue of their whiter weathering. (See fig. 4, p KU.) » )n a fresli

fracture thev are not nearly so apparent, but seem to diffei' from the rest

of the rock 1)\- their lini-r grain and their pinkish or gre(;nisii color, the

body of the rock having usually a dark greenish-gray tint.

This description applies well to the exposures along the Deer Lake

road. Klsewhere the "pebbles" are more commonly roundcMl than angu-

lar. Many of them arc; as rounded as the waterworn pebbles of a, modern

l)each. (See I'l. V.) In many jdaces they may be seen disposed In

bands of different widtlis that run i)arallel t(. the schistosity of the rock,

whose strike is about east and west and whose di}) is at some high angle

to tlu! south. Between the.se bands are others from which the "i)el)l)les"

are absent, or in whicii they are very scarce. These nonconoh.ineratie.

beds are like the matri.x of the conglomeratic ones, exce^jt that there are

scattered through tlu^ rock small, light-colored grains of feldspar. These

are often mashed into lenses, or even into thin, sheet-like layers, rumiing-

])arallel to the planes of schistosity, when the rock presents somewhat of a

gneissic aspect. In these rocks sharp-edged fragtnents of plagioclasc^ may

not infrequently be detected in the midst of a tine, satiny gromidmass of

chlorite plates and calcite grains, entirely dilierent in character from the

matrix of any schistose sedimentary rock met widi in the district. The

rocks are evidently l)asic tuffs.

Another variety of the schistose tnflP occurs most commonly near the

edges of the area, especially at the contacts with the :\Iar(|uette be<ls. In

the field notes the rock is called a sericite-scliist. It is a pink 1o wliite,

platy, and schistose rock, with a very pronounced soapy feel. On surfaces

of the hand specimens that are at riglit angles to the schistosity sharp

particles of dilferent minerals are to be seen, but on the surfaces parallel
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to tlic foliation the rock ajjpears to be a typical sericite-schist or talcose

schist.

Except for the arraug-ement of the pebble-like masses in bands, there

is little in the inacrosc()i)ic api)earance of these rocks that resembles the

bed(lin<>- of water-deposited materials. In two or three hand specimens a

fine banding- was detected, a slight difference in tint between the alternate

layers leading to their recog-nition, but this is all.

Microscopical.—Tlie couglomeratic green schists are so much decom})osed

that it is difficult to learn from their thin sections much more concerning

their original character than can be learned from their study in the field.

The i)ebble-like masses scattered through the schists are fragments of

a purplish-pink, fine-grained rock, speckled with tiny green dots of chlorite

and red or white ones of altered plagioclase. Enough of the feldspar

remains to exhibit traces of twinning bars, although most of it has been

rej^laced bv sericite, calcite, and quartz. These plagioclases Avere origi-

nally well-outlined crystals. They lie in a groundmass i-omposed of small

feldspar laths, grains of epidote, and a weakly polarizing felsitic substance

that is probably a devitrified glass. The rock of which the pebbles were

a part was probably a porj)hyrite, unlike anything that has yet been found

in place within the limits of the district.

The schistose groundmass in which the })ebbles are embedded consists

of sharplv angular fragments and complete crystals of altered plagioclase

in a matrix composed of much chlorite and sericite, small fragments and

crystals of j^lagioclase, always some calcite, and a fine-grained mosaic of

isecondary quartz. To these is sometimes added epidote in grains and

plates. It is noteworthy that in these I'ocks chlorite has replaced the

original iron-bearing silicate, while in the tuffs of the Mona schists to

the east these silicates are now represented by luirnblende. Whether this

diffei-ence in composition is due to differences in the nature of the alteration

processes to which the different rocks have been subjected, or to the fact

that the rocks of the greenstone-conglomerate area have suffered the effects

of weathering to a greater extent than the Mona schists, is not certain. It

seems most ])robable, however, that both causes are responsible for the

differences.
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The larger feldspar ])ieces in tlie grouiulinass lutve l)een n^ferred to as

crystals and fragments of crystals. In most cases tliey are nnquestionably

fragments. In many instances the pieces lying close together are dissevered

portions of the same crystal, fractured across at right angles to the planes

of schistosity in the rock. Tlie fragments thus formed have heen moved

apart in the planes of foliation. The fracturing and the movements of the

fragments are l)elleved to be an effect of mashing, which is shown also in

the rock's foliation. Man}- fragments are ragged in outline. TheA' do not

L^rains in noncon'rlonieratic band of Kitrbi sdiist.

correspond with other fragments in their vicinit>', nor lune theA- tlie straiglit-

edged ccmtours of the fractured crystals. These are like the fragments in

modem tuffs. They are in all probability pieces of crystals blown from

volcanic vents (fig. o).

The chlorite in the groundmass is in small i)risms and needles, airanged

usually in approximately parallel directions, forming narrow bands, which

may be lamina?, in some places and in others may expand into comparatively

large lenticular masses. Chlorite occurs also in oval and irregular areas,
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formed by tlie iiggreg-atioii of its jjlutes interiningled ^vitli gnuns of epidote,

of calcite, and of great nunibers of i-utile crystals that are usually included

within tlie chlorite. As Williams has suggested, these areas may represent

the basic fragments of the tuffs that have been altered beyond recognition.

The sericite is as abnndant as the chlorite in some specimens, while in

others it is ])resent in small (luantity only. It appears as colorless or light-

green flakes that lie scattered among the other constituents, especially

l)etween the chlorite prisms, and as tiny spicules that penetrate the grains

of the mosaic matrix. Of the calcite nothing need be said, except that it

occurs as nests or as grains between the other minerals. In some of the

more compact tuffs a second carbonate is soiiietimes met with in the form

of small rhombohedra. The substance is more opaque than the calcite,

and is of a ncIIow or Aellowish-brown cohir. It is prol)al)l}- ankerite or

ferruginous dolomite

The matrix in which all the compcments of the groundmass lie resem-

bles A-erA" cl()scl\- the silicihed background of many aporhyolites. Under

Tery high powers of the microsco})e it is seen to be made up of intricately

interlocking, colorless grains. Their aggregate polarizes like a tine-grained

(piartz mosaic. No twinning bars were seen in any of the grains examined,

lint nuun- grains exhibit an undulatory extinction. This groundmass is

therefore I'egarded as (piartzose. Some of the quartz uiay lun'e been derived

from the original constituents of the tuff by alteration, but most of it, in

all i)robability, has been introduced from without. The i-ocks have evidently

Ijeen silicitied, for we tind ledges cut through and through l)y quartz veins,

ami in the microscoj)ic section these veins can l)e followed as they break

n\) into smaller and smaller ones, until their ramitieatious are finally lost

in the mosaic above mentioned.

The evidenc-es oi' pressure resulting in mashing are not so abundant in

thesi' schists as tlwy are in some of the other rocks of the district, it may

be for the reason tliat maiiv of its effects are obscnrcil by the secondary

substances produced subsequent to its action. Many of the larger feld-

siiar particles are broken and their fragments are displaced laterally; the

lono-er axes of all the fragments are often approximately in the same plane;
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the little chlorite rods are arrangeil likt'wisc witli tlieii- loiiL;cr axes in the

same direction, and the lenticular areas of the mineral arc ehmiifatfil in

the same way. Arotmd the fragments, large and small, the lamina' of

chlorite and sericite bend, and occasionally one ot' the lai-gei- grains of the

inosai(! matrix exhibits nndnlatorv extinction. These are tlie only evidences

of the action of pressure within the schists, but they are sutticient to show

that the rocks have suffered mashing. AYliere the scliistosity is gj-eatest

the quantitv of chlorite and sericite present in the rock is g-reatest; where

the foliation is scarceh- discernible there may be ])resent much chlorite,

but little sericite.

In addition to the tufil'aceous scliists in the Kitclii formation, there are

others in which no fragmental material can be detected. In the field these

rocks Avere taken for the more massive phases of the tuffaceous schists.

Under the microscope, however, a difference in the stnu-ture of the rocks

is detected. The feldspars of the nontuffaceons bauds are in crystals, and

uot in fragments of crystals, and the association of feldsjiar and chlorite

a])2)roaches the ophitic association of the plagioclase and augite in diabase,

or the association of feldspar laths and glass in certain feldsj)athic basalts.

In composition the fragmental and the nonfragmental schists are identical.

In all probability these Ijands i-epresent the lava flows or sheets that accom-

panied the extravasation and deposition f>f the tuffs. Whethei- they A\-ere

surface flows or intrusive sheets can not now be told, for all the tiner detail

of their structure has disajijjeared.

ACID SCIIIST.S.

The sericite-schists—most abundantly developed on the south side of

the Kitchi area, in contact with the Marcpiette beds, l)ut occurring also

elsewhere, interbedded with the basic schists—in thin section are essentially

similar to the green schistose rocks interbedded with the conglomerates.

They differ principally in having the sericite, rather than the chlorite, as

their principal micaceous component. Many of these light-colored schists

are composed almost exclusively of sericite and (piartz, but most of them

contain chlorite also. By increase in the pro})ortion of chlorite in them

they pass gradually into the green tuff's.
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ORIGIN OF THK KITCUI SCHISTS.

The Kitclii srliists are evidentU- frai;ineiital deposits. Their compo-

sition, liowevcr, is so dititereut from that of water-made sediments that we

must ascrilie some other origin to tliem. The banding of certain of the

conglomerates anil the ahernation of layers in some of the finer-grained

varieties would indicate tliat there Avas a ])artial sorting of the fragments,

but the nature of the fragments themselves, and the composition of the

matrix in which the>' lie, would seem to preclude the notion that the

materials were furnisheil ])V the wasting of preexisting rocks.

In one or two of the several lumdred sections examined roundish

quartz grains were observed, but these are so verv i"are that they can aiford

no basis for a theorv of origin of the rocks containing them.

The composition of one of the green schists (I) and of one of the sericite-

schists (II) associated with them is given below. The first is composed

largely of plagioclase, chlorite, and quartz: the second consists principally

of sericite and quartz. Both analyses were made by George Steiger in the

Survey laboratory.
Analyses <>/ Kitchi schists.
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From tlieir compositifni and structure it is evident that tlie acid scliists

associated witli tlie greenstone-conglomerates, as well as these latter i-ocks

themselves, are tiiffaceous deposits which suftered d-s-namic metamor})hism

and weathering until their original composition was entirely changed. The

darker-colored schists have now the characters of "schalsteins; " the lighter-

colored ones are sericite-schists. The former were originally basic tuffs,

and the latter, in all probability, acid ones interstratified with the former.

The basic rocks are nuich the more abundant. The pebbles occurring in

the conglomerates are all of the same general character. They are A^ery

similar to the schistose matrix in which they are embedded, but are less

schistose. They nuist be looked upon as volcanic bombs or as large frag-

ments of the lavas whose ashes produced the matrix. If fragments, they

have become rounded by the mashing that caused the foliation of the finer

particles.

Since the green schists are surface materials, thev must have been

deposited upon some previously existing basement. This basement has not

yet been identified. It can not be the gneissoid granite, for the granite is

intrusive in the schists.

THE GNEISSOID GRANITES.

The granites and gneisses of the Northern Complex are closely related

genetically. Both are coarse-grained, both vary in color from dark greenish-

gray to Ijright-red, both are usually gTanular, and occasionally jiorphyritic,

with large red phenocrysts lying in a coarse red groundmass, and both

have sufi'ered more or less severely the effects of mashing. The gneisses

differ from the granites only in the perfection of the foliation that has been

imparted to them and in the amount of dynamo-clastic material discover-

able in them. The gneisses are indisputably foliated |)hases of the granite,

which is always more or less schistose. Since the origin of these gneisses

is known, it seems better to designate them by a name that will indicate

their origin, leaving the term "gneiss" to cover those foliated rocks of the

composition of gi'anite whose origin is problematic.

DISTRIBlfTlON AND TOPOGRAPHY.

The gneissoid granites occupy two distinct areas in the Northern

Complex. Although widely separated, the rocks occurring within them
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niiiv be tn-atcd tt)}^'ether, since tliev are alike botli in macro.scopic and in

microsco])ie cliai-acters, and so far as can l)e learned they bear exactly the

same relatidns to the surrounding sedimentaries and crystallines. The

easternmost ot" tlu' two areas is north of the Mona schists and bevond the

limits of the map (Atlas Sheet IV). It extends northward nearly to the

lake shore, and westward until it connects outside the limits of our work

with the eastern liml) of the second area. This second area begins at

the western side of the Kitclil formation and extends westward beyond the

district treated in this paper. (_)u the south it is boi-dered by the Alg-onkian

beds of the IMarquette area, and on the north by the slates aud quaitzites

of the Arvon district.

The g-ranites, whether massive or gneissoid, form knobs with rounded

and smooth surfaces, where thev have been exposed clearly to view bv the

removal of their forest covering. At man\' localities these are isolated from

one another bv stretches of glacial or lake sands. At others a number of

knobs together form large, rugged, boss-like masses, ha-v-iug- as many inde-

]>endent eminences as there are individital knobs comprising the main one.

The hills never assume the dignity of mountain peaks. The surface fea-

tures of the area underlain by the granite are thus essentially similar to

those of the green-schist area. There is a diifereuce, however, that is

usuallv recognizable in those portions of the district where ledges ai*e

abmidant. In the areas of green schist the surfaces of the ledges are

usuallv rough and broken: in the areas of granite the surfaces are smooth

as a result of glacial action, so that, whereas the bare tops of hills and the

bottoms of stream channels in the greenstone-schist are rough and uneven,

in the granite the>' are comparativelv even and smooth. (See PI. VI.)

RELATIONS TO AD.rACENT ROCKS.

The relations of the granites to the green schists with which thev are

in contact have already been mentioned. The granites and their accom-

panying gneisses are younger than the schists. They are, however, older

than the fragmental beds above the schists, since none of their dikes intersect

these, even when the granitic rocks are in contact with the sedimentary
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ones. Oil the otlu-r luuid, Wowlder.s of the former are often fouml in the

lower beds of the latter.

Since the granites and their accompanying gneisses can not be the

foundation upon the surface of which the materials of the green schists were

spread, and since these latter are all fragm'eiital volcanic rocks and surface

lavas, it follows necessarily that there must have been a basement beneath

the green schists wliich is i^lder than these and the gneissoid granite that

intrudes them. This basement, however, has not )et been identified in

the Northern Complex. Occasionally a small mica-schist ledge is met with

in the midst of granite ledges, and this may represent a series of rocks

underh'ing the green schist and older than they; but no evidence either in

favor of this view or in opjjosition to it has yet been collected.

THK BlOTITBGllANITES.

PETRUGRAPHICAL CIIAIiACTKR.

Macroscopicai.—As lias alrcadv bceu stated, the more massive and the more

schistose phases of the granites—the gneissoid granites and tlie granitoid

gneisses—are believed to be portions of the same rock mass, and therefore

they are discussed together. Further investigation may show that some of

the gneisses are older than some of the granites, Init up to this time no

discrimination between the massive and the schistose granites has been

attempted in mapping.

The rocks vary in color from grayish-green to bright-red, the color of

the former varieties being due to tlie abundance of chlorite in them. Their

feldspar is rarelv white. It is usually of a light-red or pink color. "When

brio-ht-red it fives the entire rock of wdiicli it is a part a red tint, which

varies in briUiancy according to the quantity of feldspar in it. In a few

instances bright-red orthoclases are scattered through a groundmass of gray

granite, but this variety is usually found only near the contacts of the rock

with the greenstones or in its apophyses that intrude the latter.

Microscopical.—The grauites and their gneissoid varieties are ali composed

of clouded orthoclase, microcline, plagioclase (the first-named mineral

predominating), quartz, and brownish-green biotite or its decomposition
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j^roduets. Occasionullv chlorite is present. Tliis ajipears from its shape to

have been derived from hornblende, but no nn(h>uV)ted ainphiboles have

been detected in the northern gi-anites. With few exceptions the rocks

are all biotite-granites or g-ranitites. The accessories are small crystals of

sphene, some leucoxene and magnetite, and an occasional zircon.

The original constituents of the granites require no special description.

The ortlioclase and plagioclase are altered to kaolin, sericite, and calcite.

These products, together with a red earthy ilust, pr(il)ably an ocher, are so

thicklv clustered that they very nearl}' obscure the twinning bars of the

plagioclase and cause it to be confounded with the ortlioclase. The biotite

was originallv a Ijrownish-green variety. At present but few remnants of

the mineral remain. It has been changed to single plates and aggregates

of flakes of a pale to bright green chlorite, polarizing with blue tints. This

chlorite is sometimes intergrown with nuiscovite, but only in those cases

where the latter is evidently a product of dynamic action.

The quartz appears in two forms, either as irregular grains of the usual

character of granitic quartz or as little masses filling triangular areas

between the other components and sending arm-like projections into them.

Some of it is in all probability original; much of it is unquestionably sec-

ondary. All of it is marked by the undulatory extinction, and a part of it

is completely shattered.

No specimen of the granites examined is free from the effects of mash-

ing. In every slide placed mider the microscope more or less distinct traces

of dynamo - metamorphism are recognized. The feldspar is granulated

peripherally and the quartz is more or less completely shattered. The

fragments thus derived are mingled with chlorite flakes, epidote grains, and

occasionally a little muscovite, and the whole is cemented by newly formed

feldspars, among the most prominent of which is microcline. This mineral

was evidently formed in large quantity after the crushing of the original

minerals of the granite. It inserted itself into every crevice and space

between these; in some cases it has even formed tiny veins cutting across

quartz grains.

Not only is microcline present in this fragmental aggregate, but it

occurs also as colorless rims around the cloudy ortlioclase, and also often
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replacing- the material of the latter. A large, cloudy ortluiclase may in

many cases be found com[)letely saturated with clear, colorless microcline

substance. There is no sharp line of contact between the two feldsjiars,

but tliev seem to g-rade into each other. As the microcline replaces the

orthoclase it absorbs the alteration products of this mineral, the resulting

new felds})ar thus being- free from inclusions, while the original feldsi)ar is

full of them.

Dr. Williams, in his report on the Marquette greenstones, refen-ed to

the microcline in the granites as more probably the effect of pressure twin-

ning in orthoclase than the product of chemical alteration. To the writer it

appears more probable that the microcline is all, or nearly all, new material,

produced bv chemical agencies. In e^^dence of this view, and against that

Avhicli regards the mineral simply as a pressure-twinned orthoclase, we would

cite the freshness of the latter mineral as compared with the orthoclase, its

freedom from inclusions, its irregular occurrence within the orthoclase

grains, and its existence in large quantity in veins and as the cement of the

crushed mosaic.

Fresh plagioclase is also a common new product in some sections. It

occurs as grains among the crushed materials, and sometimes it surrounds

cloudy feldspar as a clear, colorless zone. Its twinning bars are commonly

much bent, and nearly always they present a few or more of the usual

features due to movement.

The epidote grains in the mosaic need no description. They are very

light in color, and therefore show no pleocliroism. The muscovite that is

in some cases associated with the biotite or chlorite is found with these

minerals only where they are in the mosaic aggregate, and then only

wdiere in contact with orthoclase, a large mass of chlorite in some cases

being separated from the orthoclase by a rim of muscovite. This mineral

is also present in laminar aggregates of flakes, which in some slides })ene-

trate the mosaic, but which in most slides separate it from the unfractured

original granitic components.

The mosaic of fractured minerals and new products is always more or

less schistose. This structure is ])roduced by the lengthening of the frag-

ments in a common direction, and by the development of the chlorite and
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mixscovite iu large, naiTOw flakes and groupings of flakes. The mosaic is

also traversed by bands in which the fragments are very much smaller

than elsewhere, as though the rock had slipped along certain planes and

had ground into powder the neighboring fragments. These bands run in

the same direction as do the stringers of chlorite and muscovite, and so help

to iujpress schistosity on the mosaic. They are microscopic shear zones.

The structure of all these granites is that described by Tornebohm

under the name of "mortar-structure." Williams has already referred to

it as characteristic of the granites of this region, and has cited its existence

as evidence that the rocks in which it is found have been subjected to

severe dynamo-metamorphism.

The gneissoid granites differ from the more massive phases of the

rocks simply in the possession of more marked foliation. The mortar-

structure is most beautifully exhibited in all the sections. The larger rem-

nants of the crushed original components are embedded iu the mosaic,

which surrounds them as the crystalline matrix surrounds the eves of an

" augen-gneiss," the combination of fragments and mosaic producing lentic-

ular areas, separated from C)ther like areas by narrow bands of verv fine

mosaic.

It is not uncommon to see in a slide of the "ueissoid eranite a o-rain ofo fr ?T^

orthoclase or of plagioclase broken into three or four pieces and the pieces

separated from one another by distances of a quarter millimeter. The

fissures between the fragments are filled with an aggregate of crystallized

quartz and microcline, or with a jjortion of tlie fragmental mosaic.

The quartz grains have suffered crushing, Init their parts have not been

separated. Quartz areas now consist of nuclei peripheral!v granulated, or

of several grains differently orientated, the whole forming a leuticule. Each

component of the leuticule exhiliits undulatory extinction.

THE MUSCOVITE-GRANITES.

Nearly all of the granites of the Northern Complex are biotite-granites.

A very few of a different character are found whose relations to the com-

mon granite have not l)een determined. In the SW. ^ sec. 29, T. 48 N.,

R. 28 W. (Atlas Sheet XVIII), for instance, is a mediumlv fine grained,
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light gravish-piiik n»ck, forniing- a small ledge between the coarser biotite-

gi'anites south and the quartzite north of it. The rock inav be a dike in

the coarser granite, and pn)bably is, though no ol)servations on tliis point

are recorded in the note-books. The rock is so badh' shattered that it is

difficult to determine its original composition. The thin section shows no

more e^^dence of schistosity than does the hand specimen. It does exhiljit,

however, a crushed mass of plagioclase, orthoclase, (piartz, and nuisco\ite,

cemented by finer-grained debris of the same minerals and niicro<-line.

Between the finer grains there is sometimes quartz and sometimes nuisco-

vite, but usualh' the grains interlock with one another. All of the large

grains are sharply angular, and many of them are cracked across in ^•arious

directions. Others that were single fragments have been broken into many

small ones that are now separated from one another. p]nlargements of

quartz and plagioclase fragments are noted. The muscovite is in large

colorless flakes that, like the other components, are shattered. The cracks

are filled with fine shreds of the same mineral, and the edges of the plates

are frayed out into smaller shreds, wliich form a matted mass of tiin^ nnis-

covite fibers, in which the larger plates lie. These fibei's a})pear to be the

broken portions of the larger plates that ha\e been sjtlit Ijy the force that

crushed the quartz and feldspar. The matted aggregate of fillers is thicker

where a large plate has been fractured into four or five fragments than

where it is halved. Muscovite is also in minute laminre between the crushed

portions of the other constituents, where it is no doubt a ])roduct of the

alteration of orthoclase. The rock is evidently a muscovite-granite that

has been crushed but has not been rendered schistose.

ORlCilN OF THE GEAMTES.

As to the origin of the granites and their gneissoid pliases there can

be little question. The rocks appear like eruptives in the fiehl. The clastic

grains discoverable in their thin sections are evidently of d\namic origin.

All are sharply angular. None have the rounded outlines of waterworn

grains. The structtu-e of the rocks is verv similar to that of schists else-

where that have been shown to be mashed eruptives; hence there is no

reason to believe the granites and gneisses of the Northern Complex to be
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ainthiuii' l)iit iiltcn-d igneous rocks. It is impossible to trace them back

to ail earlier source than a molten mag-nia; therefore, whatever may have

been the origin of this magma, we are justified in calling the rocks igneous.

There is no evidence of anv kind to support the belief that the gneissoid

granites in this portion of the ^lanjuette district were ever water-deposited

sediments that have been crystallized by metamorj^hic processes.

THE HORNBLENDE-SYENITE.

DISTRIBUTION AND TOPOGRAPHY.

The svenitc, with its gueissoid phases, so far as has been observed, is

found only in a narrow belt, from a quarter of a mile to a mile in width,

Iviiig between the green schists on the south and the fragmental beds of

the Silver Lake Algonkian area on the nortli. The belt is about 5 miles

long, and it lies almost entii*ely within T. 48 N., R. 26 W. (Atlas Sheets

XXX and XXXIII). The syenite is so like the granite in its nature that

but little remains to be said concerning it, except to describe its microscop-

ical features. The topography of the area occupied by it is exactly like

that of the granitic country.

RELATIONS TO ADJACENT ROCKS.

The relations of the syenite to the surrounding rocks are also like

those of the granite. Its apophyses cut the green schists, and its main

mass is unconformably beneath the Algonkian sediments. As to the rela-

tions existing between the syenite and the gi'anite nothing is yet known

positively. A very few ledges of the gneissoid granite have been found

within tlie limits of the syenite area, and these, when examined with refer-

ence to the latter rock, appeal- to have been intruded by it. The appear-

ances, however, are not decided enough to warrant an expression of opinion

as to their meaning.

PETROGRAPHICAL CHARACTER.

The primary constituents of the syenite are orthoclase, plagioclase,

hornblende, sphene, magnetite, and, ^•ery rarelv, biotite. Its secondary

components are plagioclase, microcline, chlorite, (juartz, epidote, muscovite,

and leucoxene.
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Tlu' primary teldspars are clouded witli alteration products, while the

secoudar}- ones are (dear. The j)riniary and the secondar\' minerals bear

the same relations to one another as they do in the granites. Tlie horn-

blende is in dark brownisli-o-reen crystals that are idiomorphic in the pris-

matic zone, l)ut ))adly terminated at their extremities. It is nearly always

more or less com])letely altered to chlorite. The sphene is also rarely IVl'sIi.

It is usually changed into a cloudy, light-colored substance that looks yellow

in r(itlected light. In general appearance it resembles the lencoxene so

often seen surrounding ilmenite or titaniferous magnetite in greenstones,

and hence it is regarded as this substance.

A similar alteration' of sphene into leucoxene has been described by
Weryeke, -s^on Kuch, Velani, and Grroth, the latter author regarding it as a

product of weathering. In the Michigan rock the leucoxene forms ])erfect

jjseudomorphs, which retain the diamond-shaped cross-section of the origi-

nal spliene. Whether it is a product of weathering or a result of dynamic

metamorphism can not be told.

The quartz, which is always present to some extent, but neyer so

abundantly as in the granites, occurs sometimes as small grains with an

undidatory extinction, sometimes as larger ones broken up into an aggregate

of differently orientated particles Most of the mineral, however, is in the

angular spaces between the feldspars or in the cracks trayersing the older

constituents. A small portion of the quartz may be original, but the greater

portion is thought to be secondary.

The structure of the gneissoid syenites is identical with that of the

granites; so it iieeds no discussion in this place. The syenite, as well as

the granite, is an igneous rock that has suffered dynamic metamori)liism.

The latter is a (^uartz-biotite-orthoclase rock, and the syenite an aggregate

of hornblende and orthoclase. Even were the two rocks not distinguished

by the abundance of quartz in the one and its rarity in the other, they

would be distinguished by the })resence of the biotite in the granite and

of the hornblende in the syenite.

' Lehrbucli der Petrographie, by F. Zirkel, Vol. I, 1893, p. 410.

MON XXVIII 1-'
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THE INTRUSIVES IN THE NORTHERN COMPLEX.

The granites, gneisses, and schists of the Northern Complex are cut by

numerous dikes of basic and acid material and certain boss-like masses of

peridotite, or of its altered form, seqjeutine. Of the dikes the basic ones

are much more common than the acid ones, if we exclude from the latter

those that are but apojthvses of the coarse granite.

THE BASIC DIKES.

The basic dikes cut the gneissoid granite, the syenite, and the schists

indiscriminately, though they may be most abundant in the greenstone-

scliist areas. They vary in width from an inch or two to 75 feet or more,

and some of them have been followed 2 or 3 miles.

These dikes have been so well described by Williams' that there is

little left to be said in this place concerning them. Diabases, epidiorites,

and diorites were distinguished by this author. The diabases are of the

usual types. The epidiorites are thought to be uralitized and epidotized

diabases, since their structure is plainly ophitic, the feldspar occurring

in lath-shaped crystals, and the amphibole forming fibrous wedge-shaped

masses between the plagioclase laths. The diorites differ from the epidiorites

mainly in structure and in the nature of their horublendic component. The

amphibole in the diorites is compact and idiomorphic, and hence it was

considered by Williams as original. In some slides of these rocks, how-

ever, are cross-sections of a compact brownish-green hornblende that is

perfectly idi<imorphir, while at the same time nests of light-colored augite

may be seen included within its mass. If this hornblende is secondary,

as it seems to be, then it is probable that many of the supposed diorites of

this district are altered dialjases, just as are the epidiorites, which contain

fibrous amphibole.

The freshest dialjases, those still containing large quantities of pyroxene,

are quite massive, even when the rocks through wliicli they cut are com-

pletely schistose. These, then, must have been intruded in the schists after

' The greeustone-schist areas of the Menominee ami Marquette regions of Michigan, by G. H.

Williams: Bull. U. S. Geol. Survey Xo. G2, 1890, pp. I38-14B, 1(58-175, 180-184, 189-190.
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the latter had become foHated, and must be younger than the diorites and

epidiorites, all of which are schistose.

In texture the diabases may be very coarse grained, very fine grained,

or they may contain some glass. Miueralogically they jiresent no special

features. Most of them are nonolivinitic ; a few contain pseudomorplis of

chlorite and limonite after olivine.

An example of one of tlie freshest of the coarse diabases is found in a

dike 75 feet in width cutting granite at 1,230 steps N., 450 steps W. of the

SE. corner of sec. 23, T. 48 N., R. 28 W. (Atlas Sheet XXI). So coarsely

granular is it that the rock approaches a gabbro iu structure, though the

augite is younger than the plagioclase and fills the interstices between the

laths of this mineral. Tlie components of the rock are magnetite or ilmen-

ite, apatite, labradorite, and pyroxene, besides various alteration products

of the two last-named minei-als. The fresh pyroxene has the jjink tint so

common to the monoclinic pj^roxene of Lake Superior rocks. On its edges

it is altered to fibers of light-green hornblende, with which are interspersed

a few grains of magnetite. The plagioclase is mainly well preser^^ed. Its

twinning lamellae are broad and clearly defined, and the symmetrical extinc-

tion on each side of the twinning line is about 21°. In the small areas

between the most altered pyroxene grains the feldspar is decomposed. It'

is reddened by cloudy secondary substance, and is filled with chlorite and

amphibole flakes and needles. In these portions of the slides the largest

apatites are to be found.

Sections of other fresh granular dikes present nearly the same phe-

nomena as those above described. In most of them the diabasic structure

is very pronounced and the grain is finer than in the case of the dike last

mentioned. Moreover, in nearly all, alteration has progressed a little farther.

Green biotite and brown hornblende in small quantities are nearly alwa^'s

the accompaniments of the green hornblendic and chloritic decomposition

l)roducts of the pyroxene. They occur in small flakes on what were the

peripheries of the original pyroxene areas, and no doubt owe their origin

partly to the feldspar. Upon further alteration the l)rowu hornblende

passes into a chlorite, while the green miea retains its j)roperties.
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Occasioiiallv tin* structure of the diabases is porj)livritic rather than

ophitic. In the SW. \ see. 23, T. 48 N., R 25 W. (Atk.s Sheet XXXVIII),

for instance, is a fine-gTained dike that may l)e called a diabase-porphyrite.

It contains phenocrysts of plagioclase and augite in a g-roundinass com-

posed of a plexus of small plag-ioclase laths, round aug-ite grains, and cr^stals

of magnetite, with the intersertal structure as defined ])y Kosenbusch. A
second diabase-porphyrite differs from the type just mentioned in tlie

absence of pyroxene phenocrysts and in the presence of magnetite in large

quantities. The latter mineral is found not only in the little grains between

the constituents of the groundmass, but also in large, irregular masses scat-

tered throngh the rock and in skeleton crystals resembling the microlites in

basic glasses (fig. fi). These microlitic growths form long, slender, straight

rods cutting indiscriminately through the grains of the

groundmass and through phenocrysts.

i\Iost of the basic dikes in the Northern Complex are

epidiorites, that is, they are rocks showing unmistakably

the diabasic structure, but in which the augite has been

entirely replaced by uralite or some other green horn-

Fio. 6.-Mngnetite in fine bleude. Tlicy are always more or less schistose, and there-
grained diabase or basait iii i ij^iti ml

fore are much older than the fresh diabases, liiey vary

from one another mainly in the form of their honiblendic constituent and in

the freshness of their plagioclase. In some of them the augite has been

pseudomorphed by green hornblende. In others the hornblende is in

isolated or in grouped acicular crystals,' the ends of which often extend far

out into the altered plagioclase surrounding the areas originally occupied

In' ophitic augite. In the least altered epidiorites the plagioclase is fresh,

and in these varieties augite cores often remain as nuclei within the araphi-

bole areas. As alteration progresses the plagioclase becomes more and

more clouded by secondary products until finally it becomes an aggTegate

of epidote, chlorite, amphibole, and calcite. .

Fine examples of leucoxene are seen in many specimens. The min-

eral occui-s as little cloudy masses around titanic-iron grains, and also as

'The green.stone-schist areas of the Menominee and Marquette regions of Michigan, by G. H.

Williams: Bull U. S. Geol. Survey No. 62, 1890, fig, 2 of PI. XII.
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pseuil<)iii(>r|)lis <if the latter luiiicral, iviilnciiiij;- it cniuitlctch- in some cases.

In other eases bars of tlie oi)a(iiie iron oxide form a network in wliose

meshes are the white o[)a(|ne grains of lencoxene. In tlie thieker aoyre-

gates the lencoxene i)asses into a dense yellowish-l)rown mass witli tlie

pleocln-oism of sjiliene.

The character of the alteration that chanf>-ed diabases into epidioi-ites,

coupled with the existence of schistosity in the latter rocks, is thouo-ht to

be sufKcient reason for a.scribin;^- the origin of the epidiorites to dvnamo-
metainorjihism.

The "diorites"of the Northern Complex are ))rol)ablv altered diabases

in which the new hornl)len(le has assumed a compact rather than a til)rous

form. The hornl^lende crystals in these rocks are always frayed out at

their ends, but in cross-section they are compact and idionior])hic. The
original feldspar has been entirely replaced l)y a transparent plagioclase

that is cut through and through by slender needles of hornldende, at wliose

ends terminal planes may often be detected. Under crossed nicols large

areas of the plagioclase break up into main' small ones, interlocking with

one another by sutures which follow the most intricate courses. This feld-

spathic mass dififers so greatly from that of the epidiorites in appearance, in

freshness, and in its structure that we must regard it as essentially different

in origin. The feldspar of the epidiorites is a decomposed jilagioclase,

while that of the diorites is apparently a recrystallized one. The diorite

as it now exists is not an original rock. It has been formed from some
preexisting eruptive, but whether from an original diorite or a diabase is

not certainly known.

The final products of weathering of all the Ijasic rocks de.scribed as

occtirring in dikes are chlorite, epidote, kaolin, calcite, and (piartz. A
number of dike masses are known in the Northern Complex that consist

princijially of these minerals. Most of them present the ophitic texture of

diabases, while in others the granitic texture of diorites and gabbros is

recognizable. All are highly schistose. Chlorite h by far the most
abundant component in them, and the rocks therefore are practically

chlorite-schists. All that have been studied are unquestionably squeezed

eruptives.
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THE ACID DIKES.

The acid dikes cuttin<i- the rocks of the Northern Complex are not so

nnmerons as are the basic ones, but their variety is greater. They include

coarse granites and granite-porphyries, iine-grained granites, ajslites, quartz-

porphvries, and the aplitic form of qnartz-diorite known as malchite.

No descriptions of the coarse granites and granite-porphyries are

necessary. They are apojihyses of the great granite masses north of the

schists and do not differ in character from these. They are of the same

age as the gneissoid granites, an<I hence are older than the Aarious aplitic

and diabasic dikes that intrude the granite.

The remaining acid dikes are usually of inconsiderable size when

com]3areil with the great basic dikes that traverse the schists and granites.

They are als(j of various ages. Some are foliated and others are massive.

The former were intruded before the last effects of pressure had been

imjDressed upon the schists, and the latter long after the schists were made,

for they intersect even some of the massive diabase dikes. None of them,

however, intersect any of the members of the Algonkian series. The color

of the ilikes A'aries from ])inkisli-gray, through pink, to a l)rig]it red. Their

material is always compact, and except when here and there it is microlitic

it is also very fine grained. Many of these dikes are fine-grained granites

with no ])eculiar features. Their feldspar is usually red or pink, and their

principal bisilicate is a chloritized biotite. Others partake more of the

aplitic character. Their feldspathic com])onent possesses more or less per-

fectl\- ([iiadrangular cross-sections, and their quartzes circular ones.

Both the granites and the aplites are altered. Their orthoclase is kao-

linized and their biotite is so completely changed to chlorite that it is

often difiicult to determine what were the original components. Epidote

is not infrecpienth- an alteration product of the jjlagioclase |)resent, and it is

apparently often a result of the decomposition of biotite.

A i\'\y dikes of a fine-grained, dark-gray rock are of interest, since they

represent the aplitic- form of quartz-mica-diorite, named malchite by Osaun.'

The best specimen of this rock came from a dike 600 steps north of the

'Mittheil. Gross. Bad. geol. Landesanstalt, Vol. II, p. 380. Cf. also Microscopic study of some
Michigan rocks, by H. B. Patton : Rept. State Bo.ard Geol. Surv. Michigan 1893, pp. 184-186.
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SE. corner of sec. 18, T. 48 N., R. 28 W. It is an aggreg-ate of plagloclase,

orthoclase, quartz, and biotite. All the components are much altered.

The biotite is chloritized, the orthoclase kaolinized, and the plagioclase

saussuritized. Plagioclase and quai'tz compose the greater portion of the

rock. The former is in little grains with irregular outlines that exhibit a

tendency to become quadrangular, and the latter in grains between tlie

plagioclases. In strui-ture the rock is j)anidioniorphic.

The quartz-porphyry dikes have already been studied by Williams.

The rocks are light-colored. They sometimes still have their original char-

acters sufficient]}' well preserved to exhibit the pbrphyritic structure. In

other and more numerous instances the rocks are schists. Their })or})h\--

ritic orthoclases are broken and their fragments displaced, their porphvritic

quartzes are granulated, either entirely or only peripherally, while the

quartz-orthoclase mosaic that originally constituted their groundraass is now
a schistose aggregate of quartz and sericite. In not a few of the pt)rj)hyries

plagiocliise accompanies the orthoclase as phenocrysts, and chlorite, filled

with tiny brown rutile crystals, is distributed through the groundniass as

laminse apparently replacing an original Ijiotite.

THE PEEIDOTITE.

The serpentine and peridotite form high, ragged bluffs that are notice-

able for their dark color and jagged contours. One of these bluffs forms

Presque Isle, on the shore of Lake Superior, about 2i miles north of

Marquette. The principal occurrences of the two rocks are, howe\'er,

northwest of Ishpeming, in the area of the Kitchi schists.

TIIH I'RESQUE ISI.E AREA.

The rocks of the Presque Isle area (Atlas Sheet XXXVIII) are so well

known, thanks to Dr. Wadsworth,^ that we need give them little attention.

They were all originally peridotites, but they have undergone alterations

due to weathering until they are now largely serpentines and dolomites.

Among the freshest phases of the rock Iherzolites, picrites, and wehrlites

have been distinguished.^

' Lithological Studies, by M. E. Wadaworth, 1884, p. 136.

2 Report of the State Geologist for 1890-91, by M. E. Wadswortli: Kept. State Board Geol. Surv.

Michigan 1893, pp. 134-138.
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Tlic jxTidotitc and its altereil varieties t'onn an iinmeuse knob viuder-

Iving Potsdam sandstone. Since tlie (U)n<^loineratic' lower layers of the

fraginental rock contain pebbles of the peridotite, and since a diabase dike

in the latter is overlain bv horizoutal layers of the sandstone, it is concluded

that the peridotite is older than the sandstone. Its age with respect to the

Algonkian fragmentals is not yet known. It is probabl)' younger tlian

the green schists, for it is similar in all essential features to the peridotite

of the Opin area, and this intrudes the Kitchi schists.

Analyses of the serpentine of Presque Isle were made by Whitney' in

1859. Thev are of those portions of the rock that were decomposed by

fused sodium carbonate, and are evidently not complete.

Analyses of serpentine from I'reaque Isle.
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dikes intersect the schists, whereas all dikes, except the very freshest of the

diabases, are absent from the peridotite. These tacts would indicate that

the ])eridotite is an irruptivc of later ag-e than the schists. Dr. Wads^^•ol•tll

has recently described an irrnjjtive contact of tlie serpentine with the sciiists,

and a dike of the peridotite intruding diabase, diorite, and felsite. There

can l)c' no question, then, that the peridotite and its derivatives are voiuiger

than the Deer Lake Kitchi sciiists. From the relation of the various dike

masses to it, it would seem to be the latest intrusion in tliis area, with the

exception of the fresh diabases, whose irruption continued until the close

of Upj)er Jlarquette time.

The freshest peridotite obtained in this area came from a large bluff near

the center of the E. h sec. 27, T. 48 N., R. 27 W. The rock is composed

of fairly well preserved diallage, olivine, magnetite, and plagioclase. The
olivine is in well-defined crystals, embedded in large plates of pale-pink,

almost colorless diallage that nearly fill the section. In the small inter-

spaces between the diallages occui-s the plagioclase, as a Meakly i-efractiug,

altered, white or colorless substance, occupying the same relation with respect

to the diallage and olivine as glass does to the crystals in a hypocrystalline

rock. The olivine and diallage are both serpentiuized in part, and the dial-

lage is in places uralitized and chloritized, especially near its contact with

the plagioclase. Tlie small amount of magnetite present is found amongst

these decomposition products, as are also a few flakes of biotite. Calcite

fills cracks in the other components and the spaces left between them. The
rock has the composition, but not the structure, of wehrlite. Its analysis,

made by W. F. Hillebrand in the Survey laboratory, is given on tlie next

page.

From this analysis it is seen that the rock is more altered than would

be judged from the investigation of its single thin section at hand. It is also

noticeable that, like many other peridotites, it contains small percentages of

several rare metals, as titanium, chromium, manganese, and nickel, besides

traces of strontium and barium.

From most of the sections of specimens taken from the Opin perido-

tite the olivine and diallage or other pyroxene have entirely disappeared

and serpentine or dolomite has taken their places. In many of these the
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origiual structure of the peridotite may still be detected, while in others

nothing can be seen but fibrous masses of ser])entine, irregular areas and

tiny veins of dolomite, and some magnetite and earthy products. When

the serpentine predominates, the rocks are well-characterized calcareous

serpentines; when the dolomite prevails, they become almost pure dolo-

mites. These latter rocks are not so abundant in quantit^'^ as the serpen-

tines are. They are found usually as veins cutting the latter rocks, and as

indefinitelv defined l)ands bordering cracks and joint planes in them.

Analysis of the perUlotile from the Opin area.

SiOi

TiO,

Al;03

Cr.Ci

Fe;03

P'eO

MnO
NiO

CaO

SrO

BaO

WgO
KoO

Na,0

H.O below 110-

HjO above 110

J

CO,

P.Os

39.37

.66

4.47

.68

4.96

9.13

.12

.21

3.70

Trace.

Trace.

26.53

.26

.50

.87

7.08

1.23

.17

Total

No. 17972 ; from 1220 paces N., 500 paces W., of the soutlieast corner of sec. 27, T. 48 N., R. 27 W.

FERRUGINOUS VEINS IN THE NORTHERN COMPLEX.

At various places within the schist areas of the Northern Complex

there are small masses of ferruginous slate, ferruginous chert, and inaguetite-

griinerite-schist which are identical in hand specimen and in microscopical

character with similar rocks of the Negaunee iron formation. The best-
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known l()c;ility at which these rocks are found is in the northern i)art

of the city of Marquette, a short distance west of Light-House Point. The

largest masses of the feiTugiuous rocks are seen on Michigan street, from

which ])hxce they extend east and west for some distance. At ilicliigau

street the rocks are separated into two parts 1>a- a Liver of green schist. A
short distance to the east but a single mass is found, and this, as it is followed

farther east, becomes mucli smaller. It finally disappeai's at the end of one

outcrop sejDarated from others by an interval of 10 feet. The feiTuoinous

rocks at this place have a strike and dip closely corresponding with those

of the foliation of the schists with which they are associated, biat when

examined minutely the two are found to be discordant.

East of this 2^1ace, t)n the neck of Light-House Point, various

narrow seams of iron-bearing rock, from a fiew inches to a foot wide, are

found. These ai-e interlaminated with the green schist of tlie point. One

of them can be traced for a distance of 100 feet or more, while the other

smaller ones disappear witliiu a short distance. Some of these narrow

masses have become soft and liydrated, and such resemble the ferruginous

material taken out from the Eureka mine 2 or 3 miles to the west. The

Eureka ore is a soft hematite in the green schist.

The belt of green schists from the Eureka mine to Light-House Point,

in common with the entire green-schist area, shows evidence of extensive

dynamic action, the rocks all having- a schistosity, and in some places being

broken up into lozenge-shaped blocks, between which solutions might

readily pass. It is believed that all of the ferruginous deposits of this area,

in their banding, in their relations to the surrounding green schists, in tlieir

great vai-iability in thickness, and in tlie rapidity with which tliev die out,

coiTespond in every respect to infiltrated veins, and are, therefore, secondary

to the countrv rock.

In sec. 2, T. 48 X., R. 27 W., just north of the old Ilolyoke mine,

outside of the area mapped, there are also found within the green schist of

the Northern Complex various masses of sideritic slate, ferruginous slate,

ferruginous chert, and griinerite-magnetite-schist. In tlieir relations t() the

surrounding rocks they in all respects resemble those adjacent to Marcpiette.^

'In one of the Archean islands, in sec. 2.3, T. 47 N., R. 26 W^., are also found narrow veins of

jasper, the widest l>eing less than a foot thick.
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T\w fnriiiatiou of veins of ferruii-inous nuit(M-i;ils must luive l)een prior

to Marquette time, for in the lowest formatiou of the Marcjuette series, as

seen on a succeeding page, are found fragments of ferruginous rocks hke

the veins in tlic basement Complex. The IFolyokc conglomerate at the

l)ase of tlie Huroiiian series in this locality contains very numerous large

fragments of \arious ferruginous rocks which are identical with the veins

in the green schists helow, and there can l)e no doubt that the ferruginous

detritus was derived trom the veins.

SUMMARY.

In the preceding pages it is shown that the l)asenient upon which the

^lanpiette sediments Avere deposited, as it exists in the Northern Complex,

consists mainly of foliated rocks, including greenstone-schists, gneisses,

o-neissoid granites, and syenites, that are cut through and through by intru-

sions of acid and basic rocks in the form of dikes and are penetrated by bosses

of ])eridotite. All the dikes, except a very few fresh diabases, are older

than tlie up})er beds of the Marquette series. They are schistose, and

most of them are much altered. The massive diabase dikes were probably

formed during Keweenawan time. The peridotite is younger than the

Cambrian sandstone and older thaii the greenstone-schists of the Basement

Complex. Its age has not lieen determined more accurately.

The gneissoid granites and syenites differ from one another in com-

position, the former consisting essentially of biotite, quartz, orthoclase,

plagioclase, and microcline, and the latter of hornblende and the feldspars.

Both rocks owe their foliation tii mashing, and both have had developed in

them large quantities of new minerals, the most noticeable being microcline,

plagioclase, and muscovite. The gneisses differ from the granites simply

in the greater perfection of their schistosity and in the greater quantity of

new minerals developcid iu them. These acid rocks have the structure

of plutonic intrusives. Tlie\' cut tln-ough the greenstone-schists and are

intermingleil with them so confusedly that accurate outlining of the areas

underlain b\' tiie acid and the basic rocks, respectively, is practically impos-

sible. From tlieir structure it is evident that the granites and syenites were

intruded into tlie schists when these were at some considerable distance
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below the existing surface. Since, however, the gnuiites were exposed at

the surface, when the basal beds of the Marquette series were fornu^d (as

shown by the numerous bowlders of granite in tlie bjisiil conglomerjites),

it necessarily follows that the interval between the intrusion of the granites

and the formation of the first of the Marquette beds was of great length.

Since, moreover, the green schists are older than the granites, it further

follows that the schists are verv much older than tho oldest members of the

Marquette series.

The greenstone - schists studied are all stjueezed surface materials.

They are nearly all reerystallized l)asic tuffs or altered lavas. The few

schists of doubtful origin were probably lava flows of coarser grain than

the predominant ones. As these rocks were surface forms, it is evi-

dent that there nuist have been a foundation upon which they were laid

down. The gnei>;soid granites can not have composed this foundation,

because they are younger than the schists. The former, ho\ve\er, are the

only other class of rocks, with the exception of the dikes, that liave been

discovered in those portions of the Northern domjilex studied; hence it

follows that the surface on which the basic lavas and tuff's were laid down

has not yet been found. It is barely possible that the original surface

rocks have disappeared, as Lawson' has suggested in explanation of a

similar set of phenomena in the Rainy Lake district of (Janada, and that

the granites and gneisses are their fused representatives; but in the ]\Iar-

quette district there is no evidence to show tliat this is the case, and we

must therefore content ourselves for the })resent with the statement that the

basement on which tlie schists were dei)Osited is unknown.-

It is to be remarked in conclusion that, whatever may have l)een the

original condition of the granites, all the members of the Northern Complex

' A. C. Lawson, Report ou the geology of the Rainy Lake regiou : .\nu. Rept. Geol. and Nat. Hist.

Siirv. of Canaila for 1887-88. Vol. Ill (new ser.), F., pp. 1-196; and Am. Jour. Soi., 3d series, Vol. XXXIII,

1887, pp. 473-480. Also Congres g(>ol. internat., Compte-rendn 4th sess., London, 1888, pp. 130-152.

-Kominger's theory of the structure of the district under consideration is very similiir tci Law

son's theory, so far as it concerns the relations of the gr.anite8 to the other members of the Fundamental

Complex and to those of the Marquette series (see Chapter I, p. 84), and Rominger's statement was

published much earlier than Lawson's. The same remarks that apply to Lawson's suggestion apply

as well to Rominger's theory.
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exhibit proof tliat tlu'\- once existed as igueous magmas, from which they

were formed bv cooling, so that in their present condition they are all of

igneous origin. Not a sediment of any kind has been detected among them.

In this respect the Northern Complex differs essentially from the Marquette

Algonkian, which consists almost exclusively of well-preserved sediments.

The relations of the granites and the gneisses to the greenstone-schists

are those that obtain between the Mareniscan and the Laurentian series

of Van Hise, the greenstone-schists representing the Mareniscan, and the

granite-gneisses the Laurentian. Nothing corresponding to Adams's Gren-

vdlle series has yet been discovered in this district, and perhaps nothing

corresponding to his Fundamental Gneisses.

SECTIOX II.—THE SOUTHERN COMPliEX.

So far as our studies have g'one it has l)een found impossible to map

the rocks of the Southern Complex even as definitely as has been done

in the case of the Northern Complex. Except in its eastern portion, there

are no large distinct areas in that part of the southern district studied

that are occupied almost exclusively by one kind of rock. Most of the

area is occupied by granites, gneisses, hornblendic and micaceous schists,

and greenstone-schists, together with the various acid and basic eruptives

that intrude them.

The relations existing between the rocks of the Southern Complex

and those belonging in the ^larquette series are referred to at the proper

places in connection with the discussion of the lowermost beds of the

Alg-oukian. Where their contacts are seen there are found marked uncon-

formities between the two series, as will be explained later. At other places

the crystallines, as well as the fragmental rocks, are mashed to such an

extent that it is difficult to draw a line between them. Along such con-

tacts there are often developed light-colored sericitic schists and gneisses,

whose origin is problematic. At many other places, notabh' in Rs. 27 and

28 W., the granites and schists are separated from the Algonkian sedi-

ments by a strip of country devoid of ex[)osures. Often swamps intervene

between the last outcrops of the bedded roc^ks and the first ones of the
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schists. At other times drift covers the contucts. In such cases the rela-

tious of the two series can not be determined. Nevertheless, there is no

reason to believe that they are different from those observed where the

rocks are seen in iictual contact.

DISTRIBUTION AND TOPOGRAPHY.

The topooTapliy of the Southern Complex differs but little from that

of the northern granite areas. In its eastern part the chift is thicker than

in the western part, and consequently the ledges are frequently small

isolated exposures, single knobs, or collections of knobs, that are presum-

ably the tops of hillocks with several peaks, separated from one another

bv little defiles. The hillocks themselves are separated by drift deposits,

so that the Southern Complex iii its eastern portion consists in reality

of distinct areas.

Between the north-and-south center line of R. 27 W. and the west

line of R. 28 W. the country is swampy and ledges are rare. When they

occur it is as small, low outcrops in the midst of tlie swamps. Farther

west hills and swamps alternate, and the surface has the usual aspect of

pre-Algonkian topography.

In its eastern portion the rocks comprising the Southern Complex

form a narrow belt bordering the Marquette sediments and extending

southward under a broad sand plain, above which here and there isolated

knobs of granite protrude, thus indicating the presence of pre-Algoukian

rocks beneath the sands. To the west the belt expands, vait'A, near the

Michigamme River, it is many miles in width. Here the area is divided

by the Republic tongue of the Marquette rocks into a large eastern portif)n

and a narrow western one, which, uniting just south of the city of Republic,

merge into one large area.

To the east, near Lake Superior, granites predominate. Westward

from the lake shore for 10 miles these are about the only members of

the Southern Comi)lex met with. Farther west schists become involved

with the o-ranites in the most intricate manner, so that frequently it is

impossible to declare wdiether tlie former or the latter rocks are the more
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abundant. As the work in the Smitlieni Complex progresses it is probable

that the schist areas and granite areas will be differentiated from each

other, and that a correct map will show large granite areas surrounded by

schistose rocks and separated from each other b}- areas in which schists are

largely ))rcdomin;int.

COMPARISON WITH NORTHERN COMPLEX.

As conii)ared with tiiat portion of the Northern Complex studied, it

is found that the southern area contains fewer greenstone-schists. More-

over, in the southern area hornblendic and micaceous gneisses and schists

are abundant, whereas in the northern area the}' are absent. The granite

is intrusive in these schists, and also in the few greenstone-schists present.

The relations of the greenstone-schists to the hornl)len(lic and micaceous

cues are not known, but it is thought" ])robal)le that the latter ai-e older

than the former, and that this fact would account for their absence in the

northern area, where, if they ever existed, they must be buried beneath

the tuffs and lava flows that have produced the schistose gi-eenstones.

THE SCHISTS.

The schists of the Southern Complex comprise hornblendic and

micaceous schists and greenstone-schists similar to the greenstone-schists of

the Northern Complex, granite-gneisses, and the Palmer gneisses, which,

because thev are so closely allied to the granite-gneisses are discussed with

the latter rocks.

The l)est exhibition of the various hornblendic and micaceous schists

is in the area lying southeast of Lake Michigamme and s^)uthwest of

Champitm, constituting the northeast (luarter of T. 47 N., R. 30 W. (Atlas

Sheet IX). The district is covered with small knobs and lai-ge hills with

bare tops, on whicli the relations of the schists and the granite may be

easily studied. Occasionally a knob may consist exclusively of granite or

of the schists, but usually both schists and granites are found in it, the

granite often occupying the higher parts. The schists include both horn-

blendic and micaceous kinds, of which the latter are the more common,

though the formiT arc not rare. The micaceous varieties ai-e well banded

with light and (l,iri< laxers, measuring from a line or so to several inches in
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breadth. On weatlic'rc(l surfaces tlie l)aii(ls show ]ilainly, Init on fresh sur-

faces they are often scarcely perceptible. Where ini(listurl>ed by granite

intrusions the bands strike about northeast and dip northwest at a very high

ande. Near the contacts with the granite they are much contorted. The

horublendic schists are sometimes banded, Ijut the l)anding is not so regular

as in the case of the micaceous rocks.

There can be no (piestion that the granite is intrusive in the schists.

Its dikes and veins cut the schists in all conceivable directions. Perhaps

more frecjueutly than otherwise the dikes run parallel to the banding ol the

Yia. 7 ilica-scbist intmdeil by granite, south of Champion mine.

intruded rocks, but they nevertheless often cut across them, crumpling and

contorting the bands. The most easily accessible locality at which tliese

relations may be seen is on a little knob just south of the middle shaft of

the Champion mine, where the coarse ^vhite granite, so abundant farther

south, sends broad dikes with branching arms into a black, glistening

mica-schist (fig. 7). The same granite a little to the southwest contains

numerous large, sharp fragments of a similar scliist, which it has e^ddently

taken up in its passage to its present position.

MON XXVIII- -13
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Although more abundant in this portion of the southern area than

elsewhere, the hornblendic and micaceous schists are not contined to it.

Small exposures of them are found scattered among the granite knobs

as far east as the east line of sec. 34, T. 47 N., R. 26 W. (Atlas Sheet

XXXV), and as far west as Republic (Atlas Sheet XI), forming almost as

great a proportion of tlie rocks in this ^^cinity as they do in the neiglil)or-

hood of Cliampion. In the interior of the area they are jn-obabh- also quite

common. Wherever found, most of the schists are more or less detinitely

banded and always distinctly foliated. The general direction of their

banding varies in its strike from north to northeast, and in its dip from 45°

northwest or west to as much southeast or east. Usually the dips are very

steep, and often they are perpendicular.

Occup-snng less extended areas are the other foliated rocks of the

Southern Complex. These are the greenstone-schists and tlie various

gneisses. The former occupy a distinct but very small area near the shore

of Lake Superior (Atlas Sheet XXXIX), where they ])resent the same

featm-es as some of the corresponding rocks in the Xorthern Comjdex.

Their foliation strikes about east and west, and their dip is nearly vertical.

Occasionallv similar schists are found in other parts -of the southern area,

interspersed among the other rocks. Under these conditions they appear to

be mainly schistose dikes.

The gneissoid granites are more common in the western ]X)rtif)n of the

Southern Complex than in its eastern portion, though they are found also in

the latter area. Their distribution is quite uniform throughout the granite,

but their abundance is inconsiderable when comjiared with their abundance

in the Northern Complex. Xo definite relations as to distribution have

been determined to exist between these gneisses and the massive granite.

The Palmer gneisses are found only along the southern side of the

Marquette svncline. Their general distribution is indicated on the map

(Atlas Sheet IV). Further reference to them and to tlie gneisses is deferred

until the granites are discussed.

From the statements already made it is e\'ident that cm" information

concerning the distribution and relations of the schists of the Southern

Complex is very incomplete. So little detailed work has been done in
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the area that we are obhged to hinit ourselves to descriptions of the

microscopical features of the specimens collected near the hordcrs of the

Algoukian sediments, and to content ourselves witli suooestions as to the

legitimate conclusions to be ilrawn from them. For this purpose we mav
divide the southern schists into the micaceous and the hornblendic varieties,

leaving the Palmer gneisses to he treated with the gneissoid granites.

THK :micaceous schists.

The micaceons schists include true mica-schists, consisting essentiallv

of (juartz and muscovite, or (|uartz and l)iotite; feldspathic mica-schists,

containing, in addition to quartz and biotite, a large (piantit^- of feldspar;

and hornblendic, micaceous schists, which differ from the feldspathic varie-

ties in possessing some green hornblende. These varieties grade into one

another insensibly, so that there is represented in hand specimens a com-
plete succession of tyi)es from the typical mica-schists to rocks that might
be called hornblende-mica-gneisses. Even in a single hand specimen the

alternate l)ands may consist of feldspathic and nonfeldspathic schists, or

of the latter and the hornblendic varieties. There is such an intimate rela-

tionship exhiliited l)etween all these rocks, when their thin sections are

examined under the microscope, that there can be no doubt as to their

genetic connection. The separation into classes is merely for convenience

in description.

MT"S< l)VnE-.SCHISTS.

The nmscovite-schists are rare. They are higlily foliated, silvery-gray

nx-ks, witli contorted folia. They are not so detinitely banded as are the

less markedly foliated rocks, tliough bands can still l)e detected in some
specimens. In general appearance they are typical mica-schists.

Under the nneroscope their thin sections show only elongated (luartzes,

muscovite, biotite, limonite, a few grains of magnetite, and tiny plates of

hematite. The nuiscovite occurs as little lamina cutting through the quartz

grains and as long wisps between them. It is to the existence of these

long wi.sps and of the elongated quartzes that the schistositv of the rock

is due. The biotite, which is present in small quantities only, appears as

small l)rowii Hakes scattered through the quartzes. Some iiTegular areas
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of a inntted mass of tiiiv sericitc or kaolin fibers may represent an original

feldsj)ar, but if so, no otlier evidence of its former existence remains.

HIOTirK-SCinsTS.

The biotite-schists are much more abun(hint than tlie muscovitic vari-

leties. As seen in the liand specimen, they vary from cora^iact or slightly

schistose, dark-gray rocks (No. 1G922, analysis, p. 202), reseml)ling fine-

grained, dark qnartzites, to sandy, slaty, liglit-gray ones (No. 16913, analysis,

p. 202), resendjling friable sandstones.

Under the microscope thev sometiines appear almost massive. Usually,

lio^vever, their mica flakes are arranged with tlieir long axes approximatelj'

parallel, and their other components are more or less elongated in the same

•direction. Quartz is the principal component. Its grains are elongated,

and where thev are in C(intact they interlock by irregular sutures. Thev

frequently contain, as inclusions, spicules of gi'een hornblende and small

flakes of biotite. Feldspar is also abundant. A few irregular grains of

clear plagioclase and kaolinized gi-ains of an untwiimed feldspar, probaljlv

orthoclase, lie between the cpiartzes, but they are found only occasionallv.

The greater portion of the feldspar is altered into kaolin, chlorite, etc.

Biotite is the characteristic component. It is found in large and small

reddish-brown flakes Iving- between the quartz grains, and often including

several of them. Magnetite, zircon, epidote, limonite, and hematite are

found in all sections, l)ut in verv minute quantities. Muscovite is a little

more ])lentiful, 1)ut this also is rare. It is present in the kaolinized feldspar,

Ijut not 43lsewhere in the slides. In some few cases the biotite has been

- changed to chlorite, when it loses its brown color. Otherwise the rocks

ai"e very monotonous in their features (see fig. 8, on the opposite page).

FKLDSPATIHC UK ITITE-SCHIST.S.

The feldspathic scliists are more A^aried in character, mainly l^ecaiise

of the larg-e quantities of feldspar present in them. This, by its alteration,

gives rise to various secon<lar\' products. The rocks ai"e very much like

graywackes in their macroscopic appearance. They are fine-grained, frag-

mental-looking, grav rocks, with l>ands of lighter and darker shades (No.

16765, analysis, p. 202). In thin section they are seen to be composed mainly
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of elongated (juartzes, brown biotite, |)lagi(>clas(', and ortlioclasc or its decom-

position products, kaolin, sericite, and epidote. Garnets are present in some

sections, and in others tourmaline occurs in very small (piantity. The

quartz and the biotite present no unusual features. 'I'lic latter mineral is

often chloritized, as is also some of the orthoclase, so that the (piantity of

chlorite is nuich greater in these rocks than it is in the nonfeldspathic schists.

The feldspars are the most interesting constituents. They are nearly

always much altered, the orthoclase more so than the plagioclase. In the

triclinic feldspar the twinning bars are always reccignizable and the material

of the grains is often clear. With

the orthoclase the case is different.

Occasional traces of Carlsbad twin-

ning are obscurely visible, but the

mineral is so clouded with flakes of

sericite, kaolin, chlorite, and brown

biotite, Avitli grains of epidote and

quartz, needles of green hornblende^

and the dust of magnetite, that its

original nature in most cases is dif-

ficult to prove.

The arrangement of the decom-

position products of the orthoclase f,q

is irregular. Within the body of tlie

mineral they form a web of inter-

woven spicules, in the interstices of

which are little grains of quartz and small areas of the undecomposed

feldspar. Portions of the secondary aggregate extend bevond the original

outlines of the grains and penetrate between the primarv quartzes and the

biotites. Thus it frequently seems as though the rock were a fragmental

one, since we find rounded grains of quartz and irregular flakes of brown

biotite embedded in a fibrous groundmass which in appearance is not unlike

the material of a biotite-slate. A close inspection of the aggregate, how-

ever-, shows that the quartz grains have not the outlines of waterwom

grains, nor does the fibrous and finely granular groundmass in which they

Thin sectinn of f.-Mspnthic biotite-s.hi.-it. No. 16903^

from875,slup8X,, 12JstLlis W., of SE. comer of seen, T. 4TX.,

R. 30 W. Section shows typical structure of the coar.ser

schists, rich in feldspar. The light-coloretl, irregular grains

are quartz, the cloutly ones feldspar, and the darl; ones bio-

tite. Natural lijiht X 55.
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lie bear the same relations to tliem as does the fine-grained fragmental

matrix to the larger grains in a sand}- slate. Large areas of the matrix

polai-ize with indefinite outlines, resendjling the irregular outlines of crys-

talloids of feldsjjar in a granite—a phenomenon due to the remains of

slightly altered feldspar left between the meshes of its alteration products.

The larger quartzes eni.bedded in this groundmass of decomposed feldspar

are all compound. The elongated grains are made up of a coarse mosaic

of smaller grains, the direction of whose longer axes appears to be inde-

pendent of that of tlie larger aggregate. Under crossed nicols these rocks

resemble a lot of nests of quartz mosaic in a groundmass composed of

ill-defined plagioclase grains and large flakes of brown biotite in a matrix

of small grains of quartz and fibrous decomposition products of orthoclase.

Tlie^- thus simulate very strongly certain sedimentary schists.

As the (juantity of feldspar increases the superficial resemblance of the

schists to fragmental rocks becomes stronger, for the alteration products

are greater in quantity and the original outlines of the feldspathic grains

are more and more obscured.

HORXBLENliIC BIOTITE-SCHISTS.

The hornblendic micaceous schists differ from the feldspathic yarieties

in that they contain large crystals (tf green hornblende that are idiomor-

jjhic in cross-section and are frequently twinned. They foi'm yery much

larger plates than do any other minerals in the rocks, and often these plates

surround and inclose a half dozen or moi'e grains of quartz or feldspar.

The hornblende is evidently the latest mineral formed in the rocks in which

it occurs, and is quite certainly secondary. Otherwise the hornblendic

varieties are similar to the feld.spathic micaceous schists.

STRUCTURE.

The structure of the muscoyite-schists, and of many of the biotitic

yarieties, is that of typical schi.sts (see fig. 8, p. 197). Others of the biotite-

schists, particularly those containing much feldspar, have the cataclastic

structure, which in many cases resembles the fragmental structure of a

sedimentary rock. Howeyer, although their components are broken and
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shattered, there eau not be deteeted anioiig- tlic iVaij'incnts aiiv tliat ])reseut

the least evidence of bein<^' waterworn. Tlicir (juartz (grains are in all

cases either very sharp-edyed I'rau'ments or thc\- interlock with the other

components l)^- verv irregular sutures. The felds[)ars ]ia\e been fractured

also, but in this case too the fragments are very sharp-edged. ( )ccasionallv

an altered feldspar has escaped rupture and lias preserved its original form,

when it appears as a phenocr^•st in a cataclastic matrix.

In the most altered phases of the feldspathic schists the tliin sections

present a strikingly sedimentary aspect. Rounded grains of (piartz and

feldspar are endiedded in an aggregate of secondary substances, just as the

grains of (piartz in a sandv slate are embedded in a tine-g'rained aggregate

of kaolin, etc. But in this case the rounding of the grains is plainh' due

to decomposition (see pp. 1 '.'7-198), since numl)ers of tlieni tliat are side l)v

side extinguish simultaneously between crossed nicols. In no instance have

any waterworn grains been detected in anv of tliese rocks, and hence none

of theni exhibit anv evidence of a sedimentar-s* origin, however nuxch they

may at first glance look like sediments.

The foliation, which all the micaceous scliists exhilnt, is tlie result

of the flattening of their larger (piartz and feldspar grains in a uniform

direction and the arrangement of the larger l)iotite flakes with their longer

axes in the same direction. The cataclastic grains (those formed bv tlie

fracture of the larger grain.s) are not necessarilv elongated, though many

of them are so, and where thev are their longer axes are not alwavs

uniforiidy orientated. Tlie banding of the scliists is due mainh- to the

greater abundance of biotite in cei'tain planes than elsewhere

Whatever niav be the origin of the banding of tliese rocks, it is clear

that their foliation is the result of mashing. The liending of large biotite

plates, the cracking of the feldspars, and the granulation of tlu- (piartzes, so

frequently observed in thin sections, and the presence of cataclastic grains

in general, are jiroof that the rocks have been subjected to crushing forces.

That there has been mashing is shown also by the streaming of biotite

flakes around the porphvritic feldspars. In a rock (specimen No. 1(!T64)

from near the NW. corner of see. 2, T. 47 X., R. 30 W. (Atlas Sheet IX), for

instance, there is a large Carlsbad twin of orthoclase, surrounded by lines
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of l)i()tite Hnkcs that ;iro l)eiit to coMt'orin witli tlic outlines of tlio crvstal.

Phenomena of the same kind are met with in so many sections that the

belief in a (Ivnamic origin for the foliation of the schists is irresistible.

The scllistosit^' was imposed npon the rocks prior to the alteration of the

feldspar in some cases, and in other cases it was produced sid)sequent to

this alteration This is easily accounted for on the supposition that the

feldspars were partially altercid before the I'ocks containing- them were

mashed, and that the alteration continued after tlie mashing. While in some

cases tlie alteration product^^ are arranged as in a fine-grained schist, with

the schistositv planes i>arallel to the elongation of the (piartzes and to the

longer axes of the large biotite flakes, in other instances no such general

an-angement is noticeable. In these cases the small biotite flakes in the

secondar)^ aggregate lie in all azimutlis, except where tlieir positions have

been determined by the structure of the mineral from which they were

derived. In the section of rock. No. 19034, for example, the tiny biotites

are often f()und in two series of lines crossing each other approximately

at right angles, having been formed apparently in the cleavage cracks of

feldspars.
COMPOSITIIIN' AXll iiliUa.V.

The micaceous schists are so much altered that the nature of the

original rock from which they were formed is not known. The existence

of large cr\-sta]s of orthoclase with the outlines of phenocrysts in the midst

of a cataclastic groundmass would seem to indicate that the original rock

was an aciil porphyry, but these are so rare that any broad generalization

based upon tlieir presence must be of doui)tful value. It is true that no

sedimentary grains have been discovered in any of the thin sections, and

this fact would seem to point to a similar conclusion. But all the rocks

have been so greatly altered in structure l)y the changes thev have luider-

gone that it would lie surprising if any evidence of their original structure

were discoverable.

From the evidence of the microscope, all that can be said i-egarding

the origin of the schists is that they are more })robably igneous rocks thau

sedimentary ones. Their banding may be accounted for on the supposition

that they occurred as flows of lava, for, though they are as evenly banded
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as many modem slates and sandstones, the micaceous schists are seen in

the field to be interbedded with hornblende-schists of whose ig-neous orio-in

there can he little doul)t. It may be that some of the schists are altered

tufiFs, and that their banding- is due in part to the original sti-ntification of

the tuffaceous l)eds, as is the case with the greenstone-schists of the Northern

Com])lex, but of this there is as little positive proof as there is of a sedi-

mentiuy origin for auA* of the schists.

Dr. Adams' has attempted to get some light on the origin of the gneisses

of the Grenville series in Ontario by comparing their composition with

that of slates anil granites. He calls attention to the fact that while the

average amount of the alkalis in granites is 7.3.") per cent, in 23 primitive

felates it is only 4.7 per cent, or two-thirds as great. Moreover, the slates

are much higher in alumina than the granites, while at the same time

they are lower in silica. The slates also contain more magnesia than lime,

whereas the granites contain more lime than magnesia. After making his

comparisons Adams concludes that the Grenville gneisses are more nearly

like the slates in composition than like the granites. Of course such a

comparison as this is of doubtful utility as a means of detennining the

origin of rocks that have sufifei-ed such a multitude of changes since their

deposition as have the schists under consideration. Even if it were known
that their composition had not suffered much change under the influences

of metamorphism, the comparative process could be of little aid in discov-

ering their origin, unless the composition of both the granites and the slates

which they yielded were known. ZirkeP has shown that the range of

composition in granites is very great. His maximum, minimum, and mean
figures for their various constituents are as follows:

Range of composition iti granites.
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A schist iiiav therefore have any composition within a very wide range,

and, akhougli this composition may be identical with that of some slate, or

even with the mean composition of many slates, the rock ma}^ nevertheless

be a verv slightly altered granite.

Three analvses of the micaceous schists, one complete and two par-

tial, have been made (Analyses IV, V, and VI). These are compared

witli an analysis of Cambrian slate from j\Ielbourne, Province of Quebec

(Analysis I), and with analyses of the amphibole-granitite from Hoh-

wald (Analvsis III) and the granitite from Landsberg, in the Audlau

(Analvsis J I). As will be seen, the two granites vary in the proportions

of the alkalis and the alkali earths present, the Hohwald rock containing

but 4 per cent of the former, while the Andlau rock contains 7 per cent.*

In eacli, CaO exceeds ilgO in quantity. The composition of the slate

is not verv different from that of the granites except in one particular—

the percentage of MgO present is over five times that of the CaO.

Analyses of slate, (jraniiites, and schists.

I.
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IV. No. 16765. Dark ooloreil. linel.v Ii.tikIciI micaceous schist, from near .SW. corner of .sec. '^^>,

T. 48 N., R. 30 W. Much altered. Large feldspar grains, small ([uantity plagioclase, irregular (juartz,

little bornbleude, considerable biotite. Analyst, George Steiger.

Structure cataclastic, approaching sedimentary in appearance.

V. No. 16913. Light-gray banded schist, from 700 steps N., 1450 steps W., of SE. corner of sec. 3,

T. 47 N., R. 30 W. Not so much altered as 167G.5. Feldspar, quartz, some biotite, and a very little

hornblende. Kaolin quite abundant. Analyst, George Steiger.

Structure granulated, approaching sedimentary fragmeutal.

VI. No. 16922. Very dark gray foliated schist from 520 steps N., 1120 steps W.,of SE. corner

of sec. 30, T. 47 N., R. 30 W. Banded in the field, but not in hand specimen. Contains large irregular

quartz grains and comparatively fresh plagioclase and orthoclase. Analyst, George Steiger.

Structure foliated, like typical crystalline schist.

Upon compari.sdu of these analyses it will be seen that the micaceous

schists are in most respects as mucli like the g-ranites as they are like the

slate. With reference to the percentages of CaO and MgO present in

them, they are much more like the granites. The granitite contains three

times as much CaO and l\IgO, and the amphibole-granitite two and one-

half times as much, while the slate contains, on the other hand, over five

times as much MgO and CaO. The biotite-schist. No. 16922, contains twice

as much CaO as MgO, wdnle in Nos. 16913 and 16765 the excess of CaO

over MgO is probably even greater; so that if the analyses show anything

they indicate that the schists are altered granitites rather than altered sand-

stones or shales. In other words, the weight of evidence, while by no means

conclusive, is indicative of an igneous rather than a sedimentary origin for

the rocks in question, and is in accord with the little evidence afforded

by the microscopic investigation of their thin sections. Whether the rocks

were flows of -acid lava interbedded Avith the rocks that yielded the horn-

blendic schists, or whether they were in large part beds of tuff, has not been

determined. The even banding of many of the schists may be thought to

indicate the latter origin, but even banding is known to be characteristic of

some lavas, and in dynamically metamorphosed rocks, like the micaceous

schists, it is known sometimes to be the direct result of mashing.

THE UORNBLENDIC SCHISTS.

Those schists whose ])redominaut bisilicate constituent is a green horn-

blende may be divided into two classes, between which, however, there
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seems to be every .stag-e of gradation. In tlie one class are placed tlie

greenstoiie-scliists, composed of hornblende, plagioclase, and the alteration

products of the feldspar, and in the other class a series of lustrous, black,

foliated rocks, which we shall call ampliil)ole-schists. They consist essen-

tially of green hornl^lende, fresh plagioclase, aiid quartz. All of these rocks

are so similar to certain phases of the green schists of the Northern Complex

that their descriptions need not detain us long. The greenstone-schists are,

clearly, altered and foliated basic crystalline eruptives, and since they pass

bv intermediate phases into the amphibole-schists, it is believed that these

also are squeezed erupti^'es, in spite of the fact that they are often banded

and that some of thejn contain no inconsiderable quantity of quartz.

liUEKXSTONK-SClIISTS.

The greenstone-schists in the hand specimen and in thin sections

resemble more closely those schists of the Northern Complex that were

derived fi-om basic dikes and lava flows than they do those derived from

tuffs. In the hand specimen they present a wide variation in appearance.

Some of them are fine-grained, light greenish-gray, almost massive, or

slightly foliated rocks ; others are dark-gray, fibrous schists ; while still

others are finely banded, green and white schists. The latter are less

common than the other two varieties.

In the thin section nearly all the rocks show plainly their original

character. Altered plagioclase and green hornblende are their principal

components. The feldspar is changed more or less completely into an

aggregate of epidote, saussurite, quartz, and chlorite, with occasionally a

small admixture of a micaceous mineral. In addition to the altered plagio-

clase there is also present in many sections a fine mosaic of fresh

plagioclase, resembling the feldspathic mosaic of many of the greenstone-

schists of the Northern Complex. An untwinned decomposed feldspar,

which is thought to be orthoclase, is also met with in a few sections. Its

alteration products are mainly sericite or muscovite. The green amphibole

is in three forms ; it exists as long, slender needles penetrating the decom-

position aggregates of the feldspars, as large plates and aggregates of flakes

occupying spaces formerly occupied by augite, and as compact crvstals, idio-

morphic in the prismatic zone. The abundance of the compact aui2)hibole
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seeius to increase as the schistosity of the rock becomes inon; marked

In the less schistose specimens the amphibole has been hirgely chang-ed

into chlorite and epidote, while calcite in large qiiantity satnrates the rocks.

In some of the chlorite plates are series of fine rutile needles, cutting- one

another at angles of 60°, as though the chlorite had originally been a

biotite. Moreover, there are occasionally scattered through the chlorite

yellowish-brown flakes with the cleavage, pleochroisin, and extinction of

this mica. Leucoxene, sphene, magnetite, limonite, and hematite are met

with in most sections, and fairly large prisms of a bluish-brown tourmaline

are discovered in a few.

Dynamic effects are seen in a number of the least altered schists, but

they are largely obscured by the gi-eat quantity of decomposition products

present in all of them. Fractured plagioclases are sometimes so abundant

that the rocks look like tuffs.

From the microscopical features of the rocks and from the strong

analogy they bear to the northern greenstone-schists and the schistose Inisic

dikes that intrude them, we may safely conclude that, like the northern

rocks, they are squeezed eruptives—lavas and intrusive masses in the case

of the unbanded varieties, and tuffs in the case of the banded kinds.

The types of green schists described are the predominant ones in the

Southern Complex. There are, however, a great many other interesting

varieties met with, all of which may be traced, under the microscope, into

the types just described. Certain epidotic varieties deserve mention for the

great quantities of this mineral they contain. They are composed very

largely of dark-gi-een, imperfect hornblende crystals, in a matted mass of

smaller chloritizecl flakes of the same mineral, and large and small areas

of an almost colorless epidote and saussurite in plates and grains. Besides

these minerals, brown hornblende in plates, small grains of quartz, little

areas of feldspar mosaic, and some magnetite are always ]n-esent, but of

these minerals only the biotite is ever in large quantit}-. The biotite

seems to be more abundant near the feldspar areas than elsewhere, and the

epidote appears to replace this mineral.

Another type that must be briefly refen-ed to is intermediate in its

characteristics between the greenstone-schists and the amphibole-schists to
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be described presently. Tlie rocks of tliis tx-pe present a very fresh aspect.

As a rule no alteration products can be detected in them. The rocks are

now composed of clear jjlagioclase and dark-g-reen amphibole, and usually

some biotite. The plagioclase is in mediuiuly coarse grains that interlock

in the manner of dioritic plag-ioclase. These are often dusty, with small

inclusions of magnetite, amphilxile, etc. The amphibole is in large plates,

often twinned, and nearly alwa^'s idionuirijliic in the prismatic zone. The

mineral is cellular, ])ossessing the structure of Salomon's contact minerals,

and it is in its present form younger than tlie feldspar. Tlie biotite is of

the usual reddish-brown color. It occurs in small flakes that lie between

the plagioclases.

In structui-e and composition these rocks are "diorites," like those

described by Williams^ from the Northern Complex, but they are believed

to be altered basic rocks. In some eases, wdieu the gi-aiu is a little finer than

in the type described above, the origin of the rock is fairlj^ well indicated.

In addition to the components mentioned, there are often large grains of a

decomposed feldspar in the midst of a mosaic of fresher ones. Tlu- former

are clouded with small biotite flakes and small grains of quartz, and are

bordered by a clear mosaic of plagioclase. In the more massive forms of

the rocks the outlines of the original large grains may be detected. In the

schistose phases these gradually disappear as the schistosity becomes more

marked, until in the highly foliated phases all trace of the large (doudy

grains disappears, and the rocks now are aggTegates of green hornblende in

a mosaic of clear jdagioclase g-raius and brown biotite flakes. The coarser

schists are believed to have the same origin as those in which the jdagio-

clase is in the form of a fine-grained mosaic, the only difference between

the two rocks being in the size of the grains of the secondary plagioclase.

Both are believed to be dynamically metamorphosed forms of a basic

intrusive rock which may have been a diorite, a gabbro, or a coarse diabase.

VMI'IIIIiOLi;

The amphibole-schists are distinguished from the greenstone-schists by

the possession of ([uartz. This mineral is sometimes present in very small

' The greeustone-scUist areas of the Meuoniinee auil Mar(iuette regions of Michigau, hy G. H.

Williams: Bull. U. S. Gcol. Survey No. 62, 1890, p. 146.
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quantity, when the rocks are inucli like the hist type of" tlic p-eenstone-

schists mentioned above. Sometimes it is present in very lai-ye (piantity,

when they reseinble true hornblende-schists. Usualh- quartz and fresh

plagioclase are present in about equal amounts, and in tliis case the rocks

are intermediate in character between the g-reenstonc-schists and the true

hornblende-schists.

In the hand specimen the rocks of this class have a dark-gray or

black, rather than a green, tinge. Many of them are lustrous, black, highly

foliated schists that are sometimes banded with very fine parallel lines of a

white and a dark-green color, but Avhich more frequently are of a uniform

dark color; others are medium-grained, dark-gray, dioritii'-looking rocks,

in which a foliation is clearly apparent, but is not marked in its perfection;

while a few are fine-grained, black schists of a dense, uniform texture. In

thin section difi^erences in conq)osition and texture may be detected, corre-

sponding with diff'erences in the macroscopic appearances of the rocks.

The less lustrous of the schists resemble most closely the greenstone-

schists. Quartz and clouded plagioclase are present in very nmch elongated

grains, between which are flakes and masses of green hornblende and

chloritized biotite in small quantity. Large plates of epidote and grains of

titaniferous magnetite, surrounded by leucoxene, are scattered tln-ough the

aggregate. The bands that are sometimes so plainly seen in the hand

specimen are not clearly defined under the microscope. They can be rec-

ognized, but they possess no distinctive features. The darker bands contain

more amphibole than do the lighter ones. Otherwise the two are similar,

both in composition and in structure.

The lustrous schists are very fresh looking. Now and then a turbid

grain of feldspar is seen in their sections, but this happens rarely. As they

are now constituted the rocks difl^er from the "diorites" described under the

greenstone-schists in containing a little c^uartz. Elongated fresh plagio-

clase, mxich of which is untwinned, prisms of conq^act green hornblende,

and grains of quartz are the only components present in any quantity. A
few grains of epidote and some of magnetite, and occasionally a flake ot

brown biotite, are also met with, but not in noticeable amounts. In one or

two instances the feldspar is in such small quantity that the rocks are

essentially amphibole and quartz aggregates.
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MICACEOUS AMPHIBOLE-SCIIISTS.

There is a third class of schists that possess at the same time some of

the characteristics of the hornblendic schists and others of the micaceous

schists. Macroscopically theA' resemble the latter. They are finely and

evenly banded arenaceous rocks of a light-gray color. Under the microscope

they appear iBore like the hornblendic schists. Quartz in larg-e quantity,

altered plagioclase, brown biotite, and green amphibole are all present in

them. Tlie last three components vary in amount, but all are in large

(piantity. The plagioclase and quartz are in irregular and often jagged

grains, elong-ated in one direction a little more than in others. The biotite,

liowever, and usually the hornblende, always occurs in long, narrow flakes

between the other components, and it is due to the fact that the longer

directions of these flakes are always parallel that the rocks are foliated.

Tlie bands differ from each other only in the amount of hornblende and

biotite in them. The lighter bands ai-e devoid of these minerals, while the

dark ones contain them in great abundance. In one or two instances,

where the banding of the schists is very obscm-e, the structure is granitic

in so far as the quartz and plagioclase are concerned. These two minerals

occur in irregular grains that are separated from one another by numerous

flakes of biotite and honablende. The latter minerals lie with their longer

axes approximately parallel to the bounding planes of tlie quartz and feld-

spar grains, as if they had been forced into this position by pressure acting

perpendicularh^ to their predominating direction. The feldspars are more

or less altered to a mosaic of quartz and sericite or kaolin, or of quartz and

clear plagioclase.
ORKUN.

All the hornblendic schists appear to have been produced by the mashing

of some original basic crystalline. It is not possible to ascertain jjositively

that cpiartz was not a constituent of the parent rock, but from the fact that

it is so often a i)roduct of the decomposition of the original plagioclase it

is thouiilit ])rob;ible that much of it, in both the micaceous and the non-

micaceous hornblendic schists, is a secondary product. The biotite and

hornblende are also secondary, but the mineral from which they were

derived is not known. It may very likely have been augite.
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THE GNEISSOID GRANITES.

The o-ranife <aud granitoid gneiss of the Southern Complex, hke the

coiTesponding rocks of the northern area, are so intimately related to each

other that they must be regarded as different phases of the same rock. That

they are intrusives in the micaceous and hornblendic schists admits of no

doubt, as their dikes cut the latter rocks wherever found, and, as has already

beeii indicated, fragments of the schists are included in the gi-anite.

The distribution of the rocks with respect to the schists has already

been described. No repetition of the description is necessary.

PETROGRAPHICAL CHARACTER.

Macroscopicai.—As comparcd with the granite of the Northern Complex,

that of the southern area is less highly colored. In the east pink varie-

ties predominate, but toward the west, more particularly in the Lake

Michigamme district, a very fresh white granite takes its place, to the

entire exclusion of the pink variety. Porphyritic facies are less common in

the southern rocks, and the foliated structure which is so pronounced in the

northern granite is very much less marked in these. Moreover, whereas

in the former rocks there is always more or less biotite, in the latter rocks

there are frequently no bisilicates present, except a little chlorite in small

flakes that may have been derived from plagioclase, and in a very few

cases laro-er masses of the same mineral that may have come from biotite.

In general character, however, the rocks of the two areas are the same. In

the ledge the rocks are white, gray, pink, or red, according to the color and

abundance of the orthoclase present, but the red varieties are rare, and when

they do occur their shade is less brilliant than that of the red granites of

the Northern Complex.

The southern rocks are always moderately coarse grained, and usually

are schistose. Near its northern contact with the Algonkian the granite is

more schistose than elsewhere, although gneissoid phases occur throughout

the entire o-ranite area. In some places, notably south and southeast of

Palmer, the granites are cut by veins of soft, yellowish-gray, sericitic schist

that are believed to be mashed portions of the granite itself, and in other

MON XXVIII U
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places they are crossed by zones of crushed rock. In the same area occur

the Palmer gneisses. These are highly schistose, light-gray, pink, or

yellowish rocks, forming- a narrow belt between the undoubted gneissoid

granites to the south and the Algoukian sediments to the north. Many

phenomena indicate that these rocks are but very much squeezed granites,

in which case their foliation is probably due to the fact that they exist

along the plane of contact between the crystalline rocks of the Basement

Complex and the sedimentary beds of the Algonkian series, a zone of great

accommodation during the folding of the Marquette rocks.

Microscopical.—Uudcr tlic uiicroscopc the principal components of the

granites are seen to be orthoclase, albite and other plagioclases, microcline,

quartz, occasionally a little biotite, and the alteration products of the feld-

spars. All these minerals have the same properties as they do in the northern

granites. The feldspars are a little more altered, but their decomposition

products are the same as those in the northern rocks. The orthoclase and

microcline have given rise to kaolin and sericite, and the plagioclases have

yielded chlorite, kaolin, and small flakes of some micaceous mineral. In

extreme cases these alteration products are so abundant that they entirely

obscure the outlines of the grains by ^^hose decomposition they were pro-

duced. The quartz grains always exhibit undulatory extinction, they are

almost always surrounded by granulated borders, and very frequently they

are filled with little liquid inclosures containing movable bubbles. The

biotite is present in very small quantity, and its flakes are nearly always

partially changed to chlorite. A few zircons, a little magnetite, some

limonite, and, very rarely, plates of hematite, are the only other minerals

noted in the rock.

In the most massive phases of the granite the typical granitic structure

can still be seen, though the abundance of alteration products scattered

through most of the sections obscures it more or less. The structure of the

schistose phases presents the same features as does that of the gneissoid gran-

ites of the Northern Complex. Their quartzes are granulated and crushed,

and their feldspathic components fractured. Between the larger grains is

a mosaic composed of the finer fragments of both quartz and feldspar, and

scattered through this are muscovite flakes winding in and out between
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the otlier componL'iits. Between the fragments of shattered <[uartzes are

veins of the same mosaic, and these are often completely changed to

sericite and kaolin. Secondary microcline is not so common a constitnent

in these granitoid gneisses as it is in the corresponding rocks of the

Northern Complex, altiiongli it is present, while secondary albite appears

to be more common.

The microscopic features of the granites of the Southern Complex are

thus similar to those of the northern area. Both rocks are composed of

the same minerals, and both have become gneissoid in places through

the influence of pressure. The southern rocks appear t<.) be jnore altered

than the northern ones, but they seem to have been the same originally.

THE PALMER GNEISSES.

The Palmer gneisses comprehend a variety of highly schistose rocks

of a gray, white, pink, or light-green color, showing little lenticular "eyes"

of qiuirtz in a "hydi'omicaceous " groundmass that appears to have been

nuich mashed. When the quartz is in excess the rocks resemble squeezed

cherts or quartzites, and when the matrix predominates they resemble fine-

grained gneisses.

RELATIONS TO ADJACENT FORMATIONS.

These rocks have already been mentioned as forming a distinct belt

between the granites and the sedimentary beds in the vicinity of Palmer

(Atlas Sheet XXXII). They are found also as isolated ledges at intervals

as far w^est as Champion, always between well-defined granites to the south

of them and undoubted beds of the Marquette series to the north.

The relations of the gneisses to the surrounding rocks are not always

(dear. At no place are the gneisses seen to grade into the granites, although

the general similarity of the two rocks in their macroscopic features is strik-

ingly noticeable. A small topographic break usually intervenes between

these ledges that are nearest to each other, and in this interval it is thought

gradation phases may actually exist.

With respect to the Marquette beds the relations of the gneisses differ.

In sees. 34 and 35, T. 47 N., R. 26 W., the schists are unconformably
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beneath the cong-hiiuerates lyin.^- at the base (it'tlie ]\Iar(juette series. (See

Atlas Sheet XXXV.) On the west side of the hirg-e hill iu the NW. ^

sec. 3') the relations of the two rocks are plain. Here the foliation of the

schist (No. 20654) strikes directl}- into a heavily bedded quartzite which

a little farther to the north becomes conglomeratic. In the NE. ^ sec. 34

the actual contacts between the gneisses and the conglomerates are not

seen, but the two rocks are very near each other, and the conglomerates

are filled with large bowlders of the schists. The little hill nearest the

northwest corner of sec. 3.") is composed of gneiss, which is cut tlu'ough

and through l)v so many dikes and veins that it seems to be saturated

with granitic material. In this vicinity the indications point clearly to the

fact that the gneisses are older than the oldest of the x\lgonkian rocks in

their neighborhood.

In the little hill south of the Piatt mine, in sec. 32, T. 47 X., E. 26 W.,

the relations of the rocks are apparently different. (See Atlas Sheet XXXII.)

On the north side of the hill, near the top, is a large, bare ledge of a yellow

schist, Avhich, in the hand specimen and under the microscope, has the usual

appearance of the Palmer gneisses. The west end of the ledge, however,

is conglomeratic, and the matrix of the great conglomerate ledge on the

west end of the same hill is identical Avith the material of the yellow schist.

At this place the gneiss was originally a fragmental rock. A few hundred

yards southwest of the Piatt mine the conglomerate at the base of the

iron-bearing formation is Avell exposed in a number of large, bare ledges,

and in it may be seen hunrbeds of large bowlders of the Palmer gneisses.

Evidently Ave have in this area two entirely different rocks with the char-

acteristics belonging to the Palmer gneisses. One is a mashed fragmental

rock at the base of the iron-bearing formation, Avhile the other is much older

than tliis, and is presumably a mashed form of the granites.

A third area of the Palmer gneisses deserves mention for the complica-

tion of relations it presents. Just south of Summit ^Mountain, in the Avestern

half of sec. 25, and through the center of sec. '26, T. 47 N., R. 27 W., is a belt

of schists of varying Avidth. (See Atlas Sheet XXIX.) It comprises well-

banded, sometimes fine-grained, sometimes coarse-grained, foliated rocks of

a light-gray or dark-gray color. The rude bedding Avhicli produces the band-

ing dips about 50° northeast and strikes about 30° south of east. In some
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places the liandin<;- is even, while in otliers it is nutcli contorted, where

lenses and veins of quartz and narrow dikes of" red s^ranite are interposed

between the bands. As the granite area to the south is approached the

number of granite dikes in the schists increases, and these rocks themselves

become more and more massive. On the north side of Lake Palmer the

relations of the dikes to the schists are well seen in the almost perpendic-

ular side of a high cliff. Here great dikes of red granite cut the schists in

all directions, although there seems to have been a preference for a direc-

tion parallel to their foliation. On the ledges south of the lake, numbers

of naiTOW parallel dikes of the same red granite occur between layers of

hornblende-schists and mica-schists, producing on smooth ledges a banded

structure of great beauty.

There seems to be no question but that most, if not all, of the gneisses

south of Summit Mountain are properly members of the granite-schist

series. The banded structure that has been noticed in most of them is due

in part to the banded character of the schist-granite complex from which

they were derived.

The schists with the characteristics of the Palmer gneisses therefore

include foliated rocks of Algonkian age (in the neighborhood of the

Piatt mine) and others belonging to the Basement Complex. The line

between the two, as drawn on the maps, is as accurately located as is

possible after making a very thorough examination of all the ledges in its

vicinity. Where well-defined conglomerates occur the line is drawn just

beneath these, and the schists accompanying the conglomerates are placed

Avhere they belong, in the Marquette series. Where no conglomerates are

found and nothing is discovered, either in the field or under the microscope,

to indicate that the gneisses Avere once fragmental, they are placed in the

Basement Complex, and the line is drawn above them. The Palmer

gneisses of the area represented on the map (Atlas Sheet IV) are therefore

regarded as members of the Basement Complex. (The meaning of apparent

gradations between unconformable series is described in another place;

see pp. 298-299).
PETROGRAPHICAL CHARACTER.

The key to the origin of the Palmer gneisses is discovered in the

study of the altered mosaic between the large fractured fragments of
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quartz and feldspar in the gneissoid granites. In these rocks the mosaic

(which in fresh specimens consists of tiny fragments of quartz, orthoclase,

plagioclase, etc., broken from the larger grains and saturated with newly

deposited microcline and albite) has been changed to an aggi'egate of tinj-

flakes of kaolin, chlorite, and sericite, small grains of quartz, and occa-

sionally long laminae of muscovite, besides fragments of clouded feldspar.

As the alteration of the mosaic proceeds and its decomposition products

increase in quantity, its structure becomes less and less clearly recognizable,

until in one or two instances it can hardly be discerned. The large frag-

ments of feldspar that are embedded in it have also suffered alteration, and

the quartzes have been crushed until their positions are occupied by four or

five differently orientated grains, which in the less schistose rocks may be

seen to fit together into a single one. In the more highly foliated phases

the parts have sometimes been moved from their places and now appear as

isolated fragments.

In the Palmer gneisses all certain traces of their origin have dis-

appeared. Under the microscope there is but little variation in the structure

or composition of their different phases. Even the schistose fragmental

rocks that are associated with the conglomerates are as nearly like the true

gneisses in thin section as they are in the ledge. They may contain a

greater quantity of quartz than do the latter rocks, and the grains of this

mineral mav be a trifle more rounded in outline. It is doubtful whether

these rocks Avould have been separated from the genuine gneisses derived

from the granite had their relations in the field not been plain. Even with

the care that has been used, it is probable that a few rocks of fragmental

origin have been included in the area of the Palmer gneisses.

In the thin sections of the gneisses quartz grains are observed embedded

in a fine-grained matrix of a nearly uniform texture and composition. The

quartzes are crushed, as they are in the schistose granites. Often they form

lenticules of a. quartz mosaic in which each separate grain exhibits the phe-

nomenon of undulatory extinction. When not completely shattered the}'

are granulated around their edges, and especially at the ends of the lenti-

cules, where mosaics of fine grains have been produced. Portions of these

mosaics extend out as long tails in the direction of the foliation of the rock,
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windin«' in and ont among the other com])ouents, and aiding in emphasizing

the schistosity. In most of the sections examined the parts of tlie crnshed

quartzes have been separated, and into the crevices between them the matrix

has been forced, thus producing a genuine fragmental structure.

The matrix in which the quartzes he is a uniform felt of kaolin, mus-

covite, a few flakes of chloi'ite, a little biotite, small masses of calcite, tiny

grains of quartz, and remnants of feldspar. The sericite and kaoHn are the most

abundant components. Their leaflets are usually arranged approximately

parallel to the planes of fohation in the rock, except where they occur in the

crevices between fractured quartz and feldspar grains, when they are per-

pendicular to tlie walls of the crack. They bend around the larger quartzes,

enveloping them in concentric layers, and wind in and out between neigh-

boring grains like the matrix of many squeezed porphyries. Occasionally

the remnants of feldspar left between the meshes of the matrix are optically

continuous over large areas with the outlines of granitic feldspar grains, but

usually when they can be detected they give evidence that they too, like the

quartzes, were fractured and their })arts separated during the production of

foliation in the rock.

By far the greater number of the Palmer gneisses are as simple in

composition as those above described. A few present special features that

should be mentioned. A number of specimens collected from various

points all along the belt are dotted on their surfaces with plates of a dark-

green chloritoid,^ varying in size from '2 mm. to almost microscopic dimen-

sions. A rock (specimen No. 21999) from about 1500 steps N., 750 steps W.,

of the SE. corner of sec. 32, T. 47 N., R. 26 W. (Atlas Sheet XXXII), is a

good type of these. Its bowlders constitute a large proportion of those

occurring in the conglomerates southwest of the Piatt mine. In the hand

specimen the rock i-esembles a decomjjosed gneiss. In its thhi section quartz

gi-ains are rare. Only an occasional one, or a quartz mosaic with the outlines

of a gi-ain, is found here and there through the schistose matrix, which is a

uniform mass of sericite and kaolin flakes, with a little fine-grained quartz

mosaic. Embedded in the matrix, in positions irrespective of the schistosity,

are large plates of the green chloritic mineral, nimierous grains and irregular

' Cf. A. C. Lane, Rept. State Board of Geol. Surv. for 1891-92, p. 182, Lansing, 1893; and W. H.

Hobbs, Am. Jour. Sci., 3d series, Vol. L, 1895, p. 125.
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masses of bmwu rutile, and a few rlioinboliedra of some almost colorless

carljoiiate. The cliloritoid is the most interesting component. It is in

large tabular plates with a cellular structure, and is filled with inclusions of

quartz, rutile, and portions of t!ie rock's groundmass. As usually seen, the

plates appear as prisms with a distinct cleavage parallel to their long direc-

tions, and sometimes a parting perpendicular thereto. In the direction of

the cleavage their color is a deep bluish-green, and perpendicular to it a

pale yellowish-green. Between crossed nicols the prisms are all striated

with longitudinal twinning lamella?, whose extinctions, measured against

the cleavage lines, vary between 1° and 21°. The prisms, of course, ai'e

vertical sections of the plates, whose cleavage is parallel to the base.

Evidently tlie chloritoid is the youngest mineral in these rocks. Not

only does its contact structure indicate this fact, and the position of its

plates with respect to the foliation, but the same mineral in well-developed

plates of the same hixhh is foimd not only in the bowlders of the gneisses

in the conglomerates near the Piatt mine, but as well in the matrix of these

rocks.

Other specimens of the gneisses differ from this one mainly in the size

of the chloritoid plates. In some the plates are very large, and in others

they measure only a few tenths of a millimeter in their longer directions.

In one or two cases the chlorite appears to be in bands in the schists, other

portions of the rocks Ijeing without them. Usually its plates are dissemi-

nated irregularly.

In two or three sections there were also noticed a few small, ill-defined

prisms of dark greenish-blue tourmaline, a mineral whose presence in rocks

is usually ascribed to contact or fumarole action. In the present instance

there is no evidence of any kind to indicate that the mineral is of contact

origin. Its grains are distributed irregularly through the gneisses, without

any reference to their foliation, and the mineral is consequently subsequent

in its origin to the production of the gneissic structure.

COMPOSITION AND ORIGIN.

The similarity of the matrix of tlie Palmer gneisses to the altered

mosaic of the crushed granites and to the altered feldspars of the more

massive phases of these rocks, and the discovery of indefinitely outlined
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gTanitic y-raiiis of feldspar in tlie least altered of the gneisses, stronii'ly

suggest that these rocks are very schistose granites in wliicli the alteration

of the feldspars has proceeded so far as to destroy their original ontliiics and

to yield a uniform aggregate of decomposition products. The desti-uction

of the outlines of the original grains is as much due to the mashing to

^vllic]l tlui rocks have been subjected as to the alteration they have suflPered,

and the completeness of the alteration must itself be due largel)' to this

same mashing', which fractured the feldspars of the l)()rder granites and

rendered them more easy preys to the attack of decomposition processes

than the same minerals in the more massive granites beyond the limits of

the peripheral zone of maximum movement.

An analysis of one of the most schistose phases of the Palmer gneisses,

specimen No. 20647, from the top of the large hill in the NW. ^ sec. 35,

T. 47 N., R. 26 W., ^vas made by George Steiger, of the Survey laboratory.

His results are as follows:

Analysis of Palmer gneiss.

SiOj

TiO:

ALO:,

Fe.O,

FeO

Mn<

)

CaO

MgO
K,0

Na.O

H.Oat 100-....

H.O above 100'^

PsOs

Total ...

82.m
.14

11.32

.97

.26

iSoue.

.17

1.04

.59

.18

2.33

.09

99.69

These figures correspond very nearly to those that would be obtained

upon analysis of a mixture comj)osed of 68.6 per cent tjuartz, 14.6 per cent

kaolin, 8.7 per cent sericite, 6.7 per cent plagioclase (0.6 per cent anorthite

and 5.1 per cent albite), 1.2 per cent chlorite, 1 per cent magnetite, and
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0.2 per cent apatite. They jxiint clearly to the fact that these rocks are

composed of granitic material that has been silicified.

INTRUSIVES IN THE SOUTHERN COMPLEX.

In the Southern Comple.x, as in the Northern Coni})lex, the schists and

granites are cut by well-characterized dikes and veins of eruptive material.

The characters of the dikes in both areas are much alike. They comprise

diabasic, epidioritic, and aplitic kinds. The liasic dikes were evidently

formed at different times, for some of them are schistose and are clearly

altered diabases, while others are beautifully fresh and entirely massive.

The latter must be much vounger than the former. They were perhaps

intruded during Keweenawan time, for they are identical in composition

and general character with the smaller dikes cutting Upper Marquette

sediments, while at the same time none of them have been found pene-

trating the Cambrian. Among the materials of the fresher dikes may be

mentioned ophitic diabases, olivine diabases, basalts, luster-mottled gabbro-

like diabases, and uralitic diabases.

The older and usually larger dikes are epidioritic and uralitic schistose

diabases, exactly like similar rocks in the Northern Complex, and practi-

cally identical with the material of the large, boss-like dike masses in the

Algonkian. (See Chapter V.)

SUMMARY.

The rocks of that portion of the Southern Complex discussed in this

volume are micaceous and hornblendic schists, greenstone-schists, gneissoid

granites, certain schists that have V)een called "Palmer gneisses," and acid

and basic dike masses. The greenstone-schists, the granites, and the dike

materials are similar in their essential features to the corresponding- rocks of

the Northern Complex. All are igneous in origin. The greenstone-schists

are squeezed basic lavas or tuffs. They are older than the granite. The

dike masses are in all respects like those that penetrate the northern area.

The Southern Complex differs from the northern area in the smaller

quantity of greenstone-schists in the former, and the presence in it of the

micaceous and hornblendic schists and the Palmer gneisses. The latter
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rocks are apijareutlv in most cases extremely mashed phases of the granites.

They occur only on the borders of the granitic areas, between these and the

Marquette sedimentaries. The gneisses consist largely of quartz, sericito,

2:)lagioclase, and kaolin. In a few instances rocks with the characteristics

of the Palmer gneisses are found at the base of the Marquette series, con-

stituting the matrix of conglomerates in which the bowlders are Lu-gelv

identical with specimens of Palmer gneisses occurring beneath the con-

glomerates. These rocks are regarded as mashed arkoses, derived by

disintegration and alteration of the granites, whose mashed and silicified

forms the true Palmer gneisses are. The arkoses originally had the same

comjjosition as the granites of whose detritus they consist; consequently

their altered phases are practically identical with the altered granites them-

selves. The area on the map colored for the Palmer gneisses is underlain

by those gneisses that are believed to be mashed granites.

The micaceous and hornblendic schists are evenly banded rocks with

a distinct strike and dip. Their banding is often narrow enough to be

observed in hand specimens. In other cases the banding is broad, so that

it is observable only in the ledges. In thin section a few of the rocks

are typically gneissic. In most of them a cataclastic structure is strongly

marked. All are more or less foliated, and their foliation, as well as their

cataclastic structure, is ascribed to pressure. The liornblendic schists are

shown to be mashed basic eruptives, and the micaceous varieties are thought

to be mashed acid eruptives; but whether the schists were originally tutfs

or massive rocks is not known.

The schists are older than the granites, since dikes of the latter rock

intrude the former in great numbers. Their relations to the greenstone-

schists are not known, since contacts of the several kinds of schists have not

been observed. If the micaceous and hornblendic schists are older than

the green schists, they may represent the basement upon which the latter

rocks were laid down. In any event tlie hornblendic and micaceous schists

represent the typical Mareniscan formation as defined by Van Hise in his

correlation essay, and the granite the Laurentian.

As in the case of the Northern Complex, no rocks of sedimentary

origin have been detected in the Southern Complex.
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SECTION' m.—ISOL,ATED ARKAS WITIIIX THE AL,GOXKIAX.

In adflitinii to tlie two areas of the Basement Complex which have

\HH^n (liscusseil, there are isohited ])atclies of" pre-Algoiikian rocks Iving

entirely within the Algonkian area. Some of" these areas perhaps repre-

sent islands within the Algonkian sea, while others are portions of the

pre-Algonkian mainland that have been forced uj)ward through the over-

Ijnng rocks by the' forces that folded and compressed the latter. These

latter constitute the axes of anticlinal folds, and are naturally longer in the

direction of the strike of the folds, and when tlie material of the nuclei is

schistose the ilirectiou of tlie schistosity is usually parallel to the greater

diameter of the areas. They are bordered by fragmental beds belonging

witli the lowermost formations comprised within the folds.

The rocks forming the greater portion of the isolated areas are gneis-

.soid granites and schistose greenstones that differ in no essential resj^ect

from the corresponding rocks of the Northern and the Southern Complex.

The greenstone-schists of the isolated area south of Marquette are identical

with the j\Iona schists.' The granites consist of the same minerals as do the

other granites of the Basement Complex, Isut they have become gneissic.

Under the microscope their constituent minerals are seen to be shattered

and crushed to such an extent that many sections look like those of

fragmental rocks. The fragments, especially those of (piartz, have been

rounded l)v attrition, and the feldspar has been granulated so that the

sections resemlile those of an arkose containing large waterworn quartz

o-rains. As alteration progresses tlie feldspar changes to a mosaic of seri-

cite, kaolin, and quartz, which often becomes so abundant as to obliterate

the outlines of the feldspar fragments or to wholly destroy the grains.

In this extreme phase of, alteration the rocks present tlie appearance of

sericite-schists, such as are so common in the belt of Palmer gneiss in the

northern border of the Southern Complex. Since many of these sericite-

schists occupy zones of mashing in the granites, there can be no question

as to their oriyiu.



C H A P T E E III.

By C. U. Van Hisk.

THE LOWER MARQUETTE SERIES.

The Lower Martiuette series consists, from the base iipward, of the

foUowing formations: The Mesnard quartzite, the Koiia dolomite, tlie Wewe '

shite, the Ajibik quartzite, the Siamo sLate, and the Negaunee formation.

At the beginning of Lower Marquette time the transgression of the ocean

was froni the east and the north, and as a consequence the inferior forma-

tions of the Lower Marquette series appear only in the northeastern part of

the district. South of Pahiier and westward the lowest formation found

is the Ajibik quartzite; that is, the three inferior formations of the Lower

Marquette district were not here deposited, this part of the district then

being al)ove water.

SECTION I.—THE MESKARD QUARTZITE.

The formation is given the name Mesnard quartzite because it com-

poses the larger part of the mass of Mount Mesnard south of Marquette,

and because the predominant rock is quartzite.

DISTRIBUTION, EXPOSURES, AND TOPOORArilY.

The Mesnard quartzite makes up a continuous belt adjacent to the

Archeanon the south side of the series (see Atlas Sheet IV), extending from

west of Lake Mary, sec. 9, T. 47 N., R. 25 W., to the sand plains west

of Lake Superior. In sees. 1 and 2, T. 47 N., R. 2o W., the formation

extends north to an island of Archean in sees. 2 and 3, and, swinging both

east and west of this island, it entirely surrounds it. Upon the northern
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side ot" the Lower Marquette series the Mesnard formation extends continu-

oush', south of the Archean, from Lake Superior to the west side of sec.

29, T. 47 N., R. 25 W. For several miles to the west of sec. 29 there are

no exposures, l)ut just east of Carp River a heavy belt of quartzite again

appears next to the Archean and runs westward as far as Teal Lake. The

peculiar distribution of the formation is explained by its folding, which is

considered below.

On account of the resistant character of the quartzite, it constitutes,

south of Marquette (Atlas Sheets XXXVIII and XXXIX), three prominent

ranges, tlie first including Mount Mesnard, the second being south of the

Archean island in sees. 2 and 3, T. 47 N., R. 25 W., and the last being

adjacent to the Archean to the south. As the formation grades from a piu-e

vitreous quartzite to a slate, its resisting power is verj^ diverse, and its

complicated folding gives an irregular distribution to the different belts,

so that, while the ranges have the distribution mentioned, the topography

in detail is exceedingly rough. In crossing- the formation one climbs a steep

ledge, plunges into a sharp ravine, then ascends another bluff, to again

climb down; so in crossing a range one traverses a series of exceedingly

steep ridges.
FOLDIN&.

At the east end of the district the quartzite is folded into two closely

compressed east -west synclines, with a central anticline, the quartzite

occupying the entire breadth of the Algonkian in the section just east of

the State prison. (Atlas Sheets XXXVIII and XXXIX.) East of this line

the overlying dolomite appears in the southern syncline. In the section

running south from Mount Mesnard both the northern and southern sjni-

clines show the overlying dolomite, but on the anticline between erosion

has cut to the Archean North, at Mount Jlesnard, another syncline appears.

West of ilesnard the northern belt of quartzite has a monoclinal dip, ver-

tical or south at a very high angle. When examined in detail, however, it

is found in its slaty phases to be rolled into a set of minor overfolds, which,

in passing from the Archean toward the center of the Algonkian, show

steadily higher and higher members. In the southern belt the quartzite

north of Lake Mary constitutes a shallow synclinal trough. (Atlas Sheet

XXXVII.)
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PETROCiRAPHICAL CHARACTEK.

Macroscopicai.—Petro^i'apliically the formation consists of conji'loinerates,

gravwackes and graywacke-slates, and qnartzites, witli all gradations

between the different phases, althongh quartzite is the predominant rock.

Where rocks of the formation are found in contact with or close to the

surrounding granite, they are a coarse granite-congloinerate, or a rock

wdiich may be called a recomposed granite where the constituent particles

composing the rock are the separate mineral particles of the Basement

Complex.

On tlie south side of the Algonkian trough the cong-lomerate is mag-

nificently exposed west of Lake Mar}- in the 8W. ^ -"^ec. 9 and the SE. ^ sec.

8, T. 47 N., R. 25 W. It may also be well seen at and east and west of

the line between sees. 1 and 2 of the same townslh}), and at other places.

With the fragments of granite are apparently many of vein quartz, and a

few of red jasper, of chert, and of quartz-rock. In some cases this bowlder-

bearing granite-conglomerate passes into a less conglomeratic, reddish rock

which closely resembles the original granite.

On the north side of the trough north of Mud Lake, in sec. 29, T. 48 N.,

R. 25 W., the lowest horizon is again a basal conglomerate, the numer-

ous fragments being derived mainly from the granites and schists of the

Northern Complex, the latter being more abundant because immediately

adjacent. The fragments vary from those of minute size to bowlders 2 or

3 feet in diameter. Here no fragments of chert or jasper were found.

The basal conglomerate at Mud Lake usually passes quickly into' inter-

stratified slate and graywacke, and then into a quartzite. The slate and

graywacke are very closely folded, there being many reduplications of

the same strata, all having, however, a southern monoclinal dip, and the

axes of the little folds pitching steeply. So close has been the compres-

sion that the moi-e resistant belts of graywacke in the slate have been

broken into a reibungsbreccia. Li some places the folding has been so

severe as to entirely destroy the thin belts of graywacke, producing out of

them lai'ge numbers of pebbles and bowlders. All stages of the transition are

found between the continuous belts of graywacke and the pseudo-conglom-

erate in the slate.
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The slates and <>Tay\vaekes usually pass quickly into the typical

quartzite of the formation. Within the Mesnard quartzite is an interstrati-

fied cong-lonierate, from a few inches to 40 feet in thickness, in which are

abundant frag-ments of ferruginous schist, of quartz, of chert, and of jasper.

The ([uartzite is in general a rather pure vitreous quartzite, very mas-

sive in hand specimens, but in the ledges often showing distinctly the

bedding, and not infrequently passing into slaty phases. In many places

at the east end of the Mesnard i-ange the original ripple-marked surfaces of

the layers are observed. The intricate windings of the conglomeratic chert

and jasper pebble-bearing layer were traced out, and were of great assistance

in determining the structure. Where the folding has been close the quartzite

passes into a very vitreous rock, or even into a (juartz-schist. The vitreous

rock is produced bv extensive fracturing, or even brecciation, and the filling

of the resultant minute and large cracks with vein chert or quartz. The

veins vary from those of minute size to those several inches across, and in

some cases they anastomose through the quartzite in every direction. This

secondary material often closeh* resembles the original stained or g]-anu-

lated quartz gi-ains, but the rooks as a whole take on a j)eculiar aspect, and

have been called cherty quai'tzites.

At the top th(i quartzite ])asses into slaty phases, and these grade into

slate, a belt of which, from less than 30 to 100 feet thick, separates the

quartzite from the Kona dolomite. The Mesnard quartzite may then be

divided into foui- members: (1) Conglomerate, (2) slate and graywacke,

(3) qup'tzite, and (4) slate. The quartzite is the predominant member.

Slates and graywackes are locally intermingled with the quartzites. A sin-

gle section showing all tlie phases is rarely found, and exposures are not

sufficiently numerous to enable one to make these subdivisions in mapping.

Microscopical.—Tlie conglomeratcs are of tlu'ee main kinds: (1) Those

adjacent to the Mona schist: (2) those adjacent to the granites; and (3)

those interstratified witli the graywacke or quartzite. The first occurs along

the northern border of the Algonkian, the second along the southern border,

and the third at various jjlaces along lioth the northern and southern belts.

(1) The northern conglomerate is in its lower parts a stucco of granite

and green-schist fragments set in a sparse matrix. The granitic pebbles and
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bowlders are well rouudeil The}- eoinprise coarse-g-raiued niuscovite-grauite

and i)eculiar fine-o-rained granites. The green-schist pebbles have a very

wide variety, including decomposed granular greenstones and various clilo-

ritic schists. Every phase of the basic and acid fragments is matched by

rocks of the Northern Complex. A comparison of the fragments with the

adjacent rocks of the Archean can leave no doubt that the major part of

the detritus of the conglomerate was derived from this source. The sparse

matrix between the pebbles is composed of well-rounded to subangular

o-rains of feldspar, of quartz, and of the finer complex detritus of the various

materials of the Northern Complex. A few complex cherty fragments are

seen. In this matrix the various feldspars are especially abundant. This

finer detritus is set in a still finer background of the same materials, wnth

much chlorite and fine secondary quartz.

(2) The conglomerates adjacent to the Southern Complex have two

pliases—those that are coarse and distinctly show a conglomeratic char-

acter, and those that are composed of finer detritus. The latter in some

cases so closely resemble granite in the field that they are with difticulty

discriminated from it.

The coarser phases have as predominant pebbles coarse granite, the

feldspar of which is nuich kaolinized, and which may be considered a kao-

linic quartz-schist; large irregular areas of complex quartz, wdiich may have

been derived from a very coarse grained granite, or may have come from a

quartz-schist ; and complex pebbles of altered, fine-grained biotite-gneiss. As

the conglomerate becomes finer-grained the complex fragments decrease in

quantity and are replaced by large simple fragments of quartz and feldspar.

Where the pebbles disappear the rock in hand specimen simulates granite

or gneiss. In addition to the predominant pebbles of the conglomerate,

there are present large complex fragments of ferruginous schist, of chert

or jasper, and of a quartzite-Hke rock. The ferruginous schist i)ebbles have

a very fiuely crystalline, quartzitic, and kaolinic background, through which

iron oxide is scattered or concentrated in irregular connecting layers. These

appear to be ferruginated, decomposed schistose rocks rather than true chert

or jasper. The ferruginous chert or jasper pebbles are very similar to those

of the Negaunee formation, but they show less banding, and the iron oxide

MON XXVIII 15
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is scattered through th(» honiogeneous quartzose background somewhat uni-

formly. The major })art of tlie supposed quartzite pebbles, as seen in liand

specimen, are found to be com])lex interlocking quartz and much mashed

and broken quartz-schist, in which a great deal of secondary quartz has inlil-

trated. In a less mashed phase the quartz is in distinct, closely fitting or

interlockiua' ffranules, which suffsrest a frag-mental character, but althoug-h

carefully searched for, no evidence could be found of enlargement or of

cores, and it is probable tliat the material is from veins. The chert, jasper,

and quartz pebbles may have been derived from veins in pre-i\[arquette

rocks, or possibly in part by the mechanical destruction of secondary veins

within the formation itself

The matrix of these conglomerates consists of quartz and feldspar

fraginents, set in a background composed of more finely pulverized and

kaolinized materials of the same kind. , In man-\' cases also this back-

ground contains much very finely crystalline, cherty quartz. The slides

are also cut through l^y veins of the same cherty quartzose material. In

some cases dvnamic action has broken up the cherty matrix and chert

veins, producing pseudo-pebbles, and this may be the source of some of the

fragments which at first sight appear to have been derived from a pre-

existent cherty rock. The feldspar fragments frequently show interesting

micaceous and (juartzose decomposition. The quartz grains are often

enlarged. All of the grains, whether in the complex fragments or in the back-

ground, show undnlatorv extinction or fracturing. The same ])lienomena are

exhibited by the feldspars, but to a less degree. In certain cases the frac-

tures in the quartz are in two systems at right angles to each other, pro-

ducing many little rectangular ])articles of quartz from a single individual.

At places near the base of the formation the much ma.shed, fine-grained

conglomerate can not in hand specimen be discriminated froni the gneiss

below. As seen in thin section, the fragmental rocks are found to be kao-

linic quartz-schists. The simjile and complex quartz grains usually show

distinct rounding, although some of them have a decided granitic shape. In

many slides they are granulated and greatly elongated in a common direc-

tion bv dvnamic action. Feldspar fragments, if present originallv, have

decomposed. The (quartz grains are in a matrix of finely crystalline, cherty
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quartz, kadliu, and stn-icite, tlie tir.st being- often predominant. Numerous

veins of secondarA' (juartz cut the matrix and tlie coarser g-rains. The

gneisses adjacent differ from the clastic rocks just described in that distinct

residual, although much altered, feldspar remains, in the absence of abunchxnt

secondar\- chertv ([uartz, and in the distinct granitic texture.

(3) The interstratified conglomerates differ from (2) only in that the

predominant pebbles are chert, jasper, quartz, and ferruginous schists, and

that granite pebbles are sparse or absent altogether, although sometimes

much detrital feldspar is present.

The pure quartsitcs grade through a feldspatliic (piai-tzite into the fine-

grained conglomerates. The least mashed phase of the (^uartzites consists

almost entirelj of well-rounded, uniform grains of quartz of medium size,

which have become enlarged, the enlargements interlocking and nearly

tilling- the interspaces. A very small amount of sericite, oxide of iron, and

independent secondary quartz is seen between the grains. In certain less

pure phases larger amounts of these materials are ])resent. Many of the

least masheil ([uartzites show remarkalde pressure effects The grains Avhich

have been least affected show merely undulatory extinction. From this

phase the grains grade into those in which minute cracks have foi-med

However, whetlier the extincti(tn is undulatory <ir there are distinct cracks,,

the breaking has been in two directions at right angles to each other. The-

fractures in one direction may be more marked than those in the other, and

one set may disappear. Where the fracturing is distinct, eacli of the quartz

grains is broken into a large number of parallel plates, or, if fractured in

two directions, into a \ery large numl)er of minute rectangular blocks.

These fractures are jilaiuly produced in the shearing planes.^ That thev in

many cases can not be quartz cleavage is shown b)^ the fact that they pass

in the same direction from grain to grain. Where the fracturing is most

marked iron oxide and gas and water bubbles have formed in the openings.

The pure vitreous quartzites also pass into the cdiert}- quartzites. In

these the dynamic effects upon the original quartz grains are more pro-

nounced. Between the original grains and through them there has been a

' See Principles of North Americaa pre-Cambrian geology, by C. R. Van Hise: Sixteentb Ann.

Kept. U. S. Geol. Survey, Part I, 1896, pp. 69G-698.
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iireat dciil of secondary clierty quartz deposited. Also numerous veins of

secondary- clierty quartz are present. In these are inclosed fragmental

grains derived by dynamic action from the original material. In some

cases the vein material passes gradually into the ordinary rock, more and

more of the original fragmental quartz appearing, until the grains are

merely broken apart, with secondary quartz between them.

In one phase of the clierty quartzite it appears that after the rock had

been subjected to a first dvnamic movement and had been cemented by

«herty quartz a later dynamic movement broke up this rock along certain

zones, thus producing reibungsbreccias, the fragments of which are com-

posed of simple grains of quartz, mingled with chert grains. The whole

was afterward cemented by a later infiltration of silica and oxide of iron.

This phase suggests that many of the chert fragments, and possibly some

of the ferruginous chert and jasper of the (piartzite, were jjroduced by

dynamic processes operating upon a rock which had been previously

Ijroken and cemented by secondary chert and jasper.

The conglomerates, in their passage to the quartzites, at many jjlaces

grade through tlie phase of grmjicackes or (/rai/wacke-slafcs, and the quartz-

ite also o-rades above into similar rocks. These graywackes have a clayey

l)ack<>-round, in which are set many small and medium-sized, well-i-ounded

to subangular grains of quartz and the various feldspars. The feldspars

are frequently altered in part to kaolin, sericite, and quartz. Occasional

complex o-raius of clierty quartz are seen. The matrix consists of finely

crystalline quartz, kaolin, and sericite, with occasional large flakes of mus-

covite. In many places it is stained with iron oxide. In the rock

which has suffered the least from dynamic action, undulatory extinction and

fracturing are seen in the grains of quartz, but the pressure has not been

sufficient to ffive a distinct arrangement of the particles Avith their longer

axis in a uniform direction.

In a more mashed phase of the graywackes the quartz and feldspar

iiarticles .show a distinct arrangement with their longer axes in a common

direction, and, with this, most marked undulatory extinction, fracturing, and

even granulation. Some of the larger grains show particularly well the rect-

auo-ular fractures in two directions spoken of in connection with the quartzites.
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In the matrix serieite lias almudantly (k'veloped, and tlie leaflets are

parallel. The mhnite spaces formed by the shattering- of the larg-e frag-

mental grains and those in the background are filled with secondary cherty

quartz, whicli has thoroughly cemented tlie rock. The larger fractures are

filled with cherty quartz, forming veins. In many of these are fragmeutal

grains broken off" from the main mass of slate.

In the phase in which the dynamic action was still more severe the gray-

"wackes were shattered through and through, the particles having moved and

ground over one another. As a result of this there were left innumerable

minute spaces, which have been taken advantage of by the infiltrating sil-

ica, and are now filled with secondary cherty quartz. The original frag-

meutal quartz grains are always somewhat granulated on their exteriors,

and many throughout, so that a quartz grain is represented by a lenticular

mass of finely interlocking quartz. In the matrix the sericite has developed

in coarser blades than in the less metamorphosed rocks. It is everywhere

in long, narrow leaflets having a parallel arrangement in the same direction

as the elongated quartz grains. Numerous veins are completely filled with

interlocking, coarsely and finely crystalline quartz, apparently all of it being

secondary. If any of the original fragmental quartz grains have dropped

in the crevices, they have become so shattered as to have lost their rounded

outlines.

The conglomerates, quartzites, and graywackes of the IMesnard for-

mation include rocks varying from those which are indtu-ated mainly by

siliceous cementation to those which are crystalline schists. From their

macroscopical and microscopical descriptions it is plain that there has every-

where been interior movement. Even in the least altered phases of the

rock every grain of quartz shows the eff"ect of strain. From this least altered

phase there are all gradations to those phases in which the rock is a

shattered or mashed mass cemented by cherty quartz. Moreover, after

a first shattering and cementation there was a later folding, wdiich again

shattered the rock, including both the original constituents and the sec-

ondary cherty quartz. This broken rock was again cemented by later

infiltrating silica.

In certain parts of the formation, where the relief was largely by
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sliattcring- the rock en masse, the chistie character of the orig-hial grains is

usually still iiiaiked, and they are easily discriminated from the secondary

cherty quartz. In other phases of the rock the stresses were relieved by

movement affecting the mineral particles. The original quartz and feldspar

grains were granulated, and the latter were decomposed. Secondary quartz

formed both in the interstices and in veins, and sericite developed. This

process of secondary silicitication and development of sericite seems to be

in direct ratio to tlie severity of the mechanical movement affecting the

individual grains. Between the phases in Avliich the relief is largely by

brecciation and those in which it is largely by mashing there are all

gnidations, an intermediate phase showing the partial granulation of the

fragmental grains, their cementation by silica, and at the same time numer-

ous ^•eins of secondary cherty quartz. As has been said, the extreme

idteration of the original quartzose sandstone resulted in peculiar, vitreous,

cherty-looking quartz-rocks, and that of the original feldspathic debris

resulted in a sericite-schist. The facts that the sandstones became cherty

brecciated rocks and that the coarse and line muds became schists are

probably explained by the brittle character of the first and the plastic char-

acter of the second, one yielding mainly b}' fracture, the other mainly

by flow.'

DELATIONS TO UNDEELYING FORMATION.

The fact that basal conglomerates are found at variovis places near the

contact of the Mesnard ([uartzite and the Basement Complex has already

been mentioned, and the localities at which these conglomerates occur have

been mentioned. These contacts are of such character as to indicate that

the Mesnard quartzite is separated from the Basement Complex by a great

unconformity. Since in these basal conglomerates are numerous pebbles

and bowlders of granites, gneisses, and schists from the Basement Complex,

the major part of the comi)lex history of the Archean was comj)lete

before the Mesnard (piartzite was deposited. Erosion had before this

time cut so deeply into it as to bring to the surface in some places coarse-

grained granites and in other places the truncated, foliated layers of the

' Principles of North American jire-Canibrian gculogy, by C. K. Van Rise: Sixteenth Auu. Kept.

U. S. Geol. Survey, Part 1, 189G, pp 601-603.
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soliists jiiid cneisscs. In rlic localities wIktc tlie liasal coiio-loineratcs occur

the proof of the uucouforuiable relations is conclusive. In other locali-

ties the s>ranite was apparently decomposed before the de])osition <il' the

quartzite, and here, as has Ix-en said, it yielih'd its small separate mineral

particles to the overhing- rock. This recomposed rt)ck has been tlior-

ou"-hh- cemented. Durino- the subsequent fidding- shearing has taken jdace

alone the junction, resulting in the development of parallel schistosity in

the original granite and in the recomposed rock. In such cases it is difficult

or impossil)le to indicate the exact contact between the Basement Complex

and the Mesnard (piai-tzite. Such localities were explained by llominger

as cases of progressive inetaniorphism, the granite being a metamorphosed

sedimentary rock. Later he abandoned this view. One of the best htcal-

ities in which to observe this apparent gradation between the gneissoid

granite and the quartz-schist is just north of the little granite knob on

whose south side is the west (piarter post of sec. 1, T. 47 N., R. 2") W.

(x\tlas Sheet XXXIX). This c(mtact between the Mesnard (piartzite and

the Archean atfbrds an excellent illustration of the princii)le that crys-

talline gneissoid granite may grade stej) by stej) into a rock which is an

unquestionable quartzite, there being no sharp line of demarcation between

the two, and vet between the two formations there really being a profound

nnconformity.
THICKNESS.

As the Mesnard quartzite is the first formation of a transgressing sea,

it doubtless originalh' varied in thickness, this l)eing due to irregularities

of the x\rchean basement. This irregularity in the basement is indicated

by the tact that the quartzite belt is in one place scarcely more than 150

feet across. As the dips are here vertical, this may be taken as the thick-

ness of the formation. From this thickness the quartzite shows a continuous

exposure at Mount Mesnard of 700 feet, which Avitli an inclination of <S0°

corresponds to a thickness of HTO feet. In other ])laces the belt is much

wider than this, but here the increased widtli is plainly due to folding, and

even at j\Iount Mesnard the iuterstratified belts of slate and graywacke may

contain minor rolls which have escaped observation and the real thickness

of the formation be less than (50(1 feet
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INTERESTING LOOAI-ITIES.

Mud Lake.—Noith ()f Mud Lake, adjacent to the old road east and west

of N.-S. i line, sec. 29, T. 48 N., R. 25 W. (Atlas Sheet XXXVI), is a con-

glomerate, described by Irving^ as the "State Road conglomerate." This

conglomerate occurs at various points for a distance of a quarter of a mile

east and west, hanging upon the southern flank of the prominent ridge of

Mona schist running east and west througli this and adjacent sections. The

basal portion of the conglomerate is very coarse. Tlie fragments contained

in it comprise Ijoth granite and green schist. The granite fragments vary

from small pel)l)les to bowlders 2 feet or more in diameter. They are well

rounded, and in lithological character are similar to the granites which

occur as intrusives in the northern part of the ]Mona-schist belt. While

these granite fragments are abundant, green-schist fragments are still more

plentiful. In size they vary from small particles to large blocks. Some of

them are distinctly rounded, but many are angular, being in shape similar

to the irregular schistose blocks which at the present time are broken by

weathering agencies from the main mass of ]\Iona schist. Search was

made for jasper pebbles, such as occur in the conglomerate to the east, but

without success. All who have examined this conglomerate agree that it

is a basal one, being made up largely from the formations immediately

subjacent, but containing a sufficient amount of material somewhat remote

from the contact to show that it can not be a dynamic conglomerate. This

belt of conglomerate is only a few feet in width, and nearly all of the

localities are just north of the old State road.

Immediately south of this road occur most interesting exposures of

interstratified slate and graywacke. The rock varies from a very fine

grained slate to a coarse graywacke, the denser phases of which are red

and felsitic-looking. Certain exposures are wholly of the graywacke, others

of the slate, and others are interstratifications of the two. The most altered

phases take on a schistose structure, and are difficult in hand specimen to

discriminate from a crystalline schist. This rock is found to have a cleavage

' The greenstone-scliist areas of the Menominee and Marquette regions of Michigan, by G. H.

Williams, with an introduction l)y R. D. Irving: Bull. U. S. Geol. Survey No. 62, 1890, p. 21.
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with a strike in a nearly east-and-west direction and a, dip of al)out 80° to

the southward. While tlie slaty cleavage has a sti'ike approximately east

and west and a uniform southern dip, when carefully examined the bedding-

layers are seen to be in a series of sharply compressed anticlines and svn-

clines, with isoclinal southern dips and steep pitches. At certain places in

the gray slate or graywacke background are found numerous pebbles, some

several inches across, of red, felsitic-looking rock. These at first were

thought to be derived from an extraiieous source, but a careful examination

of all the ledges discloses every gradation between these pseudo-conglomer-

ates and the interlamiuated slate and red graywacke. During tlie intricate

folding the more rigid and brittle felsitic-looking graywacke was broken up;

the fragments were ground over one another and thus rounded; at tlie same

time they were buried in the slate and graywacke matrix. Step by step the

process may be traced from the phase in which the more resistant lavers are

merely shattered, through the phases in which the fragments are somewhat

separated but have a distinct linear an-angement corresponding to the

original la^er, to those ])hases in which no traces of the original coarser gray-

wacke layers as such are to be seen. In their places are the dynamically

rounded fragments in the slates.

It is evident from tlie foregoing that this whole mass of slate and

graywacke has been kneaded in a most remarkable manner by the folding

process. Up to a certain point the accommodations have been luade by the

slipping of the layers over one another, with readjustment of the minor

particles within the layers, but in the most completely pseudo-conglomeratic

phase the jjseudo pebbles are so irregidarly distributed as to indicate that

the whole material must have been mashed together, the parallel layers

being compressed by the forces until the originally horizontal beds are in a

series of nearly vertical, isoclinal folds.

Parallel to the schistose structure of the slates and graywackes, in

certain places, are veins and irregular oval lenses of impure ferriferous

dolomite. These are taken to be secondary infiltration or replacement

products.

There are no continuous exposures connecting- the conglomerates on

the north side of the road with the slate on the south side, but there is little
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(loulit that tlie slate is the noncougloiueratie phase of tlie formation.

This shite, l)v l)e('oniiiig more and more (juartzose, j)asses into vitreous

quartzite, whicli sliows hirge exposures just north of Mud Lake. This

more resistant rook seems to have heen upturned without liaviug- received

tlie minor plications which are found in the slate. The soft slate was

hetweeu the heavy beds of quartzite on the one side and the strong Mona

schists on the other; and doubtless the larger part of the readjustment

Avhich was necessary when the layers were folded together took jilace in the

slates, and are thus explained the profound d^'namic effects there seen.

An examination of the conglomerates and slates in thin section fully

confirms all that has lieen said in reference to the relations of the rocks as

seen in the ficdd. The predominant pebbles from the State road con-

glomerate conqirisc ;dinost everv phase of the peculiar rocks of the Mona-

scliist formation in the neighborhood of Marquette. There are also

found abundantly coarse-grained granite, the peculiar red granite, and a

finer-grained, felilsj)atlii('-looking granite, all of which in dikes cut the Mona

schists. The matrix of the conglomerate is of the ground-up detritus of the

same material, feldspar however being jiredominant, because of the basic

character of the rocks from which the material is derived. In thin section

a few chert fragments were found. These A^ere not in the form yf pebbles,

but this occurrence microscopically connects this conglomerate with the

conglomerate which occurs on ]\Iount ( )mimi. It has been stated tliat

probably the conglomerate grades u]) into the slates and graywackes on

the south side of the road. The latter jirove in thin section to be identical

in character with the matrix of the conglomerate. The quartzites are found

to be typical of the formation, and need no descri])tion.

Mount omimi.—( )u the stcep uorthem slope of Mount ( )mimi (Atlas Slieets

XXXVI and XXXVI II), in the northern jiart of sees. 33 and 34, T. 48 N., R.

25 W., occurs a conglomerate, varying from 10 to 40 feet in thickness. This

conglomerate has a ferruginous graywacke background, and contains numer-

ous pebbles of banded, cherty-lookiug (juartz, of white crystalline quartz,

of ferruginous chert and jasper, of heavily ferruginous pebbles, of white

schistose graywacke, and of green schi.st. It is underlain by coarse gray-

wacke and slate, and is overlain by slates and graywackes, interstratified
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with (|Uart:cite.s, sonietinirs strouiily and coarsely fcldspatliic Tliuse pass

into tliL' pure quartzite^^ wliicli constitute tlie greater part of tlie bluff.

\Vlieu this conglonierato was first examined it was thought that it

marked an unconformity, but a closer examination shows it to be iuter-

stratitied conformably with the slates and graywackes below, and Avith the

graywackes and quartzites above. Those below are precisely similar to

the slates and graywackes south of the State road north of Mud Lake,

and ajiparentlv are at the same horizon. In the upward gradation fi'om

this to the quartzite it appears that the currents were strong enough to

locally form a lied of conglomerate. The conglomerate differs from that

at the base of the series north of Mud Lake in the absence of abundant

granite and green-schist pebbles and in the presence of the varieties \vhicli

have been given as characteristic of it. The conglomerate appears to fol-

low along the Ijorder <if the hill to the east, and in field relations appar-

ently cuts slightly across the direction of stratihcatiou of the <iverlying

slates and quartzites, although no actual discordance was seen at any

localitw The juncti.>n of this conglomerate layer with the underlying

slates and gra}-wackes was a zone of maxinuim differential movement at

the time of the folding. As evidence of this, the slates are broken into

thin plates; they are heavily impregnated with oxide of iron; the con-

glomerate itself in certain places takes on a brecciated form, and its matrix,

as well as some of the ))ebbles, is lieavily im})regnated with iron oxide.

The gravwacke peljliles contained in the lowei" part of the conglomerate

probably have the same origin as those in the slates north of Mud Lake;

that is, thev are of dynamic origin. At various places the whole series is

cut through ])\' (habase dikes.

A microscopical examination of the Omimi conglomerate shows that

the majority of the heavily ferruginous pebbles are decaying fragments

of a schistose rock, which have been strongly inq)regnated by iron oxide,

as has also the matrix. None of the quartzite-like pebbles are certainly

fragmental, although some of them at first sight have a clastic ajipearance;

but none of the grains show cores or enlargements, and they interlock.

They appear to differ from the cherts only in that the (quartz is more

coarsely crystalline. Some of these complex quartz pebbles are mashed
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into quartz-schists. Doubtless the chert, jasper, and quartzite-Uke frag--

ments are deriv^ed from the veins of these kinds which are found in the

green schists of the Northern Complex, although it is possible that a ])art of

them are derived bv dynamic action from vein chert and quartz deposited

in the formation itself before the final folding. The feldspathic quartzite

contains very abundant simple, large grains of feldspar, whicli are in some

cases distinctly enlarged. The graywackes, slates, and quartzites do not

diflfer from the ordinary phases of the formation.

Mount Mesnard.—Mouut Mesnard (Atlas Sheet XXXVIII) is a large 1:)lufif

in the west lialf of sec. 3.5 and the eastern part of sec. 34, T. 48 N., R. 2.5 W.

In structure this mountain is a closely compressed syncline, the formations

concerned being the Mesnard quartzite and the Kona doloinite. This fold

is so closely compressed as to make the dips everywhere approximately

parallel, varying from 80° to the south to vertical. The major part of the

mountain and the two northern of its higher 2:>oints are made up of the pure,

vitreous, broken and cherty Mesnard quartzite. Between this and the Kona

dolomite is a layer of slate, with a transition schistose quartzite. The slate,

being less resistant than the quartzite or the cherty dolomite, is marked by

an irregular longitudinal depression. In the readily yielding slate are seen

strong- evidences of masliing, the major readjustment in folding apparently

being here. Constituting the center of the syncline is a second row of

points, one being the culminating peak. These are composed of the vertical

layers of the closely compressed Kona dolomite. The steep south brow is

composed of the slate, and on the south flank of the bluff is again the

Mesnard quartzite, making the other limb of the syncline. This syncline

has minor corrugations and a westward pitch, as a consequence of which

the fingers of the Kona dolomite unite toward the west into a broad area of

this formation. The south and southeast slopes of the bluif are composed

of the Jlesnard quartzite. Because of the westward pitch of the formations

and the topograph}^ the belt of Kona dolomite terminates a short distance

east of the cidminating peak, as a consequence of which the eastern half of

the ridge is composed wholly of the Mesnard quartzite folded back upon

itself.

East of the State prison the south arm of the Mesnard quartzite con-

stitutes a ridge, a point of Lake Superior, and a small island off" the coast.
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These exposure^! here are less mashed than at Mount Mesnard, and at many

pkces beautifully show ripple marks, especially in the slaty phases. The

rocks are vertical or have a dip of 80° to the south. The only indication

of the direction in which they have been upturned is given by the ripple

marks. An examination of these shows the south faces of the quartzites to

have the normal form of the ripple marks and the north faces their casts.'

This furnishes e\'idence in support of the statement first made, that these

quartzites are on the south side of the fold and are a continuation of the

southern part of the quartzite of Mount Mesnard.

Mount chocoiay.—On Mouut ChocoUy (Atlas Sheet XXXIX), about 3 miles

south of i\Iarquette, are the extreme eastern exposures of the Marquette

series. This prominent bluff rises about 150 feet above the sand plans of

the Chocoiay River, to the soutli and east. The eastern abrupt face of the

bluff gives beautiful exposures of the Mesnard quartzite, of the Kona

dolomite, and of the imderlying green schists of the Archean. The major

part of the bluff' is a simple syncline, the dips of the quartzite being

about 60° N. on the south side and 85° to 90° S. on the north side. The

quartzite exhibits nearly all phases of the formation, including the slaty

and novaculitic phases, cherty quartzite, and the ordinary massive forms.

The Kona dolomite c(institutes the center of the syncline and the toi) of the

bluff. As usual, between the quartzite and dolomite is a thin bed of slate.

A ravine separates the Mesnard quartzite from the green schist of the Base-

ment Complex to the south. The two, however, dip in opposite directions,

the quartzite about 60° to the north and the schistose structure of the green

schists about 45° to the south.

On the western end of j\Iount Chocoiay the quartzite formation is found

to pass entirely around the dolomite. In passing from the north to the south

side the strike varies from west to southwest, then to south, and finally to

southeast, thus showing that the whole is an eastward-plunging syncline.

Superimposed upon this major fold are beautifully exposed minor anticlines

and svnclines. Near the base of the formation on the southwestern part of

the mountain is found a thin belt of conglomerate, very similar to that on

'Principles of North American pre-Cambrian geology, by C. R. Van Hise. Sixteenth Ann. Kept.

U. S. Geol. Survey, Part I, 1896. pp. 720-721.
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Mount Oiiiinii, t\w wiudiny.s of which serve beautifully to show the minor

folding of the formation.

Migisi Bluffs.—Across a transverse depression west of ]\Iount ChocolaA', in

the nortli part of sec. 1 and in sec. 2, T. 47 N., R. 25 W., are the Migisi Bluffs

(Atlas Sheet XXXIX). The eastern ])art of these bluffs is, in a large way,

a westward-plunging svncline, but, as in tlie case of JMount Chocolav, this

larger svncline is found to be composed of many subordinate rolls. The

depression se])arating Mount Chocolay and the Migisi Bluffs is, then, the

bridge or anticline of a large north-south fold. The complex, plunging Migisi

syncline may, then, be considered as a cond)ined effect of folding in two

directions. The eastern part of the liluffs is composed of the quartzite,

but, as a result of its western pitch, the Koua formation appears in the

eastern half of sec. 2 in a series of fingers, each of wliich corresponds to a

minor fold. These fingers unite toward the west and form the broad belt

of the Kona formation. Beginning at the north and going east and south

around the bluff, the strike changes from an east direction to a southeast,

then to a south, then to a southwest, and finally to a western course on the

southern side of the fold. As in other localities, separating the quartzite

and the Kona dolomite is a thin belt of slate, which becomes calcareous in

its upper parts. As on Mount Chocolay, the naiTow belt of ferruginous

conglomerate, bearing numerous pebbles of chert and jasper, is of great

assistance in following the details of tlie minor folds. In the nortli part of

sec. 2 appear the green scliists of the Archean, and a section through the

western part of the Ijluffs shows the complete succession from the Archean

to the Kona dolomite.

On the southeastern slope of the Migisi Bluffs, north of the quarter

post between sees. 1 and 2, near the section line, mav be seen the actual

contact of the quartzite and granite-gneiss. As the bottom of the quartzite

is approached there appears a bed of conglomerate 8 or 10 feet thick,

containing numerous white quartz pebbles, some of them 8 inches across.

Toward the south, near the base of a cliff, the exposure becomes less

conglomeratic and ciianges into a schistose rock. This clearly fragmental

schistose rock is in dii-ect conJ-ict with another schistose rock, which can be

traced l)y gradations into the genuine granite-gneiss. There appears to
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be no discordance between the two schists. After a siiort iiiT(n-val of no

exposure the normal granite appears to the south. This is one of the

locahties which were cited by Rominger' as evidence of progressi\e ineta-

mor})hisra of the quartzite into the granite. However, taking the h)cahty

in connection witli otliers. it is certain that there is no such grachition,

but an unconforuTity between the two. The apparent transition may be

explained by the disintegrated character of tlie granitoid gneiss at the time

of the ^lesnard transgression; or the intense mashing produced bv the

folding at the junction of the two formations may ha\-e obliterated the

peblded granitic detritus, even if it existed. The mashing has transformed

the clastic rock into a crystalline schist, and has metamorpliosed the granite

into a similar-looking rock.

In the northern part of sec. 3 the Mesnai-d quartzite may lie traced in

continuous exposure around the north, west, and south sides of the Archean

green schist, dipping away from it in all directions. Tlie exposures, there-

fore, constitute a westward-jilunging anticline.

In thin section the larger masses of the ^ligisi Bluffs present the ordi-

nary phases of graywacke and vitreous and clierty quartzites. However, it

is on the southeastern slope of this blutf that occur the kaolinic quartz-

schists described on p)). 226-227. It has been seen that in the field there

is difficulty in discriminating between the mashed fragmeutal rock and the

underlying gneiss. In thin section the two are separable. The most altered

phase of the detrital rock shows distinct rounding of the Cjuartz grains.

These are set in a tine-grained matrix of kaolin, sericite, and cherty quartz.

All distinct feldspathic detritus has disappeared. On the other hand, the

gneissoid granite has distinctly a granitic structure, and even where most

altered the feldspars, although much decomposed, may be recognized

Lake Mary.—Noi'thwest of Lake Mary, in the SE. \ sec. 4 and the NW. J

sec. 9, T. 47 N., R. 25 W. (Atlas Sheet XXXVII), are found large exposures

of quartzite, dipping away from the granite on each side and toward each

other under the Kona dolomite, which appears as a westward-plunging

syncline. Near the corner of sees. 8, 9, 16, and 17, T. 47 N., R. 25 W.,

' The Marquette iron region, by Carl Rominger. Geol. of Michigan, Vol. IV, Part I, 1878-1880,

pp. 15, .52.
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forming- embayments on the west and southwest slopes of a large granite

bluff, are magniiicent exposures of a great granite-conglomerate. The

pebbles and bowlders of the rocks are predominantly of coarse and fine

granite, and with these are abundant pebbles of quartz and green schist,

and fewer of jasper. Interstratified with the coarse conglomeratic bands

are fine-grained conglomerates, which are so thoroughly cemented as to

resemble original granite. The iuterlaminutions of materials of different

degrees of coarseness in places give the rock a fine banding, which makes

it in a remarkable degree resemble gneiss. Nowhere was the conglomerate

found in actual contact with the granite, but as the various granitic frag-

ments are identical with the exposures of granite below, no one can doubt

that the pebbles and bowlders are from that source. Southeast of the

corner, in sec. 16, are exposures of schistose and feldspathic quartzite

resembling gneiss. This feldspathic quartzite or recomposed granite grades

into the ordinary white quartzite.

SECTION II.—THE K03S"A DOLOMITE.

The name Kona dolomite is given to this formation because the Kona

Hills, rising from the east shore of Goose Lake (Atlas Sheets XXXIV and

XXXV) as large bluffs with precipitous cliffs, are composed of typical rocks

of the formation, and because dolomite is, upon the whole, the predomi-

nant rock.

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY.

Starting at Mount Mesuard (Atlas Sheet IV), the area covered by the

Kona formation rapidly widens in passing westward. From south of Mud

Lake the belt again narrows in going toward the west, until at Morgan

Furnace it is only about a sixteenth of a mile wide. Farther to the west no

exposures of this limestone are found, but its horizon may be represented

by a belt of slates and quartzites east of Teal Lake.

On tlie south side of the Algonkian the formation has a much more

irregular distribution. Starting at the sand plain just west of Lake Superior,

it extends west nearly half a mile, where it disappears. About a mile

to the westward, southeast of Lake Wabassin, the formation rea])pears
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and extends westward as a belt a third of a mile wide. As it reaches Carp

River the formation swings southwest, and then south to Tigo Lake. Here

a small arm goes to the southeast across this lake toward Lake Mary, but

the main belt continues to the southward. About a mile west of Lake

Mary it widens out into a broad area, varying from a mile to 2 miles in

width, and extends to Goose Lake, the last exposures of the formation being

found on the east side of this body of water. Also north of the Archean

island in sees. 2 and 3, T. 47 N., R. 25 W., the limestone appears, just north

of the Mesnard quartzite, in a narrow belt. The real extent of this area of

dolomite it is impossible to give, as the Potsdam formation occupies much

of the valley of the lower reaches of the Carp River.

Almost coextensive with the distribution of the formation are the

exposures, they being abundant and prominent throughout most of the area.

How^ever, some of the most readily accessible places at which the formation

may be studied are the exposures east of Goose Lake and those south and

west of Wabassin Lake (Atlas Sheets XXXIV and XXXIX).

As a consequence of the conqilicated folding of the formation, below

described, combined with the very different resisting- powers of the layers,

the topography of the formation is exceedingly jagged. The exposures

constitute a set of sharp and aljrupt cliffs, cut by i-avines or separated

by drift-filled valleys. Where north-south and east-west folds both occur

the valleys cut across one another in two systems at right angles, leaving

roughl}' rectangular masses of rock between. In places where the folds

have a pitch the lavers may form semicircular outcrops with vertical walls.

Rather low dips prevail for much of the area, and in traveling over the

belt one has to climb a series of steep hills, each of which is composed

of a number of almost vertical, ragged cliffs. The descent from the eleva-

tion is of much the same character. The weathered surfaces of the ledges

also are sharp and ragged in a minor way (PI. VII, fig„ 1). The cherty

layers form sharp ridges. The quartzite layers project in less jagged forms.

Geodal concentrations of quartz protrude from the surface of tlie hmestone.

The dolomite has dissolved from the cherty and quartzose layers, giving

them a rough, vesicular appearance.

MON xxviii IG
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FOLDING.

The major folding (Atlas Sheet IV) of the formation will be considered

in connection with the general geology of the district. It may be said here

that the formation has been affected by both east-west and north-south

thrusts. In some cases the east-west folds are more conspicuous, in others

the north-south, while in still other areas the folds are about equally prom-

inent in both directions, although even here the folds of one set have less

amplitude and less length than those of the other As a consequence of

the above, each fold has a pitch, which may be slight or veiy steep. Still

further to complicate the structure of the area, the major folds in each

direction have superimposed upon them secondary folds, and upon these

are tertiary ones. In some cases, as in the largest belt east of Goose Lake,

the pressure has not been so great as to give the beds very steep inclina-

tions, the dips usually being not more than 20°, although occasionally as

high as 50°. As a consequence of the nearly equal power of the folding

forces in each of the directions in this broad area, the ledges give strikes in

all directions.

From the above it is clear that the deformation of the Kona formation

is a beautiful illustration of complex folding.^

To the pressure of folding the dolomite has usually yielded without

prominent fractures or cleavage. The same can not be said of the inter-

laminated slates, graywackes, and quartzites. In many places a bed of slate

has had developed across it a diagonal cleavage, which stops abruptly at

the limestone layers (fig. 9). In other cases the cleavage passes into the

dolomite itself, as, for instance, at the exposure back of the railroad section-

house near Goose Lake. In some places the dynamic movements have

produced a fissility in two directions, so that the rocks break into polygonal

blocks." In numerous instances the layers of chert and quartzite have been

fractured through and through by folding, so as to change them into breccias

resembling conglomerates (P! VII, fig. 2, and PI. VIII). Along the con-

tacts of the dolomite beds and the quartz layers accommodation Avas

necessary, and in places a bed of limestone may be seen bent into a series

I Principles of North American pre-Cambrian geology, by C. R. Van Hise: Sixteenth Ann. Kept.

U. S. Geol. Survey, Part 1, 1896, pp 626-631.

Ibid., pp. 643-646.
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of anticlines and synclines, the overlying quartzite not being similarly bent,

but being compressed and bi-ecciated, thus making a pseudo-conglomerate.

The folded dolomite laminre are actually cut away to some extent by the

Fia. 'J.—Cleavas© iu slate between two limeriluuc beds.

shearing action. The result is that the layers of quartzite cut across

the folds of the limestone, as in an unconformable contact, and adjacent

to these truncated layers are the pseudo-conglomerates (fig. 10). Such

W^&M^S^^i&M't&r.&^^

Fio. 10—Pseudounconformity between cherty quartzite and truncated strata of dolomite.

contacts as these, found at many places, strongly suggest an unconformitv

between the two, but the true explanation is undoubtedly that the apparent

unconformity is merely a dynamic phenomenon.
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PETROGRAPHICAL CHARACTER.

Macroscopicai.—Petrograpliically the diftereut exposures are very similar.

The formation is not a pure dolomite, Ijut is a cherty dolomite interstratified

with layers of slate, graywacke, and quartzite, with all gradations between

the various mechanical sediments and between these and the pure dolomite.

In some exposures the pure dolomite does not constitute more than a third

to a half of the belt. The interstratified slates and quartzites are of the

same character as those of the Wewe slates and Ajibik quartzites, except

that they are apt to be more or less calcareous. The dolomite beds vary

in thickness from only a few inches to many feet. But even the solid belts

of limestone usually contain very thin layers, which in places are in part

fragmental, but which are usually wholly or in large part secondary chert.

In color the dolomite a'aries from nearly pure white to dark-brown, depend-

ing upon its purity, and between these colors are various shades of buff,

purple, pink, and red. As the interbedded slates and quartzites also have

a wide variation in coloring, the ledges of the formation are very different

in their aspects.

The dolomite varies from aphanitic to coarsely crystalline. Upon the

Tveathered surface the pink and red varieties usually have a dark-brown

color, due to limonite. This indicates that the carbonate carries a consider-

able quantity of iron, the oxidation of which has produced this outer dark-

colored skin. Where the dolomite is most coarsely crystalline, as, for

instance, at jMorgau Furnace, it sometimes contains belts from a fraction of

an inch to 4 inches wide, largely composed of pink, coarsely crystalline,

and evidently rearranged dolomite (PI. VII, lig. 1). As a consequence ot

weathering, the bands of original sedimentary quartz and of secondary

chert protrude, giving a peculiar rough, ridgy appearance.

Microscopical.—The rocks of the Kona dolomite comprise coarseh^ and

finely crystalline dolomite, cherty dolomite, quartzose dolomite, argillaceous

dolomite, dolomitic quartzites, dolonaitic slates, dolomitic cherty quartzites,

and dolomitic chert.

The compact and apparently least altered, purer rock has a background

consisting of fiuel)' gramilar dolomite, separate granules of which are
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Plate VII.—THE KOXA DOLOMITE.

Fig. 1. Weathered surface of Koua dolomite from Morgan Furnace. The background is the ordinary

granular gray dolomite. The rough protruding layers are chert, a portion of which is iron

stained. Natural size.

Fig. 2. Brecciated chert at the hase of the Koua dolomite on the east side of sec. 13, T. 47 N., R. 26W
(Atlas Sheet XXXIV). At the bottom of the Kona dolomite chert was concentrated so as to

make a layer 2 or 3 feet in thickness. Subsequent movement broke this layer into a breccia

which in some places closely resembles a conglomerate. The broken fragments are cemented

by later infiltrated quartz and by specular hematite and magnetite. The chert in places is

iron-stained, either by limonite or by hematite. Natural size.
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FIG. 1. WEATHERED SURFACE IN KONA nOLOMITE-

FIG. 2. BRKCriATED CHERT AT THE BASE OF F<ONA DOLOMITE.
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largelv rlionihohedra. These very finely granular rocks vary into those

which are more coarsely crystalline, and the latter grade into phases in

which coarse crystals of dolomite compose most of the rock. It is probable

that in these coarser rocks there has been a recrystallization. This is indi-

cated in one case by a remarkably beautifnl zonal structure, shown by all

of the large rhombohedra of dolomite.

The purer phases of dolomite pass into those in which the dolomite

is heavilv stained with iron oxid'e. In some cases on the weathered surface

is an outer layer of heavily ferruginous material, resulting from the decom-

position of the dolomite, and showing that the carbonate is ferriferous.

These noufragmental rocks by gradation pass on the one hand into

the argillaceous dolomites or mica-slates and upon the other into the

quartzose dolomites. In the argillaceous dolomites the finely crystalline

quartz, feldspar, and other clayey materials are intimately intermingled

with the granules of dolomite. By a further decrease of the dolomite the

rocks pass into the dolomitic slates. Those which show the fragmental

material in a dolomitic liackground are placed with the dolomites. Those

Avhich show a fragmental background in which the dolomite occurs are

placed with the slates. Where the detritus is coarse the rocks are qiiartzose

dolomites. In these we have a large amount of fragmental (piartz, in well-

rounded, enlarged grains. Where the quai-tz grains are buried in a back-

ground of dolomite the}' are called siliceous dolomites. By a decrease of

the dolomite we have a sparse matrix of carbonate in Avhich numerous

quartz grains are set, and then the rock becomes a dolomitic quartzite.

In some cases the alternations of coarse and fine material are in minute

layers, a fraction of an inch across, having alternately coarse and fine

grains of quartz and greatly varying amounts of dolomite. In other cases

thick beds are wholly of the dolomitic quartzite.

The rocks of the formation, whatever their lithological character, have

been shattered by dynamic action, and have frequently become reibungs-

breccias (PI. VII, fig 2, and PI. VIII) These breccias, which where much

mashed resemble true elastics, diff"er from conglomerates in the usual angu-

larity of the fragments and in containing no material from an extraneous

source.
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The pure dolomites, where merely shattered, have been cemented by

finely crystalline cherty quartz, or by coarsely crystalline dolomite, or

by these two combined. The brecciated pliases show numerous in-egular

complex fragments of the granular dolomite. The angiilarities of these

dissevered fragments are frequently the reverse of the fragments adja-

cent, proving conclusively that they have l)een broken apart. In a more

advanced stage of tlie dynamic action the complex fragments of the gran-

ular dolomite have a subangular or roundish appearance, so that tlie rock

as looked at with a low power resembles a conglomerate. These dissev-

ered fragments are united by cherty quartz, by coarsely crystalline dolomite,

or by the two interlocking. In some cases this secondary cherty quartz

has impregnated the rock through and through, so that minute irregular

veins of chert or geodal areas of quartz are scattered through the dolo-

mite. In a still further stage of silicification but a small amount of granular

dolomite may be seen in the chert veins. As a result of further silicifica-

tion considerable belts of chert are found interlaminated with the bands

containing less chert. Frequently these belts have oval or abrupt ter-

minations. Oftentimes after a first dynamic action and silicification the

rocks have been brecciated again, and have again lieen cemented by infil-

trating silica. In this case we have a cherty dolomite or a chert-breccia,

with a cement of newer chert. It is generally possible to discriminate the

earlier and later chert by the slightly different crystalline characters which

it has, and also because the later chert is sometimes mingled witli oxide

of iron.

The argillaceous and siliceous dolomites have been brecciated and

cemented in the same way as the purer dolomites. In this case we have

both fragmental quartz and secondary cherty quartz intermingled. The

original quartz grains uniformly show undulatory extinction or fracturing.

Frequently during the folding the grains of quartz and feldspar have been

broken out of their background and have fallen into the crevices. These

are surrounded by and embedded in secondary infiltrated cherty quartz

and dolomite.

The slates and quartzites interstratified in the Kona dolomite are not

here described, as they are in all respects similar to the Wewe slates and
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Plate VIII.—BRECCIATED KONA DOLOMITE.

Fig. 1. Brecciated chert in Kona dolomite from sec. 18, T. 47 N., R. 25 W. (Atlas Sheet XXXVII). The

gray chert is broken into fragments by Uyuamic action. The fragments are angular. They

arc cemented by chert and iimouite. After being thus cemented the lock was again broken

by later movement. The rock was again cemented by minute veins of chert and hematite.

Natural size.

Fig. 2. Brecciated chert in Kona dolomite from sec. 1, T. 47 N., R. 25 W. (Atlas Sheet XXXIX). The

figure 18 from a chert layer between the Mesnard quartzite and tlie dolomite. The rock

was brecciated by dynamic action. The fragments were rubbed against one another, so that

many of them are partly rounded. They were then cemented by chert and hematite. Sub-

sequent movement again slightly shattered the rock, and the cracks thus formed were

healed by secondary silica. The minute veins thus j>ro(luced may be seen running through

both matrix and fragments. Natural size.
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FIG-1. BRECCIATED CHERT IX KOXA DOLOMITE.

FIG. 2. BRECCIATED CHERT IN KOXA DOLOMITE.
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the Ajibik quartzites subseciuently described, with the excei)ti(>u that they

are more or less dolomitic.

The foreo-oing study of the thin sections of the Kona formation shows

that it has been shattered throughout. From the fiekl observations it was

apparent that the formation had been much broken b)^ dynamic action, but

the completeness of this shattering and brecciation was appreciated only

by a study of the thin sections, every one of the numerous slides showing

these phenomena to a greater or less degree. It thus appears that not a

half-inch cube has escaped. It is believed that this indicates that the rock

when folded Avas not buried under so great a load as to be beyond the

sustaining power of the rocks. Upon the other hand, since there are no

prominent faults, and since the formation as a whole is folded in a com-

plicated fashion, retaining its continuity, it is thought that it was buried

under a considerable thickness of strata. It was therefore in the zone of

combined fracture and flowage.

KELATIONS TO ADJACENT FORMATIONS.

The Kona dolomite varies through a slate into the Mesnard quartzite

below. This slate appears to be a thin, persistent formation. Its tliickness

varies from less than 30 feet to 100 feet. In many places it appears thinner

than this smaller number, but it is only at a few places that the exact contact

]t)etween the slate and the formations above and below it can be seen,

there usually being, however, sufficient room for the slate belt between the

quartzite and the dolomite. This slate may be well observed at Mount

Mesnard, where it forms a little valley separating tlie quartzite peak on the

north from the marble peak on the south. The slate may also be well

seen just west of Wabassin Lake, in sec. 2, T. 47 N., R 2.5 W., where

the westward-plunging syncline of the Kona formation causes the slate to

appear innnediately beneath the limestone. This belt of slate, which was

once a shale, probably marks the time of deepening waters, when the con-

ditions favorable to the deposition of a sandstone changed to those favorable

to the formation of a limestone.

Above, the dolomite, by a lessening of the calcareous constituent,

gradually passes into the Wewe slate. The appearance of this formation
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may have marked a time when subsidence had ceased and the Hmestoue

had been built upward until the finer-grained mechanical sediments could

be carried by the waves. That this is probable, rather than that the sea

had deepened so much as to make the limestone formation im])ossible, is

indicated by the fact that above the Wewe slate follows the Ajibik quartzite,

a coarser mechanical sediment.

THICKNESS.

As a consequence of the complicated folding of the district, it is exceed-

ingly difficult to give an accurate estimate of the thickness of the Kona

dolomite. It doubtless varies much, perhaps reaching its ma.ximum some-

where near the central part of the area, and thinning out in passing to the

west. South of Mud Lake the formation has an almost continuous exposure

for 1,500 feet, with a dip to the south varying from 78° to 90°. If there

were no minor folds, and calling the average dip 80°, this would correspond

to a thickness of about 1,375 feet. However, it is certain that just to the

north of this lake the slates are in a series of sharp isoclinal folds; and

that this is true for the dolomite, to some extent at least, is more than pos-

sible. How nuich this maximum thickness should be decreased on account

of this uncertain element of the problem it is difficult to estimate, but it is

wholly possible that the thickness as above calculated should be reduced

one-half At Goose Lake, as has been said, there is a continuous exposure

of the formation for a considerable distance. Here the thickness of the

layers was carefully measured and found to be 225 feet, with a possible

error of 25 feet. If the formation is supposed to have the same dip to the

northwai'd for the remainder of the detached exposures along the east shore

of Goose Lake, this amount may be increased by 150 or 200 feet.

West of Tigo Lake the formation is exposed almost continuously for a

distance of 1,300 feet. The dip here varies from 25° to 40°, averaging per-

haps 30° or 35°. Calling the average dip 30°, this would give a thickness

of 650 feet. Although the limestone occupies an area as broad as 2 miles

in certain places, it can not be asserted, on the present information, that the

maximum thickness of the limestone is more than 700 feet, although it may

be twice this amount.
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INTERESTING LOCALITIES.

Nearly all of the jjeculiarlties of the Koua dolomite mentioned in

the general description may be found at any of the localities in which the

exposm-es are extensive, so that here there will be given but little more

than a list of localities in which the exposures are numerous, to serve as

guides to those wishing to study this formation.

Eastern area.—Beginning at tlic uortliwest, there are excellent exposui-es

near tlie old Morgan Furnace, in the north part of sec. 31, T. 48 N., R. 25 W.

(Atlas Sheet XXXVI). Numerous large exposures occur on the bluff

south of Mud Lake, in sec. 32. The south half of Omimi Bluff, in sec. 34,

also gives very numerous expo.sures (Atlas Sheet XXXVIII). On Mount

Mesnard, as has been said, the crowning peak is a closely compressed

syncline of the Kona dolomite. The central and higher part of Mount

Chocolay, south of Marquette, is another syncline of the dolomite. On the

Migisi Bluffs (Atlas Sheet XXXIX), in sees. 2 and 3, T. 47 N., R. 2.5 W.,

are very numerous large exposui'es of the dolomite. On account of the

western pitch this formation ends at the east in a series of fingers, the gen-

eral syncline, as has been said, being composed of minor synclines. The

succession of the members of the formation, the dynamic effects produced

by the folding, and the slate marking the transition belt between the dolo-

mite and the Mesnard quartzite may be particularly well observed here.

The hills often break off in eastward-facing cliffs, and by following from the

north around the east side to the south side of such a bluff one continues

parallel to the changing strike of the terminating layers. Both east and

west of Tigo Lake (Atlas Sheet XXXVII), in sees. 4, 5, 8, and 9, T. 47 N.,

R. 25 W., are verj^ numerovis exposures of the dolomite.

Ragged hills.—Numerous typical exposures of the formation are found on

all the bluffs in sees. 7, 8, 17, and 1 8, T. 47 N.,R.25 W. (Atlas Sheet XXXVII).

On the south slope of the bluff in the SW. 5 sec. 17 is a belt of cherty^

quartzitic breccia, which on its weathered surface very closely resembles a

conglomerate. This breccia contains fragments of slate, quartzite, chert, and

marble. It is underlain by folded beds of marble, the minor sinuosities of

which are truncated by the breccia, and it is overlain by quartzite At first
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sight the appearance of an unconformity is very strong- indeed. (See fig. 10,

p. 243.) However, when the supposed conglomerate is followed along the

strike, its brecciated character is found gradually to disappear and it changes

into ordinary quartzite. The fragments, instead of being waterworn, are

distinctly angular. Moreover, while at first sight there appears to be a

wide variety of fragments in the breccia, all of these are obtainable from

the immediately adjacent beds. It appears that when the series was folded

the more plastic limestone yielded to the pressure, in both a major and

a minor way, by folding, while the brittle cherty quartzite was fractured

through and through, the movement of the fragments over one another, and

of the bed as a whole, being sufficient to truncate the minor waves of the

marble. In a large way tlie belt of dolomite and that of the quartzite and

breccia are conformable.

In the west part of the SE. ^ sec. IS is exposed the contact between the

Mesnaixl quartzite and the Kona dolomite, which here has a general strike

approximately north and south and a dip to the east, but with minor cross

folds with east-west axes. At the top of the Mesnard is cherty quartzite,

which is followed by thin beds of novaculite and slate before the impure

limestone is reached.

Kona Hills.—Tlic uiost extcusive exposures of the formation are on the

Kona Hills (Atlas Sheet XXXIV), which rise from 300 to 400 feet above

Goose Lake, and make up a great series of bluffs in sees. 11, 1"2, 13, and

14, T, 47 N., R. 26 W. It is from these extensive and typical exposures

that the formation is given its name. Facing the southeast arm of Goose

Lake are bold, almost vertical cliff's, 2()0 feet high. At the point where the

lake widens these cliffs slope rapidly to the north, following approximately,

with a somewhat regular incline, the dip of tlie formation. The lowest

exposure here found is a very impure dolomite. Above this follows a

succession of interlaminated, impure dolomites, red and black slates, cherts,

quartzose dolomites, cherty quartzites, at places brecciated, and occasional

beds of nearly pure quartzite, or even of conglomerate. These various

strata may have thicknesses from an inch or less to a number of feet. The

layers of quartzite, usually not more than a foot or two in thickness, and

oftentimes less, are generally interstratified with the d(Uomitic slates. In
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one place ripjjle luavks were seen in the beds above and l)elow a layer of

conglomerate. The close intermingling of mechanical and nonmechanical

sediments suggests that at the time of the deposition of the lower half of

these beds the water was not very deep, and perhaps a shore-line was not

distant. The colors of the rocks vary from the dark gray of the slates,

through various shades of buff and brown, to nearly white in the case of

one or two of the dolomites or quartzites. Following aliove these beds

are others comprising all of the foregoing kinds, and also heavy beds of

nearly pure, coarsely granular dolomite, some of which are 20 feet

thick. The total thickness of the beds thus far exposed measures about 225

feet. The argillaceous beds are extensively affected 1)}^ a slaty cleavage,

which frequently stops abruptly at the more massive dolomite or quartzite

beds (fig. 9, p. 243).

After an interval of no exposure, the next place north on Goose Lake

is occupied by coarsely crystalline, nearly pure, pink dolomite, with occa-

sional layers of more finely crystalline material and a few layers of chert.

After another interval of no exposure are very large outcrops of similar

dolomite, some layers of which, however, are very quartzose, and a few lay-

ers of which are shaly. The northernmost exposure is a coarsely crystalline

dolomite, containing many nodules of coarsely crvstalline quartz. Of the

large exposures southeast of Goose Lake, probably not more than one-third

of the thickness is composed of reasonably pure dolomite, the remaining

two-thirds being largely mechanical sediments. Farther to the east the

proportion of mechanieal material is not so great.

Of the numerous large exposures east of Goose Lake, only a few

are platted on the atlas sheet, and these are mainlv along the outer borders

of the area This area has, however, been sufticiently traversed to show

that there are everj^where great bluffs of the dolomite.

As explained in the general folding of the area, east-west and north-

south forces were about equally strong, although the folds with north-south

axes are, upon the whole, of larger dimensions and less dips than those

with east-west axes. It follows that strikes and dips can be found in

almost any direction, and the true structure is perceived by general study

rather than by taking strikes and dips. As a result of the folding, the
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ledges were broken in the two directions according to a rectangular system,

and the topograjjli)^ has a corresponding an-angement. The great bluffs

north of the south arm of Goose Lake are cut by deep ravines running

in a north-south direction, or in a direction somewhat east of north, corre-

sponding to one set of folds. The changing strikes and dips, showing a

northward-plunging anticline compounded of the two foldings, may be seen

along the face of the exposures east of the south arm of Goose Lake,

Similar eastward-plunging anticlines and synclines may be observed along

the west side of the north-south valley separating the exposures of the Wewe

slate and Kona dolomite in the southeast part of sec. 13 and the northeast

part of sec. 24, T. 47 N., R. 26 W.

Along the eastward-facing cliff of limestone just west of the Wewe

slate, in the southeast part of sec. 13, T. 47 N., R. 26 W , below the lime-

stone, there is found a considerable quantity of green schist which is cut by

o-rauite veins. Upon this material is a conglomerate containing numerous

pebbles of the subjacent green schist and granite. This grades quickly up

into graywacke, and this above into the limestone. The green schist cut

by granite is identical in character with that of the Archean, and is taken to

be of Archean age. Therefore we have the Kona dolomite resting uncon-

formably on the Archean. It follows that during the time of the deposition

of the Mesnard quartzite to the east this part of the district was above the

water, and that it was submerged in Kona time.

SECTION III.—THE WEWE SL,ATE.

The name Wewe slate is given to this formation because it occurs in

typical development on the Wewe Hills, southwest of Goose Lake (Atlas

Sheet XXXV), and because the predominant rock is a slate. With the

slate are graywackes, conglomerate, mica-slates, and in places mica-schists.

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY.

Starting at the west side of Goose Lake (see Atlas Sheet IV), tlie belt

extends in a general westerly course for about 3 miles, having, however,

for this distance tortuous boundaries and a greatly varying width. It will

be seen that the Kona dolomite begins east of Goose Lake as a broad belt.
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The Wewe slate, following above the limestone, shonld appear both to the

north and south of this belt. On the south, however, the formation is

exposed only in sees. 13 and 24, T. 47 N., R. 2G W., and in sec. 18, T. 47 N.,

R. 2.5 W., whei-e, how^ever, it extends but a short distance before it is

hidden bv the Pleistocene sands. The northern arm of the slates shows

outcrops in sees. 11 and 12, T. 47 N., R. 2G W., and very numerous out-

crops west of the Kona dolomite in sees. 5, 6, 7, and 8, T. 47 X., R. 2r) W.

In this area the slate belt swings from an easterh' course to a northerly,

and finally to a westerh" one, and extends along the southern side of the

northern limestone for an mdcnown distance westward. There are no

exposures in this area, and whether it dies out before the slates and quartz-

ites east of Teal Lake are reached is uncertain. The black slate occurring

at a somewhat persistent horizon between thick beds of quartzites in sees.

32 and 33, T. 48 N., R. 2G W., may be the most westerly representative of

the northern belt. Farther west the formation was not deposited, since in

Wewe time the sea encroaching from the east had not overridden that ])art

of the district.

The slate being a less resistant formation tlian tlit? Kona dolomite

below or the Ajibik quartzite above, is, in general, marked l>y valleys, and

consequently the exposures are few for much of the area of the belt. The

two exceptions to this statement are the numerous prominent exposures in

sees. 5, 6, 7, and 8, T. 47 N., R. 25 W., and the exposures west of Goose

Lake. The appearance of the first set of outcrops is due to the cutting

action of Carp River, which flows over the ledges in a number of rapids

and cascades. The man)- exposures west of Groose Lake are due to the

fact that here was the westward limit of the shore-line at this time, and

therefore the sediments deposited at this })lace were coarser and were later

changed to graywacke and conglomerate, and thus became more resistant.

Also they gain in prominence by the presence of several resistant Archean

islands, which they surround.
FOLDING.

The broad belt of slate running north and east from Goose Lake, then

.swinging to the north and west, has no especially interesting folds, as the

.slate everywhere dips awav from the Kona dolomite below, and thus

MON XXVIII 17
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forms a great westward-plunging syncline, with the eastern termination in

sees. 5, 6, 7, and 8, T. 47 N., R. 26 W.

However, the folding in the two areas east and west of Goose Lake is

interesting and j^eculiar. In sees. 13 and 24, T. 47 N., R. 26 W., and sees.

18 and li), T. 47 N., R. 25 W., the slate has been affected by both an east-

west and a north-south folding. The north-south pressure has folded the

slates into a series of minor rolls, and the same layer is repeated many

times. Tlic east-west pressure has bowed the slates into anticlines and

synclines. The character of this folding is particularly well shown by the

almost continuous sections which are observable along the east jjarts of

sees. 13 and 24 and along the west side of the southeast arm of Goose

Lake (Atlas Sheets XXXIV and XXXV). A major anticline causes the

little east-west folds to plunge to the eastward on the east side of the area,

and to the westward on the west side. The slate originally arose above

the Kona dolomite of Kona Hills, but has been removed from it by erosion.

West of Goose Lake (Atlas Sheet XXXV) it has been said that the

slate covers a belt of greatly varying width, in which are Archean islands.

The largest of these areas covers a considerable part of the central por-

tion of sec. 23. Another area is southwest of this, in sees. 22 and 23,

and two other areas occur in sec. 22, one at the center of the section and

the other in the center of the southwest quarter. The conglomerates,

slates, and quartzites in sec. 23 and in part of sec. 24 have a quaquaversal

aiTangement around the oblong" Archean area of sec. 23. In other ^\-ords,

the slates and quartzites constitute a part of a northwest-southeast anticline

which plunges both to the east and to the west from the center of sec. 23.

The strikes about this and the other areas are northwest-southeast except

at the ends of the areas; the dips are all to tlie northeast, showing that the

folds have been pushed over from the northeast or pushed under from

the southwest. The dispersed distribution of the small Archean patches

and the fact that basal conglomerates cover a considerable area are taken to

indicate that there are several subordinate folds in this part of the district.

PETROGRAPHICAL CHARACTER.

Macroscopicai.—For tlic arcas north and east of Goose Lake the rocks of

the formation are slates and graywackes. Southwest of Goose Lake the
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lower part nf the torination Ix'conies a (|uartzite or ([Uartzite-conj>'loiuerate-

These eoug-loinerates, reposing as they do upon the gneissoid granites, are

ver\' hirgely composed of detritus derived from tliem (fig. 11). Immedi-

ately adjaeeut to tlie Archean cores on tlie Wewe Hills, in tlie centers of

sees. 22 and 23, the basal rocks are no more tlian a, mass of granite blocks,

cemented by fine debris of the same material. An intermediate rock is a

coarsely banded feldspathic quartzite which in the field very closely resem-

l)les the original gneissoid granite (PI. X, fig. 1). From these basal

fcfii-^T^--ryf iTf'T^ii '^ *- ^ -^«t>«t»w>*r^^

Slomerate of W, «c. slil.
, ir ii,,,r center of 860.22, T. 47 N., U

memljers there are all gradations to g-ra^'wackes, novaculites, and slates.

The slates in places contain pebbles or bowlders of many kinds, and thus

become slate-conglomerates. In the higher part of the formation the slates

and graywackes pass by interstratifications and gradation into the Ajibik

qitartzite.

The ordinary detritus of the formation differed from very fine mud

to coarse, sandy mud, and there were frequent alternations of the various
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ph?ises. As the result of the compacting and modilicatioii of these beds

we have shale, slate, novaculite, and graywacke. The color of these rocks

varies from red to black, with various shades of buff and brown, depending

upon the quantity and condition of the iron oxide. While many minor

alternations occur, one part of the Wewe formation may be as a whole finer-

grained than another part. For instance, at the exposures in the southeast

part of sec. 13, T 47 N., R. 2G W., the black, . finer-grained phases of the

slates occupy a higher horizon than the coarser, novaculitic-looking phases.

As a consequence of the folding, certain of the slates, and especially

those that are fine-grained, have had develo2:)ed in them a slaty cleavage.

Also, along the zones of sharpest folding and of mashing, the rocks jiass into

mica-slate, or even into a rock approaching a mica-scliist. In some cases

they approach knotenschiefer in appearance. As a consequence of the

slaty cleavage and schistosity, in many ledges it is difficult to determine

the true strikes and dips. Howe-\-er, the true bedding is usually indicated

hj frequent alternations of darker and lighter colored materials. Often

parallel t<i the l)edding are cherty-looking layers, which frequeutl}' have a

lenticular character, the oval areas lying end to end, with intervening slate,

or overlapping. When followed closely, they are found in places to cut

in a minor way across the Ijedding. Often they brancli into two or more

parts, or send out stringers into the slate. In other cases the chert>- or

quartzose layers follow the schistosity rather than the bedding. Finally,

the slates and graywackes are usually cut by numerous veins running in

all directions. A close examination shows that whether these cherty parts

follow the bedding or the schistosity, or cut the rock at random, they are

secondary infiltrations.

In man}' places the orogenic movements have been so powerful as to

shatter the rock through and through (fig. 12, p. 263, and PI. IX, fig. 1), or

even to produce breccias (fig. 13, p. 263, and PI. IX, fig. 2), the fragments

of which are in some places tolerably well rounded by dynamic action,

so as to form pseudo-conglomerates. The fragments vary in size from

minute ones to great blocks several feet in diameter. The shattered rocks

have been cemented by vein quartz, jaspery quartz, and hematite, some-

times one and sometimes two or tlu-ee together (PI. IX, fig. 1).
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Plate IX.—BRECCIATED WEWE SLATE.

Fig. 1. Shattered Wewe slate from the NE. J sec. 21, T. 17 N., R. 26 W. (Atlas Sheet XXXII). The

oherty slate was shattered hy a, first movenieut which opened cracks In various directions.

These were filled with secondary rjiiartz. The rock was again shattered, and the openings

thus formed were filled by secondary quartz, limonite, and hematite. Besides this shat-

tering there was movement betweeu the individual mineral particles, which granulated the

rock. In the interspaces between the particles chert and hematite were deposited. By

observing the figure closely innumerai)le miuiitu brilliant flecks of the latter may be seen.

Natural size.

Fig. 2. Brecciated Wewe slate from the same locality as fig. 1. The erogenic forces locally shattered

the rock into a rubble. The broken fragments were cemented by secondary quartz, which

in the figure occnjiies as much space as the material of the original slate. In some places

the .slate fragments themselves are broken along two regular sets of planes inclined to each

other, which doubtless in each case represent shearing planes, both sets being produced

simultaneously, just as in the case of building stone crushed under the testing machine.

That these sets of planes do not intersect each other at right angles is doubtless largely

explained by the structure of the slate, which controlled to some extent the direction of

fracture and thus prevented the breaking from always occurring along the maximum shear-

ing planes. After the rock was brecciated and cemented as above described, a later movement

again slightly shattered it. The cracks thus formed, running through slate fragments and

matrix alike, arc filled with secondary silica. As lu fig. 1, the slate fragments are impreg-

nated with secondary hematite. Natural size.
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At one exposure the veins of hematite are Liter than the white ([uartz,

and the jasper is hxter than the hematite; and some ot' the fragments have

around them, in concentric parallel zones, quartz, hematite, and jasper,

although even at this place the quartz entirely fill« some of the spaces.

Where the veins of hematite and jasper are of considerable size they

can not be discriminated from the hematitic jasper of the iron-bearing*

formation. In places the amount of hematite is so great in the breccia

that the material has l)een prospected for ore. The secondary charac-

ter of the )as[)er and hematite in the case of tliese breccias can not be

doubted, and this has a bearing upon the origin of the jasper and hematite

of the iron-bearino' formation. These breccias are discriminated from true

Fig. 12.—Shattered slate cemented by vein ([uartz, from Flo. 13.—llrecciateil si m- i
i i. ,1 liyvein qnnrtz, from

NE. i .sec. 21, T. 47 N., K. 26 "W. samu l.n alil j .is li;;. 12.

conglomerates b}' the fact that all of the fragments are deri^'ed from the

slate. Also, the breccias vary into slate 1)A' imperceptible stages, both

along the strike and across it; and finally, while many of the fragments

have been rounded so as to resemble those produced li-s' water action, others

have an irregular character which is not consonant with a water origin.

Microscopical.—Tlie malu varieties of rock discriminated in thin section

are basal conglomerates and quartzites, graywackes, no^'aculites, slates, and

slate-congh )merates.

The quartzites and conglomerates differ from each other only in that the

conglomerates ha^'e large fragments. In other words, the conglomerates



264 TOE MARQUETTE IROX-BEARIXG DISTRICT.

have a quartzite base. The complex fraii-nients found in the congkimer-

ates in each hicahty are predominantly of the particular rock immediately

subjacent, but with these are fragments derived from other sources.

These fragments comprise white mashed granite, described on -p. 220

as sericitic (luartz-schist; white mashed granite containing large crystals

of feldspar; pink granite; gneissoid granite; a peculiar, very feldspathic

pegmatite; fine-grained chloritic schist or gneiss; sericite-schist or gneiss;

quartz pebbles; and other varieties of rock. All of these pebbles show

dynamic eifects. Many of them have been broken and cemented by

finely crystalline and secondary quartz. Microcline cleavage is also

developed in the potash-feldspars. The quartz grains uniformly show

undulatory extinction; many of them are distinctly fractured, and these

fractures are in some grains according to a rectangular system. The quartz

pebbles are found to consist of intricately interlocking or closely fitting,

roundish granules of quartz, but in no case do any of these distinctly show

a fragmental character, and they are lielieved to have been derived from

granite or from vein quartz. The chloritic and sericitic schists and gneisses

have in some cases, at first glance, a fragmental appearance, but the more

closely they are studied the more do they appear to be completely crys-

talline rocks. To desci'ibe the fragments of the conglomerates in detail

would be a repetition of the description of the rocks of the Basement

Complex.

The quartzite or quartzite ]:)ackground of the conglomerates contains

an abundant, very finelv crystalline grouudmass of sericite, kaolin, and

quartz, with a little chlorite, and is often impregnated with iron oxide. In

this groundmass are simple and complex grains of quartz and less abundant

grains of the various feldspars, and as the rocks become coarser-grained

these pass into the complex areas composed of (piartz and feldspar. The

groundmass of these rocks and that of the fragments contained in them

are the same, and the structure is somewhat similar to the mashed gneissoid

granites or sei-icitic quartz-schists of the Archean. (See p. 220.) Also,

man-\' of the simple and complex quartz grain.s have a granitic appearance,

having been but little waterworn; but some of the grains show a distinct

waterworn character, and they are rarel}" enlarged. In the quartzites
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there are usually alteniatiug- layers of finer and coarser material, \\liil(' in

the gneissoicl granite the lamiiue are all alike. Tlu' reconi[)Osed rocks

contain a much larger amount of secondary iron oxide than the' schistose

granites, and in the folding thev have been more hrokcn, thus producing

distinct cracks and minute canities, which have become filled with finely

crystalline, secondary quartz. Tlie thin section thus enables us to discrim-

inate the recomposed rocks from the original, mashed, gneissoid g-ranite.

Many of tlie feldspars of the quartzites are sufficiently fresh to show

distinctly their twinning, but all of them are more or less kaolinized.

Frequently the feldspars have largely or wholly decomposed into a com-

plex, interlocking, finely crystalline mass of sericite and (juartz, chlorite

and quartz, biotite and quartz, or comlnnations of these. In an interme-

diate stage there is with these residual feldspar. Often during or subse-

quent to this decomposition much secondary iron oxide has entered, and

in these cases we have in place of the feldsjjar grains an interlocking mass

of iron oxides, quartz, and sericite.

By a change in the character of the groundinass and a decrease in

the size of the fragmeutal grains tlie (juartzites pass into the graywackes.

The same constituents are present in the groundmass of the latter as in

that of the quartzites, but chlorite is abundant, and intermingled with the

groundmass are very small fragmental grains of quartz and feldspar, and

frequently a large amount of secondary iron oxides, chiefly hematite and

magnetite, often with distinct crystal outlines. In sttme cases a film of

oxide of iron is around each of the individual grains of (][uartz. In the

background, as the rocks become mashed, the leaflets of sericite and

biotite have a tendenc}' to a parallel ai-rangement. The coarser (juartz

grains uniformly show undulatory extinction or fracturing, fre(|uentlv

according to a rectangular s\-stem. The smaller (juartz grains, where

buried in an abundant matrix, and therefore not pressed against one

another, are freer from these pressure eflects, and in some of them pressure

efi'ects are not seen at all. The (juartz grains are much more frequently

enlarged than in the basal quartzites. The feldspars, while often rather

fresh, show all phases of decomposition to sericite, biotite, or chlorite, and

to quartz with iron oxide impregnation, described in the conglomerates.
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By a decrease in the size of the coarser fragmental grains the gray-

wackes pass into the slates. In these slates the decomposition of the feld-

spar grains, because of their smaller size, is much more common. On

account of the more plastic character of the slates, there is frequently

develojied in them a slatv cleavage or schistose structure, the ordinary

cleaved slates passing into mica-slates, and occasionally into sericite-schists.

In passing from the less mashed to the most mashed phases there is an

increase in the regularity of the arrangement of the sericite leaflets in a

imiform direction. As in tlie graywackes, the rocks are usually impreg-

nated to a greater or less degree by iron oxide, and frequently very

heavily so. The iron oxide includes limonite, hematite, and magnetite, the

two latter often being in large part in Avell-defined crystals, and sometimes

in veins. Frequeuth' the slates consist of layers of differing degrees of

coarseness, sometimes a half dozen fine and coarse laminjB being observed

in a single section. In these cases the coarser bands are more likely to be

heavily iron-stained, the accommodations apparently having formed cracks

and crevices to a greater degree than in the iuterlamiuated finer and jnore

plastic laj-ers.

The slates and graA'wackes at times become conglomeratic, so that

whole ex])osures are slate-conglomerate, or else the conglomerate layers

are interstratified with the ordinary slate and graywacke. These slate-

conglomerates bear exactlv the same relation to the slates and gra^'wackes

that the basal conglomerate does to the quai-fzite—that is, there are pebbles

and bowlders in the slate or graywacke background. These pebbles and

bowlders are identical in lithological character with those of the basal

conglomerate, l)ut, upon the whole, they are better rounded. In certain

places the later movements which these slate-conglomerates have imder-

gone have brecciated them, so that with the water-rounded fragments are

apparent ])ebl)les of slate and graywacke. A close examination of these

in the field, and especially in thin section, shows that they have angular

forms and are clearly produced by the breceiation of the rock itself. This

occurrence was pai'ticularlv confusing, as the rock is an undoubted con-

glomerate, and yet a conglomerate which is })artly autoclastic.
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The uovaculites are similar to tlie slates and graywacikes, except that

they are largely composed of very small, rounded grains of quartz and

fewer of feldspar, of a somewhat uniform size, with a very sparse matrix

of sericite, kaolin, and ferrite. In the field these uniformly granular

fine-o-rained rocks were not discriminated from the secondary chert veins

and layers, but in thin section they are wholly different, having the grains

distinctly rounded and not closely fitting, and having the sparse matrix

above described. The cherty material, upon the other hand, consists of

finely granular, perfectly fitting quartz, free from the clayey constituents,

and where iron oxide is present, it is usually concentrated to a greater or less

deo-ree in bunches or layers, rather than uniformly disseminated between

the ])articles, as in the novacidites.

The quartzites, iuterstratified with the higher members of the formation,

are in all respects like the Ajibik quartzites hereafter described.

The graywackes, slates, and uovaculites, as has been indicated (pp.

260-2G3), have frequently had developed 'in them a slaty cleavage or schis-

tose structure, and have been broken tln-ough and through 1)y dynamic

action. As a result of this, crevices and cracks have formed parallel to the

bedding, parallel to the secondaiy structures which intersect the bedding,

in directions independent of either of these, and between the individual

particles of the rocks themselves. These cracks and crevices have been

largely cemented by finely crystalline, perfectly fitting grains of quartz,

which in hand specimen has a cherty appearance. In other places coarsely

crystalline vein cjuartz has entered. During the readjustments cracks have

laro-ely formed parallel to the bedding, and secondary cherty layers ha\-e

formed in this direction. In hand specimen, in some cases, they might be

regarded as truly interbedded layers, but when examined in thin section

the secondary character of this vein chert is undoubted. This is shown

l)y the fact that within it are fragments of the onginal slate, and also from

these apparent quartz bands smaller veins of cherty quartz ramify, cutting

the slate in all directions. Moreover, as examined in hand specimen, these

chert-y-looking layers often have a lenticular character, the oval layers lying

end to end or overlapping. In one case, where the secondary coarsely
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crystalline (juartz is present, we have the clearest evidence of two separate

movements, since the crystalline quartz shows undulatory extinction and

fracturing, sometimes according to the rectangular system. When the rocks

have not only been broken but interior movement has occurred tlu-oughout

their mass, the entering quartz has taken advantage of all of these spaces,

thus recemeuting the rock (PI. IX). In some cases, in the background

of the slate, this secondary quartz seems to be almost as plentiful as the

original material, occurring in little oval, comjjlex areas, in minute stringers

ramifying through the coarser veins, and in single individuals between the

fi-agmental constituents. While the cementing of the shattered rock has

been mainly a process of silicification, it has been indicated that a large

amount of oxides of iron has also entered. In some instances these oxides

of iron are the main constituents of the cementing material, but usually

they are suljordinate to the secondary quartz. Where both are present

theA' are not uniformly intermingled but are more or less concentrated in

irregular areas or l^ands. As another result of the shattering of the rocks,

the layers luixe been faulted in a minor degree.

In an extreme stage of fracturing the rocks pass into genuine auto-

clastic rocks or reibungsbreccias. In some of these the angular fragments

of the slate are separated by reticulating veins of coarsely crystalline quartz,

finely crystalline chert or jasper, and hematite (fig. 12, p. 263, and PI. IX,

fio-. 1). In other cases the secondarj^ material makes a continuous ramifying

mass, within which are complex bands and fragments of the original slate

or the separated individual grains (fig. 13, p. 263, and PI. IX, fig. 2). The

extreme stages of brecciation more usually occur in the graywackes, the

filler-grained phases being more plastic and pelding more readily to pres-

sure, and thus developing into slates and schists. In some of the coarser

graywackes the relief appears to have occurred along zones of irregular width,

and here the grains have been loosened from one another. These zones are

indicated by abundant iron impregnation, and are sharply separated from

the layers at the sides, which have not suffered so much from movements.

No better case is known to me of the phenomena characteristic of the

zone of combined fracture and flowage^ than is exhibited b}^ the Wewe

'Principles of North American pre-Cambrian geology, by C. R. Van Hise: Sixteenth Ann. Kept'

U. S. Geol. Survey, Part I, 1H96, pp. 601-603, 654-656.
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slate. The softer layers were at one time certainly in tlie zone of flowage,

and under these conditions cleavage developed in the normal jjlanes. Later

some of these slates passed into the zone of fracture for them, and a fissility

secondary to the cleavage formed along shearing planes. The stronger

rocks exhibit beautifully all the phenomena characteristic of deformed rocks

in the zone of fracture.

RELATIONS TO AD.TACENT FORMATIONS.

In all the exposures north and east of Goose Lake the inferior forma-

tion is the Kona dolomite. This dolomite generally pasess upward into

the slate by a gradual disappearance of the calcareous matei-ial. The

lower and central portions of the formation are pure slates or graywackes.

In some cases the basal horizon of the slate, or the upper horizon of the

dolomite, is a chert-breccia, undoubtedly of dynamic origin, but resem-

bling a conglomerate (PI. VII, fig. 2). Such breccias may be well seen at

the contact between the slate and the Kona dolomite in the southeast part

of sec. 13, T. 47 N., R. 26 W. (Atlas Sheet XXXIV). The slate at this

particular locality becomes coarser-grained in passing toward the base,

grading first into a novaculite, then into a, graywacke, and then into a

brecciated, cherty quartzite. The chert-breccia at the contact appears to

have been produced from secondary belts of chert, which liave appeared

within, and perhaps have replaced calcai'eous layers in the (piartzite. When
the rock was folded the brittle cherty layers were broken into fragments.

This pseudo-conglomerate might possibly be taken by a careless observer

as evidence of a physical break between the Kona dolomite and the Wewe
slate.

Southwest of Goose Lake (Atlas Sheet XXXV), below the slate, are

islands of Archean rocks. It has been said that here conglomerates have

an extensive development adjacent to the Archean cores. In sec. 23

T. 47 N., R. 26 ^y., and near the central part of sec. 22, T. 47 N., R. 26 W.,

contacts are exposed between the Archean and the conglomerates, but

no contacts were seen adjacent to the area in the southern part of the

SW. J sec. 22, although large exposures of conglomerate were found near

those of the granite.
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At the west, soutliwest, and south of the western ])hiti' of the Archean

of sec. 23 the basal conglomerate is well exposed in direct contact with

the xmderlying crystalline rocks. At the west foot of the hill is a solid

ledge of the white, inashed, schistose Archean granite. It is in contact

v/ith and mantled on l)()th sides l)y the conglomerate, which is mainly

composed of material exactly like the original rock. The fragments and

matrix of the conglomerate so closely resemble the granite that its recom-

posed character scarcely shows—so intensely mashed is the rock—except

upon the weathered surface, where may be seen rounded, protruding frag-

ments of the granite, varying in size from small ones to great blocks. In

passing eastward along the soutli slope of the bluft" the white granite of the

Basement Complex takes on a different character, here being less altered,

and containing pink augen of the original feldspar. In the field, as well

as from microscopical study, it is plain that it is a mashed granite. Adja-

cent to this granite the conglomerate contains predominant pebbles of a

corresponding kind. As further evidence of this unconformity, the white

and ])ink mashed granite is cut through and through Ija' veins of red granite,

Avhich are nowhere observed to cut the cong-lomerate.

The contact is again seen in the valley to the .soutli, where the recom-

posed rock on a little ridge projects east as an arm into the area of the

Archean. Here the conglomerate has not been so much mashed. The

sparse clayey matrix is stuccoed with fragments of the red granite and the

white, kaolini(; (piartz-schist (maslied granite) from the Archean. Many of

these macroscopically closely resemble chert. The conglomerate appears

also to contain fragments derived from a slate or g-raywacke. The upper

part of the conglomerate contains, besides pebbles of granite and gneiss,

many pebbles of white quartz, some of which macroscopically appear to be

derived from a quartzite; also rare pebbles of chert and jasper, and many ot

a slaty or schistose rock. The matrix, usually white or pale-green, is ordi-

narily slate, graywacke, or quartzite, but oftentimes it is so fine-grained as

to have a novaculitic appearance.

In sec. 22 also the actual contact between the gneissoid granite Archean

axis and the conglomerate is seen. Here are magnificent exposures of great

bowlder conglomerates, the granitic fragments of which, of varying sizes,
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are close together, so that there is but a sparse matrix. In some cases this

recomposed rock so closely resembles granite that it is with difficulty tliat

its true character is certainly determined. In cases of doubt, however, the

weathered surface enables one to distinguish between the original and the

recomposed rocks, as here the granite fragments protrude from the face of

the conglomerate. This granite stucco varies up into slate-conglomerate

of differing degrees of coarseness, and finally slate is found containing only

small pebbles of granite. In some cases, in the finer conglomerate, the

particles of the recomposed rock are almost wholly single grains of quartz

and feldspar, or are small complex grains of granite. These show a lami-

nated arrangement, and in the liand specimen the recomposed rock (PI. X,

fig. 1) very closely resembles the original gneissoid granite. As higher

horizons are reached the slate and slate-conglomerate pass up into feld-

spathic quartzites, novaculites, slates, and graywackes of various hues,

similar to those in sec. 23, and finally above them appear the pure vitreous

quartzite of the Ajibik formation. In a number of places the actual

gradations are seen, and the formation line between the two is somewhat

arl^itrarily drawn

THICKNESS.

On account of the complicated character of the folding of the slates,

gra3nvackes, and conglomerates southwest t)f Groose Lake, it is impossilAe

to give even an approximate estimate of the thickness of the formation.

Here, adjacent to the shore-line, it is natural to expect it to have a greater

thickness than to the eastward, and it is believed that the tliickness is very

considerable. In sec. 22 (Atlas Sheet XXXV) there are almost continuous

exposures of the slate, all apparently nordi of the northernmost anticline,

and all dipping 50° to 60° the same way for a breadth of 1,300 feet. This

would correspond to a thickness of about 1,050 feet. To this would neces-

sarily be added the thickness of the conglomerate, wliich should appear

below the slate and graywacke. This area is, however, near the northern

end of a northwest-southeast anticlinal dome, and the slate shows nmch

brecciation, well-developed slaty cleavage, and, when studied closely,

numerous minor rolls; so it is entirely possible that the real thickness of
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the formation is not more than a third of the above estimate. In the east

2)art of sees. 13 and 24 (Athxs Sheets XXXIV, XXXV), where there are

numerous rolls of the slate and quartzite, a close examination showed that

there is probably exposed a thickness of .slates not exceeding- 100 feet. At

the numerous exposures in sees. 5, 6, 7, and 8, T. 47 N., R. 25 W. (Atlas

Sheet XXXVII), there is little opportunity for an accurate estimate of the

thickness. The calculated thickness west of Goose Lake is probably a

maximum, and that east of Goose Lake may be considered a minimum.

The averag-e thickness of the formation ma}" perhaps be as much as 500 feet.

INTERESTING LOCALITIES.

Makwa Hills.—Beo'innino' at the north and Avest, the first locality in which

the Wewe slate may be present is in the quartzite range north and east of

Teal Lake (Atlas Sheet XXX). In the center of the quartzite formation

is a belt of slate, Avliich is probably equivalent to some jiart of the Wewe

slate to the east, but with what part it should be equated it is impossible

to say. In passing from this place toward the east there are no exposures

for several miles. The belt is, however, supposed to persist, but to lack

exposure because of its feeble resistance.

Eastern area.—At tlio castem eud of tlic great westward-plunging syncline

occur numerous outcrops of this formation (Atlas Sheets XXXVI and

XXXVII). The exposures here are for the most part found along the

small streams and on the Carp River, the cutting action having been suffi-

cient to remove the overlying drift. The rocks have a slaty cleavage, but the

bedding- is usually determinable. In tlie southeast part of sec. 31 the rocks

strike east and west and dip south. In the east part of sec. 5 the strikes are

mostly north and south, and in sec. 6 they are again approximately east

and west, thus following the folding. In the SE ^ sec. 6, along and near

the Carp River, are the best exposures. The slate south of the river is here

overlain, with a slight discordance, by the Ajibik quartzite. The character

of this break will be discussed later in connection with that formation.

Lithologicallv the slates vary from very fine grained argillaceous rocks to

coarse grajnvackes. In color the nonferruginous phases grade from gray
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or greenish-gray to black. Many of them are, however, heavily ferrugi-

nous, and these are dark-red, bright-red, or Ijrown. In some cases the

amount of hematite is so considerable that test-pitting has been done. In

many of the coarser-grained black slates are seen numerous fragmental

jiarticles of mica, the leaflets being generally arranged parallel to the

bedding. Certain of the black slates have a carbonaceous appearance,

and in these is seen very abundant iron sulphide in innumerable small

crjstals.

West of the exposures in this vicinity none are found along the Wewe
belt for 2 miles. In sees. 11 and 12, T. 47 N., R. 26 W. (Atlas Sheet

XXXIY), however, occur typical exposures of the slate, separating the

Kona dolomite below and the Ajibik quartzite above, and thus showing

that the belt is persistent.

Goose Lake.—Tlic ucxt exposures of the formation are those about Goose

Lake. The first locality which pi-esents exceptional interest is in the NE. \

sec. 24 and the SE. i sec. 13, T. 47 N., R. 26 W. (Atlas Sheets XXXIV and

XXXV). At this place there are continuous exposures of the slate from

the Kona dolomite below to the Ajibik quartzite above. This exposure

has a large number of minor rolls, with strikes approximately east-west

or south of east, and with axes plunging to the east or south of east at

angles from. 10° to 20°.

At the bottom of the formation, or at the top of the Kona dolomite, is a

chert and novaculite breccia, many of the chert fragments being rather well

rounded by movement. It was at first thought that this was a conglomerate,

and that possibly there was a break between the Kona dolomite and the

Wewe slate (PI. VII, fig. 2). This breccia grades up into interlaminated

fine-grained gray and felsitic-looking red novaculites and graywackes, these

into red and black slates, these into black slate, and this, by numerous inter-

stratifications, into the Ajibik quartzite. An estimate of the thickness of

the various beds between the Kona dolomite and the Ajibik quartzite is

as follows: Novaculite and graywacke, 30 to 50 feet; red and black slates,

25 feet; black slate, 10 feet; interstratifications of slate and quartzite, 15

feet; thus making a maximum thickness of 100 feet. On account of the

MON xxviii 18
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complicated folding of the beds, it was difficult to make tlie determinations

at all accm'ate, as the same layer is reproduced in exposure several times.

Beginning- at the north and at the bottom of the exposures, the lime-

stone plunges under the novaculite with a dip of 50° to the south. In

passing toward the south, while the same layer, as has been said, may be

repeated b)- the folding, on the whole higher and higher members appear.

The whole is a part of an east-of-south-dipping stratum, which, however, is

itself bent into a number of secondary folds. If one sights along the axes

of the folds toward the west, he sees that the slate will rise above the Kona

dolomite, the same as it does where the two are in contact to the nt)rtli.

The folding of the Wewe slate and Kona dolomite in this vicinity is

almost an ideal case, illustrating the types of folds and observations to

be made in districts of complex folding. The use of topography, tops of

anticlines, bottoms of synelines, and the pitch of one set of folds to obtain

the dips of the cross set are all shown.^

The movements of the Wewe slate have produced a cleavage—in cer-

tain places something of a schistose structure, and in the novaculitic layers,

as has been said, a breccia. The pseudo-conglomerate at the bottom of the

formation was at first supposed to be a true conglomerate, and was thought

to mark a possible unconformable break between the slates and the dolo-

mite (PI. VII, fig'. 2). The strata were, howevef, found to be strictly con-

formable, and the chert and novaculite fragments dynamic rather than

waterworn pebbles. Traced along the strike, the autoclastic rock gradually

passes into the continuous layers. It appears proliable that the fine sand at

the base was interstratified with calcareous layers, that the carbonate was

leached oiit and replaced by chert, and that when folded the rock was

broken. As further evidence that this rock is a pseudo-conglomerate,

the novaculites higher in the formation at many places have been broken

thi-ough and through in a similar manner and changed into breccias,

the fragments of which are cemented by secondary cherty quartz. In

the more argillaceous rocks a slaty cleavage has everywhere develoj^ed,

which sometimes passes into partial schistosity. These phenomena are

' Principles of North American pre-Cambrian geology, liy C. R. Van Hise : Sixteenth Ann. Rept.

TJ. S. Geol. Survey, Part I, 1896, pp. 626-631.
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particularlv marked in those layers interstratified witli the Ajibik (juartzite,

the cleavao-e and schistosity stopping abruptly at the quartzite beds. Many
of the brecciated slates and novaculites are heavily ferruginous, the iron

being largely concentrated in veins. The extensive dynamic phenomena

sliowji V)y tlie formation about Goose Lake, and the complicated folding

of the slates, would seem to indicate) that in the general folding of the dis-

trict the major accommodations and readjustments necessary have occurred

mainly in the weak slate rather than in the strong Kona, dolomite below

or the Ajibik quartzite above.

An examination of the thin sections confirms the field observations,

"While the fragmental character of the coarse slates is perfectly d'istinct,

the numerous roundish frag-mental grains being A^ery apparent, each indi-

vidual shows undulatory extinction or fracturing, as a result of the great

deformation. In pro})ortion as the rocks are fine-grained, recrystallization

has gone on, some of them becoming sericite-schists, which at first sio-ht

might not he thought to be fragmental. There is abundant evidence of

extensive deposition of silica and iron oxide, these materials being present

both as veins and in the background. No complete description of the slides

will be given here, as they are similar to the other slides of the formation

in tlie general area of Goose Lake, and a description of these is given at a

previous place (pp. 265-269).

wewe Hills.—AYcst of Goosc Lakc (Atlas Sheets XXXII and XXXV)
occur the uiost extensive exposures of the formation. The positions of

ledges actually observed are given on the detailed sheets, but tliese by nc
means represent all of the exposures, but merely those which have beem
examined.

Along and adjacent to the shore of the southwest arm of Goose Lake-

there are almost continuous exposures of mica-slate, graywacke, and
novaculite, from the old charcoal kilns nearly to the southeast end of the

lake. The rocks here are slaty or schistose, brecciated and cherty—in short,

in most respects are similar to those in sees. 13 and 24 above described.

The most interesting exposures of the formation are those on the

Wewe Hills aljout the Archean islands in sees. 22 and 23. Here are found
at a numljer of localities great basal conglomerates, which pass up into the
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slate and <iTav\vacke, Avitli occasional iiiterstratified conglomeratic phases.

The hrst and larg-est of these islands is tliat near the center of sec. 23.

This is an oval area, with its greater diameter in a northwest-southeast

direction. It is almost entirely surrounded by abundant exposures of the

Wewe formation, but those of the greatest interest are along the southwest

laorder. Just north of the quarter line is a great basal conglomerate, in

contact with and resting iipon a white schistose granite microscopically

resembling quartz-schist. The fragments and matrix of the conglomerate

are almost wholly from the granite, and the rock is so firmly cemented that

fresh fractures break across the matrix and pebbles, so that its recomposed

character scarcely shows, except iqxm the weathered surface. Where

weathered, there may be seen well-rounded fragments of tlie granite, from

those of small size to great bowlders, protruding from the matrix. A thin

belt of this conglomerate mantles the gi-anite for some distance along the

brow of tlie bluff, and here, besides the white granite, are also found

fragments of granite bearing pink feldspar crystals and fragments of red

granite. The matrix of the conglomerate is an ordinary quartzite. In the

-core area the pink feldspar-bearing granite was found associated with the

white granite, and the red granite cuts both.

A short distance south of the quarter line of the section, on the south-

west slope of the bluff, great exposures of conglomerate are again found in

contact with and immediately adjacent to the granite. Here, on close

examination, it is perfectly clear where the schistose granite ends and the

schistose conglomerate begins. The latter varies from a coarse conglom-

erate, bearing abundant granitic debris, to a fine-grained conglomerate in

which the fragmental particles are mainly siaigle quartz and feldspar grains.

This conglomerate in its upper part is interlaminated with slate and gray-

wacke phases. As a consequence of the intense folding to which the rock

has been subjected, it has become brecciated, so that with the genuine

detrital fragments derived from the granite are also angular to subangular

fragments of the slate and graywacke.

Farther to the southeast is a small creek, and across this to the south-

west, on the slope of a great bluff, is again found the sericitic schistose

granite, which is directly overlain by conglomerates containing pebbles of
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the imderlviuf)- rork. This roniiloiiierate is iuterhiiuinatLMl witli feri-u;^inous

slate and graywacke. Here, as at the first locality, it is difficult to deter-

mine certainly the exact point at Avliich the reconiposed rock ends and the

schistose granite begins.

As has been explained aliove, this area is a northeastward-dipping

isoclinal fold. These conglomerates and slates therefore appear to dip nnder

the gneissoid granite on the southwest side of the area, and to dip away

from it on the nortlieast side. Superim2)Osed upon tlie major fold are

minor corrugations. As a consequence of this, just south of the (piarter

line of sec. 23 a tongue of quartzite projects into the granite area to the

southeast, so that a section here passes from the Wewe slate to tlie granite,

then to the Wewe slate, then to the granite, and iinally to the Wewe

slate.

These folds are cross folded, and consequently pitch either to the south-

east or to the northwest, and the gneissoid granite plunges under the slate,

and is thus an isolated area. The intense mashing has produced in the

ori"-inal granite, as has been said, a strongly marked schistose structure, so

that the original wdiite granite has been transformed to a rock which resem-

bles a quartz-schist. In a similar way the detrital rocks have been subjected

to mashing, Avith a consequent development of a crystalline structure, so

that it Avould not be surprising if the whole were regarded as a conforma-

ble series, dipping to the northeast. However, in working along tlie contact

carefullv, the conglomerates and the occasional localities in which the

demarcation between the Wewe formation and the Archean is clear .show

that the slate is later than, and is composed of, the broken granitic material.

The Wewe slates, both to the northeast and to the southwest of the

Archean area, grade upward by interlaminations into the Ajibik quartzite,

just as east of Goose Lake. Here, as there, the placing of the l)oundary

line between the two formations is somewhat arbitrary, the rock being-

regarded as belonging to the slate where the slaty phases are predominant.

This passage of the slate into the quartzite on the southwestern part of the-

bluff, because of the overturning of the strata, occurs in going from appar-

ently higher to lower members. The iqDper phases of the Wewe slate are.

peculiar iron-stained novaculites.
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An exainiuatiou of the tliin .section.s enables one to discriminate with

great certainty between the schistose granites which have taken on the

character of kaolinic cpiartz-schists, and the conglomerates. In the most

mashed jjhases of the granite, the feldspars have been entirely decomposed,

the broken granitic qnartzes resting in a kaolinic, sericitic, and siliceous

background. In the conglomerates, while many of the complex fragmental

grains have a distinct granitic appearance and are much affected by dynamic

action, the waterworn character of some of them is distinct. Also the con-

glomerates have alternating layers of finer and coarser material, while the

lamina? of the granite ai-e all alike. Finally, the recomjjosed rock has

allowed more secondary iron oxide to enter than tlie granite.

In the center of sec. 22 are a few outcrops of the Arehean basement,

which together form an oblong area. West of this area, making up the

larger part of a considerable ridge, are great outcrops of conglomerate.

The great bowlders and smaller fragments of g-ranite and gneiss are so

thickly set in a sparse matrix as to form a stucco. This congdomerate, as

seen upon the glaciated surftice, presents the most magnificent example of a

basal conglomerate known in the district (fig. 11, p. 259). At one place in

this congloinerate occurs a small exposure of the gneissoid granite which is

surrounded on all sides by the conglomerate.

The fold here is again an isoclinal anticline, the strikes being about

northwest-southeast and the dips to the northeast. Also the fold is cross

folded, so that from the crest it plung-es to the northwest and to the south-

east. In going to the northeast or southwest from tlie center of the bluff

one passes to higher horizons, although the dips are continuously to the

northeast. The exposures to the southwest are more nearlv continuous,

and here the coarse conglomerate is seen to vary into fine conglomerate,

this into coarse feldspathic graywacke, and this into slate, there being, how-

ever, various interstratifications of these materials. The coarse feldspathic

graywacke—that is, the j^hase which is made up mainly of the constituent

minerals of the granite—takes on at times a gneissoid appearance which is

remarkably similar to that of the original gneissoid granite making the

center of sec. 22 (PI. X, fig. 1). In fact, at first they were not discriminated

in the field, and were regarded as the same. A study of the thin sections,
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Platk X.—WEWE SLA.TE AND SIAMO SLATE.

Fig. 1. Recomposed rock, resembling granite, from tiie Wewe slate near the center of sec. 22, T. 47 N.,

R. 26 W. (Atlas Sheet XXXV). The specimen is taken from near the liase of the forma-

tion. The underlying Archean rock is granite. The discrete mineral particles of the

granite form the detritus of the figures. These, when cemented, produced a rock very

similar in appearance to a gneiss. Indeed, in the hand specimen it is almost impossible to

discriminate this rock from true gueissoid granite of the Archean, but in thin section the

fragment.al character of the specimen figured is in strong contrast Tvith the completely

crystalline character of the gueissoid granite. The recomposed rock has been somewhat

broken by dynamic action, and along the cracks veins h.Tve formed. Natural size.

Fig. 2. Ferruginous Siamo slate, showing oxerthrust fault, from the top of the formation in sec. 35,

T. 48 N., R. 27 W. (Atlas Sheet XXVII). The specimen is cut diagonally across the bedding,

so that the layers appear to be wider than they really are. The finely laminated, greenish-

gray portion is typical of the less altered varieties of the Siamo slate. At the bottom and

top of the formation this material is frequently iuterlaminated with iron-stained layers,

and the figure shows a typical case of this kind. Though the ferruginous bands approxi-

mately follow the bedding, they cut across it in such a way as to show that, while the

percolating waters were controlled in a large way by the bedding, to some extent they

went across it. A study of the thin section shows that the ferruginous layers usually

develop where there was originally siderite. In one of the gray bands an overthrust

fault is beautifully shown. This has sharply broken the harder, more siliceous layers

and has carried with it the weaker layers between the harder ones. However, both above

aud below, the fault passes into a flexure. The specimen was evidently in the zone of

combined fracture and flowage, the readjustment of the harder layers being by fracture

and that of the softer layers by flowage. This fault, although on a minute scale, illustrates

perfectly how a major fault may disapiJear below by passing into a flexure. Natural size.
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however, shows the completely crystalline cliaracter of the one and the

reconiposed character ctt" the other.

Northwest of this cong-lonierate bluff", making- anotlier considerable set

of bluffs in the northwest part of sec. 22 and the northeast part of sec. 21,

are the typical cherty and brecciated Wewe slates and graywackes. Con-

sequent upon the northwest plunge of the fold, the higher members are

found on the southwest, northwest, and northeast sides of the exposures,

the coai'sely conglomeratic phases being limited to the southeastern hills,

though distinctly conglomeratic phases occur at higher horizons. The

slates, gravwackes, and novaculites, their cleavage and foliation, their brec-

ciation, silicification, and ferruginatiou (figs. 12 and 13, and PI. IX) are \ery

similar to those phenomena described in the ledges east of Goose Lake,

in sees. 13 and 24. Parallel to the bedding are either cherty or novacu-

litic layers, which are traversed by veins of quartz. The usual strike is

N. 15° W. to N. 40° W., and the dip at an angle of 50° to 60° north of east.

The bedding is usually cut by a foliation, which strikes about N. 50° W.

and has a vertical dip. The breccias are more extensively developed in

the locality under consideration than anywhere else. Many of the ledges

are traversed in all directions by veins of white quartz, but the majority

of these are parallel to the schistosity. Near the northwest part of the

exposures, on one of the more prominent bluffs, the extreme stage of

dynamic action is represented by a remarkable reibungsbreccia. The

fragments are all of the black slaty or cherty rock. They vary in size

from minute ones to great blocks several feet in diameter. The whole

is recemented mainly by vein quartz, but in part by hematite and jasi)ery

quartz. The veins of the latter are later than the white quartz veins, and

where of some width the bands of ore or jasper could not be discriminated

from the feiTuginous jasper of the Negaunee formation. This breccia

differs from a true conglomerate in that the cementing material is of a vein

character, the fragments all of one kind, and usually exceedingly angular.

The black and gray schist, set in the quartz veins and ornamented by the

specular hematite and red jasj^er in smaller quantity, makes the exposure a

beautiful one. The fragments of schistose slate often have around them

parallel zones of quartz, hematite, and jasper, although usually the quartz is
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alone. Between tlie brecciated slates and those in whicli there is merely

a development of slatiness or schistosity, with secondary ferrugination and

silicification, theVe are all gradations, so that there is positive proof of the

brecciated character of the rocks.

About the other two Archean islands in sees. 22 and 23, are interesting

exposures of conglomerate, slate, and graywacke, but as these are not very

different from those already mentioned, they will not be further described.

The conglomerates, slates, and graywackes are particularly well developed

about the corner between sees. 21, 22, 27, and 28, and also to the east and

northwest of this point.

SECTIOK^ IV.—THE AJIBIK QUARTZITE.

The formation is given the name Ajibik quartzite because the predom-

inant rock is quartzite, and because typical exposures of it occiu- on the

bold Ajibik Hills northeast of Palmer (Atlas Sheet XXXII).

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY.

Beginning at the south arm of Goose Lake (Atlas Sheet IV), the forma-

tion occupies a broad belt, which narrows in sec. 23, swings south of the

Wewe slate, and then gradually increases in width to sec. 28, T. 47 N.,

R. 26 W. From this place one arm extends to the west for nearly a mile,

but the main arm swings to the north, west of the Wewe slate, and then

east, nortli of the same formation. AVest of Goose Lake the belt again

becomes broad, and an arm projects to the southeast between two Archean

islands, being bounded on both the east and the west by the Wewe slate.

The main belt, reaching Goose Lake, extends north of this area for a mile,

then swings eastward, which course it follows for 2 or 3 miles, then swings

to the northeast to Carp River. Here it is faulted, but, reappearing again

north of the river, it continues its course east, then north, then west in

sec. 6, T.^ 47 N., R 25 W. It follows this western course to the quartzite

range east of Teal Lake, the southern part of which it constitutes. West

of Teal Lake it reappears, here being in contact with the Archean, and

follows alonor this formation to Lake Michigamme.
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South of the Negauuee fonuatioii, hi sec. 35, T. 47 N., R. 26 W., there

appears a quartzhe, placed witli the Ajibik quartzite, which extends west-

ward ahnost conthuiously to sec. 31. The belt here swings to the north,

northeast, north, and finally west again, about an anticline in the Archean,

and then extends in a general westerly course to sec. 20, T, 47 N., R. 28 W.;

thence northwest to near Humboldt, in sec. 12, T. 47 N., R. 29 W. Expo-

sures of quartzite reappear at the base of the Lower Marquette series on

both sides of the Rei)ublic and Western tongues. It is doubtful whether this

western part of the quartzite is really the time equivalent of the remainder of

the Ajibik quartzite. Throughout the district it is natural, almost inevitable,

that at the base of the sedimentary series there should have been deposited

a conglomeratic quartzite. It is therefore not impossible—indeed, it is

probable—that the westward part of this belt of quartzite belongs, in age,

Avith the lower part of the Siarao slate as developed to the east, rather

than with the Ajibik quartzite. However, as this quartzite constitutes a

continuous lithological formation, and as there is no basis upon which to

make the equation, and as above it there occur the representatives of the

Siamo slate, at least as far west as sec. 28, T. 47 N., R. 27 W., the whole

formation is here considered.

On account of the resistant character of the quartzite, at various places

it becomes one of the chief topographic features of the district. South of

the southeast arm of Goose Lake the bold quartzite exposures rise steeply

from the lake, and from the sand plain to the east and south. The series

of ledo-es composing the quartzite belt are almost continuous to the west-

ward, everywhere rising abruptly from the valley to the south, and in sees.

27, 28, and 29, T. 47 N., R. 26 W., the quartzite constitutes the Ajibik Hills,

a bold east-and-west ridge, with precipitous, south-facing exposures. This

ridge rises about 200 feet from the valley of Ajibik Creek. On the north

side the ridge falls away less steeply to the exposures of the Siamo slate.

While this ridge has the general features above given, in a smaller way

it is exceedingly rough, a north-and-south traverse ascending precipitous

bluffs, to almost immediately descend into a steep ravine, the other side

of which must be climbed but to repeat the performance As has been



284 THE MARQUETTE IRON-BEARING DISTRICT.

said, iu sec. 28 the ridge branches into two parts, one of which extends

west about a mile. The main beh swings totlie north into sec. 21,T. 47 N.,

R. 26 W. Here there are again numerous huge ledges of the quartzite.

Following along the course of the belt to the northeast, between sees. 22

and 23 there are again numerous large exposures. Continuing to the north,

the formation has a position between the Wewe slate and the Siamo

slate. The quartzite, being the more resistant rock, occupies the higher

lands, between lower lands to the south and to the north. In the valley

of Carp River the outcrops are, however, less numerous than to the

southwest, although sufficiently abundant to show that the belt is certainly

continuous to sec. 36, T. 48 N., R. 26 W. From this point exposures are

not abundant until the quartzite east of Teal Lake is reached, where again

they are numerous. From this place they extend almost continuously

along the ridge to sec. 33, T. 48 N., R. 27 W. From here west to Michi-

gamme the outcrops are not abundant, but are found at a number of places

close to the Archean.

Where the formation appears south of the Negaunee iron formation,

in sees. 34 and 35, T. 47 N., R. 26 W., there are ledges of quartzite and

conglomerate. West for some distance the topographic features are given

by the Archean to the south and the jaspery iron formation to the north,

so that the quartzite usually occupies a valley between these two formations,

but with frequent exposures in sees. 31, 32, and 33. West of the Volunteer

mine the formation appears as a conglomerate below the iron-bearing

member. In sec 30, to the north, there are a number of large and typical

ledges. West of this place the quartzite is again in the valley between

the Archean to the south and tlie iron formation to the north, there being

only a few outcrops. The rock is found facing the granite near the center

of sec. 28, T. 47 N., R. 27 W., and somewhat unusual slaty phases, inter-

bedded with amygdaloids, are found near the top of the formation in

sees. 27 and 28. Several exposures are found in sec. 19, west of which are

no outcrops until the vicinity of Humboldt is reached, where exposures

are again found south of the iron formation. The remaining outcrops are

considered iu Chapter IV.
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FOLDING.

The topoo-raphic features and the exposures are eh)sely dependent

upon the foldino- to which the (juartzite has been sul)jected. Beginning-

south of Goose Lake, the quartzite constitutes an eastward-plunging anticUne

over the Wewe slate in sec. 23 (Atlas Sheet XXXV). To the north this

anticline is quickly followed by a syncline, so that the" section from north

to south includes a southern anticline and a northern syncline. Following

the belt westward, the formation constitutes the southward slope of an

anticline, the crown of which is to the north in the area of the Wewe slate

and Archean islands. The l)elt is continuous to sec. 28, T. 47 N., R. 2(3 W.

(Atlas Sheet XXXII), where, still constituting one side of an anticline, it

swing's northwest and then north. The westward-projecting arm, which

runs into the NW.J sec. 28 and the NE.^ sec. 29, is due to a subordinate

anticline which springs up on the slope of the main anticline. The greater

breadth of the formation in sec. 28 is due to this same cause. The west-

ward-projecting- arm is a westward-plunging anticline, so that the quartzite

soon disappears under higher formations. In the center of this anticline a

small area of Archean appears. The main belt of the formation (Atlas

Sheet IX) swings to the northward, thence northeast, thence east to Carp

River, and thence north and west to Teal Lake. This main belt is thus a

part of the great westward-plunging syncline of the eastern halt of the

district, dipping ti^ the north along its southern arm, to the south along

its northern arm, and to the west at the eastern end of the syncline.

West of Teal Lake (Atlas Sheet XXVII) the regularly bedded, typical

quartzite in the lower horizons is found to be somewhat plicated, then

more phcated, and finally very closely plicated into a series of minor cross

folds, with axes plunging sharply to the south, following the general dip

of the formation.

In sees. 30 and 31, T. 48 N., R. 28 W., and in sec. 25, T. 48 N., R. 29 W.,

the quartzite swings to the north, and here the characteristic folding of the

district is well illustrated (Atlas Sheets XV and XVIII). The formation is

infolded in the most complicated fashion with the granite and gneiss of the

Archean, the whole being a set of isoclinal overfolds with southern dips. The
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fragmental rock occupies the valleys and the j^rauite the elevations. These

valleys open out to the west and close to the east, the granite thus forming

amphitheaters about the quartzite. This is due to the fact that the south-

dipping isoclinal folds have a steep westward pitch. As a result of this

complex folding, an island of granite appears surrounded by the Ajibik

quartzite in sec. 30, and another island of granite occurs within the 8iamo

slate above tlie quartzite in sec. 31. Consequently, the north-south subor-

dinate rolls are of sufficient size to form at the anticlines islands of granite

within the sedimentary rocks.

Running southeast between the Archean area of sec. 23 and the

Archean area of sec. 22, T. 47 N., R. 26 W. (Atlas Sheet XXXV), is a

northwestward-plunging syncline of the quartzite, making an arm project-

ing from the main area. This belt may extend farther than map]>ed and

connect with the belt to the south.

With the exception of a single swing about the Archean .anticline in

sec. 30, T. 47 N., R. 2G W. (Atlas Sheet XXXII), the southern belt of

Cj^uartzite has a general northward dip away from the Archean and under

the iron formation. The exposures in sees. 27 and 28, T. 47 N., R 27 W.

(Atlas Sheets XXVI and XXIX), when cursorily examined, appear to have

a uniform northward dip, Ijut when examined closely the upper members

of the formation, which are here slates, are found to be pressed into a sharp

set of overfolds with northern dips. These folds are not horizontal, but

plunge steeply (PI. XXXV, fig. 1). Acompanying these minor rolls are,

doubtless, major rolls. This is indicated by the fact that interstratified with

the .slate are apparently three belts of amygdaloid; but as the rocks of these

belts are all exactly alike, and as amygdaloid is absent elsewhere in the for-

mation, it is more than probable that this is the same lava flow, reduplicated

by the northward-dipping overfolds. In the Republic tongue and in the

tongue to the west the Ajibik quartzite is in a closely compressed syncline.

PETROGRAPHICAL CHARACTER.

Macroscopicai.—Tlic Ajibik quartzite has two main areas—a western one,

in which it rests directly upon the Archean, and an eastern one, in which

it is underlain by the Wewe slate (Atlas Sheet IV). This difference is fully
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explained iu another connection by the transgression of tlie sea from tlie

east. The Ajibik area in contact with the Archean extends west from

the Teal Lake quartzite range on the north, and from sec. 35, T. 47 N.,

R. 26 W., on the south, to the west end of the distric-t. Also there is liere

included the area in sec. 29, T. 47 N., R. 26 W. The eastern area comprises

the remainder of the formation.

Where the formation rests directh' upon the Archean its basal part is a

conglomerate or recoraposed rock, the material of which is derived mainly

from the immediately subjacent rocks. In short, the conditions of for-

mation are the same as, and the phases of the basal rock identical with,

those of the Mesnard cpiartzite, described on page 223. This is entirely

natural, as the two are in fact but parts of the first deposit of the trans-

gressing sea. The basal conglomerates, slates, and graywackes for this

part of the area quickly grade up into (piartzite which does not differ from

that of the remainder of the formation.

In the eastern part of the district, as the Wewe slate passes into the

Ajibik quartzite there is usuall}^ an intermediate phase, or interstratifica-

tions of the two. In many places the slate varies into a coarse graywacke,

this into a feldspathic quartzite, and this into the ordinary quartzite. In

other cases the transition phase is a white or green novaculitic ([uartzite.

AVith these are sometimes red and brown iron-stained kinds. In places the

nonferruginous and ferruginous varieties show the most curiousl}' complex

relations, one appearing in the other in the most indiscriminate manner, as if

in extremely irregular inclusions or patches. The iron staining is evidently

a secondary process, and the differing effects have been produced by the

varying depths to which the solutions have penetrated. In one exceptional

locality, in sec. 6, T. 47 N., R. 25 W. (Atlas Sheet XXXVII), the l^asal

member of the quartzite is a conglomerate interstratified with slate, the

fragments of the conglomerate l^eing mainly from the Wewe slate.

The central part of the formation in its ordinary phases is a typical,

rather pure, vitreous quartzite. In some places this quartzite becomes

conglomeratic and bears small pebbles of white quartz or red jasper. In

other places it is interstratified with l^elts of mica-slate or graywacke.

In many places the formation was subjected to dynamic forces. In the
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least-marked !Sta<ie of alteration the quartzites were simply broken to a

greater or less amount, and the creA'ices thus formed were cemented with

finely crystalline cherty quartz, or with oxide of iron, or both. In a further

stage of the process the quartzites were fractured through and through,

and in places thev i)ass into reibungsljreccias. In the numerous ramify-

ing, bran.ching, and intersecting cracks, silica and iron oxide infiltrated.

The silica in jilaces took on cherty or jaspery form.s, and in other places

it crystallized as a vein quartz. Tlie secondar)- material may locally be

so abundant as to compose a large part of the rock, and rarely considerable

belts of chert or -s-ein quartz and iron oxide may be seen. In proportion

as the fracturing and the amount of secondary cherty silica increase, the

rocks assume a peculiar viti-eous aspect. The iron oxide crystallized as

hematite and magnetite, the latter now largel}' changed to martite.

In their very general brecciation, with consequent considerable areas

of pseudo-conglomerates, in the secondary veining, both with coarsely and

finely cryi?talline quartz, and in the large quantity of secondary hematite

and magnetite, these quartzites differ from the Goodrich quartzite of the

Upper Marquette series. Apparently in some cases the brecciation was

produced before the rocks became thoroughly indurated, while the frag-

ments had a san(h- matrix, in whic-h case the individual grains were

broken asunder, and the whole has been indurated by secondary infil-

trating silica and iron oxide. In some localities very peculiar dynamic

eftects are observable. As a consequence of the folding a most curious

spheroidal fracturing has occurred, resulting in roundish pebble-like and

bowdder-like forms. Iron oxide has infiltrated along the cracks, and has

especially afiected the more fractured and broken matrix, so that the

spherical pieces appear like pebbles derived from a difterent rock. In the

most brecciated phase we have a pseudo-conglomerate consisting of white

spheroids of (juartzite in an iron-stained cpiartzite matrix; a close exami-

nation shows, however, that many of the supposed pebbles are not entirely

surrounded by the matrix, each being really attached at some place to it.

Following along the pseudo-conglomerate belt, we pass from this most con-

glomeratic-looking phase to that in which there is less and less dynamic

eff'ects, and the rock by gradation passes into the ordinarj' quartzite of
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the area. In an intermediate phase, while eonchoidal fractures are seen

they do not wholly separate different jjarts of the rock, so that what would

have been separate fragments had the fractures gone further are but a half

or a third separated from the (][uartzite background. The most extremely

alterated quartzite, instead of being brecciated, was mashed throughout,

and as a result passed into a biotitic or muscovitic quartz-schist, or into

coarse, completely crystalline, typical chlorite-schists, biotite-schists, and

muscovite-schists.

In the northern and eastern parts of the district the quartzites grade

upward l)y interstratiti cations into the Siamo slate. In the southern and

southwestern parts of the district the formation grades in a similar man-

ner into the nonfragmental Negauuee iron formation. In sees. 27 and 28,

T. 47 N., R. 27 W., the intermediate phases are slates like those of the

Siamo formation.

Microscopical.—Wlicre tlie Ajibik quartzite rests upon the Archean, and

therefore has a conglomerate or feldspathic quartzite at its base, it is very

similar to the basal conglomerates of the Mesnard quartzite and Wewe slate

described on pages 224-227, 263-265. The basal rock in some places is

a distinct conglomerate, and in others is composed mainly of the separate

mineral constituents of the adjacent underlying rocks. At many places

the basal horizon has been so much mashed as to pass into a crystalline

schist. In these places, instead of the conglomerate, we have chloritic,

sericitic, biotitic, or muscovitic schists, and in the most extreme stage of

alteration the rocks pass into typical mica-schists, the leaflets of biotite and

muscovite being of large size and having a parallel ai-rangement. In this

phase the quartz grains are wholly granulated; the new quartz which has

developed is similar in appearance to the granules; and the original feld-

spar is wholly decomposed, its place being- taken by the muscovite, biotite,

and secondary quartz. In certain of the schist-conglomerates, while the

matrix is completely crystalline, in hand .specimens the mashed and greatly

elongated conglomerate pebbles may still be recognized.

Where the formation underlying the Ajibik quartzite is the Wewe slate,

there are apt to be interlaminated with the lower horizons of the quartzite,

MON XXVIII 19
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biotitic aud sericitic slates and graywackes which are m every respect

similar to those described (pp. 265-269) under the Wewe formation.

In the jjurest and least mashed phase of quartzite the rocks are com-

posed almost wholly of rounded grains of quartz of somewhat uniform size,

which ai-e beautifully enlarged, the enlargements filling the entire inter-

spaces. But even in this quartzite the grains unifomily show undulatory

extinction, aud some of them are distinctly fractured. Where the dynamic

effects are somewhat stronger, between and in connection with the enlai-ge-

ments of the quartz grains there is a fine mosaic of independent interstitial

quartz, aud with this there is a beginning of the arrangement of the grains

with their longer axes in a common direction. Very frequently the fractures

of the grains jjass directly across the cores and the enlargements, showing

that the fracturing occurred after the second growth of the quartz grains.

Occasionally with the simple quartz grains there are finely complex grains

of quartz, which appear to be derived from chert. In a phase intermediate

between the quartzites and the graywackes there is present with the quartz

a greater or less amount of kaolin, sericite, and chlorite. In some cases

these become rather abundant, so that the rocks are chloritic or sericitic

quartzites. Not infrequently the quartzites are feldspathic, and in some

cases this mineral has undei'gone to a greater or less degree the usual

decomposition into mica and quartz, or into chlorite and quartz. Where

the decomposition is complete, in place of the round grains of feldspar we

have an interlocking mass of sericite and quartz, biotite and quartz, or

chlorite and (juartz, as the case may be. At one place the feldspar grains

are as distinctly enlarged as tlie quartz grains. The quartzites usually con-

tain a small amount of iron oxide, which marks the cores of the original

quartz grains aud is intermingled with the new quartz.

In the quartzites where the dynamic forces were still stronger the indi-

vidual grains of quartz are broken apart, or the rock is fractured through

and through, or even changed into a reibungsbreccia. In the larger crev-

ices and cracks is vein quartz or iron oxide—in some one alone, in others the

two together, although the quartz is more abundant. These veins in some

cases are coarsely crj-stalline quartz; in others they are finely crystalline,

cherty, or jaspery quartz, aud with either of these are iron oxides. These



PETROGliAPHICAL CHARACTER OF AJIBIK QUARTZITE. 291

ferruginous chert and jasper veins often have the iron oxide and the (juartz

arranged in bands or irregularly distributed, and the veins are exactly similar

to the jaspilite of the Negaunee formation. Often the vein material is mingled

with fragraeutal quartz, the grains having been broken from the rock and

fallen in the crevices. Where the individual grains of the rock were sun-

dered, the parts were cemented by the secondary quartz and iron oxide exactly

as were the larger spaces. The recognizable original grains of quartz show

strong dynamic effects, all of them giving undulatory extinction, and many

of them being broken into several individuals, or even wholly granulated.

In some cases the cracks are in two sets at right angles to each other, the

cracks of each set having a parallel arrangement. The areas in whicli the

grains were rent asunder and those in which they were not are very irreg-

ular, and in the field the first are usually separated from the second by

stains of iron oxide. In those cases in which the secondary (|uartz is

abundant and the primary quartz was granulated, so that it no longer has a

clastic appearance, we have an intricately interlocking mass of quartz grains

of various sizes in which the original material can not be discriminated

from that which has come in later. In some places the whole rock is com-

posed of small, closely fitting granules of quartz. The granulated material

is commonlv finer or coarser than that of the interlocking and intersecting

veins, and in the latter iron oxide is usually abundant. These rocks, in

which the evidence of frag-mental origin has disappeared, and yet which do

not have a schistose structure, are called quartz-rocks. All of these jihases

are so similar to the jaspilite of the Negaunee formation that the two could

not be separated in thin section. However, these extremely altered rocks

are traced into those which are less modified, there first appearing a few

distinctly clastic grains, then clusters of them, until we have an intermediate

variety in which perhaps half of the secti<m shows fragmental quartz buried

in a crystalline matrix.

Resulting from the difiering modifications of the original sandstone,

we therefore have in the formation quartzite, cherty quartzite, ferruginous

quartzite, ferruginous cherty quartzite, (juartz-rocks, quartzite-breccia, A'ein

quartz, vein chert and jasper, and other phases.

The rather peculiar autoclastic rocks which resemble quartzite-conglom-

erates were mentioned in the macroscopical description. The pebble-like
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areas, which were behaved to l)e due to spheroidal fracturing, are clearly

shown to be of this character in the thin section. Instead of having- smooth

exterior boundaries, as would be expected in waterwom pebbles, there are

minute irregularities, such as would be produced by fracturing. The sphe-

roids are found to be pure vitreous quartzites, which are wholly cemented

by the enlargement process, or, more rarely, by this combined with finely

crystalline, interstitial quartz. These i)ebble-like areas rest in a background

composed of quartz grains, which are set in a matrix composed of finely

crystalline quartz, iron oxide, and sericite. It is apparent that the individ-

ual grains of this part of the rock were broken apart, and thus allowed the

secondary materials to enter, whereas in the uncrushed pebble-like areas

the space was fully occupied. It is clear that before this rock was lirecciated

it was indurated by the enlargement process.

In the macroscopical description a locality was mentioned where

the lowest horizon of the Ajibik quartzite bears slate fragments. Here the

lower beds consist of iuterstratified slates, graywackes, and conglomerates,

which quickly pass up into ferruginous quartzite, and this into the ordinary

vitreous rock. The slates are composed of iuterstratified coarse and fine

materials, which differ chiefly from each other in that the coarser layers

contain numerous large fragmental grains of quartz, usually sim])le, but

sometimes complex, and sometimes chei'ty. The matrix is claye}' material,

so fine that it is difficult to determine the constituents, but sericite, quartz,

chlorite, feldspar, and ferrite are present. The conglomeratic layers also

bear fragments of the underlying Wewe slate. However, these fragments

when closely examined are seen not to be sharply outlined, as is usual with

ordinar}^ pebbles, but are greatly elongated and have minutely irregular

borders, the projections of Avhich fill the interspaces of the quartz graius.

This suggests that the underlying slate was not much indm-ated at the time

it yielded the fragments to the quartzite, being rather a C(^mpacted clay

than a solid rock.

For those parts of the area where the Ajibik fonnation is overlain by

the Negaunee iron formation the lower formation grades into the higher, or

beds which belong lithologically in the two formations are iuterstratified.

In passing from the lower to the higher formation ; where the lowest rock of
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the Negauuee formation is jasper, the change takes phice by the dying out

of fragniental quartz and the appearance of hematite, magnetite, and finely

crystalhne quartz; where the overlying formation is griinerite-magnetite-

schist, the minerals wliich appear are magnetite, griinerite, and often garnet.

Occasionally the intermediate i)liase is a ferruginous slate, like the transi-

tion horizon of the Siamo and Negaunee formations. In the southwest

part of the area—that is, in the Republic and Southwest tongues—the folding"

and consequent mashing were so severe as to transform the Ajibik quartzite

formation into a completely crystalline schist. Even the pure quartzitic

phases now show no distinctly fragniental grains of quartz, l)ut consist

mainh' of coarsely crystalline interlocking quartz, in wliich are small

amounts of griinerite, garnet, chlorite, l^iotite, and muscovite. In some cases

the chlorite developed from the griinerite and garnet. While the quartz

grains show undulatory extinction and fracturing, the dynamic effects are

not so great as would be expected, and the appearance of the section

strongly suggests that the rock was largely recrystallized. Where the

sandstones were less pure there developed from tliem coarse-grained,

typical biotite-schists, muscovite-schists, and chlorite-schists, often garnet-

iferous. In these rocks we have a somewhat uniformh' granular quartzose

background, through which developed the biotite, muscovite, and chlorite.

There is a tendency for the micaceous minerals to be concentrated into lay-

ers, the less micaceous zones perhaps correspcmding to the original, more

quartzitic laminae. Occasionally the quartzose bands have a distinct oval

or lenticular character, as if each represented a greatly mashed and granu-

lated quartz pebble. The mica bends around these areas, joining at their

ends, thus presenting a mesh-like appearance, but differing from a mesh in

that the leaflets of mica do not intersect. In some of the slides the biotite,

muscovite, and chlorite are all in large blades with a parallel arrangement-

In other cases the sericite is in part in innumerable minute leaflets. In

certain of the chlorite-schists the chlorite leaflets are minutely puckered by

the folding in some places, and in other places the stress has been relieved

by minute faulting- diagonal to the schistosity. Thus we have a cleavage

in one direction parallel to the schistosity and a fissility diagonal to this.

By a dying out of the micaceous element and the appearance of griinerite
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and magnetite these schists pass into the Xegaunee formation. In some

cases there are interstratitied typical biotite-schists and griiuerite-magnetite-

schists. These biotite-schists are ordinarily, however, strongly gametiferous.

The garnet, as usual, developed in large individuals, which include very

numerous granules of quartz. Where the garnet appears the biotite is

very sparse, so that we have a ramifying background of biotite and quartz,

in which are large garnet individuals, including quai-tz and a small amount

of biotite. In the schist-conglomerate south of Republic the matrix is a

completely crystalline mica-schist, and in their shaj^es and relations to the

matrix the mashed granite pebbles are similar to the quartz areas just

descrilied.

relations: to adjacent formations.

For the part of the l:)elt running from Goose Lake to near Teal Lake

the quartzite occupies a place between two slates. It was suggested that the

mud of the Wewe slate began to deposit because by the upward building of

the limestone the waters became too shallow for limestone formation. A
continued sliallowing of the water may have gone on by the upbuilding of

the slate until it became so shallow as to permit the waA^es to carry coarse-

grained sand, when the sandstone was deposited which was indurated later

into the Ajibik quartzite. In places it may be that local elevations occurred,

raising the nuid above the water, so that when the waves next overrode it,

it yielded fragments of compacted mud to the basal horizon of the quartzite.

This is indicated by the fact—discovered by Mr. A. E. Seaman—that in

sec. 6, T. 47 N., R. 25 W. (Atlas Sheet XXXVII), south of Carp River, the

quartzite, Avith a conglomerate at its base containing slate fragments, rests

with slight discordance upon the slate. Also interstratitied with the quartzite

for a few feet from the base are thin belts of conglomerate which bear frag-

ments of slate identical in character with the slate below. To account for

the full thickness of the sandstone, it is supposed that subsidence, if inter-

rupted at all, soon began again. After a time it appears tliat the rate of

subsidence was greater than the rate of upbuilding, so that following the

sand deposits there was another time of mud deposits. Further indicating

such a subsidence is the fact that above this shale followed the nonfrao-mental
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iron-bearing- formation. In the eastern part of tlie di>strict the ({uartzite

grades above into a slate, and bek)Av it rests npon another slate.

In the area west of Goose Lake the Wewe slate, as has been said,

appears to grade up into the Ajibik quartzite, in many places the boundary

line between the two being somewhat arbitrai-ily placed.

In the quartzite range in sec. 29, T. 47 N., R. 2(J W. (Atbis Sheet

XXXII), the quartzite rests immediately upon tlie Archcan, the Wewe slate

not appearing between the two, as is the case to the eastward. This is

explained by the fact that the transgression of the sea was from the east,

but it is not impossible that the lower part of the quartzite is really the

equivalent of the upper part of the Wewe slate, sand being deposited near

shore at the same time that mud Avas being deposited offshore.

East of Teal Lake, supposing the slate belt in tlie middle of the

quartzite to belong with the Wewe slate, there is a transition from the slate

u])ward into the quartzite. West of Teal Lake it has been seen that the

inferior formations of the Lower Marquette series were not deposited, and

therefore that the quartzites rest directly upon the Archean. In the petro-

graphical description it has been indicated that here basal conglomerates

occur. North of the west end of Teal Lake, and at various places for a

few miles west, the actual contacts between the quartzite aud the green

schists, greenstone-conglomerates, and amygdaloids of the Archean are

found. (_)ne of the best localities at which to observe this contact is just

north of the west end of Teal Lake (Atlas Sheet XXVII). Here the green

schist strikes approximately ea^st and west, and its schistose structure dips at

a high angle—75° to 80°—to the south. However, the contact of the quartz-

ite and schist dips but 55° to the south, so that the iibers of the schist abut

against the contact plane at an acute angle (fig. 14). Above the contact

plane is a genuine basal conglomerate, the pebbles of which are mainly

derived from the schist, but with which are also large pebbles of quartz,

some of them 8 or 9 inches in greatest diameter. Besides the green schist

and quartzite pebbles, there are also present abundant pebbles of a more

acid schist which is like the acidic schists occumng in the Northern Com-
plex north of the stone quarry at Carp River. There can be no doubt

that here the green schist had become foliated and was deeply truncated

before the deposition of the overlying conglomerate.
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At several localities for a half mile west of Carp River contacts are

also found between the quartzite and the green schist. The quartzite near

the contacts is intensely plicated, but wherever an opportunity could be

found to get at the junction a sharp contact between the two rocks was

invariably discovered. In only one place was the plicated (juartzite found

in any other position than on the south slope of the schist. Here it wraps

around the east end of a small knob of schist, and is found on the north

side with its typical characters. This occurrence is probably explained by

regarding the green-schist knob as a headland projecting somewhat diag-

onally off from the old shore-line, and therefore giving a bay in which the

detrital material could be deposited

behind the schistose rock. When
the two were later upturned to their

present inclination the tilting would

result in the distribution described.

At various localities east of Teal

Lake (Atlas Sheet XXX) the quartz-

ite is found to l)e in contact with

the green schist. This may be par-

ticularl}' well seen just west of the

road running north from Negaunee

and east of the gorge of the Carp

River. The relations are, however,

essentially the same as at the Carp

and west of Teal Lake, with the exception that east of the gorge there has

been such intense movement near the contact plane that the basal rock has

become a schist-conglomerate which closely resembles the much mashed

green schist of the Northern Complex. It is difficult to say exactly where

the green schist ends and the schist-conglomerate begins. In discriminating

l^etween the fragmental and igneous rocks the microscope is frequently

of considerable assistance. The igneous character of the green schist in

its typical form is plain, while the fragmental character of the quartzite is

equally evident ; but close to the contact even the microscope fails to dis-

criminate between the igneous rocks and the intensely metamorphosed
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fragmental rocks. We have, then, an ap})an'nt traui.ition be, ween tlie

green schists and the clastic rocks just above, as we have an apparent

gradation between the ]\Iesnard quartzite and the granite-gneiss south of

Marquette. In both cases, however, the conglomerates along the contact,

in areas in which dynamic action was not so severe, reveal the true nature

of the relation, and show that the downward gradation is secondary, and

is not evidence of a single continuous series with downward progressing

metamorphism.

The contacts east of Teal Lake may belong rather at the base of the

Me.snard quartzite than at the base of the Ajibik quartzite, as has l)een

explained above, but the connection between them and the contacts west

of Teal Lake is so close that their description was deferred to this place.

Whatever their correlative positi(m, all of the contacts along this belt of

conglomerate mark the advance of a shore-line, fi-om the east toward

the Avest.

The intricate structural relations which (il)tain lietween the quartzite

and granite in sees. 30 and 31, T. 48 N., R. 2S W., and in sec. 25, T. 48 N.,

R. 29 W. (Atlas Sheets XV and XVIII), have already been described.

Here, alonsr the irregular dividing line, the contacts between the two rocks

are found at numerous localities. In many cases the lowest horizon of the

quartzite is strongly conglomeratic, the pebbles of the conglomerate being

derived mainly from the immediately subjacent granite. These conglom-

erates at the contacts show conclusively that the granite is older than the

quartzite and was deeply denuded before the deposition of the latter forma-

tion. However, at many places so close has been the folding and so great

the movement along the contact plane that the ([uartzite has become a

quartz-schist, closely resembling the mashed granite. Further, the secondary

schistose structure in the granite and that in the quartzite are parallel, and

this structure is particularly prominent just at the contact of the two rocks.

Here again, if one considered only certain localities, the phenomena might

be regarded as an indication of the downward gradation b}' progressive

metamorphism of the quartzite into the granite, or the explanation might

be given that the granite is intrusive within the quartzite. However, if the

contact be followed throughout its various windings, and the phenomena

carefully studied, the only conclusion which can be reached is that the
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quartzite is a newer formation wliicli lia.s derived its detritus in largest

measure from the underlying formation. West of sec. 25 only one con-

tact between the granite and quartzite has been discovered, but the latter

near the granite at a number of j^laces becomes feldspathic in character,

indicating the derivation oi its material largely from the subjacent granite.

The southern belt of the Ajibik quartzite rests unconformably upon the

Archean south of the Cascade range, as shown by the presence of great

basal conglomerates, the bowlders of which are derived from the immedi-

ately subjacent iron formation. The only actual contact here found is in

sec. 35 (see p. 311). As first observed by Wadsworth, the great conglom-

erate adjacent to the Piatt mine, sec. 32, T. 47 N., R. 26 W. (Atlas Sheet

XXXII), containing pebbles of granite, l)asic eruptive rocks, and schists,

each identical with the corresponding kind of rock in the Archean to the

south, proves tlie existence of this unconformity. Exactly similar phe-

nomena are found in sec. 34 (Atlas Sheet XXXV), and here the interval

separating the basal conglomerate and granite is but a few paces. In sec. 28,

T. 47 N., R. 27 W. (Atlas Sheet XXVI), the movements were so great that

the conglomeratic quartzite Avhich here occurs was changed into a schist.

The contact relations of the Ajibik quartzite and the Archean seen

at various localities strongly suggest that in many cases which have been

explained as downward gradation by metaraorphism of a sedimentary into

a completeh' crystalline rock, or as sedimentary rock intruded lay granite,

the phenomena may have another explanation. If the metamorphisni in the

Marquette district had been so severe as to obliterate the conglomerates

which occur at various places, it would have been almost impossible to

show that between the Lower IMarquette series and the Archean there is a

great unconformity.

For the southern belt the overlying formation is the Negaunee, and the

Ajibik quartzite or conglomerate grades into this formation by interstratifi-

ication, there being in some cases a number of distinctly interstratified beds

of quartzite or conglomerate and jasper, but always in passing to higher

horizons the jasper becomes predominant and tlie fragmental material of the

Ajibik formation disappears. In the northeast part of sec. 28, T. 47 N.,

R. 27 W., an exceptional transition phase is a ferruginous mica-slate. The
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character of the usual transition may be well seen at the conglomerates

occurring' south of the Piatt mine, east of Cascade Brook, and south of the

Goodi'ich and .Saginaw mines, in sec. 19, T. 47 N., R. 27 W (See Section VI.)

Along the southern belt the Ajibik quartzite for much of the distance is

narrow, consisting of a basal conglomerate alone, or of a basal conglomerate

with a comparatively thin belt of quartzite. However, the belt is of vari-

able thickness, this doubtless being due to irregularities of the Basement

Complex at the time of the transgression of the sea. While this belt of fer-

ruginous conglomerate or quartzite is placed with the Ajibik, it is probable

that much of it really belongs in time to the Siamo slate or to the Negaunee

formation, and that this part of the area was above the water during Ajibik

time. This is shown to be highly probable by the occurrences in sec. 30,

T. 47 N., R. 26 W. (Atlas Sheet XXXII). Here, upon opposite sides of a

narrow syncline, directly below the Negaunee formation as mapped, are

the Ajibik quartzite and Siamo slate, the former close to the Palmer gneiss.

Near a shore was deposited a sandstone, while farther from the shore mud

or sandy mud was being deposited. However, as this southern belt is litho-

logically like the Ajibik quartzite, and the part which belongs in time with

the Siamo slate can not be determined, it is all platted as Ajibik.

THICKNESS.

As in the ease of the })revious formations, it is exceedinglv diflficult to

give any accurate estimate of the thickness of the Ajibik quartzite. As

the folding is very complex west of Goose Lake, where the most continuous

exposures are, any computation based upon the breadth of outcrop and

average dip would be sure to give conclusions far from the truth. In the

belt extending north and east from this area there are no continuous expos-

ures with well-determined dips for the entire breadth of the formation.

South of Carp River, in .sees 6 and 7, T 47 N., R 25 W (Atlas Sheet

XXXVII), there is, perhaps, the best opportunity to make an approximate

estimate. Here the breadth of the formatioii appears to be about 1,200 or

1,300 feet. This, with a dip of 35'', would give a thickness of about 700

to 750 feet. East of Teal Lake (Atlas Sheet XXX) it is perhaps possi-

ble to give the maximum thickness of the slate and (piartzite from the base
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upward, Init how much of these exposures belongs with the lower forma-

tions it is, as has been said, impossible to state If the slate included with

the Wewe slate is correctly placed, above this is a breadth of quartzite of

1,000 feet, which, witli an avei'age dip of G5°, gives a thickness of about

900 feet.

INTERESTING LOCALITIES.

M.chigamme area.—Beginning at tlie northwest, there are numerous expos-

ures of quartzite just south of the Archean from the west end of the area

mapped for 4 miles to the east, that is, to sec. 21, T. 48 N., R 30 W. (Atlas

Sheet V). The rocks here adjacent to the granite are at places feldspathic

quartzites, but the ordinary phases are vitreous quartzites, which in some

cases are sericitic, in others cherty.

North of the Michigamme mine the quartzite is found directly in con-

tact with a wall of the granite and hanging. upon it. The rock is here a

coarse, feldspathic, gra}^ or green quartzite. Tlu-ee feet from the contact

is a layer of conglomerate 10 to 15 inches in thickness, which contains

pebbles of quartz, the larger of which are coarsely crystalline, but the

smaller of which are granulated. In its upper parts the Ajibik quartzite

is interlaminated with the Slamo slate, the layers of quartzite between the

layers of slate being 1 to 6 inches in thickness

In thin section the quartzite at the base of the formation has a finely

crystalline, sericitic, kaolinic, and quartzose background, Avhich contains

simple and complex grains of quartz, from those of small to those of

large size. Numerous flakes of biotite and blades of chloritoid are pres-

ent. All of the quartz grains show undulatory extinction or fracturing

At high horizons, between the grains of the quartzite there is abundant

chlorite and garnet, the outlines of the two minerals having a similar

appearance. Certain areas consist in part of chlorite and in part of garnet.

The chlorite is apparently an alteration product of the garnet, the latter

being the original mineral which developed within the rock. In the

layers of quartzite interstratified Avith the slate the dynamic effects are less

marked than elsewhere in the formation of this part of the area, and here

the quartz grains frequently show cores and distinct enlargements. The

matrix in which the quartz grains are set is similar to that in the quartzite
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adjacent to the <j;ranite. For the major part of the formation in this general

area the quartzites are very crystalHne. Distinct cores of the original grains

are found in onh' a few of the slides, and in these there is a sericitic back-

ground. Apparently when the original sandstones were nearly pure the

grains were pressed against one another so strongly as to result in granula-

tion. In the most crystalline phases there is a finely granular, intricately

interlocking background of quartz, in wliich is a small amount of sericite

and chlorite. In a less crystalline i)hase the original quartz grains still

exist, but they have been maslied, so that they are arranged with their

longer axes in a common direction. As usual, the rocks are cut by veins

of secondary cherty quartz.

Broken bluffs.—Tlicre are numevt)us exposures of the Ajibik tormation in

sees. 30, 31, and 32, T. 48 N., R. 28 W. (Atlas Sheet XVIII). This is the

locality, referred to on pages 285-286, where the pecuUar infolding of the

quartzite and gneissoid granite occurs, the whole series of folds having

isoclinal dips and a westward pitch. At many places the quartzite formation

is exposed in contact with the granite, and here a conglomerate, bearing

numerous quartz pebbles, many large feldspar grains, and occasional small

granitic pebliles, is found. In some places the basal rock is a fine-grained

feldspathic quartzite, the granite having apparently been disintegrated and

broken into its constituent mineral particles. The conglomeratic parts have

a feldspathic quartzite base which is similar to the nonconglomeratic phases

of the rock. In many places the movement during the folding was so

great as to entirely granulate the quartz pebbles, different specimens show-

ing all gradations between coarse, vitreous vein quartz and completely

granulated, opaque, sugary quartz. In this mashed phase of the conglom-

erate little feldspar detritus is seen. If it was originally present it has

become decomposed. However, in those phases of the rock in which the

pebbles of quartz are transparent and vitreous the large detrital feldspai's

are abundant. In the intermediate phases the schist background contains

numerous roundish but flattened areas of quartz, the rock approaching in

its appearance a fine-grained augen-gueiss. Examined in thin section,

the quartzites are found to be feldspathic. In the less mashed phases the

feldspars have renewed their growth, and they present the best instances
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of feldspar enlargement in the Marquette district. The pure feklspathic

quartzites pass into those which are micaceous and chloritic, the mica and

chlorite having largely developed at the expense of the feldspar. These

micaceous and chloritic quartzites pass by iuterstratification or gradation

into the mica-schists and chloi'ite- schists. While in hand specimen these

schists appear to be completely crystalline, in thin section rounded grains

of quartz still show their fragmental character. The development of biotite

and chlorite, with the separation of secondary quartz from the feldspar, is

beautifully shown.

Area west of Teal Lake.—Nortli and wcst of the west cud of Teal Lake, in

sees. 33, 34, and 35 (Atlas Sheets XXIV and XXVII), there are very numer-

ous and large exposures of the qnartzite for a distance of 2i miles. The

underlving rocks of the Archean here belong to the Kitchi formation, this

place being, in fact, its typical locality and here occurring nearly all of

its peculiar phases. At a number of localities the Ajibik qnartzite is found

in contact with or close to the Kitchi rocks. In some places at the contact

between the two there seems to be only a minor discordance, but a close

examination shows that nowhere do the two formations grade into each

other. On the other hand, there is always a perfectly sharp contact

between them, although Rominger describes the two formations as grading

into each other.^ This mistake is excusable, because the Kitchi formation

is here a tuff closely resembling- a true water-deposited conglomerate.

Near the north-south quarter line of sec. 34, in a little valley between

the qnartzite on the south and the green schist on the north, a contact was

found between the two formations where the unconformable relations are

jierfectly clear. This contact has already been described on page 295.

At another locality, west of the wagon road near the west line of sec-

34, the qnartzite lies on the south side of the green schist as a mere skin,

and here the same unconformable relations are seen as in the center of

the section. In one case the plicated qnartzite described (pp. 297-298) is

found wrapping around the east end and the north side of a small knob

of Kitchi schist. This occurrence is believed to be explained by a headland

'The Marqnette iron region, by C. Rominger: Oeol. Surv. of Jlichigan, Vol. IV, Part I,

1878-1880, pp. 37-39.
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projecting S(imewli;it diag-oiially from the old .shore-line into the Ajihik sea,

thus forming a bay, and detrital material was deposited upon three sides

of the schist. When the two formations were upturned to the north and

eroded, the rocks assumed their present relations.

A basal conglomerate grades up quickly into a regularly liedded,

southward-dipping, vitreous cjuartzite, Avhich shows nearly all of the phases

characteristic of the formation, including ordinary quartzite, ferruginous

quartzite, veined cherty qviartzite, quartz-rock, and chloritic quartzite. At

one place, at the quarry just west of the Carp River, is a fine-grained

conglomerate G or 8 inches thick, which holds very numerous fragments of

bright-red jasper. These were at first thought to have been derived from

the Negaunee formation of the Lower Marquette series, but probably they

came from the jasper veins in the Kitchi schist.

West of the Carp River, in passing downward from the tojjmost

layers, where the quartzite is regularly bedded, one finds them becoming-

somewhat plicated, then more plicated, and finally closely plicated into a

series of minor cross folds, with axes plunging steeply to the south. In

places near the contact with the Kitchi formation this plication is so sharp

that reibungsbreccias have been produced. These are readily discrimi-

nated from the conglomerate, as no pebbles are contained in them other

than the quartzite pebbles, and because the brecciated phases grade into the

nonbrecciated phases along the strike. These brecciated rocks have been

cemented by secondary quartz, and by a large amount of oxide of iron,

so that they have a strongly ferruginous appearance. Because of their

ferruginous and brecciated character they have been thought by some

geologists to lie unconformably below the ordinary, regularly bedded

quartzite of other parts of the formation. This locality gives, therefore, an

excellent illustration of the rapid chaiige from areas where dynamic eflfects

are small to those where they are profound. It is to be noticed that the

dynamic effects are greatest at or near the contact with the underlying-

Kitchi schist. This contact plane was apparently one of weakness, and

therefore near it the major readjustments in the folding- took place.

In thin section the conglomerate is found to have a wide variety of

pebbles, derived from the Kitchi formation. The quartz pebbles in no case
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prove to be from a clastic rock. There are, however, jjebbles of finely

crystalline cherty or jaspery quartz. The background of the conglomerate

is slate or graywacke, which does not differ in its character from the slates

and graywackes of the Wewe formation (described on pp. 265-269), except

that a large amount of chlorite has developed, and in some cases hornl)lende.

The quartzites comprise all of the phases described in the general descrip-

tion (pp. 290-291), but the less mashed and nonljrecciated phases are more

common, so that in most cases the fragmental character of the rocks is

evident at a glance. The purer quartzites are either cemented by enlarge-

ment or bv enlargement combined with interstitial independent quartz.

These purer phases vaiy into ferruginous, sericitic, and chloritic quartzites,

and these, by an increase of the sericite and chlorite, and a decrease in the

size of the (piartz grains, into novaculites or graywackes. In some places

a small amount of interstitial hornl^lende develo})ed. In places the ledges

are cut by quartz veins composed of intimately intermingled and interlock-

ing, finely and coarsely crystalline quartz. The slate and graywacke

phases are largely sericite-slates, identical with those of the Wewe forma-

tion. Like them, they are in places brecciated, and veined by secondary

cpiartz ]ningled in places with oxide of iron. In the backgromid with the

chlorit(^ there is, in some specimens, a small amount of hornblende.

Area east of Teal Lake.—Tlie Uirgest aud uiost coutinuous exposures of the

formation begin north of the east end of Teal Lake and extend to the Carp

River, a distance of about 3 miles (Atlas Sheet XXX). The precipitous

bluffs making up this area are known as the ]\Iakwa Hills. For the central

pai't of the area the exposures are practically continuous from the bottom

of the formation to the top. In many particulars tliis (piartzite is similar

to that west of Teal Lake, but it difters from that in being much thicker

and in containing many interstratified argillaceous beds. In fact, a large

portion of the exposures are slate and graywacke rather than quartzite.

As has been explained in the previoi;s sections, it is probable that the

lower horizons are really the time equivalent of the Wewe slate, the Kona

dolomite, and the Mesnard cpiartzite. In the atlas sheet the ridge is appor-

tioned between these four formations, each later formation overlapping the
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preceding, Imt the whole constitutes such a continuous series of exposures

that it has been thought best to describe them together.

As west of Teal Lake, wherever the lowest member of the formation

is exposed it is a conglomerate. The pebbles of this conglomerate are

mainly of white (piartz, but with these are some of jasper. One contact is

found a short distance west of the road through the quartzite range running

north from Negaunee, at about 1,425 to 1,450 steps N. and 450 to 500

steps W. of the SE. corner of sec. 31. At two places the conglomerate

was seen in direct contact with the green schist of the Kitchi formation.

The schistosity of the schist is here very nearly ])arallel to the bedding of

the quartzite, and there is no apparent unconformity. At tlie Carp River

section the lower slaty members of the formation have been so strongly

mashed as to resemble the green schist below. However, there always

seems to be a difference. The schists have great uniformity in ajipearance,

their lamina?, being of the same character, while the slates are composed of

alternating layers of different characters. Further, the schists break about

equally Avell throughout an entire zone, parting as though they were a

mass of parallel fibers, rather than like leaves, as do the slates. Also

east of the Carp River the lower parts of the slate are distinctly conglom-

eratic. Notwithstanding these differences, at one place it is exceedingly

difficult in the field to say exactly where the schists end and the slates

begin. However, when it is considered that along this same horizon, both

at the State road conglomerate to the east and south of the Kitchi Hills to

the west, there is the clearest sort of structural break, it can not be douljted

that the same is true for this area. As is so frequently the case, the major

accommodation took place along the contact plane. The fragmental rock

and the Kitchi formation were so mashed that a parallel schistosity was

produced in them. Fortiinately, while the matrix has become crystalline in

the sedimentary rocks, the white quartz pebbles were sufficiently resistant

to show their fragmental character.

In a section at the widest part of the ridge, in passing to higher hori-

zons the conglomerate usually varies quickly into a mica-slate, and this

passes into the typical quartzites of the formation. South of this quartzite

MON xxviii 20
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is a belt of red graywacke. In it slatiness and schistosity have developed.

The slate is folded into minute crinkles, and in places cross -folded by

east-west pressure. It is also fractured, and the cracks and veins are filled

with cherty or vein quartz. This belt, on account of its uniform character

and schistosity, macroscopically resembles closely the schists of the Kitclii

formation. South of the belt of graywacke is a broad belt of reddish and

greenish slates, interstratified with occasional beds of quartzite and cherty-

looking quartz. In this part of the formation, in a single ledge, black slate,

red slate, novaculite, fine-grained red quartzite, and cherty quartzite may

be seen regularly interstratified. As a result of the movements, the slates

in many places take on a rather crystalline aspect. The whole is usually

veined with white quartz and cherty quartz, and altogether the rocks have

a very crystalline aspect. At one place a stratum of slate abuts directly

against the quartzite to the west, showing that there is here a minor trans-

verse fault.

The southernmost exposures of the formation are in sec. 32, where

the belt is the broadest, and they are vitreous quartzites; and here occur

peculiar rocks, which at first sight were taken for conglomerates, having

a quartzite matrix and quartzite pebbles, the matrix being stained by oxide

of iron. When this belt was closely examined the peculiar conglomerate

was found to be dynamic. Under the stress to which the rock was sub-

jected it fractured in a spheroidal manner, each of the spheroids at first

sight appearing to l)e a pebble, but close examination shows that many of

them are attached at some place to the matrix. This conglomeratic rock,

when traced along the strike, is found to become less and less fractured,

and to grade into the oixlinary quartzite.

The whole set of beds making iip the bluffs has a rather uniform dip

to the south, the dip perhaps being somewhat higher on the northern side,

near the contact with the green schists, than farther south. The dips

observed vary between 57° and 70° to the south. It is perhaps possible

that the lower bed of conglomerate and quartzite represents the Mesnard

formation; the red graywacke, the Kona dolomite; the interstratified slates,

graywackes, and quartzites, the Wewe slate; and the upper quartzite, the
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Ajibik. If this be true, the three lower tbrniiitions must one by one die-

out to the west, eacli hig'her formation overUipping the one next lower.

In thin section nearly all of the more altered phases of the Ajibik

quartzite, the Wewe slate, and the Mesnard quartzite ai-e found. Their

descriptions will not be here repeated.

Eastern area.—Thc ucxt promiueut cxposures to the east are in the north-

ern part of sec. 6 and the western part of sec 5, T. 47 N., R. 25 W. (Atlas

Sheet XXXVII). The numerous ledges are very nearly pure quartzites

or ferruginous quartzites. None of them are changed into sericitic quartz-

schist or into cherty quartzite. The folding to which they have been

subjected has merely cracked the rocks, and along these cracks small, sec-

ondary quartz and iron oxide veins have formed.

In the southeastern part of sec. 6 and the northern part of sec. 7 there

are large exposures of quartzites, which in most respects are similar to-

those east of Teal Lake. However, in the exposure just south of the

Carp River the quartzite is found to rest upon the Wewe slate and to^

bear fragments of it. Apparently there is a very slight discordance

between them. The basal conglomerate is only a few feet in thickness,

and quickly passes up into a gray slate, Avhich bears several thin layers

of conglomerate. The interstratified slate and conglomerate in turn pass,

up into interlaminated slate and ferruginous quartzite, and this into the-

ordinary quartzite. So far as the structural evidence is concerned, the dis-

cordance is so slight as to have little significance. The phenomena could

be explained by the mud rising above the water for a short time, becoming

slightly compacted, and then, when buried beneath the water, furuish-

ino- fragments to the overlying formation. Such an occun-ence might be

extremely local. On the west side of this exposure the Wewe slate is found

to be faulted against the quartzite. This fault, or another running north-

west and southeast, has displaced the quartzite and a small \rAvt of the

underlying Wewe slate to the southward for a distance of about an eighth

of a mile, thus making the quartzites of the south side of the river stand

directly opposite large exposures of the Wewe slates of the north side of

the river. Apparently the river follows approximately the fault line. An
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.examination of the thin sections of the basal conglomerates, described on

page 292, confirms the conclusion that the mud was but slightly compacted

.at the time it yielded fragments to the Ajibik quartzite. The outlines

of the pebbles are minutely irregular, the projections filling the spaces

'between adjacent fragmental quartz grains and thus contrasting with the

clean-cut forms of well-indurated waterworn pebbles.

Large exposures of the Ajibik formation occur in sees. 11 and 12,

T. 47 N., R. 26 W., and on both sides of the northwest arm of Goose Lake

(Atlas Sheet XXXIV). These ledges are all rather pure, fresh-looking

quartzites.

The foregoing series of ledges connecting Goose Lake and Teal Lake

are all in the eastern part of the great westward-plunging syncline, where

the minor plications are slight. Corresponding with this in thin section, we

find the normal phase of quartzite to be the \mve enlargement kind, although

secondary independent quartz was also deposited in the interstices. While

the dynamic effects are slight, nearly all of the quartz grains show undula-

lory extinction, and many of them are distinctly fractured.

wewe Hills—The ucxt largc bunch of exposures is in sees. 22 and 23,

T. 47 N., R. 26 W. (Atlas Sheet XXXV). The northernmost of these ledges

.are similar to those just described. The large exposures in the southeastern

part of this area constitute a westward-plunging, isoclinal, synclinal fold,

and, as a consequence of this, many of the quartzites become sericitic, cherty,

and vitreous, and some of them schistose. At certain places along the south

border of this set of ledges the rock is a distinct reibungsbreccia which

closely simulates a conglomerate. Indeed, this breccia was at first taken

for a basal conglomerate resting upon an older rock. A closer examination,

however, showed that while many of the fragments have been shattered in a

spheroidal manner, many others are angular or subangular, and all are similar

to the adjacent phases of quartzite. As usual, these breccias are cemented

with vein quartz, cherty quartz, and the oxides of iron. The latter are

naturally more abundant in the matrix than in the fragments, thus giving

to the former a dark color in which the fragments stand out sharply.

Ajibik Hills.—The next great ledges, mainly in sees. 27, 28, and 29,

T.47 N., R. 26 W. (xitlas Sheets XXXII and XXXV), are the Ajibik Hills,
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ujjou wliich (iccur tlu' typical exposures o{ the forinatiou. Tliese arc exceed-

dlugly precipitous ridges, very rough in detail, the different ledges breaking

off with vertical cliffs or with very steep slopes, and eacli large ridge is

made uj) of many smaller ones. The roughness would hardly lie exceeded

if the ridges were made liy piling up at random a vast number of gigantic

blocks, except that the bluffs are somewhat rounded by glacial abrasion.

It is difficult to find ridges more fatiguing to cross than these. One is not

able to keep his elevation, but after cdimbing one ridge he is obliged to

descend into a steep ravine, only to climb another precipitous slope which

rises somewhat higher than the first, to ag-ain descend a sharp declivit\'.

As the formation is directly in contact with the Archean in sec. 2!) and

rests upon the Wewe slates in sees. 27 and 28, and the folding was locally

severe, nearly all phases of the formation are found. In sec. 29 the basal

conglomerate is made up of Archean debris. In sees. 27 and 28 we have

the transitional variety between the Wewe slate and the Ajibik quartzite.

Here in the quartzite are interstratified novaculites, slates, and graywackes.

Certain of the (piartzites in areas of i-elief were ])ut little aftecte<l by

dynamic forces, being ordinary fresh quartzites. Others were fractured

extensively in both a major and a minor way, thus producing the veined

cherty quartzites. In other places the fracturing went so far as to pro-

duce a dynamic breccia exactly similar to breccias in sec. 22 (p. 308).

In a number of places also the fracturing resulted in the production of

spheroidal-looking fragments, which are set in an iron-stained matrix,,

thus giving- a very conglomeratic appearance. At numerous places in the

graywacke-like phases a schistosity developed as a result of the mashing,

while in the overlying beds of purer quartzite the pseudo-conglomerates or

breccias were produced. We thus have at first sight a vertical schistose

rock overlain by a conglomerate which occasionally bears fragments of the

schist. The appearance of a stractural break was so great that at a first,,

and even a second, examination it was confidently believed that there was-

here a great unconformity between a schist series and a quartzite-conglom-

erate series; but a detailed and close examination left no doubt that the

peculiar phenomena were the different effects of dynamic forces in an argil-

laceous and a nonargillaceous rock—in the first, flowage and schistosity
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resultiug; in the second, shattering. These phenomena are best seen in

the NW. 4 sec. 28, especially along the southwestern slopes of the bluffs;

and a still further complication is here found, since apparently the true

Archeau schist does appear at one place below the quartzite-conglomerate.

It is possible that in the Ajibik Hills there are small areas of the

Goodi'ich quartzite which, as a consequence of the removal by erosion of

the Negaunee formation, were deposited upon the Ajibik quartzite. This is

suggested by certain little-mashed quaiizite exposures, which contain jasper

pebbles. Bvit in no case could such suspected later quartzite be certainly

discriminated from the Ajibik quartzite ; so all are mapped as belonging

to the older formation.

To give the microscopical characters of the different phases of rocks

on the Ajibik Hills would be practically to repeat the general description

(pp. 289-294), as nearly all phases of the formation are here found.

Goose Lake.—Eastward along this belt the next bunch of ledges found is

south of the southeast arm of Goose Lake, in sees. 23 and 24 (Atlas Sheet

XXXV). The quartzites are luiderlain by the Wewe slates, and between

are the transition forms. The quartzites suffered great deformation, and

consequently little-altered quartzites are rare, and the cherty quartzites,

quartz-rocks, and quartzite-breccias are particularly^ abundant. The veins

in this area are unusually large and numerous, and they are filled to more

than a usual degree by secondary hematite and magnetite. The lai'ger

of these veins and the most brecciated phases of the quartzites simulate

ferruginous chert or jasper, and the abundance of iron oxide has led to

prospecting in a number of localities.

In the northeast part of sec. 24, surrounded on three sides by the

Wewe slates, is a great ledge of quartzite, precisely similar to the ledges

:southwest of Goose Lake. Here, however, are particularly well seen the

interstratifications of the slate and quartzite and the different manners in

wdiich the folding affected the vitreous rock and the slates. The folded

Wewe rocks passed into mica-slates, with a nearly vertical cleavage, which

stops abru})tlv upon reaching the quartzite layers. These quartzites were

shattered and cemented by quartz and iron oxide.

Cascade area.—Passiug to the southcm belt of the Ajibik quartzite, we

find numerous exposures at various points from the northwest part of
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sec. 35 to the west part of sec. 32, T. 47 N., R. 26 W. (Atlas Sheets XXXII

and XXXV).

Hauging on the west face of the great ledges in the NW. ^ sec. 35

is a coai'se conglomerate. This conglomerate jiasses np into the pure

vitreous quartzite. The Palmer formation is here a white sericite-schist,

cut by granite veins, brecciated, and cemented with coarse vein cpiartz,

chertv cpiartz, and ferruginous chert or jasper. All of these materials

are abundantly found in the conglomerate, and that they are derived

from the luiderlying formation can not be doubted. Farther west along

the contact between the Palmer gneiss and the Ajibik formation, in the

northeast part of sec. 34 is a great bluff of conglomerate, containing huge

bowlders of the white sericitic quartz-schist and chert, and also irregular

masses of jasper. A short distance to the south are found huge ledges

of the Palmer gneiss. This conglomerate appears clearly to be the liasal

conglomerate of the Ajibik quartzite. However, it is not positivel}' certain

that the conglomerate in sec. 35 may not be the Goodrich quartzite resting

upon the Basement Complex, as a consequence of the removal of the

Lower Marquette series in the erosion interval between Lower and I'pper

Marquette time.

Near the line between sees. 32 and 33 a conglomerate again occurs,

which grades up into quartzite. South and a little west of the Piatt mine,

in sec. 32, is found a great conglomerate near the base of the formation,

which has been described by Wadsworth. This conglomerate occurs in a

precipitous sovithward-facing bluff, and is a mass of well-rounded pebbles

and bowlders cemented by a sparse matrix. About 50 steps south of the

conglomerate is a dense, nearly massive, green rock, which is cut through

and through by granite veins. In the vicinity other varieties of the Palmer

gneiss occur. In the conglomerate the predominant pebbles and bowlders

are of rocks identical in character with those found in the Palmer formation

just to the south. In the conglomerate there are also quartz pebbles, and

its upper parts alternate with layers which approach jasper. In passing to

higher horizons the jasper layers become more and more prevalent, until

they are predominant. In the conglomerate are no undoubted jasper

pebbles, but there are roundish areas of jasper or chert which appear to

be secondary concentrations.
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A short distance east ot" the Cascade Brook, in the valley between thfe

Negaunee tormation and the Palmer gneiss, is a conglomerate which con-

tains i^ebbles of many kinds from the Basement Complex, including green

schist and sericite-schist, precisely similar to rocks in the Palmer formation

at the Brook section. This conglomerate quickly grades up into jasper,

there being, however, at many places several alternations of conglomerate

or quartzite and jasper before the typical banded jasper is reached. On the

west side of the old open pit of the Volunteer or old Cascade mine is a

conglomerate which again contains detritus from the Palmer gneiss, but it

is rather probable that this conglomerate belongs to the Ishpeming for-

mation, and that the entire Lower Marquette series has been removed

by erosion. Adjacent to the center of sec. 30 and to the westward are

large exposures of the Ajibik quartzite, and at one place this becomes

conglomeratic.

Sees. 27 and 38, T. 47 N., R. 27 w.—A sliort distauce northwest of the center of sec.

28, T. 47 N., R. 27 W. (Atlas Sheet XXVI), on the north side of the expos-

ures, is a knob of quartzite-conglomerate, and south of this, a little farther up

the hill, is a white mashed gneiss, which at so many places is the uppermost

member of the Palmer formation. In the NW. ^ sec. 27 and in the NE. ^

sec. 28 are ferruginous mica-slates interstratified with amygdaloids. As

platted on the ground, there are three belts of amygdaloid. These slates

when first examined were thought to have a regular east-west strike and a

uniform northern dip. When the ledges were closely examined the slates

were seen to be intricately folded into a series of northern-dipping isoclinal

folds, the axes of which plunge steeply to the east. A specimen from one

of the more open of these folds shows a difference of dip of only 32°

between the two legs (PI. XXXV, fig. 1). While there is everywhere a

northern dip and an east-west strike, the same belt of slate is repeated

many times, and the (juestion arises whether the three apparent belts of

amygdaloid are not really one, being repeated by isoclinal folding.

When studied in thin section, these slates are found to be exactly like

the heavily liematitic and magnetitic slates which occur at the transition

horizon of the Siamo slate and the Negaunee formation. These are

described on a subsequent page.
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Republic and Southwest tongues. TllO ratliei' llUUSUal pllHSeS of tllC A)il)ik

quartzite occurring- in tlie southwestern part of the area, along the Republic

and Southwest tongues, are described in the general description (pp. 287,

289, 293) and in Chapter VI, upon the Republic trough. Near Republic

occurs one of the best basal conglomerates in contact with the Archean in

the district. Also the coarse quartzite just above this conglomerate is wortliy

of mention. It is gray, massive, crystalline-looking, and appears in hand

specimen to contain griinerite. When examined in thin section it is found

to be composed mainly of coarsely crystalline, interlocking' quartz. The

particles show undulatory extinction, but no granulation. Some of them

have a roundish appearance, but no distinct cores are observable. Between

these grains and included in some of them are clusters of griinerite, garnet,

chlorite, and magnetite crystals. Some of the garnet crystals are so large

as to inclose a number of grains of quartz. The griinerite in radiating

blades penetrates the quartz grains in all directions. Appai-ently the clilo-

rite is a secondary product, which has developed in part from the garnet

and in part from the griinerite. The relations of these minerals, and par-

ticularly the griinerite, to the quartz strongly suggest that the rock has

lai'gely recrystallized.

Sees. 29 and 30, T. 48 N., R. 27 w.—More tliau a mile north of the main northern

belt of the Ajibik quartzite is an isolated quartzite ridge about a half mile

long, bounded on the north by peridotite and on tlie south by the Kitelii

schist. The rock strikes northeast-southwest and dips to the southeast

at an angle of 25°. This ridge in places is conglomeratic. Botli the

quartzite and quartzite-conglomerate are similar macroscopically and

microscopically to the rocks west of Teal Lake, and are placed with the

Ajibik formation on lithological grounds. The exceptional position of the

area is probably due either to overfolding or to faulting.

SECTION v.—THE SIAMO SLATE.

The Siamo slate is so called because abundant exposures occur between

the Ajibik quartzite and the Negaunee formation on the Siamo Hills, just

south of the west part of Teal Lake (Atlas Sheet XXVII), and because the

most typical rock of the formation is a slate, although locally it passes into

a graywacke, or into a rock approaching a quartzite.
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DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY.

Beginning at the north and west (Atlas Sheet IV), the first exposures

of this rock occur between the Ajibik (juartzite and the Xegaunee formation

north of the Michigaiume mine. From this place the formation stretches in

a general easterly course for a number of miles to sec. 33, T. 48 N., R. 26 W.,

east of Teal Lake. East of sec. 33 is a. broad area of the formation,

extending to sec. 5, T. 47 N., R. 25 W., the slate being the topmost member

of the great westward-plunging syncline. On the south side of this area

the formation divides into two parts. The eastern arm swings to the south

and southwest, past the northwest arm of Goose Lake; thence west, south-

west, and south to sec. 29, T. 47 N., R. 2G W. ; thence south about the west

end of the anticline made bv the Ajibik (juartzite; and thence east to the

sand plain in sec. 23, T. 47 N., R. 26 W. The western area extends west

through sec. 3, and in sees. 4, 5, 8, and 9, T. 47 N., R. 26 W., constitutes a

broad dome with minor folds. From sec. 9 an arm extends southwest,

terminating as a plunging anticlinal dome in sec. 20. Farther southwest, in

sees. 19 and 30, is another area, which was probably originally continuous

with the area terminating in sec. 20.

The slate, being a soft formation, is not well exposed tlu-oughout, but

at various localities where it is a mica-slate or a coarse graywacke the

ledges are numerous. Upon the whole, however, the formation occupies

the lowlands lietween the more resistant Ajibik quartzite and Negaunee

formation. North of the Michigamme mine there are a number of expos-

ures; from this place to Teal Lake there are few. However, south of the

west arm of Teal Lake are the Siamo Hills, which give the name to the for-

mation and upon which outcrops are abundant. The iron formation is here

soft, and occu^jies even lower ground than the slate. East of Teal Lake there

are many exposures of the formation south of the quartzite range. The

exposures become more and more sjiarse in passing- east, but they are still

frequent to sec. 35, T. 48 N., R. 26 W. From this place southward there are

no more natural outcrops until the Carj) River is reached, south of which

a number of exposures occur, but with long intervals between them. As

the belt swings to the west, following the western arm, the outcrops in
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sees. 3, 4, .5, 8, and 1), T. 47 X., R. 26 W., are very numerous. The formation

here contains much graywacke, and is therefore resistant, and we have a

rough and elevated area surrounded by the less resistant iron formation.

In the southwesterly extension of the belt prominent exposures occur in

the center of sec. 20. In the arm which swings southwesterly from sec. 2,

around the Ajibik quartzite, to the sand plain, the outcrops are few, and

the land occupied by the belt is low. In sees. 19 and 30 there are numerous

exposures, and the area, as a whole, is one of elevation.

FOLDINO.

Beginning at the Avest, the northern belt of the formation has, upon

the whole, a southern dip. However, when the ledges are examined in

Fig. 15.—Minor ovtrturneil lolda in Sniniu slate.

detail, it is found that the rocks are in a set of minor rolls, the dips some-

times being to the north, sometimes to the south. The latter are more

persistent because of the general south dip of the formation, and therefore

more conspicuous (fig. 15). Also, in places where the folds are overturned,

the horizontal or northern dips upon the tops of the anticlines and the

Fig. 16.—Relations of schistosity ami beddiDg in Slamo slatf.

bottoms of the synclines turn so quickly to the general southwest direction

as to be easily overlooked. This is especially true where there is a schis-

tosity parallel to the prevalent dip (fig. 16). To the subordinate folding

is doubtless due the very greatly varying width of the formation. These

minor rolls may be particularly well seen south of the west end of Teal
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Lake (Atlas Sheet XXVII). The broad eastern area is a gently westward-

jilnnging syncline with minor folds. In the eastern arm, which swings to

the south in sec. 2, T. 47 N., R. 26 W. (Atlas Sheet XXXIV), the dips are

always away from the Ajibik quartzite and imder the Negaunee formation.

Following the main belt from sec. 3, T. 47 N., R. 26 W., into sees. 4, 5, 8,

and 9 (Atlas Sheet XXXI), the slates, upon the whole, constitute a great

anticlinal dome. There the folding is complex. The pressure was more

severe in a north-south than in an east-west direction, so that on the north-

ern side of the area the dips are, in general, to the south, and upon the

southern side to the north. This, however, is by no means a simple fold,

but an anticlinorium with a large number of minor rolls with east-west axes.

The north-south major cross fold causes these minor plications to plunge

under the iron formation to the west, and the contact line between the for-

mations curves outward and in^^'ard in a lumiber of reentrants and salients.

The salients correspond to anticlines in the slates, the reentrants to synclines.

The same irregularity is probable upon the east side of the area, but here

a swamp prevents a close delimitation of the Siamo slate and the Negaunee

formation. Following the belt to the southwest, the southwestern termi-

nation of the fold occurs in sec. 20 (Atlas Sheet XXXII), where the iron

formation appears in a semicircular belt al)out the plunging anticline.

The Siamo slate, thus plunging- beneath the iron formation, i-eappears as

an anticlinal dome in sees. 19 and 30, T. 47 N., R. 26 W. On a smaller

scale, the phenomena of folding are here the same as in the large exposures

of this formation to the northeast.

petroctRAphical character.

Macroscopicai.—The Siaiuo slatc varies from a coarse-grained feldspathic

graywacke approaching a quartzite, through typical, massive graywacke, to

a very fine grained, slaty rock. The slate and fine-grained graywackes are

more abundant than the coarse, feldspathic graywackes.

The finer-grained phases are very general!}- aff"ected by a slaty cleav-

age, which in places approximately corresponds with the bedding, but which

also at other places cuts across the bedding at various angles. As explained

on a previous page, the slate in many places is folded into a series of minor,
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isoclinal folds. Usually the slaty cleavage nearly corresponds with the

longer limbs of these folds, and cuts across the bedding of the shorter limbs.

Nowhere is the slaty cleavage so regular as to furnish roofing slates. At

some places when the rocks were in the zone of fracture there was so

nuu-h movement along the cleavage planes and between the beds as to

develop distinct slickensides, the rock ])arting into irregular blocks with

sides parallel to the bedding and to the cleavage. Each block was

smoothed by movement along two sets of shearing planes. The cleavage

therefore passes into a fissility.^ In the most extreme stage of alteration

the rock is a crystalline mica-schist, with well-developed mica folia. In

proportion as the rocks are coarse-grained, slaty cleavage is not devel-

oped in them, and it is entirely absent in the coarser-grained graywackes.

In general, the rocks of the formation have yielded to the forces to

which they have been subjected by folding and mashing, but occasion-

ally the coarser phases are brecciated, and rarely they become reibungs-

breccias. This indicates that the formation is more plastic than the

other Lower Marquette formations, in wliich autoclastic rocks are very

common.

The normal varieties of the formation are not heavily ferruginous, but

at the upper and lower horizons the slates contain a great deal of iron

oxide and, localh^ interlaminated layers of chert and ferruginous chert, or

even griineritic schist. The contact plane between the Siamo slate and

the Ajibik formation seems to have been one of the major planes of differ-

ential movement, and thus numerous cracks and crevices have formed,

which have been taken advantage of by iron-bearing solutions from above.

The concentration of ferruginous masses at this horizon, although occur-

ring on a comjjaratively small scale, is analogous to the concentration of

the ore bodies on impervious basements in pitching troughs, as explained

in Section VI. At the upper horizon the slate changes by gradation or by

interlaniination into rocks belonging to tlie Negaunee formation. The

ferruginous phases are usually hematitic or magnetitic slates, but occasion-

ally interlaminated or intermingled with the slates are layers of chert or

'Principles of North American pre-Camhrian geology, hy C. R. Van Hise: Sixteenth Ann.

Kept. U. S. Geol. Survey, Part I, 1896, pp. 651-656.
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feiTUgiiious chert which are identical with the similar rocks of the iron

formation. In color the nonferrug-inous varieties of the rocks are usually

dark-gray or greenish-gray, but some of the coarser kinds are light-gray.

In these the naked eye distinctly sees the well-rounded grains of quartz

and feldspar. Also, in many of them there appeal- to be large fragmental

grains of mica. In general, the iron oxide staining the slates is hematite,

but in some cases it is magnetite. The fine and coarse varieties of the

rock are interlaminated at many places, a layer of coarse graywacke being

between two fine-grained, slaty layers, and these bands being composed of

still finer bands of different degrees of coarseness.

Microscopical.—Tlic least altered and coarsest graywackes are composed

mainly of large, well-rounded grains of quartz, a few of them finely com-

plex and cherty-looking, and of grains of feldspar, between which is a,

sparse matrix consisting of chlorite, biotite, muscovite, finely crystalline

quartz, and more or less ferrite. Usually the chlorite is predominant, but

in some cases the biotite and muscovite are equally abundant. Frequently

the quartz grains are distinctly enlarged. In most cases they show pressure

effects by undulatory extinction and fracturing, the latter sometimes being

in a rectangular sj-stem. The feldspar grains comprise orthoclase, micro-

cline, and plagioclase. They show beautifully their metasomatic change

into chlorite and quartz, biotite and (juartz, or musco^^te and quartz. In any

one case the alteration of individual grains may result in only one of the

micaceous minerals, more often chlorite than any other; very frequently

the alteration is into chlorite and biotite, or into biotite and sericite,

although chlorite may also be a simultaneous product. All stages of the

change may be seen, from those cases where the outer borders of the feld-

spar grains are surrounded by a film of the chlorite and mica, through

those in which the grains are interlocking masses of the chlorite, mica

quartz, and feldspar, to those where the feldspar grains have entirely dis-

appeared, their places being taken by a roundisli, complex mass of the

secondary materials. This alteration of the large feldspar grains is so

general that it strongly suggests that the most of tlie chlorite, biotite, and

sericite in the matrix developed from a feldspathic background.
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In the least mashed pliases ot" the graywackes there appears to Ije no

arrangement of the secondary leaflets of chlorite, muscovite, and sericite in

any definite direction. Where the dynamic action was somewhat greater

there is a suggestion of the arrangement of the leaflets of these minerals

in a parallel direction; also the original grains of quartz and feldspar are

mashed or somewhat rotated, so as to have a similar arrangement. Further,

finely crystalline secondary quartz begins to appear prominently in the

background, and chlorite, which was predominant in the less mashed phases,

becomes less prominent, being replaced by biotite and sericite or muscovite.

Where the dynamic action was somewhat more severe the slides show

distinct evidence of minor fault-slipping along two sets of diagonal planes,

the somewhat irregular, connecting, and mesh-like slip-planes being marked

by continuous bands of chlorite and mica, mingled with oxide of iron.

The chloritic and micaceous slates differ from the graywackes only in

that the distinctly recognizable fragmental quartz and feldspar are much

less abundant and the matrix much more abundant. As the quartz and

feldspar grains become of very small size they are less rounded, apparently

being below the limit of magnitude affected by water action. Out of the

feldspar there formed chlorite, biotite, sericite, muscovite, and quartz, exactly

as in the graywackes, and the same minerals also developed in the matrix.

On account of the more plastic character of these rocks the evidence of

interior movement is much greater than in the graywackes, the inter-

secting slip-planes being more numerous and approximately parallel, like a

drawn-out net.

In a more advanced stage of alteration the slip-planes increase in

number and are more nearly parallel, until there are several or many

in the breadth of a single millimeter, and here we have typical fissility.

The chlorite and mica developed or were arranged parallel to the fissil-

ity. The slip-cleavage very often corresponds with bedding. It appears as

though different layers had been pushed forward over one another, some-

what as are particles of dough under the roller, the elongation being g'reater

in the direction of the movement of the roller and less at right angles to

this in the plane of movement. Sometimes there are present large flakes
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of mica or of chlorite, which are often bent or contorted, but these appear

to be fraginental.

In a still more advanced stage of metamorphism the larger quartz

grains are partly granulated, secondary quartz is jDresent, the whole of the

feldspar is decomposed, and we have a fine-grained mica-slate. In many

places these mica-slates are interlaminated with coarser-grained layers,

which distinctly show the clastic origin of the rock. In a single section

there may be a number of alterations of mica-slate and micaceous gray-

wacke. Sometimes the fissility is well developed in the mica-slate, and

abuts diagonally against the laminae of graywacke, in which it is less

prominent or absent altogether. In the most extreme stage of metamor-

phism the coarse, fragmental grains of quartz, if there were any, were

granulated, and the secondary quartz is as coarsely crystalline as this

original quartz. The grains of varying sizes fit closely or interlock. The

mica and chlorite are in well-developed parallel blades of considerable size,

and thus the rock is a mica-schist. In one phase of the mica-schist are

numerous large crystals of chlorite, which have their cleavage transverse

to the schistosity. They include numerous grains of quartz.
,
These have

probably developed under static conditions after the dynamic action had

ceased. In some of the mica-schists is a considerable amount of clear

feldspar, which looks as though it wei-e in part a secondary development,

and thus the rock approaches a mica-gneiss. Although the Siamo forma-

tion thus locally becomes a completely crystalline schist, in that it no longer

shows in itself any distinct evidence of original fragmental character, the

gradation phases enable one to determine its manner of development as

above given.

Where the slates and graywackes pass into the feiTuginous varieties

there appears in the matrix more and more of iron oxide, generally hematite,

l)ut in many cases magnetite also. These increase in quantity until there

are more or less continuous, nearly solid layers of iron oxide, and in the

extreme stage of ferrugination the matrix is so heavily iron-stained that

little else can be discriminated. Where the iron oxide is magnetite, this is

apt to take definite crystal outlines. In most cases it is plain that the

oxides of ii'on are secondary infiltrations, being in part in crystals, and in
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pai't iiK'luded in the enlavg-ed borders of the quartz grains. These ferruo-i-

uous slates have intedaminated layers of material which in all respects,

except that an occasional fragmental grain of quartz may be seen, are like

the ferruginous and sideritic slates and cherts and griinerite-magnetite-

schists of the Negaunee iron fonnation. These are subsequently described

in connection A^ith that formation. In many instances the ferraginous chert

belts cut across the layers in a minor way, and thus show that they are

certainly a secondary product which formed by the alteration or replacement

of some original constituent. In other instances they are along cracks

which formed as a consequence of movement. Many of these belts are

probably replacements of original sideritic layers, which were interlaminated

with the fragmental sediments at the basal and topmost horizons. From

the siderite the other minerals developed, just as in the Negaunee formation.

In other cases the ferruginous and cherty materials which till the cracks are

probably from an extraneous source.

RELATIONS TO ADJACENT FORMATIONS.

It has already been said that the Ajibik quartzite grades upward into

the Siamo slate. The transition rocks are usually feldspathic quartzites and

graywackes. The best locality at which to observe all the phases of this

gradation is east of Teal Lake, in sec. 32, T. 48 N., R. 26 W. (Atlas Sheet

XXX). For the most part along the contact there are no conspicuous

exposures which show the exact manner of transition.

Above, the slate is overlain conformably by the Negavinee iron forma-

tion. In many places the transition is gradual; in others, rather abrupt.

Near the center of sec. 20, T. 47 N., R. 26 W. (Atlas Sheet XXXII), the

formation is a coarse graywacke, and even approaches a quartzite, which

grades upward into the iron-bearing formation. There are various inter-

laminations of fragmental and nonfragmeutal material, imtil finally the

latter becomes predominant. Within this gradation zone the slate contains

more or less of nonfragmeutal material, and after the iron formation

becomes practically continuous it includes some fragmental material. The

interlaminated beds were closely infolded, and consequently brecciation and

MON XXVIII 21
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luinor faulting occurred. As a result, blocks of Negaunee jasper are found

in the o-raywacke. At one place the lamination of the jasper abuts against

the bedding of the graywacke. In sec. 35, T. 48 N., R. 27 W. (Atlas Sheet

XXVII), south of the west end of Teal Lake, the change is somewhat

abrupt. Here the top of the slate seems to have been a shear zone, and the

iron-stained slates are semicrystalline. Resting upon these, with scarcely

any gradation zone, are the iron-ore deposits. The above localities are the

best found for showing the ti-ansitioii zone between the Sianio slate and the

Ne<)-aunee iron formation. For most of the district exposures are not found

along the contact zone.

THICKNESS.

To give an estimate of the thickness of the underlying formations has

been difficult, and to determine the thickness of the Sianio slate is even

more difficult, because of its close minor plications. In the Ijnnid area of

Siamo slate in sees. 3, 4, 5, 8, and 9, T. 47 N., R. 26 W. (Atlas Sheets

XXXI and XXXIV), the folding is so complicated that it is impossible

to make any estimate of the thickness. The area perhaps most favorable

is that west and east of Teal Lake (Atlas Sheets XXVII and XXX),

where the belt has a width varying from a quarter of a mile to a half mile,

or even more. This great variation in width is undoubtedly due to minor

rolls in the formation, and taking the smallest width, 1,3U0 feet, with a dip

of 75°, we Avould have a thickness of about 1,250 feet. However, it is

known that slat}' cleavage and subordinate rolls are here develojied, so

that it is proliable that this thickness should be reduced liy one-half, and

perhaps by more.

INTERESTING LOCALITIES.

Michigamme area.—Beginning at tlie north and west, the first numerous

exposures of the Siamo slate are north of the Michigamrae mine, in sees.

19 and 20, T. 48 N., R. 30 W. (Atlas Sheet V), occupying for the most \rM-t

a vallev between the greenstone range and the granites. This is the

locaUty in which all of the mica-schists are found. As examined in the

field, they vary from a biotitic and chloritic quartz-schilst to a finely lami-

nated, chloritic biotite-schist which often contains large crystals of chlorite

and sometimes large crystals of hornblende. The rock, while distinctly
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schistose, is not strongly foliated. In general the schistosity dips to the

south, l)ut there are in many cases minor crinkles, and for short distances a

northern dip. Just north of the main ridge of gTeenstones the schists are

cut at a mimber of jilaces by dikes of greenstone, varying in width from

minute ones to those 15 feet across. The larger dikes usually cut across

the schistosity, but some of the smaller ones were intruded almost exactly

parallel to the schistosity. At one place an earlier, coarse greenstone is

cut by a later dike. At one exposure the schistosity has a dome structure,

apparently occasioned by intrusive greenstone, which just reaches the sur-

face of the ground. Adjacent to the dikes the minor crinklings of the

schist are often prominent. At various places the greenstone dikes and the

schists are so lirmly welded that the rock breaks elsewhere rather than

along tlie contact, and there appears to be a gradation zone a fraction of an

inch across l^etweeu the two, but in general the contact is rather sharp. In

and upon the main ridge of greenstone to the south are considerable areas

of the Siamo slate, which have apparently been caught in the eruptive mass.

Near the base of the formation there is seen at one place a continuous expo-

sure frona the Ajibik quartzite to the typical mica-slate, and in the ])assage

from one to the other there are a number of interlaminations of the quartzite

and mica-slate, some of the beds being so thin that a hand specimen shows

several of each of the two formations. Here the schistosity developed

parallel to the bedding, as shown by its relation to the coarse and fine

layers. At one or two places near the base of the formation there are also

thin interlaminated belts of garuetiferous griinerite-maguetite-schist.

As examined in thin section, the most altered phases of the rocks

are typical, regularlv laminated, chloritic and sericitic biotite-schists, but,

as explained in the general description, there are less altered phases in

this area which distinctly show the fragmental character of the rock and

the manner of transition from one to the other. The mica-schists are found

adjacent to the intrusive greenstone, but the mica- slate also has as close

relations. The contact between the two rocks, as seen in thin section, is

verv sharp, Ijoth in the case of slate or schist cut by dikes and in the case of

included blocks in the main mass of greeiistone. Near the contact, within

the biotite-schist there are found large crystals of hornblende, which include
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numerous g-ranules of quartz. Large crystals of" chlorite, includiug- gi'aius

of quartz, with folia transverse to the schistosity, are plentiful in the

coarser schists. These and the hornljlende crystals appear to be the latest

minerals of the rock. Probably they developed under static conditions

after the folding and after the intrusion of the greenstone. It appears

highly probable that the unusuallv crystalline character of the Siamo slate

in this neighborhood is partly due to the later intrusives.

The garnetiferous gruuerite-magnetite-schists near the base of the

Siamo formation at Michigamme are identical witli similar transition rocks

near the base of the Negaunee, and are described in connection with that

formation.

Nonpareil mine.—Tlic uext cxposures of lutercst are at and south of the

Nonj^areil mine, west of Lake Cooper (Atlas Sheet XXV). Here the I'ock

is a regularly laminated ferruginous slate, which contains layers of fer-

ruginous chert and graywacke. In the less ferruginous layers is seen

a tissility which dips to the south 70° or 75°, but the more ferruginous

layers on the south or hanging wall of an open pit dip south about 45°,

and these probably follow the true bedding. Farther south the exposures

of the formation are ordinary ferruginous slate. When examined in thin

section the ferruginous chert differs from that of the Negaunee formation

only in that it contains scattered, distinctly fragmental grains of quartz

and layers which contain a great deal of fragmental material. In some of

these cherty phases there is present a small amount of siderite. This occiu'-

rence, taken in connection with the known origin of the similar rocks in

the iron formation, suggests that at the Nonpareil mine the lowest horizon

of the Siamo slate contained interlaminated sideritic jjhases.

Siamo Hills.—Tlic uext Importaut set of exposures is southwest of Teal

Lake, on the Siamo Hills (Atlas Sheet XXVII), and these are taken as the

type outcrops of the formation. The exposures, besides being numerous

and large, give a nearh' comidete section from the Ajibik quartzite below

to the Negaunee formation above. At the base of the formation, as at

the Nonpareil mine, as shown by test-pitting, there is ferruginous chert.

The central larg-e exposures of the formation comprise all varieties of slate
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and graywacke, both furrugiiious and nonferrug-inous, from the finest-

grained jjhases to coarse rocks whicli approach a (juartzite. The uppermost

horizons, by interhimination or gradation, pass into or are overlain by the

typical rocks of the Negaunee formation (PL X, fig. 2). The 8iamo forma-

tion here constitutes the foot-wall of the iron-ore deposits. In some places

it is a ferruginous quartzite, but at most places it is a slate, the alternate

beds of which are ferruginous and nonferruginous. The.se have a southern

dip at an angle of aljout 45°. These beds are cut at many ijlaces by a cleav-

age which at various points passes into fissility, and which dips at a steeper

angle to the south, and hence cuts diagonally across the bedding. It

appears probable, therefore, that the ferruginous layers were originally of a

different character from the nonferruginous ones. The central parts of the

formation show that the slate is folded in a series of minor rolls. There

is a uniform secondary structure, with a high dip to the south, which

corresponds in a general way to one set of legs of the series of folds.

As examined in thin section, the basal ferruginous chert is again found

to contain a great deal of fragmental quartz, and also a large amount of

siderite, out of Avhich the hematite plainly developed. Many of the larger

areas of sidei"ite are surrounded by zones of hematite. The hematite

decreases in amount, and the siderite increases, in passing- inward. In

other cases through the siderite everywhere are crystals of hematite and

magnetite. In the upper part of the formation the Negaunee ferruginous

chert in some cases appears somewhat suddenly upon the ferruginous Siamo

slate; and in other cases there are interlaminations of the two, and it is

apparent in these latter that the ferruginous chert is secondary material,

as it does not follow the fragmental layers closely, but cuts across them

minutely and irregularly. One of the slides from the central part of the

belt shows beautifully the development of the finer-grained rock into a

mica-slate, the fissility of which is very uniformly parallel, and which comes

abruptly against a graywacke layer at an angle of about 30°. Here the

planes of fissility die out or become extremely irregular, but reappear

upon the other side of the naiTow graywacke band. In some of the

graywacke belts irregular fragments of slate are found which are })lainly
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autoclastic, having been rent from the slate in the tbkling. In these phases

the rock approaches a breccia, but the breccias occur only adjacent to the

contact plane between the slate and graywacke.

Area east of Teal Lake—East of Teal Lake, in sees. 31, 32, 33, and 34 (Atlas

Sheets XXX and XXXIII), there are again very large exposures of slate

and graywacke, but these need not be especially described, as in all par-

ticulars they are similar to the central mass of slate and graywacke of the

Siamo Hills.

In the southern part of sec. 35 (Atlas Sheet XXXIII), about three-

fourths of a mile southeast of Eagle Mills, are numerous exposures of slate

and graywacke, which are in most respects similar to those of the Siamo

Hills. At one place the slates are sharply folded into a minor anticline,

which plunges to the west at an angle of 15°. At the middle of the ledge

is a band of reibungsbreccia, about 4 or 5 feet broad, composed mainly

of cemented slate fragments, but containing areas of quartz and ferruginous

chert. These latter are apparently secondarj-. Iron oxide is one of the

abundant cementing materials, and many of the slate fragments are heavily

imjiregnated with this material.

Eastern area.—Tlic ucxt important cxposures are at the east end of the

great westward-plunging syncline in sec. 31, T. 48 N., R. 25 W., in sec.

1, T. 47 N., R. 26 W., and in sec. 6, T. 47 N., R. 25 W. (Atlas Sheets

XXXVI and XXXVII). Here, at the bottom of the formation, especially

in sees. 1 and G, the slate and graywackes are very ferruginous, and the}'

contain considerable belts of material which approaches very closeh' to a

ferruginous chert. In some cases, for narrow zones, this chert is in all

respects similar to the ferruginous chert of the Negaunee formation. As

in the previous localities, the bands of pure chert or ferruginous chert are

minutely interlaminated with belts which are largely fragmental. The

unusual abundance and persistence of the ferruginous slates at this locality-

have alread}^ been explained as due to the fact that they are at the Ijottom

of a westward-plunging syncline and rest upon a quartzite; that is, thev

are at a ]ilace where there has been extensive readjustment between the

two formations, and also where percolating waters would be converged.

In passing to higher horizons these ferruginous slates grade into the

ordinary slates and graywackes of the formation.
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When examined in thin section, the purest phases of the fernig-inons

chert are fonnd to contain a certain amount of phiinly fragmental cpiartz.

Siderite is also found. This suggests, as at the Nonpareil mine and

Siamo Hills, that this mineral was a partial soiirce, at least, of the ii-on

oxides.

In the NW. ^ sec. 2 and in sec. 3, T. 47 X., R. 2(1 ^V. (Atlas Sheet

XXXTV), there are large exposures of typical slate and graywacke. These

show minor rolls and transition phases into the Negaunee formation.

West half of T. 47 N., R. 26 w.—The most extcnsivc area of the exposures of the

formaticm occurs in sees. 4, 5, 8, and !l, T. 47 N., R. 26 W. (Atlas Sheet

XXXI). Here, as on the Siamo Hills, are nearly all j)hases of the

formation. On the irregular west side of the area the transition pliases

between the Siamo slate and the Negaunee formation are well shown. In

going east from the Buffalo mine embayment, one sees at various places in

the slates and graywackes unusually ferrug-inous jjhases and often fer-

ruginous chert. These are probably hear the top of the formation. As

examined in thin section, the rocks of this area are less modified than those

of the Siamo Hills area, and therefore show particularly Avell the feldspar

decomposition into chlorite, biotite, and muscovite, especially the first.

About the center and north of the center of sec. 20 of the same town-

ship (Atlas Sheet XXXII) are other large exposures of the Sifimo formation.

These are chiefly of the feldspathic graywacke phases, which approach a

quartzite. On the west side of the exposures the interlaminations and

gradations between the Siamo slate and the Negaunee formation are par-

ticularly well seen. In some cases there are numerous interlaminations of

the fragmental and nonfragmental rock before the pure iron formation

material is I'eached. The relations are still further complicated b}" the fact

that both the graywacke and the jasper are rolled into a series of minor

isoclinal, westward-dipping folds, and these subordinate folds are not simple

but are each composed of several anticlines and synclines of the third

order. Moreover, the axes of these folds are inclined. Thus, the apj^arent

number of interstratifications of graywacke and jasper is far greater than is

really the case, as the same beds reappear at the surface several times. In

places the folding went to such an extreme as to brecciate the rocks, so that
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great blocks of the jasper were broken off and are contained in the gray-

wacke. At one phice minor faulting occurred, and as a result of this the

lamination of the jasper abuts directly against that of the graywacke.

These phenomena at first sight led to the belief that there is here an

unconformable contact between the jasper and the graywacke, and that the

whole series is overturned; but a closer study showed this conclusion to be

erroneous, and that the phenomena are explained, as above, by interstratifi-

cation of the graywacke and jasper, by the isoclinal folding, brecciation,

and minor faulting. As would be exj^ected, there results an extremely

irregular boundary line between the two formations, which is placed so

that upon the whole the jasper is predominant upon one side and the

quartzite upon the other.

The last important set of exposures of the Siamo formation is in sees.

19 and 30 of the same atlas sheet. Here the rock is a coarse graywacke,

which at times contains very large grains of quartz and feldspar, becoming

almost conglomeratic in narrow belts. These are, however, minutely inter-

stratified with finer material. In the northeastern part of the area, near

the top of the formation, the usual intevlaminations of the graywacke and

iron-bearing formation occur.

As examined in thin section, these rocks again beautifully exhibit all

stages of the alteration of the fragmental feldspar into biotite, chlorite,

sericite, and quartz. In many cases in an intermediate stage we have these

different minerals interlocking, and residual feldspar also present. Such a

section, viewed witli a high power, looks like a crystalline schist, but with

a lower power the fragmental character of the whole is at once apparent,

and so many transition phases are found between such areas and those in

which the feldspar is but slightly affected as to show conclusively that the

complex areas were originally feldspar.

SECTION VI.—THE IfEGAITNEE FORMATION.

The Lower Marquette iron-bearing formation is given the distinctive

name Negaunee because in the town of that name and to the southward

are extensive typical exposures of the formation (Atlas Sheets XXVIII and
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XXXI). It is called tlu- ir»)u-l)eariny t'orimitiou because withiu it occur

many of the Man[uette imu-ore deposits.

RELATIONS TO ERUPTIVES.

Vast quantities of greenstone are associated with tlie iron-bearing

formation. This greenstone includes both intrusives and extrusives, the

former being much the more abundant. The intrusive rocks are diabases

and their altered equivalents. The most conspicuous of these intrusives

are in the form of bosses, varying from those of small size to those 2

miles or inore long and a half mile wide. The bosses are of exceed-

ingly irregular shapes, and from them radiate numerous dikes, varying

from small ones to those many feet in diameter. These dikes usually

do not outcro]), Init mining shows that they frequently connect one Vxtss

with another, and thus unite into one mass several apparently detached

areas of greenstone. In ni.any cases the greenstone intruded the sedi-

mentary series in a laccolitic fashion, so that the iron formation has a

quaquaversal dip about the greenstone masses (PI. XI). In some places

fragments of the Negaunee formation are included in the intrusives

(PI. XII.) In other places the greenstone breaks across the iron formation,

and at these the latter beds may dip against the gi-eenstone, although in

many cases the dip of Negaunee beds may be locally modified (figs. 17,

24, and 25).

The intrusives particularly affect the iron formation, the bosses of this

rock found in the underlying and overlying formations being relatively few

and of small size. This is illustrated by the fact that a map including-

the greenstone areas about Ishpeming and Negaunee would approximately

cover the distribution of the iron-bearing formation. Large and abundant

masses of intrusives are also found in the central-eastern arm of the iron

formation, are very conspicuous in the masses of griinerite-magnetite-schist

constituting Slount Humboldt (fig. 27), and are abundant in the great out-

crops of iron formation at Republic and at Michigamme. At the latter place

fragments of the Negaunee formation are included within the intrusives

(PI. XII). While this general relation is very marked, the greenstone not

infrequently penetrates the superior formation (PI. XXX), and is also found

in the inferior formation. A possiljle explanation of this relation between
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the intrusives find the iron formation may lie in the exceeding brittleness

of the hitter. When the series was folded this formation was fractured at

innumerable ])hices, thus allowing the wedges of igneous material to enter.

At a few places the tuffaceous igneous rocks occur, giving evidence of

contemj)oraneous volcanic activity.

In the mapping only those areas are coloi-ed as greenstone Avhich are

shown b}' ^•isil)le exposure or by underground working to be igneous.

There can l)e no doubt that greenstone, in the forms of bosses and dikes,

occupies a considerable area which is given the color of the Negaunee iron

Fig. 17.—Intrusive jrreenstone in grUnerite-m.agnetite-sr^hist, from near center of sec. 12, T. 47 N., K. 29 "W.

formation, l)ut the jiositions of such greenstones are undetermined. There-

fore the iron-form;ition color covei's both the iron formation proper and

unknow^i areas of included greenstones.

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY.

The largest area of the iron formation (Atlas Sheet IV) occupies the

major part of the E. h of T. 47 N., R. 27 W., and the W. h of T. 47 N.,

R. 26 W., extending from near Tenl Lake on the north to the village ot

Palmer and to Summit Mountain on tlie south. From the southern })art

of this broad central area two arms project to the northeast and east.

The first arm runs in a northeast direction from Palmer, sjireads out into a

broad area in sees. 10 and 15, T. 47 N., R. 20 W., and terminates in sec. 3;

the second arm, a half to three-quarters of a mile Avide, extends east from

Palmer to the sand plain in sec. 27, T. 47 N., R. 2(3 W. Its course after

reaching the sand jilain is undetermined. From the broad Ishpeining-

Negaunee area two arms pass to the west, one near the south side of the

Marquette series and the other near the north side. The southern belt has
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a considerable width in sees. 20 and 21, T. 47 X., H. 27 W., hnt farther

west, as a consequence of the inter-Marquette erosion, it occupies but a

naiTOW zone until Humboldt is reached, and it is not even certain that for

a part of this distance the entire formation is not cut out. However this

may be, in sec. 18, T. 47 N., R. 28 W., the formation reappears with a

considerable width, and has a breadth of half a mile south of Humboldt.

West of Humljoldt for some distance the formation ma}^ be entirely cut

off l)y the Upper Marquette transgression, but exposures reappear at

Champion. From Champion to the eastern side of the Republic tongue

the formation is cut out. At the soiitheast end of the Republic tongue it

swino's to the south, west, and northwest, to the western side of the trough,

being again cut out at intervals. Thus in the Republic tongue the two

belts are In a syncline which is independent of the main Marquette area.

West of Republic is another similar tongue.

From the main area the northern belt extends west from Ishpeming,

with frequent exposures, to sec. G, T. 47 N., R. 27 W. West of this place

it is known only l)y occasional outcrops to near Michigamme. At ^Miclii-

gamme and Spurr the iron formation has a considerable width, and from

the latter place it extends to the west for an undetermined distance.

It is wholly possible that in the area between Michigamme and see. 4,

T. 47 N., R. 28 W., the Upper Marquette transgression entirely cut out the

Negaunee formation for a greater or less part of the distance, l)ut in the

absence of evidence of this it is mapped as continuous.

As has been seen, throughout much of the extent of the Negaunee

formation there are abundant masses of intrusives, and these, rather than

the iron-bearing formation itself, usually give the prominent topographic

features. In the liroad Ishpemiug-Negaunee area this is particularly

the case, nearly all of the bluffs being composed of greenstone, the iron

formation occupying the valleys between the numerous greenstone knobs

and ridges (Pis. XIII and XIV). For much of this part of the district

the 1,400-foot contour is approximately the boundary line between the

greenstone and the iron formation. However, where the Negaunee forma-

tion is a jasper or a grunerite-maguetite-schist, it is likely to be liard and

resistant, and so to make important topographic features. Large outcrops
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of the jasper may be seen about Ishpeming- and Negaunee, southt

east of Pahnev, and at Republic. The niagnetite-griinerite-schis-

makes proniuieut exposures southeast of the Goodi-ich mine, at

Mount Huniljoldt, at Champion, and at Repubhc. In general,

where the Goodrich quartzite is in contact with the iron-bearing

formation the former is the more resistant rock. The same is true

' of the Ajibik quartzite along the Cascade range, and where

graywackes are abundant at tlie upper part of the Siamo slate

this occupies the higher lands. Hence, upon the whole, the iron

formation is not well exposed, and occupies depressions, either

between intrusives within the iron formation or between the

underlying and overlying formations.

Beginning at the east, the two long arms of the iron formation

constitute two synclinal troughs. As a result of the general west-

ward pitch of the series, the noi'thern tongue is known to termi-

nate to the east, but the termination of the southern trough is

undetermined because of its disappearance below the Pleistocene

sands. As another consequence of the westward pitch, these two

tongues and other shorter ones unite into the broad Ishpeming

and Negaunee synclinorium. The continued westerly pitch of

the series brings the quartzite of the Upper Marquette to the

surface at Ishpeming, and this di\'ides the Negaunee formation

into two arms, one of which extends along the south side of the

Marquette disti'ict and the other along the north side. Therefore,

west of Ishpeming the formation appears in two belts on opposite

sides of the great synclinorium. At Lake Michigamme an inter-

mediate anticline becomes prominent, and as a result of it a

synclinal arm extending southeast, terminating at Republic, is

produced. West of the Republic fold is another very similar

one. In the large Ishpeming-Negaunee area the secondary

folding of the formation, combined with the distortions of the

intrusions, produces extremely complicated contact lines, both
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with tlie uuderlyiuo- Sinmo slate and the overlying Goodrich quartzite.

By studying these lines it is seen that the formation is in a number of east-

west secondary folds, which produce several large reentrants and salients,

each of which is composed of smaller reentrants and salients, due to folds

of the third order (PI. XV). 'The eastern swings of the contact lines mark

synclines, and the western swings anticlines. Putting it in another way,

in going west the iron formation first appears above the Siamo slate in

several fingers, each being a syncline. These to the west unite to form the

broad area. Farther to the west the Goodrich quartzite appears, and hides

the iron formation in a manner exactly similar. The secondary folds are

still further modified and complicated by the intrusion of the igneous

masses, about which the iron formation in some ])laces has a quaquaversal

dip. At other places the dip is but little modified by the intrusives (fig. 17).

The western arms of the iron formation also have minor overfolds, which

are more easily discernible when infolded with the Goodrich fiuartzite,

but for the most part the belts are not sufficiently well exposed to indicate

the minor folding.

A few localities in which such subordinate folds appear may, however,

be mentioned. East of Palmer the general syncline of the iron formation

has near its center a subordinate anticline, which causes the belt of Good-

rich quartzite at Volunteer to split just south of Palmer into two arms

(Atlas Sheet XXXII). As a result of this anticline the lower members of

the formation are exposed near the railroad track east of Palmer, in the

center of the iron belt. At Humboldt the griinerite-magnetite-schist has a

subordinate anticline, which causes the Goodrich qiiartzite to be distributed

about the great mass of griinerite-magnetite-schist in a quaquaversal

fashion.

Upon the secondary folds are superimposed those of the third order

(Pis. XV and XVI and figs. 18 and 19), and on these those of a still higher

order, and so on to microscopic plications.

RELATIONS TO rNDERLYING AND OVERLYING FORMATIONS.

The iron-bearing formation rests conformably upon the Siamo slate or

the Ajibik quartzite, and grades downward into one or tlie other of these
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forinatious. In j)as.sini;' upward within the fragmental t'onnatiou noiitVag-

meiital material begins to a])pear and the shite or quartzite becomes more

or less feiTug'inoiis, and by an increase of the ferruginous constituent it

grades up into the iron-bearing forniation. This gradation may occur within

a comparatively few feet, or it may require a thickness of 100 or more feet.

More often than not the gradation is not a reg-ular transition, liut is accom-

plished by interlamiiiations of material which is mainly fragmental and

Fig. 19.— Folded ferruginous ihert of Starwest mine.

material which is mainly nonfragmental. These interstratiiicati(ins are

particularly well shown at the top of the Ajibik quartzite south of Palmer

and at the top of the 8ianio slate east of Negaunee. In different places

the lowest horizon of the Negaunee formation mav be the sideritic slate,

the griinerite-magnetic-schist, the ferruginous chert, or the jasper.

The overlying fonnation is the Ishpeming formation of the Upper

Marquette series. The relations between the two are those of uuconfonnity,

there having been considerable orogenic movement and deep erosion after
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the deposition of tlie Negaunee forinatiou, before the Lshpeming formation

began to be deposited. The degree of folding and the amount of erosion

are different in different i)arts of the district. At most places the discordance

is not more than 0° ti> lo", l)ut locallv, as at the Goodrich mine (Atlas

Fig. 21).—Hurizimtal plauofcoutact ot'Giinclricln|Uiirlzitf on iilkateil Neijauueo

j:i9i>iliti-.

Sheet XXVI), the Goodrich quartzite cuts vertically across the plicated

jasper (figs. 20 and 21). In some places the erosion has cut so deep as

to have entirely removed the Negaunee formation, and in other j)laces the

Fit). 21.—

C

'ross^ectioii of coutaet of Goi'ilricU 'iuartzito

^ plicated Negaiinee jaspilite.

formation has a very considerable thickness. It thus follows that the

contact line between the two formations is now at one horizon of the iron-

bearing formation and now at another, varying from tlie highest known

horizon of the formation to its lowest.
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THICKNESS.

The average oi'iginal thickness of the Negaunee iron formation may
have been greater than its present maximum thickness, for we have no

means of ascertaining what part of it and of overlying formations was

removed by erosion.

If subordinate foldings are not considered, the interstratified eruptives

are neglected, and the maximum breadth of outcrop is multiplied by the sine

of the angle of dip, tliis gives a thickness of about 1,500 feet; but the sub-

ordinate folding and eruptives certainly reduce this thickness somewhat

—

probably as much as one-third. In the broad area of Ishpeming and

Negaunee it is impossible to determine the thickness, for nowhere have

diamond drills penetrated the underlying Siamo slate. The folding is

here so complicated that an accurate estimate of the thickness can not be

given, even of the part of the formation which is exposed and explored. It

is, however, certain that the thickness is considerable, and it may be more

than 1,000 feet. From what has been said in reference to erosion it is evi-

dent that the formation varies from its maximum thickness to disajjpearance.

PETROGRAPHICAL CHARACTER.

Macroscopicai.—Petrograpliically the iron-bearing formation comprises sid-

eritic slates, which may be griineritic, magnetitic, hematitic, or limonitic;

griinerite-magnetite-schists; ferruginous slates; ferruginous cherts; jas-

pilite; and iron ores. The ferruginous cherts and jaspilite are frequently

brecciated; the other kinds less frequently.

The sideritic slates are most abundantly found in the valleys between

the greenstone masses in the large area south of Ishpeming and Negaxmee,

although they occur at other localities. These rocks are regularly lami-

nated, fine-grained, and when unaltered are of a dull-gray color (PL XVII).

The purest phases of them are approximately cherty iron carbonate, as

shown by two analyses made by Greorge Steiger in the laboratory of

the Smwey.
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Analyses of cherty sideriteH.
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like the sideritic slates from which they grade, the gi'iinerite-mag-netite belts

having taken the place of the carbonate bands. In some places the griinerite-

inagnetite-schists are minutely banded, the alternate bands consisting of

dense, green griiuerite and of white or gi'ay chert, with but a small quan-

tity of magnetite. Certain important kinds appear to be composed almost

altogether of griinerite, with a little magnetite. In general, the griinerite-

magnetite-schists are found at low horizons, below the ferruginous chert and

jaspilite, i. e., at or near the same horizon as the sideritic slates. Frequently,

also, they are below intnxsive masses of greenstone.

Analyses of four of the typical griinerite-magnetite-schists were made

in the chemical laboratory of the Greological Survey, the first by George

Steiger, the second and third by W. H. Melville, and the fourth by H. M.

Stokes. The material for the first analysis (specimen 21146, 1,200 steps N.,

985 W., sec. 12, T. 47 N., R. 27 W.) was from the broad area of iron formation

southeast of Ishpeming; that for the second (specimen 16149, 1,475 steps

N., 150 W., sec. 11, T. 47 N., R. 27 W.), from Humboldt; that for the third

(specimen 16566, 1,555 steps N., 1,375 W., sec. 18, T. 47 N., R. 28 W.),

from a mile or two east of Humboldt Mountain ; and that for the fourth

(specimen 18938, 900 steps N., 50 W., sec. 20, T. 46 N., R. 30 W.), from

the Magnetic mine, at the northwest end of the Republic trough.

Analyses of griinerile-magnetite-schisis.

Loss

SiOj

AUG,

FesOa

FeO

MnO
CaO

MgO
CuO
Na^iO

P,05

COj

H2O (above 110°) ,

(1)

2.42

26.49

5.03

2.17

(2) (3)

0.67

46.94

.66

4.51

33.72

.31

3.22

6.64

.16

.07

2.79

1.40

49.70

1.35

3.10

37.19

.93

Trace.

.12

W

46.25

.92

30.62

16.92

1.01

1.69

2.13

Trace.

.07

.42
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Plate XVII.—BANDED, CHERTY SIDERITE.

Fig. 1. Clierty siderite from sec. 19, T. il N., R. 27 W. (Atlas Sheet XXVI). This is one of the purest

cherty siderites found in the Marquette district. The gray material consists almost wholly

of very finely crystalline and opaline silica and of siderite. The hluish-gray layers contain

some silica, the greenish layers some siderite. On the weathered surface the siderite is

entirely decomposed and in place of it is hematite and limonite. The beginning of the

same kind of alteration may be seen to affect some of the .siderite belts quite to the center

of the specimen. As examined in thin section the secondary limonite is found to be in

pseudomorplious areas after the siderite. Between the unaltered siderite and that which is

completely decomiiosed there is every gradation, different granules showing all stages of

the trausformatiou. Natural size.

Fig. 2. Cherty siderite from the Peuoliee district, sec. 13, T. 47 N., R. 46 W. (See PI. XXI, fig. 4,

Mon. IT. S. Geol. Survey, Vol. XIX.) The original cherty siderite of the Peuokee district

is represented perfectly by the grayish-green material. Its very clo.se similarity to that of

the Marquette siderite represented in the previous figure is noticeable. The beginning

of the transformation of the siderite to limonite and hematite is beautifully shown. The

transitions between the two are clearer than in the previous figure. The processes of

change begin along the bedding planes and along intersecting veins. These two together

raalce two sets of nearly right-augle planes, which doubtless are shearing planes. The

veins are entirely filled with limonite and hematite, and therefore are minute layers of ore.

The changes along the bedding illustrate the beginning of the process which results in the

formation of the iron-ore deposits. It is noticeable that, as a result of the alterations,

the original banding of the rock is emphasized, although the emphasizing bands are not

so regular as the original sedimentary laminoe. This emphasizing of the original banding

of the iron-bearing rocks by metasomatic changes is a general law for the iron formations of

the entile Lake Superior region. Natural size.
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Kit; 1 CHERTY SIDERITE, FROM THE MARQUHTTE 1)1STRK;T

FIG. 2. CHERTY SIDERITE, FROM THE PENOKEE DISTRICT.
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Plate XVIII.—MAGNETITE-GRUNERITE-SCHISTS.

Magnetite-griinerite-schist from Republic mine (Atlas Sheet XI). This is one of the coarsest

varieties of the griinerite-magnetitc-schists. In place of the siderite of Plate XVII we have

griinerite and to some extent limonite, hematite, and magnetite. The griinerite is caused

by the dccompoaition of siderite into iron protoxide and carbon dioxide and the union of

the former with silica. The iron oxides, and especially the magnetite associated with the

griinerite, are in part the direct results of the oxidation of the original siderite. Some of

the limonite and hematite are due to the decomposition of the griinerite. Finally, a part

of each of the iron oxiiles is a secondary concentration. This is shown by their appearance

in veins cutting the bedding. Natural size.

Sideritic magnetite-griinerite-schist from sec. 13, T. 47 N., R. 27 W. (Atlas Sheet XXVIII).

The different bands consist mainly of griinerite, hematite, magnetite, and quartz, in

varying proportions. The darker-colored bands contain much of the iron oxide. In the

lighter bands griinerite is abundant. In all of the layers there is a sufficient amount of

residual siderite to show that from this mineral and silica the griinerite formed, and from

it, with partial or complete oxidation, the magnetite and hematite developed. The most

of the hematite is of the specular variety, but in places blood-red flecks of hematite may

be seen, and parts of the specimens are stained by limonite. This is doubtless the result

of weathering. Natural size.
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Plate XIX.—GRUNERITIC MAGNETITE-SCHIST AND FERRUGINOUS SLATE.

Fig. 1. Griineritic magnetite-schist from Republic mine. Tlie lighter-colored bands are strongly

quartzose. The darker bands are heavily ferruginous, but contain a great deal of quartz.

The iron oxide is largely magnetite, but with this is much hematite. The griinerite is

scattered throughout the rock, but is more prevalent in the heavily ferruginous bands.

In its regular banding the rock is very similar to the original cherty sideritic slates

represented by PI. XVII, fig. 2.

Fig. 2. Ferruginous slate from sec. 7, T. 47 N., R. 26 W. (Atlas Sheet XXXI). The bluish-gray bands

are largely chert, but in them iron oxide is contained. The reddish-brown bands are largely

limouite and hematite, but contain much chert. This rock is evidently exactly what would

bo produced by the complete oxidation of the cherty siderite shown in fig. 1, PI. XVII.

The chert bands of the two are almost absolutely of the same color and composition. In

place of the siderite bands of the latter are the limonite and hematite bands. The change

emphasizes the structure as indicated in the description of fig. 2, PI. XVII; Also, as in that

figure, the ferruginous layers are not so regular as the original siderite layers. In the

rearrangement the iron-bearing solutions have penetrated to a greater or less degree into

the cherty layers. At a number of places the rock was fractured across the layers. At

such places the iron oxide has been leached out to some extent, and the belts of chert

connect different layers of that material. Last of all, along one vein secondary iron oxide

has formed. Natural size.

Fig. 3. Ferruginous slate or jasper from sec. 7,T. 47 N., R. 26 \V. (Atlas sheet XXXI). This figure rep-

resents a somewhat more advanced stage of alteration. The iron oxide is largely concen-

trated in the red and black bands and the silica is largely concentrated in the yellowish-red

layers. The illustration might perhaps as well have been placed with the jaspers as with

the ferruginous .slates. It is, in fact, a transition variety. If the chert were somewhat

more stained with brilliant-red hematite it would be called jasper.

The specimen beautifully illustrates deformation in the zone of combined fracture and

flowage. The rigid cherty layer is fractured and faulted. The fault is normal. The more

plastic ferruginous layers accommodated themselves to the changed position of the siliceous

layer by flexure. The specimen looks as though black hematite material had flowed in

between the broken siliceous bands, like dough. The specimen illustrates in miniature how

a fault may pass into a flexure either above or below. Natural size.
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Plate XX.—FERRUGINOUS CHERT.

Fig. 1. Ferruginous chert from Taylor mine sec. 9, T. 49 N., R. 33 W. This specimen illustrates a

somewhat different stage of alteration from PI. XIX. The silica has been almost perfectly

concentrated into bands. The same is true of iron oxides. Movement has fractured the

siliceous bands, and along these the removal of silica has begun. If nearly all of the silica

were replaced by hematite, iron ore would be formed. lu fig. 1 of PI. XIX the reverse

process is seen—that is, the solution of ore and the deposition of silica. It is a general

law of the Lake Superior region that the solution of silica and the deposition of iron oxides

occur at places where abundant percolating waters are concentrated. It will be shown

later (see Pis. XXVIII and XXIX) that these favorable conditions are just above impervious

formations which occur in pitching troughs. This figure, from a specimen obtained from

the Upper Marquette series outside of the district mapped, is here inserted for comparison

with the ferruginous cherts of the Negaunee formation. Natural size.

Fig. 2. Ferruginous chert from south of Jackson mine, sec. 1, T. 47 N., R. 27 W. (Atlas Sheet XXVIII).

The iron oxide and chert were largely concentrated into bands before the last folding. At

the time of the folding radial cracks were formed, especially in the chert layers, due to the

position of the rock on the crown of an anticline. Along these cracks the silica has to

some extent been leached out and iron oxide introduced. One light-colored area of chert

appears to be a secondary infiltration, but it was apparently present before the last folding,

as it is fractured the same as the other layers. Natural size.
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Plate XXI.—HEMATITIC CHERT FROM NEGAUNEE.

The plate shows a somewhat different stage of alteration from PI. XX. The bands of chert are so

broken by movement that they are in some places difficult to follow. Many of the fragments

have roundish outlines, due to their partial solution and replacement by iron oxide. In the field

there may be found every phase of transition between the rock represented by fig. 1 of PI. XVII,

through the rocks represented by the figures of PI. XIX, to the rock rei>resented by fig. 2 of

PI. XX and to the varieties represented by PI. XXI. Fig. 2 represents a somewhat more

advanced stage of alteration than fig. 1. The material illustrated is frequently found very

close to the ore bodies. If a portion of the remaining silica were removed and iron oxides

introduced in its place, it would become iron ore. The hematite is soft, and the material

illustrated is therefore called soft-ore jasper by the miners.
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PLATE XXII



Plate XXII.—HEMATITIC CHERT FROM NEGAUNEE.

This plate represents the same phenomena as PI. XXI, but in a more satisfactory way. The folding

has shattered the chert layers throughout. Along all the openings between the chert fragments

hematite has formed or has been forced In by pressure. A later folding has slightly shattered

the rock, .and in the cracks minute veins of magnetite have formed. The specimen beautifully

illustrates the action of material when folded in the zone of combined fracture and flowage.

The regularity of the fracturing of the chert layers in a direction almost transverse to their

length is noticeable. This suggests that the cracks formed in tensile planes when the chert

belts were being bent.
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Plate XXIII.—MAGNETITIC CHERT FROM THE MICHIGAMME MINE.

The liluish-gray bands are rather coarsely crystalline quartz. This kind of quartz is characteristic of

the west end of the district. The dark material is hematite, and the lustrous material is mag-

netite. The hematite was present before the last folding, and is in brilliant ilecks, due to

accommodations along the beds. The magnetite entered after the last folding. In fig. 1 the

abundance of the magnetite is seen to be in direct ratio to the fracturing. On the left-hand

side of the figure, -where the rock is much broken, there is little quartz. The peculiar magnetitic

chert represented by this plate is found closely associated with the ore at the Michigamme and

Spurr mines.

352



us GEOLOGICAL SURVEY MONOGRAPH XXVIII PL XXIII

r«p/-

FIG 1.

FIG- 2

]\L\GNETITIC CHERT.





PLATE XXIV.

MON XXVIII-



Plate XXIV—JASPILITE.

This rock is Irom the Grand Rapids mine, Negauuet- (Atlas Sheet XXVIII). The dark bands are
mainly hematite. The brown bands consist mainly of minute grains of quartz, but each grlin
is stained with hematite. The red jasper belts do not contiuue indefinitely, but layers die out
after extending a greater or less distance, with oval terminations. This is beautifully shown in
one of the hands. The rock illustrated by this plate is allied to that of fig. 3, PI. XIX. In the
change from the original rock there was almost complete oxidation of the siderite, little or no
hydration of iron oxide, and but little of the iron oxide united with silica to form griinerite. In
the rock of Hg. 2 no griineiite is present, but some occurs iu the upper part of fi.' 1
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Plate XXV.—JASPILITE FKOM JASPER BLUFF, ISHPEMING.

This is a representation of a typical piece of the brilliaut .jasiiilite whicli occurs associated with the

hard ores of the Marquette district. The rock was folded in the zone of combined fracture

and tlovrajie. The jasper bands bent for a certain time without mafroscopic fracture, but later

were broken through aud through. During the time of folding the rock may have been more

deeply buried than during the time of fracturing. At both periods the hematite accommodated

itself to its new position without apparent fracture. However, the lamime moved over one

another, giving them a brilliaut specular appearance. To some extent it flowed in between

tlie broken jasper fragments. Between the leaflets of hematite there were minute spaces. The

spaces, large and small, were occupied by subsequently intiltrated hematite and magnetite, which

in thin section may be discriminated by its crystal outlines from the hematite present before

the folding.

356







PLATE XXVI



Plate XXVI.—.TASPILITE.

Fig. 1. Folded jaspilite, from Jasper Bluff, Ishpeming. The illustration beautifully shows the second-

ary infiltration of iron oxide and deformation by combined fracture and flow. By close

observation iron oxide of three different ages may be seen. The oldest is the dark-gray

hematite. Intersecting this is the more brilliant steel-gray hematite and magnetite, and

cultiug both of the former are other veins of brilliant hematite and magnetite. The history

of the rock seems to be briefly as follows: Banded hematite and jasper was bent by folding,

probably while the rock was deei)-seated. During this folding the hematite was mashed.

In a later stage, when the rock was more rapidly deformed near the surface, fracturing

occurred. This gave the conditions for the first infiltration of iron oxide, and later, when

the rock was jierhaps still nearer the surface, further deformation resulted in new fractures.

Finally, the crevices thus formed were filled with the latest iron oxide.

Fig. 2. Brecciated jaspilite, from Jasper Bluff, Ishpeming. The illustration gives evidence of the

history as shown by fig. 1. However, during the final process the layers of jasper, which

were bent at the earlier stage, were broken through and through, producing a breccia. The

same evidences are seen of three stages of iron oxide as in fig. 1. The less brilliant gray is

the earUest-mashed hematite; the intermediate gray represents a first infiltration; after

this there was shattering, and finally the breccia was cemented by brilliant steel-gray

hematite and magnetite.
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Plate XXVII.—JASPILITE, AND ORE AND JASPER COXGLOMERATE.

Fig. 1. Jaspilite from the Jackson mine, Negauuee (Atlas .Sheet XXVIII). This figure represents a

typical piece of the regularly banded jaspilite. The bluish-gray bands are brilliant specular

hematite. In the red bands each granule of quartz contains innumerable particles of trans-

lucent blood-red hematite. The lenticular character of the jasper bands is well illustrated,

the specimen being selected especially to show this. The transverse fracturing of the jasper

and other bands and the secondary infiltration of iron oxides are shown.

Fig. 2. Ore and jasper conglomerate from Saginaw range (Atlas Sheet XXVI). This is a typical

basal conglomerate of the Goodricli quartzite of the Upper Marquette series. The detritus

consists almost wholly of various materials derived from the Negaunee formation, including

jasper, chert, aud ore. There is present, however, some quartz derived from the Archean.

A close examination of the illustration shows that secondary hematite and magnetite have

largely formed in the spaces between the grains about many of the jasper fragments, and,

indeed, have partly replaced the jasper fragments themselves. This is beautifully shown

at the lower left-hand corner of the figure. In those places where the basal conglomerate

is fine-grained these replacements by iron oxide may be almost complete, in which case an

iron-ore deposit is formed. Of such an origin is the iron ore of the Volunteer and some

other mines.
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The anah'sc's on \)nge 33.S show that the rocks are composed mainly of

impure g-rihicrite, iiiag-netite, and ((uartz. The analyses indicate that the

amphibole is intermediate between griinorite and actinolite, but upon the

whole is nmch nearer the former than tlie latter.

By oxidation of the iron carbonate the sideritic slates pass into the

ferruginous dates, the iron oxide being hematite or limonite, or both.

These rocks, in regularity of lamination and in structure, are similar to the

sideritic slates, differing from them mainly in tlie fact that the iron is present

in another combination (PI. XIX). In the different ledges may be seen

every possible stage of change from the sideritic slates to the ferruginous

slates. The only necessary change is a loss of carbon dioxide and per-

oxidation of tlie iron. In PI. XVII the beginning of the process is beauti-

fully shown. On weathered surfaces, along veins, and along some of

the bedding planes the transformation is complete. Between this trans-

formed material and the original rock there is complete gradation.

PI. XIX illustrates different ferruginous slates in which the siderite is

partly or wholly decomposed.

1l\iq ferri(f/i>/0Hs cherts are rocks consisting mainly of alternating layers

of chert and iron oxide, although in the iron-oxide bands cliert is contained,

and also in the chert Ijands- iron oxide is found (Pis. XX-XXII). This

iron oxide is mainly hematite, but both limonite and magnetite are some-

times present. Rarely magnetite is the predominant oxide of iron (PI.

XXIII). In such cases the silica is usually coarsely crystallized. In the

field the ferruginous slates are found to grade step by step into the ferru-

ginous cherts, and it is manifest that they were produced from them by a

reari-angemeut of the iron oxide and silica, with a possible introduction of

extraneous silica and iron oxide. The rocks are folded in a complicated

fashion, as a result of wliich the layers present an extremely contorted

appearance. The folded layers frequently show minor faulting. On account

of the exceedingly brittle character of these rocks, they are very often

broken through and through, and soinetimes they pass into reibungs-

breccias. Sometimes the shearing of the fragments over one another has

been so severe as to produce a conglomeratic aspect. The ferruginous

cherts are particularly abundant at the middle and lower parts of the iron-

bearing formation, just above or in contact with the greenstone masses.
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They thus occupy a horizon within tlie iron-bearing formation, and in a

number of cases they are between the griinerite-magnetite-schists or sideritic

slates below and the jaspilite above. The rocks here named ferruginous

chert are called liy the miners "soft-ore jasper," discriminating them from

the hard-ore jasper, or jaspilite. This material is so called because within

or associated with it are found the soft ores of tlie district.

FlO. 22.—Jasjiil)!!' lit 111 ]iiil,lir miiif
,
shuwiTi^ wliiti' areas of chert in the red jasper.

The jaspilites are rocks consisting of alternate bands composed mainly

of finely crystalline, iron-stained quartz and iron oxide (Pis. XXIV-XXVII,

and fig. 22). The exposures present a brilliant appearance, due to the inter-

lamination of the bright-red jasper and the dark-red or black iron oxides.

The iron oxide is mainly hematite, and includes both red and specular varie-

ties, but magnetite is frequently present. The jasper bands often have oval

tei'minations, or die out in an ii-regular manner. The folding, faulting, and

brecciation of the jaspilites are precisely like those of the ferruginous cliert,

except that in the jaspilite they are more severe. The interstices produced

by the dynamic action are largely cemented with crystalline hematite, but

magnetite is present in siibordinate quantity.
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lu the folding of the rock the readjustment has occurred mainly in the

iron oxide between the jasper bands. As a result of this, the iron oxide has

been sheared, and when a specimen is cleaved along a layer, it presents a

brilliant micaceous appearance,- and such ore has been called micaceous

hematite. This sheared lustrous hematite, present as some form of iron

oxide before the dynamic movement, is discriminated with the naked eye or

with the lens from the later crystal-outlined hematite and magnetite which

fills the cracks in the jasper bands and the spaces between the sheared

laminae of hematite. The jaspilite differs mainly from the ferruginous chert,

with which it is closely associated, in that the siliceous bands of the former

are stained a bright red by hematite, and the bands of ore between them

are mainly specular hematite, while in the cherts the iron oxide is earthy

hematite. The jaspiUte in its typical form, whenever present, always occu-

pies one horizon—the present top of the iron-bearing formation, just below

the Goodrich quartzite. In different parts of the district it has a varying

thickness. With tliis jasper, or just above it, are the hard iron ores of the

district; hence it has been called "hard-ore jasper" l)y the miners, to

discriminate it from the ferruginous chert, or "soft-ore jasper."

An analysis of one of the typical jaspilites, made by George Steiger,

in the laboratory of the Survey, is as follows

:

A nu h/sis of Jaf:}>iU/c.

Soluble matter, chiefly iron oxide

Insoluble matter

Total

62.36

37.64

The insoluble matter contains

—

SiO.2

Al,03

FejO,

MgO
Alkali oxides

Total .

98.91

.53

.40

.20

.10

100. 14
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Tlais aualysis shows that the rock is composed almost wholly of silica

and iron oxides.

The iron ores in the Marquette district comprise many varieties, among

which the more prominent are hematitic, granular magnetite; magnetitic,

specular hematite, and soft, red hematite, which is very often limonitic; and

all gradation phases. The magnetites and specular hematites are called

hard ores by the miners, and the red hematites are called soft ores.

The hematitic magnetites vary from very coarsely granular magnetite

to finely granular magnetite. With the magnetite there is always more

or less of hematite, in many cases a large part of this resulting from the

alteration of the magnetite. The hematite varies from a subordinate to an

important amount. Also, at many places, with the magnetite are varying

quantities of pyrite and garnet, and the alteration product of the latter,

chlorite. The magnetites vary in color from pure black to gray.

By an increase in the quantity of the hematite the magnetites pass

into specular hematites. The specular hematites vary in texture from very

coarse to aphanitic. In the coarse hematites each individual of hematite

resembles a flake of mica. Such ores are frequently called micaceous

hematites. The flakes are largely arranged with their greater dimensions

parallel, thus giving the ore a marked schistosity or rift. The coai'se

hematites are usually strongh^ magnetitic, there being lietween the flakes

of hematite many crystals of magnetite. In the finer-grained specular

hematites the particles are so small that the eye does not easily discriminate

them. In many cases such ore cleaves like slate or schist, giving a smooth,

brilliant surface. These ores are frequently called slate ores. While mag-

netitic, they are usually less strongly so than the so-called micaceous ores,

although in them in many cases may be seen numerous small crystals

of magnetite. Another variety of the fine-grained, specular hematite is

steel-gray, dense, very hard, and breaks with a conchoidal fracture.

Many of the specular ores contain a greater or less quantity of red

hematite, which gives them a mottled appearance. This class of ores,

which is abundant, is either very slightly magnetitic or not at all so. These

ores are gradation phases between the pure specular hard ores and the soft

red hematites.
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The reddish specidar ores pass <>-radually iuto tlie soft hematites. The
majority of the soft, ores have a distinct lamiuation. Many of tlieni on

freshly broken surfaces have a finely crystalline apjiearance. All give a

brilliant cherry-red streak. In hand specimen the pure hematites are bright-

red. The limonitic hematites differ from the red hematites in having a

brown color, due to the pi-esence of hydrated iron oxide.

While a laminated or banded appearance of the ores is very general,

locally they are entirely without any such structure. Oftentimes the

massive varieties contain numerous cavities, varying from those of minute

size to those of considerable magnitude. These cavities are commonly
lined with crystals of hematite or magnetite, or by radiating needles of

hematite or the hydi-ated oxides of iron. Very often the interiors of these

cavities have a botryoidal appearance. In a few of the soft hematite mines

oxides of manganese occur in various forms, and in some places this

material is so concentrated as to furnish manganese ore.

The magnetites and coarse specular hematites are confined to the

upper horizon of the Negaunee formation or to the basal horizon of

the overlying Ishpeming formation, and largely to the western part of the

district. The most common rock associated with these ores is jaspilite,

although in places it is a coarse, white, ferruginous chert. The fine-grained

specular ores are confined to the upper horizon of the iron formation, and

mainly to the eastern part of the district. The soft hematites are found at

middle or lower horizons of the Negaunee formation, associated with the

ferruginous slates or ferruginous cherts.

It appears that the ferruginous slates, ferruginous cherts, jasper, and

ore form in the zone of weathering, and that the griinerite-magnetite-schists

develop iu the zone of deep-seated alteration. The difterent characters

are then due to original position within the formation and to subsequent

environment, rather than to difference in the original rock.

In fullest section the Negaunee formation exhibits, therefore, the fol-

lowing stratigraphy: At the bottom are the sideritic slate and griinerite-

magnetite-slate; above these, ferruginous slate; above this, ferruginous

chert; and at the top of the formation, jaspilite. The iron ore may occur

at any horizon. While this is the common order, in a given localit}' one or

more of these members may be absent.



366 THE MARQUETTE IRON-BEAEING DISTRICT.

For instance, at Republic (Atlas Sheet XI) only the griinerite-

magnetite-scliists, the ferruginous chert, and the jaspilite are found. South

of the Saginaw mine (Atlas Sheet XXVI), at the base, is the griinerite-

magnetite-schist; at the intermediate horizons, the ferruginous chert; and at

the top, the jaspilite. South of Palmer (Atlas Sheet XXXII) the jaspilite

occupies the whole breadth of the formation between the Goodrich quartz-

ite and the Ajibik quartzite. Farther to the east, however, where the

formation has a greater thickness, the ferruginous chert occurs below the

jaspilite. At and south of Negaunee (Atlas Sheets XXVIII and XXXI)

the full succession is found. Beginning at the Jackson mine and passing

southward, we find at the top of the formation magnificent exposures of

iaspilite; below this are numerous open pits, which give typical exposures

of the ferruginous chert. This grades down into the ferruginous slate of

the Grrand Rapids mine, and continuing southward, we find within the

valleys between the greenstones the griinerite-magnetite-schists and the

very little altered sideritic slate.

Microscopical.—Tlie kiuds of rocks found in the iron-bearing member of

the Lower Marquette series and their relations to one another are very

similar to those of the iron-bearing member of the Penokee and Animikie

series, Avhich have been described in great detail. Also, the microscopical

characters of the different phases of rocks are similar to those of the Peno-

kee series. In fact, so remarkable is the likeness that, with a restatement of

localities, what has been written in reference to the Penokee and Animikie

iron formations might be applied almost verbatim to the Marquette iron-

bearing formation. Therefore, for a detailed description of the different

phases of the iron-bearing formation and the manner in which the original

rock grades into the other phases, reference is made to Mon. U. S. Geol.

Survey, Vol. XIX, Chapter V, pages 182-268.

A very brief description will, however, be given of the general char-

acter of the different phases of the iron-bearing formation, and a more

detailed statement will be made in reference to those points in which there

are differences between the Lower Marquette and the Penokee iron-bearing

formations.

In the purest phases of cherty sidcrife-sJate (PI. XVII) there is a contin-

uous mass of siderite, which contains separate granules or irregular, complex



PETKOGEAPHICAL CHAEACTEE OF ^EGAUifEE FOEMATION. 367

areas of eherty silica, small crystals of magnetite, and needles of actinolite

or griinerite. The silica is rarely partly amorphous, l)eing in minute opa-

line cboplets, but is more commonly completely individualized quartz, the

grains varying in the different slides from 0.01 to 0.03 nun. in diameter.

The siderite is in closely packed, small rhombohedra. Upon the weathered
surfaces the siderite is entirely oxidized, being changed into hematite or

limonite, with pseudomorphous forms. In this iron oxide is contained

eherty silica, identical with that in the unaltered part of the rocks.

Between the two there is a transition zone, in which are seen the various

stages of alteration from the unchanged siderite to the secondary hematite.

In one of the finest instances the transition band is broad, and there are

seen many rhombohedra of siderite surrounded by bands of beautiful,

blood-red, translucent hematite. These borders vary from mere films to

those so broad that but a minute speck of the siderite remains. If the

oxidized portion of the slide were seen by itself it would be regarded as a

ferruginous slate, with which it is in every respect identical ; but in this case

it can not be doubted that the siderite is the original source of the liema-

tite. Where the siderite is less abundant and the chert more plentiful, the

rhombohedra of siderite are set in a matrix of chert, wliich may consist

wholly of individualized quartz, Init which sometimes a|)parently contains

some opaline silica. Oftentimes bands consisting largely of silica alternate

with bands consisting largely of siderite. In the less pure phases, near
the base of the Negaunee formation, the eherty siderite in some cases

alternates with strata of an impure clayey rock, apjjroaching the Siamo
ferruginous clay -slates; in other cases, mingled with the siderite itself

is fragmental material, including both quartz and feldspar, and tiieir

alteration products. Not infrequently within these semifragmental rocks,

along cracks and joints, all transitions between the impure siderite and a

ferriferous or eherty slate, partly fragmental and partly nonfragmental,

may be seen.

Where the sideritic slates are altered, not by weathering, but by deep-
seated metasomatic action, there develop abundant magnetite and a light

amphibole, nonpleochroic in thin section, which will be called griinerite.

There is thus produced a magnetite-griinerite-siderite-slate, intermediate

between the sideritic slates and tlie typical magnetite-griinerite-schists. It
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appears, as in the cases of" the Peiiokee and Animikie series, that when the

siderite decoinjoosed there was an abundance of silica present, and conditions

not favorable to oxidation, so that the silica united with the iron oxide

alone, producing griinerite, or with the iron, calcium, and magnesium

oxide, producing a mineral intermediate between griinerite and actinolite.

The iron which does not combine with the silica, not being completely

oxidized, is in the form of magnetite. This is the first stage of the

development of the magnetite-griinerite-schists from the sideritic slates.

The gruneritic and magnetitic schists (PI. XVIII) may vary from nearly

pure griinerite-schists to nearly pure magnetite-schists. However, the

more common phase is the griinerite-magnetite-schist. Griinerite, niaguet-

ite, and quartz are the three important constituents, but in some areas

quartz is in subordinate quantity. The minerals are usually concentrated

to some extent into bands, although a layer composed chiefly of any one

of the three always includes a greater or less quantity of the other two.

In many cases within a felted mass of griinerite or magnetite are found

n:iany rhombohedra of siderite, and this siderite has such relations to the

griinerite and inagnetite as to suggest that these minerals developed from

the siderite. We thus have evidence of the transition of the sideritic slates

into a griinerite-magnetite-schist. When the transformation is complete

there remains no evidence of the change, as the rock then consists of a

completely interlocking crystalline mass of the three minerals, griinerite,

magnetite, and quartz.

Not infrequently with the magnetite is a variable quantity of hema-

tite. In some cases this appears to have been an early development, simul-

taneous with the magnetite, and in other cases it has resulted from the

weathering of the rock, developing either from the magnetite or from the

griinerite. Less frequently limonite is found in similar relations. A common

hornblende appears in some cases to be separable from the griinerite by a

decided pleochroism, and the two often occur in the same section or inter-

grown in the same individual. Not infrequently the quartz grains have a

peculiar parallel arrangement, with their longer axes in a common direction,

and Avith this an undulatory extinction. This is taken as indicating that

these rocks have been subjected to stress during or subsequent to the time the
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quartz developed. Tlie griuierite and inagnetite are closely asscxnated,

often penetrating' each other, and are also found within and penetrating the

quartz, showing that the minerals developed to some extent simultaneously,

although the quartz appears on the whole to be somewhat later than the

griinerite and magnetite. In the finer-grained phases opaline silica is also

present. As in the case of the sideritic slates, some of the griineritic

schists contain interstratified or intermingled fragmental material, and the

rock by transition passes downward into the fragmental Siamo slate In

these kinds ordinary hornblende has abundantly developed, and chlorite

and biotite are important secondary products. Sometimes associated or

ineludeil in the magnetite-griinerite-schists is a great deal of secondary

garnet, and this is particularly abundant adjacent to greenstones, slio^ving

that its development is related to the intrusives (see pp. 513-514).

The development of the griiuerite-magnetite-schists, in contrast with

the ferruginous slates, cherts, and jaspers, seems to have been favored by

deep-seated metasomatic changes, rather than by Aveathering processes.

This is indicated by the following tacts: A¥here weathering has been active,

the ferruginous slates and cherts are found rather than the griinerite-mag-

netite-schists; the griinerite-magnetite-schists where weathered have been

partly transformed into the ferruginous slates or cherts; the griinerite-

magnetite-schists are usually closely associated with the greenstones. This

suggests that the heat of these intrusives increased the activity of i)erc-olat-

ing waters; possibly also the heat helped to decompose the iron carbonate-,

and the greenstones may also have furnished alkalis to assist in the solu-

tion of sihca. The silica in solution united with the protoxides present to

produce the griinerite and other amphiboles, the excess of iron oxide, not

completely oxidized, remaining as magnetite.

The ferruginous slates (PI. XIX) consist of cherty silica, like that of

the sideritic slates, and of hematite and limonite, the latter minerals occu-

pying the place of the siderite in the sideritic slates. AVhere the iron

oxides are abundant the slides consist of a continuous, ramifying mass of

hematite and limonite, Avithin which the numerous ])atclies or particles

of cherty silica are set. Where the silica is aliundant the reverse relations

MON XXVIII 24
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obtain. The manner in which this phase ot" rock develojied from the

sideritic slate has already been indicated.

The ferruginous cherts (Pis. XX-XXIII) differ from the ferruginous

slates chiefly in that the silica has been more extensively rearranged. As a

consequence of this the chert and iron oxides are more or less concentrated

in alternating bands, instead of being uniformly mingled in a mass, as in

the ferruginous slates. However, the chert bands are never free from the

iron oxide, nor are the iron-oxide bands ever free from the chert. Between

almost pure iron oxide and almost pure chert bauds there are all grada-

tions. The silica of the chert is usually completely individualized, but

in different sections varies from partly amorphous through finely crys-

talline to rather coarsely crystalline. The quartz which does not show

evidence of much rearrangement is very like in size of granules and in

appearance to the quartz of the sideritic slates, but that in veins and filled

areas is much more coarsely crystalline. In arrangement the particles of

iron oxide appear to be wholly independent of the quartz. There is no

apparent concentration of the iron oxides between the quai"tz grains, but

they occur concentrated in laminje or as separate flecks included in the

grains of quartz, just as though they were all in their present positions

before the silica began to crystallize. In the ferruginous cherts which

are near the ore bodies cavities are very common, due to the solution of

the quartz. These cavities have often been subseqviently partly or wholly

filled by hematite. In all these particulars these ferruginous cherts are

similar to those from the Penokee and Animikie districts, but they differ

from them in not showing extensively the somewhat remarkable concre-

tionarv structure characteristic of tliose disti'icts, although in a few places

this is well developed.

The Marquette ferruginous cherts have been subjected to profound

dynamic action, and the brittle rock has become shattered through and

through, producing innumerable cracks and fissures, and not infrequently

reibungsbreccias (Pis. XXI-XXIII). Within the spaces thus produced sec-

ondary hematite and magnetite in well-defined crystals have formed. By the

crystal outlines the secondary iron oxide can frequently be discriminated

from that present before the mashing occurred. The metamorphosing
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processes were so long contiuued within the ferruginous cherts that it could
not be expected that residual siderite should occur, yet in one or two cases a
small quantity is found. However, in the field the gradations are so com-
plete that one can not doubt that these rocks were i)roduced by the altera-

tion of an original sideritic chert, combined with secondary infiltration. It

is highly probable that much of the iron oxide and nmch of the silica now
present were derived from an iron carbonate once above the ferruginous

cherts, but now removed by erosion. The ferruginous slates represent

the kinds of rock produced by the simple oxidation in place of the orig-

inal sideritic slates, and from them, by the secondary actions described,

are produced the ferruginous cherts As in the case of the sideritic slates

and the griinerite- magnetite -schists, fragmental material is occasionally

recognized.

In thin section the jaspilites (Pis. XXIV-XXVII) have a minutely
lanfinated character, each of the coarser bands, as seen in hand specimen,

being composed of many laminae, due to the irregular concentration of

the iron oxide. These laminae are of greatly varying width. The^' unite

and part in a most irregular fashion, producing a mesh-like appearance, and
frequently laminae disappear, as do the coarser bands. The complex, bright-

red jasper bands are composed mainly of finely crystalline cherty quartz,

but they are everywhere stained with minute particles of blood-red hema-
tite. The particles of quartz average less rather than more than 0.01 mm.
in diameter, and each of these minute grains contains one or more particles

of hematite. These are concentrated in laminas or are separate fiecks

included in the quartz grains. In some cases the hematite appears to be
somewhat concentrated between the grains, but in general it is arranged in

entire independence of them, as though it were present before the silica had
crystallized. The most ferruginous bands contain a predominant amount
of iron oxide, but in them is included much quartz, exactly similar to that of

the jasper bands. The original, translucent, red, mashed hematite is easily

discriminated from the secondary, crystal-outlined hematite and magnetite.

The folding, faulting, fracturing, and brecciation, spoken of in hand
specimen (Pis. XXV and XXVI), are beautifully shown under the micro-

scope. The resultant cracks and crevices are filled with secondary quartz
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and crystalline hematite and magnetite. This quartz is much more coarsely

crystalline than the older quartz, the grains oftentimes averaging from 0.05

to 0.1 mm. in diameter. While nmch of this secondary quartz occurs in

veins which cut across the original lamination of the rock, a great deal of It

was deposited parallel to the lamination. Its likeness to the vein quartz and

its coarseness readily discriminate it from the earlier quartz. The crystal

-

outlined hematite and magnetite also help to fill the veins and the spaces

between the micaceous hematite laminre between which accommodation

took place. The secoudarv material usually fills the spaces entirely, thus

completely healing the rock, and because much of the material is arranged

parallel to the original lamination the structure is emphasized by the sec-

ondary impregnations.

It has been noted that the jaspilite is chai'acteristic of the uppermost

horizon of tlie Iron-bearing formation—that is, it is immediately below the

next overlying series. This contact zone was one of the great planes of

accommodation, and thus the d^aiaraic effects upon the jasper are explained.

Between the jasper horizon and that at which the ferruginous cherts occur

is a transition zone. In this the layers of siliceous material sometimes

have borders of red, iron-stained quartz. It has been explained that the

chief differences between the jaspilites and ferruginous cherts are the blood-

red character of the minute hematite pai'ticles and the micaceous character

of the ferruginous layers of the former. It appears highly probable, there-

fore, that dvnamic action transformed tlie ferruginous chert into the jasper,

the layers of earthy hematite being sheared into micaceous liematite, and the

inclusions of earthy hematite being changed into the blood-red variety.

The foregoing general description is of the rocks as they occur in the

eastern part of the district. At the west end of the district the predominant

varieties of the Negaunee formation are the griinerite-magnetite-schists and

the jasper. There are alst) subordinate amounts of ferruginous chert. In

this part of the area the rocks are much more coarsel}" crystalline than in

the eastern part of the district fPl. XXIII). The quai'tz grains in the

extreme western end of the district have diameters averaging from 0.10 to

0.15 mm., and in the southwest arm they average about 0.20 to 0.40 mm.,

and run as high as 1 mm. It will be seen that the size of the grains is
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many Tiim-s greater than in the Islipeiiiino-Negaunee area, where the

average diameters vary from less than 0.01 mm. to 0.(13 nun. The (juai-tz

grains of the Avestern area are of sufficient size to shnw distincth- undn-

latory extinction and fracturing, the latter rarely in a rectangular manner.

In the more mashed varieties they are arranged, to some extent, with their

axes in a common direction. The griinerite is also coarsely crystallized.

Exact comparison with the griinerite of the Ishpeming area is, however,

difficult. The jaspers of the western end of the district alford a good

opportunity to observe the relations of the included particles of hematite

and the grains of quartz. The foi-mer appear just as if they were in their

present i)ositions before the silica had taken the remaining space and crys-

tallized. There is no tendency to concentration of this hematite at the

borders of tlie c^uartz grains or in the cracks formed by their fractur-

ing. In the jaspers and in some of the more quartzose griinerite - mag-

netite-schists is also a lieautiful concretionar)- structure, exactly similar

to that of the ferruginous cherts of the Penokee district. The concen-

tric zones of red hematite, separated by a greater or less distance, appear

as if })ainted upon the quartzose background, the grains of which seem

in no way to be affected by the hematite. The crystals of hematite

and magnetite formed still earlier, or else developed where the red

hematite and the quartz have been dissolved, for they are scattered at

random through the section, interrupting the concentric zones of hematite

at many places. In some slides the concretions are decidedly flattened

by i^ressure.

The foregoing facts show that in these jaspers the minerals, with the

possible exception of the crystals of hematite and magnetite, had assumed

their present relations before the last orogenic movement. The concre-

tions, the coarsely crystalline character of the rocks, and the absence of

the sideritic and ferruginous slates imply a much more nearly complete

recrystallization of the entire formation than has taken place iii the eastern

part of the district. If the original rocks in the western part of the district

were of the same character as about Ishpeming and Negaunee, the silica

must have entirely recrystallize<l. It is to be noted that in this part of the

district the other formations of the Marquette series are also much more
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profoundly inetamorpliosed than they are farther east. Therefore the

unusually modified character of the rocks of the Negaunee formation

accords Avith what would be expected from a study of the other formations.

On account of the opacity of the iron ores, comparatively little is

learned by a study of their thin sections.

The magnetites are perfectl}' opaque in transmitted light, and in

reflected light give the characteristic spotty appearance of that mineral.

Where not pure the usual minerals contained in the iron formation appear

with their ordinary relations. Those most plentifully seen are quartz,

griinerite, muscovite, and biotite. Occasionally garnet, and chlorite as an

alteration product, are abundant. Bordering the included material, the

maonetite invariably shows crystal outlines. As a result, each area of

included minerals lias a serrated form.

The coarse specular hematites are made up mainly of large, closely

fittino- flakes of hematite, the majority of which take an imperfect polish,

and have, therefore, a gray, sheeu}^, spotted appearance. The flakes which

are parted along the cleavage reflect the liglit like a mirror. The large

number of individuals of this kind is appreciated only by rotating the

sections. This brings successively different flakes of hematite into favor-

able positions to reflect the light into the microscope tube. In some sections

cut transverse to the cleavage the schistose character of the rock is apparent

in reflected light, innumerable lamince of hematite giving fine, narrow,

parallel, dark and light bands, which are comparable in appearance to the

polysynthetic twinning bauds of feldspar. As both the magnetite and

the hematite are usually opaque, the two minerals in general can not be dis-

criminated, although in some cases the crystal forms of magnetite are seen,

and a small part of the hematite, much of it in little crystals, shows

the characteristic blood-red color. The important accessory minerals are

quartz, griinerite, feldspar, and muscovite. Some of the small, detached

areas of quartz and feldspar appear to be fragmental. The muscovite

occurs mainly in small, independent flakes, but some of it is apparently

secondary to the feldspar.

The fine-grained specular hematites differ from the so-called micaceous

hematites chiefly in that much more of the hematite is translucent, and
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hence at the edges and various places through the centers of the shdes is a

brilHant red cohir. The slate ores in reflected light show tlie laminated

character of the rock, while the massive ores give the peculiar s])otty

reflections, exactly the same as magnetite.

Tlie mottled red and black specular ores in reflected light present a

peculiar appearance, the true specular material giving the usual brilliant,

spotty reflections, while the soft hematite has a brownish-red color.

The soft hematites in transmitted light, in many slides, show the char-

acteristic blood-red color of hematite, although for the most part the sections

are so thick as to give a brownish appearance or are opaque. In the softest

ores in reflected light a dark brownish-red color is everywhere seen, which

is much less brilliant than that presented by the same mineral in trans-

mitted light. In some of the soft hematites, however, within the mass of

red material are many small areas which reflect the light in the same

manner as the specular ores. The limouitic hematites diff'er from the j^ure

hematites only in that, in l)oth transmitted and reflected light, in many

places, the reddish colors are not so bright.

The foregoing description shows that there are gradations from the

coarsest magnetite to the softest limonitic hematite.

INTERESTING LOf!ALITIES.

The localities where tlie Negaunee formation is exjjosed are so numerous

that onlv more important areas of exposures Avill be here mentioned.

Michigammc and spurr.—At Miclugamme aud SpuH" mines (Atlas Sheet V),

and in the area connecting them, are very good exposures of the Negaunee

formation of a somewhat exceptional character. At the lowest horizon,

adjacent to or underlying a great greenstone ridge, are typical exposures

of magnetite-griinerite-rock and magnetite-griinerite-schist. Locally the

schist mantles areas of intrusive greenstone (PI. XI), and the latter in other

places includes many fragments of the schist (PI. XII). The griinerite-

magnetite-schists are overlain by coarse typical red jaspilite, which at sev-

eral places is just above the greenstone.' The jaspilite of this locality ditfers

from that of most of the district in that the pure jasper bands are of unusual

width, sometimes reaching a thickness of 6 to 8 inches. Between these
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jasper layers are belts of specular micaceous liematite, the laminte of which

show slickeusides, indicating that readjustment has occurred between them.

The jaspilite varies upward into a banded rock consisting of alternate

layers of pure, white, finely crystalline quartz and dark bands composed

of hematite and magnetite (PI. XXIII). Intermediate layers show the

transition between the rocks having bands of white and of red quartz.

The grains of the jasper and white quartz belts are larger than those of the

ordinary varieties of jasper, and are to a large degree crystal-faced, as

shown by the innumerable reflecting facets when held in the sun. At the

top of the formation is a thin belt of ore, making up a part of the ore body

of the Michigamme mine. The remainder belongs with the Ishpeming for-

mation. The bands ( »f white chert and red j asper have frequently a lenticular

character. The rocks are often folded and fractured in a minor way. The

cracks are filled with secondary magnetite, and more rarely griinerite. In

some places the folding was so severe as to make genuine breccias. At one

place, a short distance east of the Spun- mine, the inter-Marquette erosion

cut away all of the jasper, and here the griinerite-magnetite-schist is

at the top of the formation. A minor fold here occurs, so that in a single

exposure the strike may be seen to vary from an east-west direction to a

northwest and finally to a north direction. North of the Spurr mine

minor corruoations are seen, which give local northern dips in the general

southward-dipping formation.

In thin section much of the Michigamme and Spurr jaspilite shows a

concretionary arrangement of the iron oxide, many of the concretions being

made up of a large number of concentric rows of hematite and magnetite

particles. While much of the hematite is in small particles or areas in

these concretions, in many of them are large crystals, which look like later

infiltrations. The quartz is nuich more coai'sely crystallized than the quartz

of the formation in the main area about Ishpeming and Negaunee and to

the south and east of these towns, the average grains being fr&m 0.10 to

0.15 mm. in diameter. Each of these quartz grains contains a large number

of the smaller crystals and flecks of hematite. Also included in these

quartzes are numerous long, minute, curved needles of rutile. The grii-

nerite of the jaspers has usually a distinct pleoclu'oism, giving yellow and
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o-reenish colors. As usual, the yrihierite has a tcudenc)- to be associated

with the magnetite and hematite. In one case an opaque crystal of hem-

atite or magnetite was found to l)e surrounded b}' Ijlades of griinerite, each

blade being parallel to one of the sides of the crystal. Where the con-

cretionary jasper is mashed, the concretions have an oval form, the longer

axes beino- in a common direction. In the liandetl fei-ruginous rock con-

taining white quartz layers (PI. XXIII) the quartz grains contain very little

oxide of iron. AVh\- this material is absent here and present in the jasper

is not apparent. The grains of quartz in both the red and white siliceous

layers in many slides have crystal ovitlines, appearing in thin section as

closely fitting polygonal areas.

By an increase of magnetite and griinerite and a decrease ot hematite

the jaspilites pass into typical griinerite-magnetite-schists. Each quartz

o-rain includes hematite and magnetite crystals, and often blades of

griinerite. A concretionary arrangement of iron oxide occurs in the

transition phases. Pleochroic hornblende is absent. In the most strongly

o-riineritic rock, which is prevalent near the base of the formation, the

quartz almost disappears, and there is a background composed of inter-

locking blades of griinerite which include a large amount of magnetite,

and thus they become griinerite -magnetite -rocks. The iron ores are

magnetites.

Boston and Dexter areas.—East of tlic Micliigamme mlue the exposures of the

Negaunee formation are rare for nearly 15 miles. However, in the SW. \

sec. 32, T. 48 N., R. 28 W., is the Boston mine (Atlas Sheet XVIII). In

sees. 3 and 4, T. 47 N., R. 28 W., are a number of exposures of the forma-

tion (Atlas Sheets XIX and XXII), and north of the center of sec. 3 is the

Dexter mine. On the line between sees. 3 and 4 is the contact between

the Negaunee formation and the Groodrich quartzite. The unconformity

between the two formations is here not marked. The two. are slightly

overturned, so that the quartzite appears to lie under the Negaunee jasper.

A short distance to the northeast is a hill composed largely of the Negaunee

formation, but at the foot of its northern slope is found the Siamo slate, so

that at this place we have the Negaunee formation accurately delimited

above and below.
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Excelsior area.—East of tlie Dextei" iiiiiie there are again no exposures of

the formation for 2^ miles. However, in sees. 4, 5, and 6, T. 47 N., R. 27 W.

(Atlas Sheet XXV), the Negaunee belt is exposed at very numerous locali-

ties. The formation here has usually a somewhat regular east-west strike

and a soutliern dip. In a few places, especially in sec. 4, minor folds and

brecciation were observed. At the old Excelsior mine, just west of the

east line of sec. 6, the contact is again exposed between the Negaunee forma-

tion and the Goodrich quartzite, and here the evidence of unconformity

is strong, the quartzite and slate appearing to mount upon and mantle

around the Negaunee strata on the east side of the pit. In these exposm-es

the rock is niainK' ferruginous chert. In thin section the quartz is of the

finely crystallized kind of the Ishpeming-Negaunee area, and thus contrasts

with that of the Michigamme and Spurr area.

Lake Bancroft area.—Upou tlie soutli slopc of tlic bluff uorth of Lake Ban-

croft (Atlas Sheet XXVIII), and at various places in the little valley separa-

ting the two ridges of greenstone north of this lake, are found exposures of

hematitic, niagnetitic, griineritie schists. These appear to have been caught

in the intrusive rocks. It is interesting to note that all of the rocks here

found are of the griinerite-magnetite-schist variety, while the ordinary

phases of the formation, both to the west and to the east, are the ferrugi-

nous cherts and jaspers, except the griineritie and sideritic slates adjacent

to a greenstone a short distance east of Lake Bancroft, in the north part of

the city of Ishpeming. In thin section the Lake Bancroft rocks show a

peculiarly finely crystalline or partly amorphous siliceous background.

Also, the larger part of the iron oxide is in the form of hematite, this being

due to feathering. The griinerite is stained deep-red by hematite.

Teal Lake area.—The ucxt important exposures to the east are those of the

Teal Lake iron range, just south of Teal Lake (Atlas Sheets XXVII and

XXVIII). The interest in this locality lies in the fact that the ferruginous

chert of the Negaunee formation rests directly upon the Siamo slate. As

has been said, the uppermost horizon of the latter formation is here a slaty

graywacke, or a rock approaching a ferruginous quartzite. At many places

the change from the slate to the iron formation is sudden, the clean ore or

the ferruginous chert resting upon the ferruginous slate or graywacke with
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no transition horizon. At other places there are minor interlaminations of

the two. The ferruginous cliert of the iron formation has a very regular

strike and dip, being remarkably free from the minor folding which is so

prominent in the iron formation to the southward.

As examined in thin section, the ferruginous slates and cherts of this

locality differ from those of other places only in that the lower horizons

show a certain amount of fragmental quartz mingled with, or in layers

interbedded with, the nonfragmental material. This clastic quartz is often

enlarged. Also mica is occasionally seen.

Negaunee-ishpeming area.—Soutli of tlie Tcal Lalvc raugc are uumerous exj)OS-

ures adjacent to the mines of Negaunee-Ishpeming and vicinity (Atlas

Sheets XXV and XXVIII). Here, as has been explained, the iron forma-

tion occupies the lower lands, usually those below the 1,400-foot contour

(Pis. XIII and XIV). The exposures are in a series of bay-like areas, which

open out to the Avest, but are surrounded and overto})ped to the north, east,

and south by amphitheaters of greenstone (PI. XIII). In these bays are

found some of the great mines of the area, such as the Cleveland Cliffs,

Lake Superior, Lake Angeline, and Salisbury. At or close to the contact

with the Groodrich quartzite tlie rock is always typical banded ore and jasper

or jaspilite (Pis. XVI, XXIV-XXVII), and at the lower horizons it is the

typical ferruginous chert (Pis. XX-XXXII). Between the two there are

often gradations, but often also they are separated bv a dike of altered

g-reenstone. Mining has shown that the masses of greenstone not only

border but underlie the bays of iron formation, being, however, deeper

below the surface in passing west, thus making westward-plunging basins

of greenstone in which the Negaunee formation material rests (PI. XIII).

At the bottoms of these basins are the great ore deposits of the district.

Thus in this area are found the largest ore dej^osits and the most

numerous A'arieties of the ferruginous chert and jasper. The strike of the

formation is generally east and west, corresponding to the close north-south

folds; but as the folding is highly complex, this probably being in part due

to the intrusive greenstones, strikes in all directions may l)e found. The

ferruginons chert and jasper are most intricately crumpled, and are broken

and faulted in a minor way. The brilliant appearance of the crumpled
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and sometimes hrecciated jasper may be particularly well seen on the

so-called jasper 1)1 uff southeast of Ishpeming (Pis. XXV and XXVI). In

the exposures, and particularly in the open pits and waste-dump material

of the mine, may be seen all stages of the processes of replacement of the

siliceous bands of the ferruginous chert and jasper by iron ore.

At Negaunee a section from the Jackson mine to the southeast (Atlas

Sheets XXVIII and XXXI) gives the fullest known succession from the

jasper above to the comparatively little altered griinerite-siderite-slate below.

At the Jackson open pits exposures of the Negaunee formation is beautiful

typical banded jaspilite (Pis. XXIV and XXVII, fig. 1). To the south the

red cj^uartz is somewhat suddenly replaced by the white c^uartz, and in place

of the jasper Ave have the ferruginous chert (Pis. XXI and XXII). This

jasper and ferruginous chert, while having a general northward dip, shows

minor cremilations, faulting, and brecciation, becoming not infreciuently a

genuine reibungsbreccia. As the ridge of greenstone is neared in the

southeast part of sec. 1, the rocks of the iron formation change gradually

from the typical ])roken ferruginous chert to a somewhat regularl}- lami-

nated ferruginous slate, in which a large part of the oxide of iron is limonite.

The change frouT this ferruginous slate to the ore is very beautifully shown

at the Grand Rapids mine. To the south of the greenstone ridge there at

once appears the sideritic gTiinerite- magnetite slate. While the section

is not complete, no one can study this locality without becoming con-

vinced that the eveidy banded sideritic slate (PI. XVII, fig. 1) to the south

is the rock from which the regularly laminated ferruginous slates and

griineritic slates have developed, and that from these the ferruginous chert,

jasper, and ore bodies have been formed by combined dynamic action,

metasomatic change, and infiltration. In thin section the rocks of the

Ishpeming and Negaunee area include all phases of the ferruginous cherts

and jaspers found in the eastern part of the district. To describe them

would be but to repeat the general description of these rocks.

Area southeast of Ishpeming.—In the broad area south of Negaunee and east

of Ishpeming (Atlas Sheets XXVIII, XXIX, XXXI, and XXXII), very

largely composed of greenstone, there are everywhere found, in the

valleys between the greenstones, exposures of sideritic slates, sideritic
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griinerite - mag-iietite - slates, gTiinerite - inag-netite - schists, ferrugimms slate,

and occasionally ferruginous chert. The widespread distribution of the

griineritic and magnetitic phases of the formation, in connection with these

greenstones, at once suggests that the intrusive rocks are the cause of the

development of these varieties of the Negaunee formation from tlu; sideriric

slates, rather than the ferruginous cherts and jaspers. How this alteration

occun-ed has already been explained in the general description of the

griinerite-magnetite-schists (pp. 35!;)-36I, 3()S-36;)). Tlie presence of much

residual siderite in this area is doubtless partly explained, at least, by the

protective influence of the greenstones, and ])ossibh' also by the relatively

imjjervious character of the secondary griinerite-magnetite-schist as com-

pared with the broken ferruginous cherts and jaspers.

In thin section all the varieties of rocks described under the general

description (pp. 358-375) as cherty siderites, magnetitic, griineritic, and

sideritic slates, magnetitic and griineritic schists, and ferruginous slates, are

found, with all of their transition varieties. To give a description here

would be substantially to repeat that alreadv given, and a few onlv of the

peculiar features will be mentioned.

It is in this area that the very finely crystalline and apparently partly

amorphous forms of silica are found. In some cases the siliceous back-

ground seems to be almost nonpolarizing-. In a more advanced stage of

alteration, minute opaline ilniplets or granules, averaging perhaps 0.01 mm.
in diameter, and surrounded by films of iron oxide, constitute the back-

ground. These di'oplets or granules are rather characteristic of tlie early

stages of the rearrangement of the silica. The silica is, however, ordinarily

completely individualized, and occurs either in granules similar to the drop-

lets or in ordinary chert, the grains averaging in some sections as much as

0.03 mm. in diameter. The hematite in the ferruginous slates, even where

the siderite has wholly disappeared, has a decided tendency to occur in

rhombohedra. At the lower horizons of the formation, where fragmental

material begins to appear, certain peculiar varieties are found. In some

cases there are seen large feldspathic areas, which appear to be partly altered

into or replaced by the magnetite, grihierite, and quartz. Small, distinctly

fragmental grains of quartz are plentiful. Not infrequently the quartz
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grains have their greatest diameters in the same direction and have a

connnon extinction. In some shdes these parallel-arranged individuals cut

almost at right angles across the belts of magnetite and actinolite. These

facts suggest that the quartz is a secondary material, which has arranged

itself as demanded by the differential pressure. In other slides the quartz

has a peculiar irregular extinction, which reminds one of half-individualized

material. It appears unlike truly cherty or chalcedonic quartz, and yet is

unlike granulated, coarse-grained quartz. Where these peculiar varieties of

quartz occur the iron oxide is very largely magnetite, mostly in the form

of small crystals. In many slides the amphibole is decidedly i)leochroic,

and in some of them it gives beautiful blue and violet colors. The parti-

cles are so small that they could not be isolated, but it is thought that this

amphibole developed at the lower horizons because in the mingled nouclastic

and clastic material a wide variety of chemical elements were available. In

passing- from this area toward the Ishpeming and Negaunee area the quartz

shows more and more of I'earrangement and becomes more coarsely crys-

talline, grading into the irregularly laminated varieties which have been

denominated ferruginous chert.

Cascade range.—Passiug uow to tlic cast cud of tlic soutliem belt, at the

Cascade range, in sees. 28, 29, 30, 31, 32, and 33, T. 47 N., R. 26 W. (Atlas

Sheet XXXII), we find the most extensive exposures of ferruginous chert

and jaspilite in the district. Also there are here complete sections from

the Ajibik quartzite below to the Goodi'ich quartzite above. Where the for-

mation has considerable width, as in sec. 28, the lower horizons of the

formation are the typical ferruginous chert, but as the Goodrich quartzite is

appn)ached the rock, as usual, becomes typical jasper. In the W. ^ sees. 29

and 32, and in sees. 30 and 31, where there is only a comparatively narrow

belt of the Negaunee formation between the Ajibik quartzite and the Good-

rich quartzite, the whole of the formation is typical banded jasper. It is

this locality which strongly suggests that the position of the iron-formation

rocks with reference to the overlying Goodrich quartzite, rather than the

particular horizon of the formation, determines whether the rock is mainly

ferruginous chert or jaspilite; for in sees. 28 and 33 the same horizon is fer-

ruginous chert which a mile or two to the west is typical banded jasper.
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lu the great exposures in sees. 2t), 30, 31, and 32, the t( tiding-, hreeciation,

and minor faulting of the formation are particularly well shown. At many

places between the Piatt mine and Cascade Brook are seen the transition

phases between the Negaunee jasper and the Ajibik qnartzite.

In thin section the ferruginous chert and jasper of the Cascade area are

in no respect ditferent from those of the Ishpeming-Negaunee area except

that in the lower horizons fragmental quartz appears in the slides as dissemi-

nated grains and in minute laA'ers.

Fostcr-Lowthian area.— Passiug to tlie west, there are again great exposures

of the ferruginous chert in sees. 21, 22, 23, 26, and 27, T. 47 N., R. 27 W.

(Atlas Sheets XXVI and XXIX). In the northeast part of sec. 20 is a

bluff consisting of massive greenstone, greenstone-schist, and greenstone-

conglomerate. On the south side of this knob the greenstone-schist and

griinerite-magnetite-slates appear to be interbanded, the layers varying

from a few inches to several feet across. There are also several exposures

of griinerite-magnetite-schist on top of the bluff. Whether the greenstone

is an intrusive Avliieh has caught fragments of the Negaunee formation, or

whether it was a contemporaneous volcanic, was not positively determined,

but the latter is perhaps the more probable. The occmTenees here again

strongly suggest that the igneous rock is the cause of the development of

the griineritic and magnetitic kinds of the Negaunee formation. Just to the

north of the greenstone, at the open pits of the Lowthian mine, ai'e typical

exposures of ferruginous chert.

Saginaw-Goodrich area.—In tlie ueighborliood of the Saginaw and Goodrich

mines, in sec. 1!), T. 47 N., R. 27 W. (Atlas Sheet XXVI), are again nearly

continuous exposures from the Ajibik quartzite below to tlie Croodricli

quartzite above. This locality, however, differs from the Cascade range

in that the southern exposures of the Negaunee formation are the typical

griineritic and magnetitic slates. These are, however, cut through by

greenstones, which again suggests that the griineritic and magnetitic char-

acter is due to intrusive rocks. At the bottom of the formation are found

ferruginous quartzites, which stand as a transition horizon between the

Ajibik quartzite and the Negaunee formation. For the most part the

griinerite-magnetite-slates have a somewhat uniform strike and dip, but in
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places they are folded into a series of minor isoeliual folds, the axes of which

pitch to the north with about the general dip of the formation. In horizontal

])lan the beds of one of the folds are shown by fig. 23. On the north slope of

the ridge of the grunerite-maguetite-schists this material grades rapidly into

the ferruginous chert. A number of subordinate folds are observable at the

oj)en pits of the Saginaw mine. These have superimposed isoclinal folds of

the third order. As a result of the many nuuor foldings and crinklings,

the rocks are nmch broken. The strata of these minor folds were truncated

hv the inter- Marquette erosion, and consequently the Goodrich quartzite

cuts across the bedding of the Negaunee formation at various angles. For

instance, at the old Goodrich mine, at one place the strike of the jas])er is

almost parallel to that of the overlying Goodrich quartzite, but a little dis-

tance to the east abuts perpendicularly against it (figs. 20 and 21, p. 335).

Fio. 23 Hoiiziuitul pliin of one of the minor pitchh

irriinerite-ina^netite-scliist.

Escanaba River area. WcSt of tllC Fitcll Uliue, SeC. 24, T. 47 X., R. 28 W.,

there are no exposures of the iron-bearing formation for more tlian 4 miles.

However, in sec. 20, just north of the Escanaba River, and in sec. 21,T.47 N.,

R. 28 W. (Atlas Sheet XX), are exposures of griinei-ite- magnetite -schist,

which grade V)elow into a novaculitic rock or into a biotite-slate. These

are apjtarentlv transition varieties between the Negaunee formation and the

Ajibik quartzite. These biotite-slates are very similar to the transition rocks

between the Negaunee forinatiou and the Siamo slate at ^Michigamme.

In thin section the griinerite-magnetite-schists are in all respects

similar to the far more extensive exposures of Mount Humboldt, described

innnediatelv lielow. The biotite-.slates are identical witli those near the top

of the Siamo formation at Michigannne, even in the matter of the develop-

ment of a certain amount of hornblende and garnet. The uovaculite,

which occurs at one place, has a fine-grained quartzose background, and

between the particles are innumerable minute flakes of sericite. Coarser
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bands between the finei'-gniined ones distinctly sliow the clastic character

of the quartz grains.

Humboldt area.—Wcst of scc. 20 tlicrc are no exposures foi' a mile or more,

but in sec. 18 appears the southeastern end of the Mount Humljoldt ridge

(Atlas Sheets XVI and XIX). This is of minor iin])ortance in sec. 18, but

in sees. 11 and 12, T. 47 N., R. 21) W., soutli nt' lluiiiboldt, becomes an

important bluff, with steep-faced sides and an uneven top. Everywhere

lapon the ridge are large and luimerous exposures of the Negaunee forma-

tion. P^xcept upon the north and west l)orders, tlic i-ocks of tlie Negaunee

formation are all dense, fine-grained, but distinctly banded griinerite-

magnetite-schists. The strike generally con-esponds with the trend of the

formation. In the ledges in sec 18, southeast of the road, tlie scliistosity is

nearly east and west, while the true bedding, as shown liy the minor folds,

is southeast and northwest. The axes of these minor folds ])lunge to the

southeast. On the north and west faces of the bluff the strikes x-cwv with its

form, being parallel to its face—that is, in })assing from the north face of the

bluff toward the west the strikes gradually change to the southwest, then

to the south, and in the southwestern ])art even to the southeast. The dips

are ver}" generally to the north or northeast, but in the southwestern ])art

of the area there are, for shoi't distances, reverse or southern dij)s. Between

the ledges having a north and those having a south dip there is a little

valley, which is thei-efore on the crown of the anticline. This strongly

suggests for this part of the area a quaquaversal or dome structure, although

it is thought that the anticline spoken of is of a second order, being a sub-

ordinate bend in the general northward-dipping beds. The secondary fold

shows superimposed folds of the third order, and these again those of the

foiu'th order, and so on, until microscopic plications are reached. Where

the change of strike is the most rapid—that is, at the northwest and south-

west corners of the bluff—the plications are closest, and in some places the

rocks are brecciated. Throughout the central part of the bluff the expo-

sures of greenstone are almost as abundant and numerous as those of the

griinerite-magnetite-schist (PI. XXXIII). The very considerable width of

the belt of griinerite-magnetite-schist in sees. 11 and 12, as compared with its

breadth to the southeast, may be in part due to the large amount of intrusive

MON XXVIII 25
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greenstone, the formation having been spread out, as it were, by the entering

material. As seen in cross-section, the greenstone occurs in dome-like forms

under the schists, or as masses cutting across or between the layers. In

some cases the dip of the schists is comparatively little affected by the intru-

sive greenstone (fig. 17, p. 330), but in other cases the schist to some extent

mantles over the greenstone, although the schistosity is cut across on one

Fio. 24.—Section ahowiiij; relations of griinerito-magnetite-scUiat and intrusive iliorite

(111 Mount Humboldt.

side, and the dips remain prevailingly to the north (fig. 24). As seen in

plan, the greenstone often appears as oval areas sun-ounded by the schists,

the latter curving about the intrusive areas, as if bent by it (fig. 25).

The griineritic and magnetitic rocks of Mount Humboldt rest upon the

Ajibik quartzite below, and are overlain upon the north and west slopes of

the bluff hj a thin belt of jaspilite, connecting the row of mining pits which

Fig. 25.

—

Plat sliowiag relations between griinerite-magnetite-schist and intrusive

diorite on Mount Humboldt.

extend from the old Humboldt to the Barron mine. This jaspilite is in

most respects like that at IMichigamme, different places showing beautifully

the white and red siliceous bands and varieties intermediate between the

two. However, at Mount Humboldt the jasper is extremely plicated, often

brecciated, and the ferruginous bands are most brilliant, coarse-grained.
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micaceous lieinatite. As is usual, the crevices fonneil bv the folding, both

jjarallel and transverse to the lamination, are healed by crystalline mao--

uetite. No transition varieties between the jasper and the g-riineritic rocks

were here seen. The annular area where such rocks would occur, if they

exist, shows no exjjosures.

At the south end of the Barron mine, at the southwest end of the bluff,

it is said that a diamond-drill passed at once from the jasper to the granite.

If this be true, the Ajibik quartzite is here very thin, and it is not impossible

that the whole of the Lower ^Marquette series for some distance west of

Mount Humboldt was cut out by the inter-Marquette erosion.

Under the microscope the griineritic rocks on Mount Humboldt for the

most part prove to be but slightly (juartzitic, being composed almost wholly

of griinerite and iron oxides. Many of the slides consist of a nearly solid

mass of griinerite, in which is contained comparatively little iron oxide.

While the blades to some extent are in various dii'ectious, there is a distinct

tendency for the longer axes to have a parallel arrangement. These grii-

nerite rocks grade into those in which the magnetite and hematite are--

plentiful. Of the iron oxides, magnetite is predominant, and the hematite-

seems to be, in pai-t at least, an oxidation product of the magnetite. Much

of the magnetite is in crystals or clusters of crystals. Where the iron

oxides are abundant they are usually more or less concentrated into bauds.

Sometimes the parallel blades of griinerite, following the schistosity, are

diagonal or perpendicular to the bands of iron oxide. Not infrequently the

magnetite-griinerite-rocks are garnetiferous. The garnets include a large^.

amount of griinerite in the griinerite-rocks, and of magnetite and griinerite^

in the magnetite-griinerite-rocks. The griinerite needles may be seen pen-

etrating the garnets in all directions. The garnets appear to have been the-

latest development and to have included or absorbed the jireviously existing

minerals. These garnetiferous varieties are particularly abundant adjacent

to the greenstone masses and at low horizons. In some cases between an

intrusive greenstone and a griinerite-magnetite-rock there is an almost solid'

layer of garnet. In a number of cases associated with the griinerite is a

pleochroic green hornblende. This green hornblende occurs as inde^jend-

ent blades and as parts of blades. In the latter case a blade of amphibole
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consists ill part of griiuerite and in part of yreen lioniblende. The cle3v-

age rnns from one to the other, showing- that both are parts of the same

crystal indi^^dual. The two are discriminated by the color and pleochro-

isni of the green hornblende, and Ijy a slight difference in the extinction.

The gTiinerite-rocks and the grunerite-magnetite-rocks are associated with

a small quantity of grunerite-magnetite-schist. In the passage to the latter

rock the quartz first appears as small oval areas, and tinally as distinct

bands. The quartz grains are jienetrated through and through by the

griiuerite blades. They include numerous crystals of magnetite, and,

except garnet, therefore appear to be the last mineral to develop. At the

bottom of the formation in the southeastern part of the area mica and

quai-tz appear, and the griinerite-magnetite-schists grade into ferruginous

mica-slates belonging to the upper part of the Ajibik quartzite, or more

jjroliably the equivalent in age of the Siamo slate. These transition

varieties are frequently garnetiferous.

In thin section the jaspilites of Mount Humboldt are similar to those

of Michigamme. A small amount of pleochroic amphibole is present, as

at tliat locality, and in one case this has partly altered to chlorite. The

slides show remarkably well the ditference between the original sheared

hematite and the secondary magnetite. The former, in reflected light,

mav be seen in a series of extremely close microscopic folds, the laminae

of which are often broken at the' more acute bends. The crystals of mag-

netite take a nearly perfect polish and give brilliant reflections. These

are found to be largely concentrated at the places of fracturing and at

the turns of the folds. As is well known, these are places where spaces

are natm-ally formed by the folding process. So in;irked is the difference

between the reflecting power of the original sheared hematite and the

mag-netite that the two may be discriminated with the naked eye in section

or on the polished surface. The slides of the mashed breccias, looked at

with the naked eye, very closely resemble the mashed conglomerates of

the overlying Ishpeming formation. The broken fragments of jasper are

flattened in a common direction, the diffei'ent areas overlap, and the rock

ha-5 a very strongly conglomeratic appearance. However, when examined

under the microscope, the fragmental quartz, almost invarialily present in

.the true Ishpeming conglomerates, is entirely absent.
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Champion area.—Passiiig wesst tVoiii Mouiit Humboldt, We find no expo-

sures of the Negaimee formation tui- alxnit 3 nnles. Adjacent to and south-

east of Champion (AtLas Sheets XII and XIII) there aj^ain ap[)ear numerous

exposures of g-riinerite-magnetite-scliist, constituting- a high ridge running-

northwest and southeast. The rocks are very dense and refractor\-, retain-

ing- their gdacial forms ahnost perfectly. Tliey consist of altcrnjitc hands

which vary in the amount of contained quartz. The strongly g-riineritic

bands are ligjht-g-reen; those with little g-riinerite are dull-white. While

the rocks have a strike corresponding- in a g-eneral way with that of the

formation, they are influenced by the great masses of intrusive green-

stone. This is well shown by the exposures of g-rihierite-schist in the

SE. \. sec. 31, where the strike curves about the intrusive mass of green-

stone. West of this intrusive is another, of less magnitude, and ac-ain

the griinerite-schists have a strike parallel to it. North of the griineritic

rocks, constituting- the foot-wall of some of the mining- jjits, is ma<'-netitic

chert similar to that of the ^lichigamme mine. The quartz ])ands are

of the white variety; the ferruginous bands are largely crystallize<l mao--

netite. In thin section the griineritic rocks of Champion are ver^• similar to

those of Mount Humboldt. They are, perhaps, somewhat coarser grained,

and quartz is rather more abundant. The slides of the magnetitic ja.spilite

are iu all respects similar to those of the foot-walls of the Michigamme

and Spurr mines. The quartz is rarely coarsely crystalline. Each giaiu

includes crystals of magnetite. Also the magnetite is iu nearly solid l)ands

between the siliceous layers. The crystals of magnetite at the borders of

the bands project into the quartz. The amphibole is all of the pleoclu-oic

variety, giving blue, green, and yellow colors.

Republic area.—TliB remaining important exposures of the district are

those adjacent to the town of Republic (Atlas Sheet XI). These are

subsequently described in a separate chapter devoted to the Republic trough,

but it will here be remarked that the lower part of the Negaunee formation

is griinerite-raagnetite-schist, while the upper part is typical coarse jasper.

The lower part of the formation is much intruded by greenstones, which

seem to follow the bedding of the rock in a general way for short distances,

the same as at Humboldt, although the beds are also crossed. It is to be
noticed, however, that, as in previous cases where the greenstones appear,.
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the Negaunee rock is tlie grurierlte-magnetite-sehist. There are transition

varieties between the griiuerite rocks and the jaspihte. In certain of these

the layers of griinerite-schist have outer zones or borders of jasper, sug-

gesting that the latter developed from the same original rock under conditions

more favorable for oxidation. There are at Republic excellent transition

phases and interlaminated beds between the griinerite-magnetite-schist and

the Ajibik qiiartzite. These have already been described in connection with

that quartzite. (See pp. 292-294.) Between the griinerite-magnetite-schist

and the reil jasper, which occupies the upper horizon of the formation, there

is a rock tlie siliceous bands of which are Avliite and similar to those which

occur at the topmost horizon at Michigamme and Spurr. In a phase inter-

mediate between this rock and the jaspilite the white bands <:)r oval areas

of quartz have a jasper border (fig. 22, p. 362). The relations are here,

therefore, just the reverse of those at Michigamme, in the latter place the

red jasper being below the rock with white bands, while at Republic the

jasper is above.

In thin section the jaspilites and griinerite-magnetite-schists are in

nearly every respect similar to those of Michigamme and Spurr, lint a

concretionary arrangement of the quartz is less common. While the

griinerite generally has the usual radiating arrangement, in one case it

has a parallel one, resembling that of muscovite in a perfectly lami-

nated mica-schist. At low horizons beautiful intergrowths of griinerite

and green hornblende are found. In one case the amphibole of alternate

bands consists predominantly of griinerite and of hornblende, but in some

bands intergi-owths of the two occur. As usual, garnet is plentiful,

especially adjacent to the intrusive greenstones and at low horizons.

At the transiti(iu liorizons to the Ajibik quartzite muscovite and chlorite

also appear.

Magnetic mine area.—In the soutliwcst tougue, at tlic Maguctic mine, and at

various places to the south (Atlas Sheet VII), the Negaunee formation

consists of a coarsely banded griinerite-magnetite-schist. The amphiljole,

vmlike that of the major part of the formation, has a decided green color.

The quartz of the siliceous bauds is also more coarsely crystallized than

anywhere else in the formation. The magnetite occurs to a great extent in
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crystals large enough to be distiiii't tu the naked eye. Many hands are

composed almost wholly of griinerite and magnetite, and these are inter-

laminated with those in which the quartz is eqi;ally abundant W'ith the other

minerals, or becomes predominant, serving as a matrix for them.

In thin section these griinerite -magnetite -schists are seen to repre-

sent the extreme phase of metamorphism of the rocks of the Negaunee

formation. The quartz is more coarsely crystallized than in anv of the

previously described rocks, the grains averaging from 0.2 to 0.4 nun. in

diameter, and in one of the coarser varieties averaging about 1 mm. The

amphibole is of two kinds, the ordinary white, slightly pleoehroic griiner-

ite, and a green amphibole. The griinerite occurs in the ordinarv blades

and crystals, but in some cases has a very uniformly parallel arrangement

of its fibers, which is rather unusual, the ordinary varieties in other parts

of the Marquette district having a radiating, sheaf- like arrangement.

This may indicate that dynamic metamorphism was more severe in the

area of the Magnetic mine than elsewhere. The colored amphibole has a

tendency to occur in idiomorphic crystals. It gives beautiful pleochroism:

C is light pea-green, b is dark greenish-yellow, a is light transparent yellow.

The absorption formula is b > C > 3- In one case the angle C;C was

found to be 16°. In the same slides different bands are composed pre-

dominantly of each of the varieties of amphibole, but also in these and in

other slides there are beautiful and complicated intergrowths of the two, as

at Michigamme. In some cases the green variety constitutes the outer

bands of the crystals ; in other cases the reverse is true. In some instances

nuclei of the colored amphibole are entirely surrounded by the fibrous

griinerite, as though it were an added growth, and in other instances the

ojjposite occvirs. The magnetite in its occurrence is the same as in the

previously described griinerite-magnetite-schists. In the gradation phases to

the Ajibik quartzite, biotite, chlorite, and garnet are abundantly associated

with the green amphibole.

th:e iron-ore deposits.

THE ORE HORIZONS.

The ore deposits may be divided, according to position, into three

classes, (1) those at the bottom of the iron-bearing formation, (2) those
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within the iron-bearing formation, and (3) those at the top of the iron-

bearing- formation. (PL XXVIII, fig. 1.) By the last is meant the horizon

immediately behiw the next overlying formation, the Goodrich quartzite.

The ore deposits of the second ciass frequently reach the surface, but are

not at the uppermost horizon of the formation. The first two classes

of ores are generally soft, and the adjacent rock is ferruginous chert or

"soft-ore jasper" (Pis. XX-XXII), while those at the top of the iron-

bearing formations are hard specular ores or magnetite, and the adjacent

rock is jaspilite, also called "specular jasper" and "hard-ore jasper"

(Pis. XXIII-XXVII). This last class of deposit frequently runs up, past

the unconformity, into the Upper Marquette Goodrich quartzite, and some-

times some of these ore bodies are almost wholly in this position. Strati-

graphically the consideration of these deposits ought to be deferred until the

Goodrich quartzite is treated, but they are so closely connected genetically

and in position with the Lower Marquette ore deposits that they are here

treated.

While the larger number of ore bodies can be referred to one or another

of these three classes, it not infrequently happens that the same ore deposit

belongs partly in one and partly in another. To illustrate: The inter-

Mar(][uette erosion may have cut so nearly through the iron formation

that an ore deposit may extend from the bottom of the formation to the

top. However, in these cases the ore bodies are usually hard, and, upon

the whole, are more closely allied to the third class than to the first. In

miany places, also, the upper part of an ore deposit may be at the topmost

horizon of the iron-liearing formation, and be a specular ore, while the

lower part is wholly within the iron-bearing fonnation and is soft ore. In

some places there is a gradation between the two phases of such a deposit,

but in more instances the two bodies are separated by a dike, now changed

to soapstone or paint-rock.

(1) The ore deposits at the bottom horizon (PL XXIX, figs. 3 and 4)

c^n occur only where the lowest horizon of the formation is present; that

is, they are confined to that part of the formation resting upon the Siamo

slate or the Ajibik quartzite. Hence they are found along the outer

borders of the formation, and do not occur in the broad Ishj^eming-Negaunee
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Plate XXVIII.—THE ORE DEPOSITS.

Fig. 1. Generalized section allowing relation.s of all classes of ore deposits to associated formations.

On the right is soft ore resting in a V-shaped trough hetween the Siamo slate and a dike of

soapstone. In the lower central part of the figure the more common relations of soft ore

to vertical and inclined dikes cutting the jasper are shown. The ore may rest upon an

inclined dike, between two inclined dikes and upon the upper of the two, or be on both

sides of a nearly vertical dike. In the upper central part of the iigure are seen the relations

of the hard ore to the Negaiinee formation and the Goodrich quartzite. At the left is soft

ore resting in a trough of soapstone which grades downward into greenstone.

Fig. 2. Sharply plicated jasper (black belts) and ore (white areas), showing shattering of the jasper

and concentration of the ore. The ore is proportionally greater where the folding has been

sharpest. Drawn from photograph from, southeast corner of Republic horseshoe.

Fig. 3. Horizontal section of chimney of ore on east side of Republic horseshoe. The left side of the

ore is bounded by cross-joints. The right side is bounded in part by a sharp flexure passing

into a joint, and in part grades into the lean banded jasper and ore. Scale: 20':=1".

Figs. 4, 5, and 6. Three cross-sections of ore in trough of soapstone grading downward into green-

stone. In fig. 4 the ore deposit is solid. In fig. 5 a dike oftshoots and nearly separates this

ore body into two parts. In fig. 6 the two dikes divide the same ore body into three parts.

Scale: 200'= 1".

Fig. 7. Cross-section of National mine. On the left is soaiistone grading into greenstone. Above this

is hard ore, and overlying the hard ore are interstratified conglomerate, quartzite, and schist.

The ore is here plainly due to a replacement of the silica of the difterent sedimentary bands

by ore, although the original conglomerate was heavily ferruginous. Scale: 200 =1 .
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area. The best examples of these de})Osits are those occurring iit the Teal

Lake range anil east of Negaunee (Atlas Sheets XXVII and XXXI).

Here are situated the Cleveland Hematite, the Cambria, the Bufialo, the

Blue, and other mines. These ore deposits have as their foot-wall the

Siamo slate. A striking fact about these deposits is that all of those

mentioned, and all of those known, occur at places where the Siamo

slate is folded so as to form a trough. By reference to the maps (Atlas

Sheets IV and XXVII) it is seen that all the Teal Lake mines occupy a

place where the iron formation curves to the north and then swings back to

its original course, the ore deposits thus resting upon a southward-pitching

trough of the slate. Still more striking is the occurrence east of Negaunee.

Here the ore bodies occur at places where the slate is folded so as to

furnish sharply pitching synclinal troughs, which plunge to the west.

(PI. XXIX, figs. 3 and 4.) It is further found, by an examination of the

workings, that the iron-l^earing formation is often cut by a set of steep or

vertical dikes, and that the conjunction of these dikes with the foot-wall slate

forms sharp V-shaped troughs. This is particularly clear in the case of the

Cleveland Hematite mine, where, between a series of vertical dikes and the

Siamo slate, the ore bodies are found. By comparing this occurrence with

the ore deposits of the Penokee range, ^ it will be seen that they are almost

identical, in each case there being on one side of the formation an imper-

vious slate and quartzite, and upon the other an impervious dike, the two

vmiting to form a pitching trough.

(2) The typical area for the soft-ore bodies within the iron formation

is that of Ishpeming and Negaunee. Here belonging are such deposits as

the Cleveland Lake, the Lake Angeline, the Lake Superior Hematite, the

Salisbury, and many others. When these deposits are examined in detail

it is found that the large deposits always rest upon a pitching trough com-

posed wholly of a single mass of greenstone (PI. XXVIII, figs. 4-6), or on

a pitching trough one side of which is a mass of greenstone and the other

side of which is a dike joining the greenstone mass. The underlying rock is

called greenstone, although immediately in contact with the ore it is known

as paint-rock or soapstone by the miners.

'The Penokee iron-bearing series of Michigan and Wisconsin, by R. D. Irving and C. R. Van

Hise: Mon. U. S. Geol. Survey, Vol. XIX, 1892, pp. 268-294.
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However, a close examination of numeroiis localities shows that the

greenstone changes by minute gi-adations into the schistose soapstone, and

this into the paint-rock, and that therefoi-e these phases are merely parts of

the greenstone which have been profoundly altered by mashing and leaching

processes and which have been strongly impregnated by iron oxide. Many

of the thinner dikes are wholly changed to paint-rock or soapstone, or to

the two combined. The larger number of these troughs are found along the

western third of the Ishpeming-Negaunee area. By examining the maps

(Atlas Sheets IV, XXV, and XXVIII), the masses of greenstone may be

seen partly inclosing several westAvard-opening bays, which are occupied by

the iron formation. (See also PI. XIII.) Conspicuous among these are the

Ishpeming basin, the northern Lake Angeline basin, the southern Lake

Angeline basin, and the Salisbury basin. In each of these cases the green-

stone forms an amphitheater about the rocks of the iron-bearing fonnation.

Areas of iron formation open out to the west into the main area, and thus

the troughs have a westward pitch. In the case of Lake Angeline, an

east-and-west dike cuts across the basin south of the center, and this, com-

bined with the greenstone bluffs to the north and to the south, forms two

westward-pitching troughs. The northernmost of these has the greatest

ore deposits of the Marquette district, containing many millions of tons

of ore.

(3) The hard-ore bodies, mainly specular hematite, but in some

deposits including much magnetite, occur, as has been said, at the top

of the iron-bearing formation, immediately below the Goodiich quartzite

and within the lower horizons of the Goodrich quartzite. (Pis. XVI,

XXVIII, figs. 1, 3, and 7, and XXIX, fig. 2.) As typical examples of

mines of this class may be mentioned the Jackson mine, the Lake Superior

Specular, the Volunteer, the Michigamme, the Riverside, the Champion,

the Republic, and the Barnum. Also, as interesting deposits, giving the

history of the ore, may be mentioned the Kloman and the Goodrich. In

all of these deposits the associated rock of the iron formation is jaspilite or

griinerite-magnetite-schist, usually the former. These ore deposits, bridg-

ing two different geological series, can not be separated in description, for

frequently they weld together the Upper Marquette Goodrich quartzite



PLATE XXIX.



Plate XXIX.—THE ORE DEPOSITS.

Cross-section of Section 16 mine, Lake Superior Iron Company. On the right is a V-shaped

trough made by the junction of a greenstone mass and a dike. The hard ore is between

these and below the Goodrich quartzite. On the left the hard ore again rests on soapstone,

which is upon and iuterstratified with jasper, and is overlain by the Goodrich quartzite.

Scale: 200'=1".

Cross-section of the Barnuiu mine, showing hard ore resting either upon folded soapstone or

upon jasper, and overlain by soapstone. At the right of the figure is seen a layer of ore

between two soapstone dikes. Scale: 200'= 1 ".

Longitudinal section of the mines operated by the Buffalo Mining Company, showing the

soft ore resting upon an impervious foot-wall of Siamo slate and grading upward into jasper.

Scale: 200'= 1".

Cross-section of same, showing the slate folded into two troughs, which are shown by the

longitudinal section (fig. 3) to have a western pitch.
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formation and the Lower Marquette Negaunee formation. As in the cases

of (1) and (2), all of the large ore deposits belonging to this third class have

at their Ijases soapstone or paint-rock. (PI. XXIX, tig. 2, and PI. XXXIV,

fig. 1.) In those cases in whicli the soapstone is within the Negaunee

formation it is a modified diabase, or a greenstone mass in conjunction

with a dike or dikes. Where the ore deposits are largely or mainly in the

Goodrich (juartzite the basement rock may again he a greenstone, but also

it may be a layer of sedimentary slate belonging to the Goodrich quartzite.

These different classes of rocks are, however, not discriminated b}^ the

miners, Ijut are lumped together as soapstone or jjaint-rock. Also, as in

the cases of (1) and (2), wherever the deposits are of any considerable

size the basement rock is folded into the form of a pitching trough, or else,

by a union of a mass of greenstone with a dike, or by a union of either

one of these with a sedimentary slate, an impervious pitching trough is

formed. Perhaps the most conspicuous example of this is at the Repvxblic

mine (PI. XXXIV), but it is scarcely less evident in the other large deposits.

However, a few small deposits—chimneys and shoots—of ore occur at the

contact of the Negaunee and Islipemiug formations (PI. XXVIII, fig. 3),

where no soapstone has been found. As examples of ore deposits which are

largely or wholly Avithin the Upper Marquette may be mentioned the Volun-

teer, JMichigamme, Champion, and Riverside. These are partly recomposed

ores, and differ in appearance from the specular hematite or magnetite of the

Lower Marcjuette in having a peculiar gray color and in containing small

fragmental particles of quartz and complex fragmental pieces of jasper, and

frequently also sericite and chlorite are discovei'ed with the microscope.

In any of these classes the deposits may be cut into a number of

bodies by a combination of greenstone dikes or masses. A deposit which in

one part of the mine is continuous, in another part of the mine, hj a grad-

ually j)rojecting mass of greenstone which passes into a dike, may be cut

into two deposits, and each of these may be again dissevered, so that the

deposit may be cut up into a nundier of ore bodies separated by soapstone or

paint-rock. (PI. XXVIII, figs. 4-6.) In some cases the ore deposits have a

somewhat regular form from level to level, but the shape of the deposit at

the next lower level can never be certainly predicted from that of the level

above. Horses of "jasper" may appear along the dikes or within an ore
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body at almost au}' place. The ore bodies grade above and at the sides

into the jasper in a variable manner. As a result of the combination of

these imcertain factors, most of tlie ore bodies liave extraordinarily in-eg-

idar and cmious forms when examined in detail, although in general shape

they conform to the above descriptions.

While these different classes of ore bodies have the distinctive features

indicated above, they have important features in common. They are con-

fined to the iron-bearing formation. They occur upon impervious basements

in pitching troughs. The im]jervious basement may be a sedimentary or

igneous rock, or a combination of the two. Where the ore deposits are of con-

siderable size the plication and brecciation of the chert and jasper are usual

phenomena. (Pis. XX-XXIII and XXV-XXVII.) Frequently this shat-

tering was concomitant with the folding into troughs or with the intrusion of

the igneous rocks. When the passage of the ore bodies into the chert or

jasper is examined in detail, it is found that a siliceous band, if followed

toward the oi'e, instead of remaining solid, becomes porous and frequently

contains considerable cavities. These places in the transition zone are lined

with ore. In passing toward the ore deposit more and more of the silica is

found to have been removed, and the ore has replaced it to a coiTesponding

degree. (PI. XXIII, fig. 1.) An examination at many localities shows this

transition from the banded ore and jasper to take place as a consequence of

the removal of the silica and the substitution of iron oxide. In such instances

the fine-grained part of the ore is often that of the original rock, while

the coarser crystalline material is a secondary infiltration. (Pis. XXIII

and XXVI.) It is not infrequently the case, however, that the ore deposits

aljruptly tenmnate along a joint crack or fracture. (PI. XXVIII, fig. 3.)

ORIGIN OF THE ORES.

Tlie facts given in the foregoing pages in reference to the iron-bearing

formation and its origin, combined with the peculiar occurrence of the ores,

indicate with certainty the main features of the origin of the ore deposits.

While the ore deposits of the Lower Marquette series have a greater

variety of form and relations than those of the Penokee district,^ it is evident

' The Penokee iron-bearing series of Michigan and Wiaconsin, by R. D. Irving and C. E. Van

Hise: Mon. U. S. Geol. .Survey. Vol. XIX, 1892. pp. 280-290.
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that the couditious governing their formation are mucli tlie same. In both

districts the material immediately underlying the ore is relatively impervi-

ous to water. In the cases of the deposits resting upon soaprock this lack

of porosity is nearly complete. Most of the ore bodies are in troughs in

both districts; the ore bodies in both, in longitudinal section, have a pitch;

in both the many phases of material found in the iron bearing formation are

nearly the same; and in both is found plentiful residual iron carbonate.

It is therefore thought that the explanation of the origin of the ores in the

Penokee district is applicable, with a few modifications, to those of the

Marquette district, although the larger number of the deposits of the latter

belong to an older series.

The forms, attitudes, and relations of the ore deposits render it e^-ident

that they are not eruptives. (Pis. XXVIII and XXIX.) No eruptive

would be found in such strange shapes and relations. It is equally certain

that these irregular masses of ore are not altogether fonned by direct

sedimentation, althougli a considerable part of the iron oxide in an ore body

may be an oxidation ))roduct in place of a sedimentary iron carbonate.

All these facts bear toward the conclusion that the ore was secondarily

enriched by the action of downward-percolating water, since the ore deposits

occur at places where percolating waters are sure to have been concentrated

The soaprock accommodated itself to folding without fracture, and, while

probably allowing more or less water to pass through, acted as a practically

impervious stratum along which water was deflected when it came in con-

tact with it. It is a common opinion among miners that a few inches of

soaprock is more effective in keeping out water than many feet of the iron-

bearing formation. On the other hand, the brittle, siliceous ore-bearing

formation was fractured by the folding to which it was subjected, so that

where this process was extreme water passes through it like a sieve. That

the tilted bodies of greenstone or soaprock, especiallv when in pitching

synclines or forming- pitching troughs by the union of dikes and masses of

greenstone, must have converged downward-flowing waters is self-e\ddent.

It is also clear that the weak contact plane lietween the Goodrich quartzite

and the Negaunee formation was one of accommodation and shattering

MON XXVIII 26
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Therefore the plane of unconformity bet\yeeu the Upper Marquette and

Lower Marquette series must have been a great horizon for downward-

flowing waters.

It has been seen that the whole of the iron-bearing formation was

pi'obably originally a lean, cherty carbonate of iron, with perhaps some

calcium and magnesium, and that from this rock the ferruginous cherts and

jaspers developed. If we now go no further back than the feiTuginous

cherts and jaspers, in order to produce the ore two things must have

occiu'red: first, the further concentration of iron oxide in the places

where the ore bodies are found; and second, the removal of silica from

these places.

The final concentration of the ores occurring at the contact of the

Upper Marquette and Lower Marquette series must have taken place later

than Upper Marquette time. This is indicated by the fact that the uncon-

formable formations are welded together by the iron ore at many places.

The relations of the ore bodies within the ore formation to the greenstone

masses and dikes give evidence that the concentration of this ore occurred

subsequently to the intrusion of these rocks. It is certain that some of these

igneous rocks were intruded during or later than Upper JMarquette time,

since they cut across the Goodi'ich quartzite. Others of them appear to

have yielded fragments to the Upper Marquette series, and therefore ante-

date these rocks. Finally, if the ore bodies were concentrated before the

Upper Marquette folding and erosion their invariable positions above

the impervious formations would be inexplicable. The folding would

perhaps have left them as often below as above these formations. Taking

all the facts together, it is highly probable that the final concentration

of all the ores occurred during- and later than the folding and erosion subse-

quent to Upper Marquette time.

Surface waters bearing oxygen, passing downward through the Upper

Marquette series or tlie iron-bearing formation of the Lower Marquette

series, would decompose the iron carbonates with which they came in con-

tact and thus become carbonated. These carbonated waters would then

be capable of taking other iron carbonates into solution. What })roportion

of the oriffiual iron carbonate still remained in the ore-bearingf formation
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at the beginning of the concentnitiou of tlie ore deposits is uncertain,

but since it is still found in places sheltered from i)ercolating waters, such

as the deeper horizons of the iron formation, adjacent to and probably-

protected by greenstone masses, it is probable that the quantity was very

considerable. The oxides or carbonates of iron may also have been taken

into solution through the agency of organic acids. The downward-

moving waters passed along and through the beds of the iron-bearing

formation until they came in contact with an impervious substance. Here

were also converged oxygen-bearing waters more directly from the

surface. The union of these two currents precipitated the iron oxide.

The abundant waters traversing these ore-bearing localities slowly dis-

solved the silica, its place being taken by the ore. That this interchange

actually did occur is known of the localities in wliich a detailed exami-

nation has been made, as, for instance, at Republic. It is probable that

in the ore deposits associated with the soaprocks the removal of silica

was due in part to them. Originally diabases, they must have contained

alkalis. The alkaline waters produced by their alteration thus furnished

a menstruum capable of taking the silica into solution. This desilicificatiou

of the iron-bearing formation by alkaline waters was many years ago

suggested by Brooks^ for a part of the Marqviette district. Romiuger- not

only made the same suggestion in reference to the Jackson mine, but

further held that the siliceous matter removed was replaced by oxide of

iron carried by water solutions.

The percolating waters which carried material along the readiest paths

to form the ore bodies, and which removed the silica, also helped to jas-

perize the upper part of the Negaunee formation, although this may have

been 2:)artly done before Upper Marquette time. Whatever the time at

which the work was done, the process seems to have been as follows : The

quartz grains of the ferniginous chert were separated by mashing. The

upper part of the ore formation was more extensively traversed by solutions

than the deeper-lying portions. It naturally followed that the ferruginous

material was in part deposited about and through the minute particles of

' Geol. of Michigan, Vol. I, p. 134. ^Ibid., Vol. IV, p. 75.
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quartz, reddening them and changing the material from white chert to red

jaspei-. In some places this jasperization extended deeper than in others,

and, as already said, at other places it alDruptly stopped at an impervious

mass of soaprock.

One or two questions remain to be considered: first, why the ore is

so frequently hard and specular along the contact horizon or in the jasper

and is usually soft within the ferruginous chert; second, why the magnet-

ites, when present, occur at tlie contact horizon.

An examination of the jasper associated with the hard ores shows tnat

crystallized hematite and magnetite occur in many cavities formed by the

removal of silica. In such geodal cavities these materials were deposited

in a granular crystalline condition. In the continuation of the process the

silica was wholly removed and its place taken by the crystalline hematite

and magnetite. The adjacent jasper also shows numerous cracks and

fissures filled with hematite or magnetite. The manner in which these

veins of coarser crystallized material frequently cut across the finer-

grained substances, which represent the iron oxides j^resent before the

final concentration of the ore, shows conclusively that they are secondary

infiltrations later than the last orogenic movement. The formation of the

coarsely crystalline granular liematite and magnetite thus appears to have

been connected with the abundance of iron-bearing solutions along the

contact plane.

In many places, however, the hard ores are of the brilliant micaceous

or specular variety. This is sometimes called slate ore. In the liand

specimen of jaspilite, composed of minute alternating layers of liematite

and quartz, where the folding has been severe micaceous ore is found

between the rigid bands of quartz. Along the ferruginous laminae is seen

all the ev-ideuce of slickeusides. The micaceous character of the ore is

in this case plaiidy due to the accommodation and consequent shearing

which took place between the layers.

The micaceous ore from the large deposits, as first suggested by

Pumpellv, gives the same evidence of shearing. ^Vlien it is remembered

that in the folding oi thick formations readjustments must occur, it is natural

to suppose that they took place more largely at the contact between the
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Upper Marquette aud Lower Marquette series than at any other one horizon,

for this is emphatically the plane of weakness. Thus would be explained

the finely laminated micaceous variety of ore. The specular hematite may

have been soft ore, for it is not impossible that shearing along- the contact

plane, with the heat developed, was sufficient to cause this transformation.

A close examination of the slate ores sjaows that they are composed of

two parts, one of which was mashed, the other being granular or crystal-

outlined hematite and magnetite. The latter material fills the cracks left

as a result of the mashing, perhaps occupies the place of residual silica,

and welds the micaceous leaves together. Thus this granular ore was

certainly deposited after the folding. How much was introduced during

the folding' it is impossible to say, for this part can not be sejjarated from

that present before the folding.

That it is easy to reduce hematite to magnetite is well known, and it is

probable that the production of the granular infiltrated variety of this ore

is due to the reducing character of some of the solutions which passed down

along the great contact plane of percolation, where the magnetites are exten-

sively found. Reducing power could readily be imparted by organic acids,

and that some kind of reducing agent was present is indicated by the veins

of pyrite which are frequently associated with the magnetic ores.

The magnetite of the gTiinerite-magnetite-schist has been seen to be

partly due to an imperfect oxidation of the original iron carbonate. It is,

however, doubtful whether any considerable quantity of the magnetite

of the greater number of AA-oi'ked ore bodies is directly of this derivation,

although some of the lesser magnetite deposits appear to be an enriched

giainerite-magnetite-schist. In these cases there is no particular difficulty

in accounting for the larger part of the magnetite, but the same difficulty

exists in explaining the imperfect oxidation of the infiltrated material as in

the other instances.

PEOSPECTINa.

In considering the advisability of prospecting in any particular locality

the foregoing conclusions as to the relations of the iron ores may be of

assistance. These may be briefly summarized as follows: The iron ores

are always confined to the iron-bearing formation. They always rest
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upon a relatively impervious basement. This may be a shale, a slate, a

greenstone mass, a dike, or two or more of these combined. Adjacent to

the ores all of these formations are apt to ])e modified and impregnated

with iron oxide, and are hence called soapstone or paint-rock. The large

ore bodies are found only when the impervious basements are in the forms

of pitching troughs. These pitching troughs are particidarly likely to

bear unusually large ore bodies when the iron-bearing formation is nmcli

shattered by folding.

Ill iirospecting for the first class of ores, those that rest upon the Siamo

slate, a trough in the slate should be sought. A plunging synclinal trough

may be formed by a swing of the boundary line between this formation and

the iron-bearing formation; or a trough may be formed by a combination

of the slate with a cutting dike or mass of greenstone ; or a trough in the

slate may be supplemented by an intersecting greenstone.

In the second class of deposits—those within the formation—the

pitching troughs are wholly formed by the intrusives. Here valleys of

the iron-bearing formation, when nearly surrounded by an amphitheater of

greenstone, furnish a particularly favorable area. Where the iron-bearing

formation in the A-alle\' is the ferruginous chert, rather than the griinerite-

magnetite-schist, the conditions are more favorable. Pitching troughs

bottomed by soapstone may exist underground which can not be discovered

at the surface, since, where an intersecting intrusive is of small size and

has been transformed to soapstone, it is eroded as rapidly as the iron forma-

tion, and thus its existence is not discovered by outcrop or any topographic

feature.

The third class of deposits, the hard ores, must always be prospected

for near the contact of the Negaunee iron formation and the Goodrich

quaitzite. As in the previous cases, the ore bodies are particularly likely

to exist if the two are folded so that the contact forms a pitching trough, and

if this be bottomed by soapstone the conditions are still more favorable for

the formation of large deposits.

The general map (Atlas Sheet IV) shows several extensions of the iron-

bearing formation which have not been ^^rospected. The arm running east

of Palmer has been prospected along its south side, but as yet almost no

work has been done along the north side. The exposures here are not

sufficient to indicate the minor bends of the iron-bearing formation, but
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the break across tlie quartzite in sec. 28, T. 47 N., R. 'IC, \Y., sug-g-ests that

there may be a north swmg of the formation at this phicc : and if so, this

would be a favorable point for exploration. Otlier fav()ral)l(; places niay

exist along the northern side of this syncline, but their exact positions can

not be pointed out. The second synclinal arm, running from the southeast

comer of sec. 20, T. 47 N., R. 2G W., in a northeasterly direction, has not

been explored at all. West of this arm is the great anticlinal dome of

Siamo slate. This dome is folded by minor rolls in an east-west direction,

thus furnishing on the west side of the iron formation a number of westward-

pitching synclinal troughs, in which are large deposits of ore. Doubtless

the same folded condition prevails on the eastern side, producing eastward-

pitching troughs, although here outcrops are not sufficient to accurately

delineate the bouudarj^ lines; but while the existence of a swamp in sees.

3, 4, 9, and 10 makes the area difficult to prospect, the sides of the arm are

worthy of exploration. In the south part of sec. 3, near the north-south

quarter line of the section, there is a ridge of greenstone. This is also the

end of the sjaicliue, which here plunges to the south. The junction of this

greenstone with the contact line between the Siamo slate and the Negaunee

iron formation is a favorable point. AVithin the iron formation in sees. 10

and 15 a great mass of greenstone forms a westward-facing amphitheater,

and here in the southwest cpiarter of sec. 10 would seem to be a favorable

place for exploration.

It is not impossible that a close magnetic survey witli a dial compass

and dip needle across the approximate boundary lines of the Siamo slate and

the Negaunee formation, for these eastern arms, would enable the explorer

to more accurately delimit the iron- bearing formation and to determine

the probal)le positions of pitching troughs, if they exist, and thus point

out the more favorable points. This attempt ought certainly to be made

before money is spent in actual underground Avork. Exposures of these

eastern arms are so infrequent that it is not certainly known that the

iron-bearing formation maintains its pure nonfragmental character. If it

contains interstratified or intermingled clayey material, this wiuild lie

vuifavorable to the development of merchantable ore deposits.

In the foregoing paragraphs it is not meant to imply tluit workable

iron-ore deposits will surely be found in these eastern arms, but merely that

the conditions are sufficiently favorable to warrant a search for them.



CHAPTER IV.

THE UPPER MARQUETTE SERIES.

INTRODUCTION.

Bv C. R. Van Hise.

The g-eueral statement lias been made that tlie Upper ]\Iarqiiette series

ajjpears at Negauuee aud at Palmer in two detached areas, reappears at

Ishpeming, and from this place toward the west rapidly widens out into

a broad belt, occuppng the greater part of the area of Marquette rocks.

It has also been said that this general distribution is due to the great

north-south transverse anticline east of Negaunee.

Broadly considered, the Upper Marquette series was predominantly a

gi-eat shale formation, which was subsequently modified to a greater or

less degree. The loAvest horizon of the series is, however, a conglomerate

and quartzite, which marks the transgression of the sea. Replacing this

in part in the west end of the area is a griiuerite-magnetite- schist horizon.

Following above this is the great slate formation, and in it is a horizon

whicli originally bore a considerable quantity of iron carbonate, from

which various ferruginous rocks have developed, and also small ore

bodies. Finally, during Upper Marquette time, in parts of the district

there was contemporaneous volcanic action, so that associated Avith the

modified shales of the series is a belt of volcanics a number of miles long.

As in the case of the Lower Marquette, later intrusives penetrated the

series at various jilaces.

The Upper Marquette series is, then, structurally divisible into a lower

belt of conglomerate, quartzite, griinerite-maguetite-schist, and associated

rocks; a slate formation; and a belt of volcanics. The first will be called

the Ishpeming formation, the second the Michigamme formation, and the

last the Clarksburg- formation.
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SECTION I.—THE ISHPEMING FOESIATIOK.

By C. R. Van Hise.

The Ishpemiug formation is so named because typical exposures of

this formation surround the city of Ishpeming- and underhe it. For the

eastern part of the district, and including the Ishpeming area, the predomi-

nant rocks are conglomeratic quartzites and quartzites. These are finely

exposed at and adjacent to the Goodrich mine (Atlas Sheet XXYl), and

this rock will therefore be called the Goodrich quartzite. In the western

part of the district, Avhile quartzites are present, a peculiar schist, which is

typically exposed at the lower part of the Bijiki River (Atlas Sheet VIII)

and will therefore be called the Bijiki schist, occupies a large part of the

horizon of the Goodrich quartzite and is equivalent to it in age.

THE GOODRICH QUARTZITE.

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY.

The easternmost occun-ence of the Goodrich quartzite is the Palmer

area (Atlas Sheet IV). From the village of Palmer it extends east and west

about 1 i miles, making a belt 3 miles long. From near its center, as a

consequence of subordinate folding, a short belt projects to the southeast.

Small isolated patches may also occur capping the Ajibik quartzite of the

Ajibik Hills. The second subordinate area is near the town of Negaunee,

north of the Jackson mine. On account of the close folding the boundary

line of this area is very in-egular. The chief area, as has been said, Begins

at Ishpeming. From this area a rather naiTow belt extends, in a course

nearly due west, to west of Michigamme. Another arm, of irregular width,

swings to the south and southwest, then follows a general westerly course

to sec. 20, T. 47 N., R. 28 W., where it swings to the northwest to Hum-

boldt and Champion; thence it extends west, southwest, and south to the

end of the Republic tongue, in sec. 7, T. 46 N., R. 29 W., passes around

the end of this tongue, and again swings to the northwest to sec. 20, T. 47 N.,

R. 30 W.; thence it swings to the west and south, beyond the limits of

the district. West of this belt is still another.
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The prominent exposures of the formation are usually near its base.

The rocks are here conglomerates. These grade into quartzites. At many

places in passing upward the quartzite approaches a graywacke, is conse-

quently softer, and therefore not so frequently seen. Exposures are partic-

ularly abundant in the Palmer and Negaunee areas, about the Ishpeming

basin, and as far west on the southern belt as the Fitch mine, sec. 24,

T. 47 N., R. 28 W. For the last 3 miles of this distance it constitutes

a rather [jrominent range. West of this place exposures are infrequent

iintil Humboldt is reached. Here are numerous outcrops north of

Mount Humboldt. At Republic are large and fine exposures. Many

outcrops are found iu the northern belt south of the Michigamme and

SpuiT mines.

FOLDING.

Broadly considered, the Goodrich quartzite is folded into a great

westward-plunging- synclinorium, the eastern end of the U extending from

Ishpeming southward. This eastern border of the fonnation comprises a

series of reentrants and salients—reentrants where there are minor syn-

clines, and salients where there are minor anticlines. On account of the

flat dip, corresponding to the Avestward plunge of the syncline, the forma-

tion here occupies a broad belt. On the south side of the formation at one

jalace the Goodrich quartzite and Negaunee iron formation are infolded and

overturned, having northward dips (Atlas Sheet XXVI). At this point

the Goodrich quartzite has a tongue running east into the iron fonna-

tion, being l)ounded both to the north and to the south by the rocks of the

Negaunee formation, which dip in the same direction as the quartzite.

The area at Negaunee is in general an east-west oval sjniclinal basin.

Here again there is minor folding, so that the formation terminates both to

the east and west iu a number of fingers. At the west end of the Jackson

mine the Goodrich quartzite and the Negaunee iron formation are folded

into a set of isoclinal overfolds, so that a north-south section passes three

times from one formation to the other. The Palmer belt is another

east-west synclinal basin, with a short arm extending to the southeast at

one place, due to the appearance of a central anticline. The Republic

tongue and that to the west are two closely compressed isoclinal synclines.
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At Micliigamme tlie minor folding of the quai-tzite is beautifully shown.

(PI. XXX.)
RELATIONS TO ADJACENT FORMATIONS.

The details of the relations of the Goodrich (juartzite to the underly-

ing- Negaunee formation are so fully stated in connection Avith the latter

and the general geology that they need not be repeated here. Generally

stated, they are those of unconformity, the advancing sea having formed a

conglomerate at the base of the quartzite As a consequence of mining

development and the resistant character of this part of the formation, the

conglomerate may be seen at scores of localities lying upon and cutting

across the bedding of the underlying formation at a greater or less angle

(figs 20 and 21).

Where erosion cut through the Negaunee formation the basal eon-

glomerate rests upon the Ajibik quartzite, and derives the majority of its

fragments from it. Where the latter formation is also cut through, as

apparently it is south of Palmer, the material is largely derived from the

Basement Com|)lex This fact, that the Goodrich quartzite thus comes in

contact not only with the Negaunee formation but with inferior formations,

shows that the unconformity between the Upper and Lower ]\Iarquette

series must be very considerable

For much of the district, by a dj^ing out of the coarse fragmental

quartz and the appearance of clayey material the quartzite gradually passes

into the Micliigamme formation. This gradation is usually not rapid, and

hence the location of the boundary line between the two is somewhat arbi-

trary. At the western end of the district the quartzite is very thin, and the

formation passes quickly upward into the griinerite-magnetite-sehists of

the Bijiki horizon. (PI XXXI.)

PETROGRAPHICAL CHARACTER.

Macroscopicai.—A couglomerate is usually at the base of the Goodrich

quartzite. The character of the conglomerate depends upon the subjacent

formation, the larger portion of the detritus in each case being derived

from it. As has been stated, this inferior rock is usually the Negaunee

formation, and at the base of the Goodrich quartzite is ore, recomposed

ore, or ore, chert, jasper, and quartz conglomerate. At a few places the

subjacent rocks belong to the Archean, and at these the great variety of
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materials constituting this complex are predominant in the conglomerate.

At various places—as, for instance, in the great conglomerate at and

immediately south of the village of Palmer—there are abundant quartzitic,

gi-anitic, and schistose bowlders, derived from the Archean, and also

abundant jaspilite detritus from the Negaunee formation.

The basal conglomerate, of varying thickness, grades up into quartz-

ites, which are apt to contain much of chert and jasper in minute

fragments. The higher horizons of the quartzite are usually feldspathic.

Frequently the mashing due to the folding was so severe as to partly or

wholly destroy the fragments of ore and jasper, making the rock a schist-

conglomerate or schistose quartzite. Tliis change is complete at the places

where the close infolding which has been spoken of occurs, as at the Jack-

son mine, at Humboldt, and in the Republic trough. In the most extreme

stage of alteration it is difficult to discriminate the mashed recomposed oi'e

and jasper conglomerates from the original jaspihte. In passing from the

least altered to the most altered phases we find, first, flattened pebbles, then

those which nre elongated into layers, and finally those in which are alter-

nating layers of different thickness, which simulate original lamination in

a remarkable degree.

In the case of the nonconglomeratic recomposed jaspers the rocks are

not unlike the original formation, although a close examination usually

shows a difference. Ordinarily, large fragmental grains of quartz are seen;

flakes of mica are often present ; and the banding is less distinct than in the

original jasper.

Under the subject "Negaunee Iron Formation" the development of ore

bodies within the Goodi-ich quartzite has been mentioned. The ore usually

occurs at places where the detritus was rather fine grained, and thus con-

tained no large fragments of chert and jasper. As conspicuous localities

for the occurrence of these recomposed ore bodies may be mentioned

the Volunteer mine, the Barron, the Humboldt, the Champion, part of the

Jackson, and part of the Michigamme and Spurr. As a consequence of

the intense mashing which the formation underwent, numerous cracks

developed and minute spaces formed between the laminae and between the

individual jjarticles. Where the rock was enriched so as to become an ore,
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as has beeu before explained, .secondary magnetite formed. The detrital

micaceous hematite is usually easily discriminated from the crystal-outlined

secondary magnetite. While a considerable percentage of the iron oxide

of the ore was present as detritus, in no case does it appear that the

material was rich enough for merchantable ore before the secondary con-

centration, and often the secondary magnetite and its alteration jJi'oducit,

martite, are the predominant constituents of the ore.

Microscopical.—With tlic uiicroscope, the basal conglomerate resting on

the Ajil)ik quartzite is found to have a background consisting of quartz

grains set in a more or less abuiidant sericitic, cherty, and iron-impregnated

matrix This matrix may be so abundant as to separate the fragmental

grains, or may be sparse. In this background are found complex fragments

of quartzite the individual grains of which are rounded, and fragments of

sericite-slate and sericite-schist, all identical with these rocks in the Ajibik

quartzite.

In the Republic trough, where the Goodrich quartzite in part rests

directly upon the Archeau, the schist-conglomerate found at the bottom of

the detrital formation has as a matrix a micaceous quartz-schist. In certain

varieties feldspar is abundant in the background, and it becomes a mica-

gneiss. In this background are oval or ribbon-like areas of quartz or of

feldspar, which represent the mashed pebbles of the conglomerate. Occa-

sionally these pebbles contain both quartz and feldspar, and represent

complex fragments derived from the granite. The quartz is always and

the feldspar is usually shattered, and along the crevices of the feldspar

mica and quartz have developed. Frequently the residual feldspar and

the secondary quartz and mica form an interlocking mass. Were it not

for the pebble-like areas these rocks would be regarded as completely

crystalline schists.

Where the Goodrich quartzite rests upon the Negaunee formation

there are three main jihases of material: (1) Chert and jasj^er conglomerate,

(2) recomposed jasper, and (3) ore.

The chert and jasper conglomerate may have a sparse or an abvmdant

matrix. In the first case the matrix consists of small, simple, fragmental

grains of quartz, complex particles of ferruginous chert and jasper, and

iron oxide. In passing to the less strongly conglomeratic phases the matrix
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is a continuous ramifying mass wliieli contains the separate pebbles and.

bowlders. Tliis matrix may be composed chiefly of any one of the sub-

stances, iron oxide, chert, jasper, or quartz, or of any combination of them.

Not infrequently some secondary muscovite has also developed. Often

the quartz grains are enlarged. In all cases the simple quartzes show

imdulatory extinction and fracturing. In the resultant and other crevices

secondary hematite and magnetite were deposited. Where the mashing

was great the fragments of chert, jasper, and quartz were flattened into

thin, layer-like areas, and in this case a slide of the recomposed rock

differs but little in its appearance from the original jaspilite. Accompany-

ing the granulation of the ore, chert, and jasper, the hematite was sheared

into brilliant, finely laminated, micaceous, or silky fibrous hematite. Flakes

of muscovite are usually seen. The secondary magnetite and hematite are

easily discriminated from the sheared micaceous hematite by having crystal

outlines. This infiltrated material is frequently present in very large

proportion, filling all the interspaces between the original ])articles and the

cracks formed within the fragments. In some cases the secondary hematite

and magnetite have such relations to the quartz grains as to sliow that the

silica was actually dissolved and replaced by the iron oxide. To what

extent this occurred where the rocks are much mashed it is difficult to say,

but in the little-altered phases we find crystals of hematite and magnetite

whicli not only pass to the borders of the cores of the enlarged grains but

into them. There seems to be some relation between the solution of quartz

and the deposition of magnetite; that is, when the conditions are favorable

for the deposition of magnetite they are also favorable for the solution of

quartz.

The most mashed phases of recomposed jaspers have very much the

same appearance as those of the original jasper formation, but when

examined with a low power the overlapping lenticular leaflets of the

mashed chert and jasper fragments are seen, and a high power shows in

some cases a micaceous mineral which is almost invariably absent in the

original formation. In the less mashed phases of the recomposed jaspers

their genesis is more plainly indicated by the presence of coarse-grained

quartzose material, not derivable from the immediately subjacent formation;
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but even in such cases these quartzes were often granuhited into jasper-hke

material.

By disappearance of the sihceous element and increase of the second-

ary hematite and magnetite the recomposed rocks pass into magnetic or

specular ore. Macroscopically these ores often show a peculiar gray color,

and in thin section they are usually easily separated from the ores of the

Negaunee formation l)y the presence of brilliantly polarizing flakes of

muscovite and of occasional particles of fragmental quartz.

The conglomerates, recomposed jaspers, or recomposed ores, by a les-

sening of the amount of chert, jasper, and iron oxide, grade upward into the

quartzites. In the purer phases these quartzites consist mainh' of well-

rounded, simple fragments of quartz, many of which are enlarged, Init

with these are usually complex particles of chert and jasper. The (piartz

grains generally show strong pressure effects, such as undulatory extinction

or fracturing in a complex manner. This fracturing is in certain cases in a

rectangular system corresponding to the shearing planes. In other phases

there is an abundant matrix composed of finely crystalline quartz, with

sericite, biotite, and chlorite, in which the large fragmental grains of quartz

are set. By an introduction of feldspar the quartzites pass into feldspathic

quartzites, and from these to the graywackes of the Michigamme formation.

In the less pure quartzites, sericite, biotite, and chlorite frequently developed

abundantly from the clayey background.

In the more mashed phases of the quartzite, and particularh' in the

Republic trough, the rocks are micaceous quartz-schists. Feldspar is plenti-

fully associated with the quartz in a number of cases. Usually the grains

of quartz still show a roundish appearance, but they interlock intricatelv,

and show no evidence of original cores. In the finer-grained, most mashed

kinds the background is a finely granular, interlocking mass of quartz.

Between and wrapping around the larger grains abundant muscovite is

found. In some of the rocks muscovite is a chief constituent, and these

may be called muscovite -schists. Muscovite -biotite -schists and biotite-

schists are also associated with the quartz-schists. These are, in nearly

all aspects, like the more metamorphosed rocks of the Michigannne forma-

tion. In a few places feldspar is a chief constituent of the background,
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and the rocks l)ecome inica-gueisses. Various accessory minerals, such as

chlorite, epidote, and zoisite, are found in the quartz-schists, mica-schiats,

and mica-gneisses.

At various localities there are exceptional varieties of rocks which

belong to the Goodrich quartzite, but these will not be considered here.

They are described later in connection with the localities at which they

occur.
THICKNESS.

The thickness of the Goodrich quartzite is variable, and no average

estimate can be given, as it is not sharply delimited above. The best-

known localitv to determine its thickness is north of the Saginaw mine,

where it has a surface width of about 1,800 feet and an average dip of

jDrobably not less than 60°. This would give a thickneso of about 1,550

feet. Since the transgression horizon here rapidly cuts across the iron for-

mation, which a short distance to the west Is reduced to a narrow belt, it is

probable that this thickness Is much beyond the average of the formation,

even for the Ishpeming area, and that it is several times as great as in the

western part of the district.

THE BIJIKI SCHIST.

The second division of the Ishpeming formation is the Bijiki schist.

The rock is given this name because typical exposures of it occur near the

mouth of Bijiki River. They were regarded by Brooks as anthophyllitic

schists.
DISTRrBUTION, EXPOSURES, AND TOPOGRAPHY.

This schist has three narrow belts. The northernmost one extends,

with frequent exposures, from the west end of the district, just south of the

Goodrich quartzite, to sec. 28, T. 48 N., R. 29 W. (Atlas Sheets V, VHI. and

XII). The belt may extend somewhat farther to the east than this, but

there are no exposures. The second belt is a short distance south of the

first. It runs along the northern side of Miehig-amme Lake to a point

northeast of Champion. The third belt extends from the southern extrem-

itv of Michlgamme Lake to Champion, and is north of the southern belt of

Goodrich quartzite. The Bijiki schist thus appears to be confined to the

west end of the district. In the time scale it must be equivalent to a part
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of the Goodrich quartzite to the east. ^Vhere the Bijiki formation a])])ears

the Goo(h-ifh quartzite becomes an exceedingly narrow belt, too small to

be shown on the atlas sheets; hence the two are mapped together as the

Ishpeming formation.

The lock is of a resistant character, and for the areas outlined there

are numerous exposures. South of Michigamme and 8purr it makes con-

spicuous east-and-west ridges just north of the railroad For most of the

length of Lake Michigamme the southern border of the central resistant

belt forms the northern lake boundary. Howevei', at two or three jjlaces

the schist was cut through and the lake shore follows the softer formation

to the nortli. In two of these cases the Bijiki schist constitutes headlands

lapped on three sides by water In the same way the southeastern shore

of Lake Michigamme is limited In- the southern belt of this schist At

various places erosion encroached upon the belt, but the rock is so resistant

that the lake nowhere cuts entirely across the formation.

FOLDINO.

The belts adjacent to the Goodrich quartzite owe their position to their

being the next higher horizon in the general synclinorium of the district.

The central belt is due to a subordinate anticline which rises high enough

to expose the Bijiki schist, but erosion has not reached a lower horizon, and

thus a section across the area, including the tlu'ee formations, shows two

synclines with a central anticline.

PETROGKAPHICAL CHARACTER.

Macroscopicai.—Tlic Bijiki schist is a Ijanded griinerite-mag'netite-schist.

Associated with this rock are also phases which approach the ^lichigamme

slate ab(ive and the Goodrich (juartzite below. These are nsualh' gradation

phases, and occur upon the outer parts of the belt. (PI. XXXI ) The

griinerite- magnetite -schists consist of bands composed mainly of the

three minerals, quartz, griiuerite, and magnetite, and while in anj- single

band one of these minerals may be predominant, the other two are usually

present. The rocks are gray or green, and in their nearly pure phases

they differ from the griinerite - magnetite - schist of the Negaunee forma-

tion chiefly in their exceeding toughness. It is with great difficulty that

MON xxviii 27
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the rock is broken into pieces parallel to the stratification, so firmly are the

different plates bound together by the long griinerite needles; but it is

comparatively easy to break the rock across the bedding. This peculiar

toug'hness and the more coarsely crystalline character of the griinerite are

the chief points which distinguish it from the similar rock of the Negaunee

formation.

An analysis of the typical Bijiki schist (Specimen 25446, sec 19,

T. 48 N., R. 30 W.) north of Michigarame was made by George Steiger,

in the chemical laboratory of the United States Geological Survey, with

the following result:

Anali/sis of tijpical Bijiki schist.
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in part of tlie liovnblende and in part of the griiuerite. In different indi-

vidnals and slides the two show the greatest variety of iutergrowths. In

one or two instances, near the top of the member, siderite is an important

constitnent, constituting a matrix in which the other constitnents are set.

In other cases, at lower horizons, a little residual siderite is seen, which is

surrounded and penetrated by grUnerite or hornblende and magnetite

strongly suggesting that these minerals, with the addition of silica, devel-

oped from the siderite. Near the base of the Bijiki schist rounded and
enlarged grains of fragmental quartz appear within the completely crys-

talline interlocking griinerite, magnetite, and quartz. Still nearer the

Goodricli (piartzite we have a fragmental quartzose background, in tlie-

matrix of which griinerite and magnetite have developed. In both the pura
and the impure phases a great deal of garnet appears. It is possible

that a part of the griinerite and magnetite is detritus derived from the

Negaunee formation, but the extraordinary likeness of the Bijiki schist to

the grlinerite-magnetite-schist produced by metasomatic processes from iron

carbonate, the presence of siderite in the fonnation itself, the relations of

this siderite to the griinerite and magnetite, the absence of any fragmental

appearance, all suggest that the rock developed out of an original sideritic

slate, similar to that of the Negaunee formation. It is not improbable that

the development of the griinerite-magnetite-schist, both in the Upper Mar-
quette and Lower Marquette series, was a simultaneous process, occurring

during and after the Upper Marquette folding.

RELATIONS TO ADJACENT FORMATIONS.

It has been said that the Goodrich quartzite grades rapidly upward
into the Bijiki schist. The Bijiki schist in turn grades into the Michigamme
formation, the intermediate zone again being half fragmental. Belonging

with or immediately above the griinerite-magnetite-schists, in the western

part of the district, are the ore deposits of the Upper ]\Iarquette series.

These ore bodies appear, however, to be rather within the slates than to

belong with the griinerite-magnetite-schist; but if exposures were suili-

cieutly numerous it might be possible to map in the Up^jer Marquette series

a continuous iron-bearing formation which would include these ore Iwdies
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and the o-riinerite-uiag-iietite-.scliists, thus makiug the hxttei' rocks the lowest

horizou of this ore-1 )eanuo- formation.

TUIf'KNBSS.

The formation varies from a considerable thickness to disa]>pearance,

and, as in the previons cases, it is impossible to give an accurate estimate

of its thickness at any place. At some places it apparently has a surface

width of 600 feet, with a dij) varying somewhat, but perhaps averag-ing 60°.

This would indicate a maximum thickness of about 520 feet.

INTERESTING LOCALITIES OF THE ISHPEMING FORMATION.

Michigamme and Spurr.—Beginning at tlic nortliwest part of the district, there

are large and typical exposures of the Groodrich quartzite and Bijiki schist

from the Spurr mine to east of the Michigamme mine (Atlas Sheet V). At

these mines a considerable part of the magnetic ore apparently belongs to the

Fig. 26.—Section abowing relationa of JaspUite, ore, conglomerate, and quartzite at Michigamme mine.

basal horizon of the Islnjeming- formation. The ore deposits weld together

the unconformable Ishpeming and Negauuee formations. Tlie hanging

wall of the ore deposits is a conglomerate, the pebbles of which are mainly

from the underlying Negaunee jasper, and the matrix of which is mainly

magnetite. At the Spurr mine the pebbles are of the white, cherty rock;

at the j\Iichigamme mine they are of the red jasper, the larger ones

being- 6 to 8 inches in diameter. This suggests that the underlying Negau-

uee rock liad assumed its present form before it was broken up, and yielded

detritus to the Ishpeming fonnation. It is, however, possil)le that at

each ])lace sul)sequent changes have altered the upper part of the sili-

ceous ro(-k of the Negaunee formation and the overlying conglomerate in

a similar manner. At the Michigamme mine the conglomerate is in places

,at least 20 feet thick, and in other places is absent, the quartzite directly
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overlying- the ore. The rehitions of the Neg;uinee jasper, the ore, and the

conglomerate are shown by fig. 26. At the Spurr mine the conglomerate is

at least 40 feet thick. The conglomerate at both mines passes up rather

abruptly into a greenish or grayish, massive quartzite. This quartzite in

turn varies by interstratification into the griiuerite-magnetite-schist which

has been called the Bijiki schist. (PI. XXXI.) An intermediate variety

is a fine-grained biotitic and griineritic gi'aywacke. Not more than 50

feet south of the interlaminated beds are typical exposures of the Bijiki

schist. This quartzite at the Michigamme mine is folded into a series of

minor rolls, which are cut by dikes. (PI. XXX.) At the Spurr and Michi-

gamme mines, on the south or hanging-wall side of the pits, are dikes of

chlorite-schist, which are taken to be modified eruptives, as they cut the

other rocks like dikes. It is in and adjacent to tlie chlorite-schists that

the large garnets and chlorite pseudomorphs after garnets described by

Pumpelly are obtained. The entire thickness of the Goodrich rock is

perhaps not more than 100 feet. The Bijiki schist occurs in very numei-ous

exposures on the hills between the mines and the railroad track, and

particularly on a prominent ridge just north of the railroad track lietween

the two mines. The boundary between the Ishpeming formation and the

Negaunee formation follows a low and sometimes swampy area. In all

respects the Bijiki schist of this locality corresponds to the general descrip-

tion (pp. 417-418). The rock is minutely crenulated, and, Avhile ha%dng a

general southward dip, has many minor, often is(x-linal folds.

As seen in thin section the majority of the quartzites are composed

of rather well-rounded grains of quartz having a matrix of chlorite or of

chlorite with biotite and magnetite. With the fragmental grains of quartz

at the Spurr mine are also fragmental grains of feldspar and small granitic

pebbles. Most of the grains of quartz are so large that they could nt)t

have been derived from the Negaunee formation, and they very probably

come from the granite of the Basement Complex. That this is their

source is indicated by the feldspar and the granitic fi-agments. Little or no

fragmental material from the Negaunee formation was detected. It thus

appears that shortly after the Goodrich quartzite began to form, tlie thin bed

of conglomerate buried the Negaunee formation in the immediate vicinity,
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and the fragmental material for the quartzite was transported by the waves

from the Basement Complex, wliich at some not distant point was above

the water. The grains of quartz all show pressure effects by undulatory

extinction and fracturing, and they do not commonly show distinct enlarge-

ment, although minute in'egularities, which indicate that they have prob-

ably grown, are seen. In some cases the enlargements are distinct. The

feldspars, where present, show partial decomposition into interlocking chlo-

rite, muscovite, biotite, and quartz. Tlie chlorite in the interstices of the

grains is usually in aggregates of minute leaflets, but rarely it occm's in

blades of considerable size. Hornblende is found in some slides between

the grains of the quartzite. Gxarnet is occasionally present.

In the variety of rock intermediate between the quartzite and the

Bijiki schist the coarse-grained fragmental quartz is clearly discriminated

from the fine-grained quartz, which developed in another way. These

rocks may be described as hornblendie and magnetitic schists which con-

tain numerous clastic grains of cpxartz. In some of them there remains a

-considerable amount of siderite, and out of this siderite, joined with silici-

fication, the magnetite, hornblende, and quartz have developed, exactly as

from the sideritic slates of the Negaunee formation. In the half-frag-

mental phases, wherever the siderite is found, griinente and magnetite

appear; where fragmental quartz is abundant they are not prominent. It

therefore appears that the original transition rock was here a siderite

which contained a certain amount of fragmental material. By compari-

son (pp. 321-322, 333-334) it will be seen that the rock is analogous to the

ti-ansition form between the Ajibik quartzite and the Negaunee formation.

Another analogy between this transition rock and that of the Negaunee

formation is the fact that the amphibole which develops is pleochroic rather

than nonpleochroic. The cause is doubtless the same in both cases—the

presence of a great variety of chemical elements in a mingled clastic and

nonclastic sediment from which material could be drawn.

By disappearance of the fragmental quartz and replacement of the

pleochroic amphibole by the nonpleochroic griinerite the rock passes into

the typical Bijiki schist, which is either a griinerite-magnetite-rock or a

griinerite-magnetite-schist. In these rocks there are still found varieties
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which are largely composed of siderite, and out of this siderite the grii-

nerite and magnetite may be seen developing. Tlie description of the

griinerite-iuagnetite-rocks and griinerite-magnetite-sehists given in the gen-

eral description (pp. 417-419) applies to the 8purr and .Michigamme area.

Thev are in all respects like similar rocks from the Negaunee formation,

with the exception that the griinerite is in coarser blades and crystals, and

that frequently there are numerous minute Ijlack particles tliroughout tiie

rock which have a carbonaceous appearance, but Avhich may be ilecks of

iron oxide. The quartz of the griinerite-magnetite-sehists is very similar

to that of the Negaunee formation of the Michigamme area. Upon the

whole, however, it is somewhat more finely crystalline, the grains aver-

aging, in the ditferent sections, from 0.03 to 0.1 mm. in diameter. In

certain slides the nonpleochroic griinerite and the pleochroic ami)hibole are

intergrown, exactly as they are in the Negaunee formation in this area.

Where the rocks are exposed to weathering the griinerite is more or less

altered into biotite and chlorite, and where these minerals occur there is

also seen brilliant blood-red hematite, which has doubtless developed l)y

oxidation from the magnetite. Not infrequently the griineintic and mag-

netitic rocks are garnetiferous. The garnets include the various other

minerals, and it is apparently the last mineral to develo}).

Lake Michigamme area.—Upou the anticliual ridge borderiug the nortli side

of Lake Michigamme and constituting the headlands of this body of water

are numerous expo.sures of typical Bijiki schist (Atlas Sheets V and VIII).

In fact, it is from the exposures adjacent to the mouth of the Bijiki River

that this formation is given its name. The rocks are here griinerite-

mao-netite-rocks and griiuei'ite-magnetite-scliists, in all respects like those

constituting the ridge north of the railroad track between Michigamme and

Spurr. In thin section, also, thej^ are identical. The ordinary hornblende

is the nonpleochroic griinerite, but at the northwest point of the westward-

projecting headland in sec. 28 there are beautiful intergrowths of the non-

pleoclu-oic and pleochroic amphiboles, the latter giving blue, green, and

yellow colors. It is possible that the phenomena are due to combinations,

of varying proportions, of the actinolite and griinerite molecules.

East of Lake Michigamme (Atlas Sheet XII) this anticline is repre-

sented by a prominent ridge of the Bijiki formation, running from the
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NE. J see. 31, in a course somewhat south of east, into the SW. ^ sec. 33,

a distance of about 2 miles. This ridoe for the most of the distance has an

abrupt soutliward-facing slope, which overlooks swampy land to the south.

The north side of the ridge is distinctly but not so sharply marked. For the

most part this ridge is composed of typical griinerite-magnetite-schists and

griiuerite-magnetite-rocks of the Bijiki horizon. However, where tlie ridge

breaks down upon its west end, in the SE. J sec. 31, adjacent to the road, at

the bottom and central parts of the exposure are conglomerates containing-

fragments of chert, coarse quartzites, and fine-grained novacnlites; and schis-

tose and dolomitic graywackes and shales intermediate between the fore-

going and the Bijiki schists. The change from the fragmental rocks to the

Bijiki schist takes place very quickly. The elastics are in most respects

like those at the bottom of the Bijiki schist at the Spurr and Michigamme

mines, and they doubtless mark the lowest stratum found in this anticlinal

ridge. The quartzites and novacnlites are much brecciated by the sharp

folding. To the south of the fragmental rocks are tj'pical griinerite-

magnetite-schists. To the north the Bijiki rocks are very quartzose, and

griinerite is subordinate. Both north and south they show extreme plica-

tion, and occasionally brecciation. In places the schistosity does not

correspond with the bedding.

In thin section the rocks of this ridge are in almost every respect

identical with those of Spurr and Michigamme. The siliceous layers

between the griiuerite-magnetite layers are very often composed of crystal-

outlined grains similar to those of the Negaunee formation at the Spurr

and Michigamme mines. In coarseness of crystallization the quartz of the

two formations is identical. ( )n account of their crystal outlines the grains

do not intei-lock, and the rocks are therefore rather friable. In some sections

films of hematite occur everywhere between the grains, thus giving a con-

tinuous net-like area of translucent red hematite, the spaces between being

occupied by the pellucid quartz. This is best seen in the sections from the

north side of the ridge, where the griinerite is rather sparse and quartz is

the predominant constituent.

Boston and Dexter area. In paSSlug tO tllC eaSt, tllC UCXt eXpOSUreS foUud

are those in the neiffliborhood of the Boston and Dexter mines and at
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mtermediate points (Atlas Sheets XVIII and XXII). Ilei-e the rocks are

for the most part typical quartzites, although at one jjlace interstratified

graywacke is seen. The basal portion of the r[aartzite is a conglomerate,

bearing detritus from the Negaunee formation.

Lake Corning area.—Tlio Hext sot of exposurcs, lu sccs. 4, 5, and 6, T. 47 N.,

R. 27 W., occur at intervals west of the Excelsior mine to a point al)out

2 miles east (Atlas Sheets XXV and XXVIII). At the basal horizon there

is here again a conglomerate, the debris of which is chiefly from the

Negamiee formation; the ordinary varieties of the formation, however, are

the typical quartzites, but with these are slaty phases.

ishpeming area.—The uext important localities are those at Ishpeming and

in the various basins south of Ishpeming. At nearly all of the mines

adjacent to this city the contact between the Negaunee formation and the

Goodrich quartzite is seen. East of Ishpeming the conglomerate at the

contact is found at the large open pit of the Lake Superior mine and in

open pits in the bays both to the north and south. At the first of these the

contact between the Ishpeming formation and the Negaunee formation

makes the so-called Lake Superior "W." (PI. XVI.)

South of Ishpeming, the conglomerate is again seen in the large open

pit near the east quarter post oi sec. 9, at open pits north of the green-

stone bluff in the SE. ^ of the section, and at numerous localities at the

large open pits in the SW. J sec. 16. In the localities nearest the city of

Ishpeming the conglomerate usually rests upon the Negaunee formation,

but on the south slope of the greenstone bluff, adjacent to the section line

between sees. 3 and 10, the conglomerate rests upon the greenstone. The

same relations are seen in the southeast part of sec. 16, in the large open

pit just south of the east-west quarter line.

South of this locality, in the SW. 5 sec. 16, are the handsomest expos-

ures of this conglomerate in the Ishpeming area. The rock occupies a

well-marked ridge parallel to the railroad. Upon its smooth glaciated

surface it presents a beautiful appearance, due to the pebbles of brilliant

red jaspei".

The basal phase of the conglomerate for the Ishpeming area is usually

very feiTUginous (PL XXVII, fig. 2), and where it is fine-grained it may
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become an iron ore. Tliese iron ores nsually have a grayish or greenish

color, and are known to the miners as the liard gray ores. As looked at in

hand specimen, the detrital hematite and tlie heavily ferruginous fragments

have a micaceous appearance, due to mashing-. The larger part of the

ore is, however, magnetite in crystals, or its alteration product, martite.

Associated with the latter is a great deal of a green mineral. As these

ores become impure there are observed in them fragments of jasper and

grains of quartz, which increase in quantity until the rock is no longer an

ore, but a heavil)' ferruginous quartzite, or ore and jasper conglomerate.

There are all gradations between a conglomerate which consists almost

wholly of fragments derived from the Negaunee formation and one in

which the detrital material is mainly grains of quartz, in wdiich case the

rock becomes a ferruginous quartzite.

In thin section the general description of the jasper-conglomerate given

on pages 413-415 applies fully to the conglomerate of the area. In differ-

ent localities the dynamic effects vary greatly. At some places the jasper

pebbles are greatly flattened and the ore pebbles are changed to hematitic

slate. In other places the dynamic effects are slight, the rock consisting

of rounded or angular ore and jasper pebbles, cemented by finer detritus of

the same kind and by iron oxide. There is present in nearly all of the

conglomerates a small amount of plainly fragmental quartz not derived

from the Negaunee formation; and also a small amount of sericite and

chlorite have developed, the former especially in the mashed varieties.

The gray ore is found to consist of the original mashed hematite, and of

crystals and clusters of cr3"stals of magnetite, between which is chlorite.

In the impure ores there is a certain amount of fragmental quartz, which

is plainly partly replaced by magnetite. Crystals of magnetite project into

the roundish quartz grains, just as though notches had been filed out of the

clastic grains to give place to the magnetite. Also numerous crystals of

magnetite are wholly included within the quartz grains. It thus appears

perfectly clear that by some reaction quartz was dissolved and the mag-

netite took its place. AVhat relation there is between the disappearance

of the quartz and the appearance of the magnetite is not clear, but one

seems to be, to some extent at least, conditioned on the other; for if
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this were not the case the quartz would be irregaihu-ly dissolved and the

magnetite take the vacant space. It is in the rocks which are half way
between ore and feriiiginous quartzite or conglomerate that this process of

replacement is best seen.

For most of the Ishpeming area only the belt of ore and ore and jasper

conglomerate is exposed. However, in the center of the city of Islqie-

ming typical quartzite is seen. Also in sec. 16 the exposures are found at

intervals from the basal conglomerate to the top of the formation. The

cong'lomerate, by a disappearance of the ore and jasper fragments varies

up into ferruginous quartzite and ferruginous slate, and this into ordinary

quartzite, which is, however, interstratified with graywacke. In thin section,

taken in the same order there is a steady lessening of the chert and jasper

fragments, and in the feiTuginous quartzite there is a very considerable

amount of complex material derived from the Negaunee formation. Above

the lower 200 feet the material was derived mainlj- from some other than

the Negaunee formation.

Negaunee area.—Wcst of Negauuec aud uorth of the Jackson mine is a

basin of the Goodrich quartzite (Atlas Sheet XXVIII). As explained in

another place, the Negaunee formation and the Goodrich quartzite at the

main Jackson pits are infolded. As a consequence of this, both have appar-

ently the same dijj, nearly vertical, and at the west end of the open pit the

two are infolded several times, so that a horizontal section from the south

toward the north passes from the Negaunee formation to the Goodidch quartz-

ite, thence to the Negaunee formation, thence to the Goodrich quartzite,

thence to the Negaunee, and tinally to the Goodrich quartzite; that is,

there are two tongues of the Negamiee formation between the exposures of

the Goodrich quartzite. The basal horizon of the Goodrich quartzite here,

as at Ishpeming, was composed almost wholly of the fine and coai'se detri-

tus of the Negaunee formation. As a consequence of the close infolding,

the detrital rock was so closely mashed that it is difficult to discriminate it

from the original Negaunee formation. Especially where the detritus was

fine, the rock simulates to a remarkable degree the typical jaspilite, and

even where fragments of jasper were present these have been mashed until

they resemble jasper lamina;, or, where not so much altered, they have an
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appearance wliicli reseuibles that of the brecciated jasper of the Negaunee

foi-mation. However, a close examination discloses differences between the

two rocks. The jasper laminae in the conglomerate have not the continuity

that they have in the true jasper. Some of the flattened areas have a round-

ish apjiearance, and slightly different colored jaspers occur close together,

whereas in the brecciated jaspers, while the layers may be broken apart,

there is usually a suggestion of former continuity and a likeness of character

in the fragments. The cracks in the broken pebbles and in the matrix are

cemented by magnetite in crystals, which is readily discriminated from the

detrital, mashed, lustrous, micaceous hematite.

A short distance to the north of the main pits of the Jackson mine

the relation of the Negaunee formation and Goodrich quartzite is much

clearer. The Negaunee jasper is folded into a number of westerly pitching

rolls, the strike of the axis of the central fold being nearly N. 75° W. The

dip of the jasper or the dip of the axes is 45° W. The overlying quartzite

has a north-south strike, and dips to the west at an angle of 20°. At this

locality the unconformity between the two formations is apparent, but at

the main Jackson pit the severe folding obliterated evidence of this. The

conglomerate and recomposed feiTuginous schist pass upward quickly into

the plainly fi'agmental feiTUginous quartzite.

As examined in thin section, the mashed conglomerates simulate to a

remarkable degree the mashed and brecciated original jasper. Many of

the pebbles were broken by the pressure into a number of angular frag-

ments, which are cemented by secondary iron oxide. Other pebbles, where

the mashing was most severe, are flattened until they approach the jasper

bands in appearance. In the recomposed rock in which all of the material

is derived from the Negaunee formation, it would l)e impossible to state

from the thin sections that the rock is clastic, but in many of them

there appears a subordinate quantity of small, roundish grains of distinctly

fragmental quartz, larger than the quartz grains of the Negaunee forma-

tion, and evidently derived from some other source, probably from the

Basement Complex. These quartz grains show undulatory extinction and

fracturing. By an increase of the clastic quartz the rocks pass into the

feiTUginous quartzites, the fragments of which are derived almost wholly
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from a distnut source, but \\ith which are a few chert aud jasper fragments.

The whole is cemented by oxide of iron. The fragmental quartz grains

all show undulatory extinction and fracturing, and many are arranged with

their longer axes in a common direction.

The presence of a quartzite above but a moderate thickness of the

chert and jasper conglomerate show^s that the Negaunee formation in this

vicinity was quickly buried by the Goodi'ich deposits, and tliat the major

jjortion of the material for the Goodrich quartzite was derived from the

Basement Complex or from the low^er part of the Lower Marquette series.

Cascade area.—Soutli of Palmer there are a luimber of localities in which

the Goodrich quartzite is well exposed (Atlas Sheet XXXII). The whole

area is a basin, like that at Negaunee, with a subordinate fold, which pro-

duces a short arm or basin running southeast from the main area and

separated from the latter by the Negaunee formation. At the west end

of the Palmer area is the Volunteer mine. This is an eastward-plunging

syncline at the bottom of the Goodrich quartzite. The ore belongs wholly

to the Goodrich quartzite, a })art of it being the gray granular ore,

but much of it being .similar to the ore of the Goodrich mine, subse-

quently described. The latter is a micaceous hematite, in which are seen

luimerous little e3'es of fragmental quartz. The ore grades up into ordi-

nary ore, jasper, and quartz conglomerate, and this into a finer-grained

chert and quartz conglomerate. In thin section, in the gradation varieties

between the ore and conglomerate the partial replacement of the frag-

mental quartz by the magnetite may be seen. Much of the iron oxide was

detrital, and this has been changed to lustrous hematite, and the secondary

impregnation, as usual, is represented l)y the magnetite in crystals and

by its alteration product, martite.

The village of Palmer is itself u\ion the area of the Goodrich

quartzite. If w^e go directly south, the westward-plunging anticline of

the Negaunee jasper is crossed, and we reach the south arm or basin

of the Goodrich quartzite. Along the southern side of the basin at a

numljer of points may be seen magnificent exposures of the great basal

conglomerate, resting directly and unconformably upon the Negaunee

jasper. Large, well-glaciated areas are perfectly l^are, in which the great
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variety of brilliantly colored pebbles and bowlders presents a beautiful

appearance. At no fewer than four places the actual contacts between

the Negaunee and Goodrich formations are seen. In places the dip of the

cono-lomerate is low, and on the south slope of the hills truncated banded

jasper may be seen, overlain, with slight discordance, by the conglomer-

ate. While the conglomerate is studded with waterworn bowlders of the

Negaunee formation, it also contains very numerous pebbles and bowlders

derived from the Basement Complex. Immediately adjacent to the Negau-

nee formation fragments of it are predominant, but a little higher up those

from the Basement Complex are equally abundant. The conglomerate

grades up in the central and northern part of the basin into a quartzite, but

on the north side, adjacent to the Negaunee formation, the fine-grained

conglomerate is again found. A short distance east of the village of

Palmer, again, the basal conglomei'ates and contacts between the Goodrich

quartzite and the Negaunee formation may be seen. Here the phenom-

ena are the same as at the contact in the basin just described. About a

mile east of Palmer, on an elevation surrounded by a swamp, are large

exposures of quartzite and a fine-grained conglomerate, which constitute

the eastern extremity of the Palmer basin.

Goodrich-Saginaw area.—To the west, uumerous cxposures of the Goodrich

quartzite constitute a marked ridge, running from about one-fourth of a

mile north of the center of sec. 21, T. 47 N., R. 27 W., to the Fitch mine,

in the SE. 4 sec. 24, T. 47 N., R. 28 W. (Atlas Sheets XXIII and XXVI).

South of this ridge are the Lowthian, Saginaw, and Goodrich mines. At

all of these mines, and at the Fitch, the contacts between the Negaunee

and Goodrich formations may be seen. At all of them the unconformity

between the two is perfectly clear, and great basal conglomerates are pres-

ent, the debris of which is derived chiefly from the Negaunee formation.

For the most part the discrepancy in the folding between the Negaunee

and Goodrich formations is but slight, so that the break is indicated by

minor differences in strike and dip; but the quartzite is deposited in the

depressions of the irregularly eroded Negaunee formation. At the Good-

rich mine the Negaunee jasper is plicated, and it abuts at various angles,

up to perpendicularity, against the beds of the conglomerate (figs. 20 and
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21, p. 335). The greater portion of the ore taken from the Gcxxh-ich mine

is the recoinposed material of the Goodrieh quartzite. In all respects tins is

like that at the Volunteer mine, except that the detritus ming-led with the

ore is coarser, and therefore the replacenijent of tlie siliceous ingredients

by the iron oxide is very incomplete. The ore presents the appearance

of extreme mashing, being composed of thin plates and fibers of micaceous

hematite, the thinnest of which have slickensided faces, showing that there

has been shearing between them. The conglomerate above shows tlu;

same dynamic effects, the lamin?e of micaceous hematite wrapping around

the more resistant quartz and jasper pebbles. As usual, in places between

the lamiufE of sheared hematite and in cracks a great deal of magnetite in

crystals has been formed. The exposures of the basal conglomerate at

the Saginaw, Goodrich, and Lowthian mines are scarcely less beautiful

than those in sec. 16 (see p. 425) and at Palmer. The conglomerate,

composed mainly of the Negauuee formation material, contains pebbles

of white, coarsely crystalline quartz, and is in places at least 300 feet

thick. It grades gradually upward into a fine-grained conglomerate, in

which the ore and jasper are still prominent, but in Avhich coarse-grained

quartz is abundant This passes up into the coarse-grained quartzite, in

which there is comparatively little of the chert and jasper, and this into

ordinary quartzite, which in the higher horizons is interstratified with

graywacke.

At the east end of the ridge, about one-fourth mile north of the center

of sec. 21, the conglomerate is infolded with the Negaunee formation in an

isoclinal manner, the Goodi-ich rock making a westward-plunging tongue.

A section from soutli to north passes from the Negaunee formation to the

Goodrich and then to the Negaunee, the dip being continuously at a high

angle to the north. At this locality the Goodrich conglomerate is very

much mashed. The pebbles of jasper are flattened, and iu the plane

of flattening are elongated unequally in two directions at right angles to

each other. The finer detritus shows slickensiding efiects. Some of the

finer-grained varieties of the rock are gra}', siliceous or ferruginous slates

or schists, the more feiTUginous approaching in appearance the so-called

slate ore.
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In tJiiu secticni the conglomerates of the Saginaw range <\o not differ

from those oi the Ishpeniing area. In the varieties which are most mashed,

and therefore most ch)selv resemble the original jasper, the presence of

small, distincth' j-muided, and often enlarged fragmental grains of quartz

and secondar}' sericite shows the recomposed character of the rock. It

tlierefore apj)ears that while nearl}' all of the detritus came from the sub-

jacent Negaunee formation, the sea brought in fragmental material from a

more distant source. In the fine-grained quartz-conglomerates and the

coarser quartzites much chert and jasper are seen, and a large amount of

secondary iron oxide is in the matrix. Certain nonferruginous quartzites

are strongly feldspathic. Tliese grains and those of the quartz are of large

size, some of them almost pebble-like. It therefore appears that in the

shallow sea of this time, after the Negaunee formation was Ijuried to a

depth of a few hundred feet, most of the detritus came from the gneis-

soid granites of the Archean. The slides of the slate ores and hematitic

schists of the Goodrich mine show the silky, tibrous appearance of the

mashed hematite and the crystals of secondary magnetite. The recom-

posed character of the ore is indicated b}' occasional small grains of plainly

fragmental (juartz and by flakes of secondary sericite. The latter mineral

is rarely, if ever, present in the ore belonging to the Negaunee formation.

Mount Humboldt area.—Wcst of tlic Fitcli miuc there are no known exposures

of the Ishpeming' formation until north of the Mount Humboldt ridge, in

sec. IS, T. 47 N., R. 28 W. From this place outcrops of the formation

are found at frequent intervals to some distance west of the Barron mine

(Atlas Sheets XVI and XIX). The oval Humboldt ridge is therefore sur-

rounded, except on the souths by concentric layers of the Goodrich quartzite.

The lowest horizon of the quartzite is represented by a quartz, jasper,

and ore conglomerate similar to that at the Goodrich mine. This ma>' be

seen in a cut on and adjacent to the Republic branch of the Duluth, South

Shore and Atlantic Railway, and at the various open pits. This conglom-

erate, in common with that at the Goodrich and at Palmer, differs from that

of the Ishj)eming area in containing more material derived from the

Archean, and particularly large ])el)l)les of white, coarsely cr}'stalline quartz.

The mashing phenomena spoken of as occurring at the Goodrich are even
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moi'e proiniiieut here. At the Barron mhie the basal recomposed rock so

closely resembles the original jasper that it is difficult, if not impossible,

to exactly locate the place at which the Negaunee formation ends and

the Goodrich quartzite begins. The two have been mashed into apparent

conformity, and at the contact plane is tlie ore deposit which welds them

together; but upon the east side of the ore deposits it is plain that we

have the Negaunee jasper, and upon the west side the Goodrich quartzite.

At this mine and at the west end of the Jackson mine are the two places

in the main area of the district where it is most difficult to discriminate

between the two formations. A short distance from the Barron, at the old

Humboldt mine, north of Mount Humboldt, there is no difficulty in making

the discrimination l^etween the formations, as the mashing was less severe.

The Humboldt conglomerate grades up into a coarse graywacke or into

a feldspathic quartzite. At one or two of the open pits the finer-grained

detritus has been mashed into a peifect, finely laminated mica-schist.

In thin section the mashed conglomerates closely resemble the mashed

jasper of the Negaunee formation, but the small, distinctly fragmental grains

of quartz of larger size than the granules of jasper, and flakes of sericite,

mark the difference. The finer-grained conglomerate has become a fei--

ruginous sericite-schist. The large clastic grains of quartz are broken,

elongated, and often wholly granulated. Around these areas the mashed

hematite and lustrous sericite wrap in the usual manner in such rocks. As

these conglomerates pass up into those in which no coarse detritus was

present, we have the sericite-schists. In one case the rock consists almost

wholly of flakes of sericite having a minutely crenulated, parallel arrange-

ment of a majoritv of the blades. There are present a few larger blades of

muscovite Avhich are arranged transverse to the others, or at a large angle

to them. Tliese are doubtless original clastic flakes. The quartzose mica-

schists differ from the pure micaceous rock only in that between the leaflets

of sericite are very numerous small particles of quartz, either single or

clustered, about which the sericite jjasses, like the meshes of a stretched net.

The quartzite close to Humboldt has largely recrystallized, and approaches

a quartz-schist. Many of the original fragmental grains have been granu-

lated, and the new quai'tz which has developed sometimes approximates in

MON XXA'III lis
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coarseness to tlie granulated quartz, and between the grains much sericite

and chlorite has developed. Where the fragmental grains were large their

granulation resulted in distinct flattening. These granulated areas free

from the mica still indicate the fragmental character of the rock. At the

localities southeast of Humboldt, in sec. 18, where there are a number of

exposures of quartzite, the rock is sericitic, less crystalline than that near

Humboldt, and more nearly like the normal Goodrich quartzites.

Champion area.—In tlic viciuity of Cliampion, at the various mining pits,

the lowest horizon of the Ishpeming formation is represented by the granu-

lar magnetic ore and the magnetitic hematite-schist of the mines (Atlas

Sheet XII). The impure phases of the ore contain jaspery quartz and

green chloi-ite. These grade up into hematitic and magnetitic quartzites

and quartz-schists. These latter are associated with or overlain by biotitic

graywackes, biotite- slates, or biotite- schists, many of which are garnet-

iferous, and in some cases are griineritic. Rai-ely the rock approaches in

appearance the gTiinerite-magnetite-schist as developed at Bijiki River, as,

for instance, southeast of Champion, north of the road, a short distance

east of the west quarter post of sec. 4 These schists in places are acutely

folded in a minor way. On the road just east of the Champion mine the

schist becomes conglomeratic. The matrix of the conglomerate is garnet-

iferous mica -schist. It holds very numerous pebbles and bowlders of

many varieties, including schistose granite, quartzite, quartz -schists, etc.

Some of the bowlder-like areas are several feet in diameter. The ques-

tion arose at the locality as to whether they could be parts of folded or

broken layers, rather than true bowlders, but this seemed hardly possible.

This rock is one of the most crystalline schist -conglomerates of the

Marquette district.

In places the mica-schist is almost immediately north of the rocks of

the Negaunee formation. The presence of biotite in the mica-schist, the

different character of its banding, and an in-egular weathering, due to cer-

tain constituents dissolving out, thus giving the rock a ridgy appearance,

enable one to discriminate the Ishpeming rock from the Negaunee. In the

presence of the mica-schists and schist-conglomerates, and in the absence

of any considerable quantity of pui-e quailzite, the rocks of the Ishpeming
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formation at Champion are diflfereut from those at an}- otlier h)caHty. It is

to be noted that just nortli of the Ishpemhig formation in this vicinity occur

mingled sedimentar)- and volcanic rocks of the Clarksburg formation, and
further, one of the volcanic centers was probably just east of Champion.

It is doubtless due to this volcano that the absence of pui-c quartzites is to

be attributed. The pecuhar conglomerate above mentioned may perhaps

be really volcanic rather than sedimentary.

In thin section certain of the impure ores have a backgi-ound consist-

ing of small granules of quartz between which are leaflets of biotite,

sericite, and chlorite, and in which are very numerous crystals and clusters

of crystals of magnetite. Where the quantity of tlie micaceous minerals

is small and the granules of quartz are almost wholly derived from the

Negaunee jasper, the recomposed rock simulates to a remarkable degree

the original formation. Where the chlorite Ijecoraes verj- abundant, as

it sometimes does, the background is predominantly of this mineral, but it

still contains clastic grains of quartz derived from the Negaunee jasper, and

the whole is studded with crystals of magnetite. There are also present

large crystals of chloritoid. As usual, the micaceous hematite is easily

discriminated from the brightly reflecting, secondary, crystal-outlined mag-

netite. As the ore body at the Champion mine is so largely magnetite, it

appears that the secondary replacement, after dynamic action had ceased,

was the most important process in the production of the ore deposits.

By the appearance of coarse-grained fragmental quartz from tlie

Basement Complex, the rocks at the bottom of the formation grade up

into biotitic, sericitic, and chloritic quartzites or quartz -schists, which

contain much iron oxide as a secondary impregnation. In the more

mashed phases the quartz grains are flattened so that their longer axes

are in a common direction. Accompanying the flattening is granulation.

Sericite is the predominant mica, and this secondary mineral wraps around

the particles of quartz in the usual mesh-like fashion. In certain of the

rocks many fekkpars are seen, and these are parth?- decomposed, the mica

and quartz forming from them. The mica -slates and mica-schists are

in all respects like similar rocks of the Michigamme formation, described

on pages 449-450, and they will therefore not be here fully considered.
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The different j)liases include black garnetiferous niiea-slates and coarse-

<>frained chlorite-slate.s and biotite-slates. The finer-grained varieties are

strongh' garnetit'erous and andalusitic. The garnet contains few inclu-

sions, but the andalusite, as usual, is full of the other minerals of the rock.

The griiueritic rocks differ from the biotite-slates only in that in place of

part of the mica griinerite has developed. Garnet is also abundant.

Lake Michigamme area,—Wcst of Cliampion, soutli of tlic ccuter of scc. 36,

and at several places near the water's edge on the south arm of Lake Michi-

gamme, occur griiueritic schists (Atlas Sheets VI, VIII, and IX). In seC 36

the rocks are nearly pure griinerite-magnetite-schists, very closely resem-

bling those of the Bijiki formation at Michigamme. At the remaining places

to the southeast the schists are biotitic or are interlaminated with bands

of biotite-schist. In thin section the nearly pure griineritic schists do not

difter from those of Michigamme. The quartzose background is finely

crvstalline, but in it are seen occasional larger fragmental grains of quartz.

With the griinerite is a certain amount of pleochroic aniphibole, and the

iTsual intergrowths of the two occur. In certain slides the chloritic

decomposition of the griinerite is seen. The rocks are usually garnetif-

erous. As the rocks become less pure, biotite is found with the grunerite

between the particles of quartz. In an intermediate variety the biotite and

grunerite are about equally abundant. By a lessening of the amount of gru-

nerite and an increase of the chlorite and biotite the rocks pass into the

ordinary mica-slates and mica-schists of the Michigamme formation.

Republic area.—At tlie soutli end of the Republic trough there are numer-

ous large e.\posui-es of the Ishpeming formation (Atlas Sheet XI). The

predominant variety is white quartzite. This passes downward into a con-

glomerate at the base of the formation, and it grades upward into the mica-

schist of the Michigamme formation. Beginning with the basal members

of the formation at the southwest angle of tbe Republic horseshoe, there is

the usual recomposed specular and magnetic ore, often " micaceous," which

bears clastic grains of quartz and complex fragments from the Negauuee

formation. At the same horizon or above this are magnificent exposures

of conglomerate. The predonnuant pebbles and bowlders are from the

Negaiuiee formation, l)ut with these are found bowlders of quartz as large
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as 2 feet in diameter. Also, tlieve are 2)reseiit a few i)el)l)les wliicli ai)j)ear

to be derived from the giieissoid granite of the Basement CJoni[)k'.\. At the

exposure nearest the jas])er is seen a distinct cleavag-o parallel to the side

of the Rei)ul)lic tongue, while the peljbles and bowlders are eoneentrated

into l)auds which cut across this cleavage, although tlic longer diameters of

the flattened pebbles are in the plane of cleavage. In all i)robal)ility these

pebbles were deposited with their longer axes parallel to the bedding.

They have, therefore, been rotated to their present position, or have been

flattened by ])ressure, or lioth have occurred. A close examination of the

jasper below shows that rotation has probal)ly taken place to some extent

Here the folding was so sh;u-i) as to bend the once regular belts of jasper

into zigzag bands, more nearly j^arallel to the cleavage than to their

original bedding. We therefore conclude that the pebbles of the con-

glomerate have been revolved as well as flattened. The quartzite and

conglomerate are also found at various places from the Republic mine to the

village of Republic, along the west side of Republic Mountain. Wherever

the contact is found between the Ishpeming and Negaunee formations the

latter is eroded, the former is a conglomerate bearing numerous fragments

of the latter, and there is a slight discordance between the two formations.

At one place on the east side of the trough, as a result of faulting, the contact

is a double one, a quartzite tongue appearmg within the jasper. The nature

of the contact between the two formations and the origin of this tongue

are fully discussed by H. L. Smyth in another place. (See pp. 542-047.)

The conglomerate grades up into a gray quartzite or quartz-schist.

This is in some places sufficiently coarse grained to show distinctly the

fragmeutal character, but at certain places it becomes novaculitic m appear-

ance, being- apparently composed mainly of the individual grains derived

from the Negaunee jasper. The quartzite is more or less Impregnated

•with magnetite. The quantity of this mineral lessens, upon the whole, in

the higher horizons. Also, in the quartzite at one place is a considerable

quantity of epidote, which in some specimens is sufficiently abundant to

give a distinct greenish tint to the rock. The quartzite in its ;q)per part

passes into a fine-grained, micaceous quartz-schist, and this into the mica-

schist of the Michig'amme formation.
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In tliin section the recomposed ore has a hematite and magnetite back-

gronnd. In this are included many flakes of mnscovite, broken grains of

coarse quartz, and simple and complex particles from the jasper. The

matrix of the less ferruginous conglomerate is essentially the same as the

quartzites, except that a considerable quantity of feldspar, including both

orthoclase and ])lagioclase, is contained in it. At some places this feldspar

has partly altered into quartz, rauscovite, and biotite, many of the roundish

grains being now an interlocking mass of these minerals and the resid-

ual feld.spar. The quartzites show the effects of extreme pressure; all of

the grains show undulatory extinction or fracturing, or even granulation.

While many of the grains have a general roundish appearance, they rarely

show the original cores, and are minutely angular upon their exteriors.

These larger grains intricately interlock, and in part finely crystalline

quartz has developed between them. In the rocks in which the dynamic

effects are least the coarse-grained original quartz is discriminated from

the finer-grained secondary quartz, but in the more mashed phases of the

rock the two are similar and the quartz grains interlock in an intricate

way, giving no positive evidence of their original fragmental character.

Between the grains considerable muscovite has de-s'eloped, making the rocks

sericitic quartzites, and where most mashed sericitic quartz -schists. At

one place on the east side of the trough, in a coarsely crystalline quartzite,

epidote and amphiljole are so abimdaut as to become chief constituents.

The quartzite is coarsely crystalline, and the roundish forms of the quartz

grains still show the fragmental origin of the rock. The epidote occurs in

small and large, distinctly pleochroic, irregular grains, some of which show

a tendency toward crystal outlines. In the upper part of the Ishpeming

formation the quartzite is fine-grained, and here the background consists of

small granules of quartz, similar in appearance to those making up the

Negaunee jasper, and this is doubtless their source. The rock, however,

diflPers from the Negaunee jasper in that, everywhere between the grains,

flakes of biotite, chlorite, and sericite have developed. In some sections

the biotite is predominant, in others the sericite. In the conglomerates,

quartzites, and quartz-schists alike, numerous crystals of magnetite are seen,

which are included indiscriminately in all of the other minerals present. ^
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Kioman area.—-To tlie iiortliwest of RepubHc, along tlie east side of tlie

Republic trough, at the Kloiuau raiue the contact Ijetween the Negaunee

formation and the conglomerate of the Ishpeming formation is ])eautifully

exposed (Atlas Sheet XI). The Negaunee formation has its typical char-

acters. Resting upon this is recomposed ore. The recomposed material

near the base of the Ishpeming formation very closely sinmlates the Negau-

nee jasper in appearance. However, minute roundi.sli granules of (piartz

and pebbles of jasper show the character of the rock when closelv examined.

At one place, where the ore welds tlie two formations together, it is impossible

to state where the Ishpeming formation ends and the Negaunee formation

begins. The ore taken from the mine seems to occur about equally in the

two fonnations. As usual, in the ore two kinds of iron oxide are discrimi-

nated, the original, detrital, mashed hematite and the secondary crystalline

magnetite. In cross fracture the latter is more evident; in specimens ])aral-

lel to the lamination the micaceous hematite appeal's to be predominant,

presenting its usual lustrous, slickensided surfaces. The heavilv ferruginous

material passes up into a quartzite containing numerous fragments of ore

and jasjier. Layers of conglomerate and of quartzite, comparativeh' free

from jasper jiebbles, are interstratitied. This rock ])asses uj) into a fine-

grained gray quartzite, like that at Republic. In thin section the rocks do

not differ from the similar rocks at Republic, except that the dynamic

effects are less severe. In the quartzose ore the coarse, well-rounded, little-

distorted grains of fragmental quartz derived from the Archean show dis-

tinct enlargements. All, however, show undulatory extinction, and many

are fractured.

Northern Republic and Western troughs. At a llUmber of plaCCS betweeil tllC Klo-

man mine and the northwest end of the Republic trough there are exposures

of the Ishpeming- formation. The majority of these are at the mines along

the trough, but at various other places important outcrops occur. The more

important localities are as follows: the S. h sec. 1, T. 46 N., R. 30 W., the

Metropolitan mine, the Chippewa mine, the Riverside mine, the Standard

mine, the Cannon mine, the Erie mine, the Magnetic jnine, and various

places to the east and west in sec. 20, T. 47 N., R. 30 W. In the Western

tongue there are exposures of the Ishpeming formation in sec. 30, T. 47 N.,
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E. 80 W., and in sec. 18, T. 46 X., R. 3(» W. (Atlas Sheets VII and X.)

To describe in detail each of these localities would vetjuire too much space.

They are therefore treated together.

At the various mines the basal horizon is a coarse magnetic ore, asso-

ciated with considerable chlorite, and iu some places with pp-ite. As this

ore becomes lean it contains quartzose bands, which show large clear grains

or pebbles of c|uartz that appear to be fi-agmental. These white quartz

bands never verj closely simulate the red or white jasper of the Xegaunee

formation, and there is usually no sharp difterentiation between the ferru-

ginous and nonfeiTuginous bauds, as is the case with the jasper. They

are therefore discriminated in hand specimen from the true jasj^ilite of the

Xegaunee formation. If there were conglomerates deposited at the base of

the formation, at most places these have been wholly destroyed by the

dynamic action. In some cases the bands of quartz have a lenticular

appearance, as if they were greatly flattened quartz pebbles.

At two places, where erosion has cut away the Lower Marquette series,

the rocks of the Ishpeming formation are found close to the granite. The

first of these localities is southeast of the Erie mine, in the XE. J sec. 28,

and the latter northwest of the same mine, in the SE. 5 sec. 20. At the

first of these localities the rock is a coarse-grained, foliated, micaceous

quartz-schist, which at one place contains distinct quartz pebbles. At the

second locality the rock is of a similar appearance, and it contains distinct

pebbles of white quartz and of jasper. This rock is associated with a

massive, greenish-gray, homblendic quartzite. These coarse rocks jiass uj)

into fine-grained, micaceous quartz-schists.

The hea^aly ferriferous rocks of the mines are closely associated with

or grade Into muscovitic quartz-schists; these grade into completely crys-

talline, thoroughly foliated mica -schists, like those of the Michigamme

formation.

Associated with tlie mica-schists, gTiineritic and magnetitic schists are

found. These may be particularly well observed west of the Kloman

mine, adjacent tf> and south of the road. This gi-iinerite-magnetite-schist

contrasts with that of the Xegaunee formation in having a rough appear-

ance upon the weathered surface, and in having a peculiar toughness which
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prevents it Iroui Ijeiu^- cleaved piirallel to tlic haiuliiiL;-, wliilc tIic .similar

rock of the Negamiee fonnatiou has a regular lamination, is brittle, and

parts readily along- the lamination; also, the layers of" the tornier are

thicker, and many of them have more of the appearance of a crvstalline

schist than the similar rock of the Neg-aunee formation. The schist is

folded in a most complicated fashion. On the horizontal exposure the

layers are seen to turn back upon themselves in re2)eated sharp V folds.

Upoir the whole, the rocks of the Ishpeining formation in this area are

the most extremely metamorphosed of all in the district. While occasional

conglomei-atic schists have been discovered and the coarser quartz-schists

are not completely crystalline, the iiner-grained rocks have been changed

to completely crystalline schists. The evidence of xniconformity between

the Negaunee and Ishpeming formations, which is so marked at Republic

and other localities in the district, is wholly obliterated. From the proxim-

ity to these places one can not doubt that the two are here unconformable,

and that there was an irregular erosion contact between them; but if this

be true, the mashing was so severe as to wholly destroy the evidence of this.

The schistosity of the Ishpeming formation and the bedding of the Negaunee

formation are in apparent conformity. Where the Ishpeming formation is

in contact with the Archean, somewhat similar relations obtain. The basal

horizon of the Ishpeming formation is a coarse micaceous quartz-schist. It

is not always possible to tell exactly where this recomposed rock begins

and the mashed granite ends. At two localities only, one between the

Erie and Magnetic mines and the other southeast of the former, does this

basal rock distinctly show by pebbles its fragmental character.

Under the microscope a few of the slides of the recomposed materials

at the mines so closely resemble the original Negaunee jasper that the two

could not be discriminated. However, there is usually present muscovite

in small or large flakes, and biotite and chlorite are found, in some places

abundantly. In certain cases lenticular areas of jasper suggest that the len-

ticules represent mashed pebbles. While the quartz of the siliceous lavers

vanes considerably in coarseness, there is usually no such range in size as

at Republic, where each of the coarse grains derived from the granite can

be readily discriminated from the small grains derived from the Negaunee
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jasper. If coarse ij-rains were originally present they have been gran-

ulated by the mashing. Toward the southeast end of the area, near the

Kloman and Republic mines, the mashing was not so severe, and here two

classes of quartz are discriminated. Although no grains show cores and

enlargements, in some cases the coarser grains are cemented by a fine

mosaic, as in ordinary quartzites; in others the coarse and fine grains are

in alternate layers; while in a third case they are indiscriminately juingled.

Where the Goodrich quartzite rests upon the Archeau, the basal rock

is entirely different from the above, being in two places a conglomerate

composed chiefly of material derived from the Basement Complex The

pebbles of the conglomerate were simple and complex fragments of quartz,

large grains of feldspar, and granitic pebbles composed of both. These

have been so intensely mashed that they are usually in elongated oval or

ribbon-like areas. Much of the coarsely crystalline quartz is granulated,

so that the quailzose pebbles consist of finely granular intei-locking quartz-

The feldspar fragments are usually much shattered. Along- the cracks

quartz and muscovite have largely developed. In one case the stresses have

jDroduced an unusually strongly marked fissility in two directions, which in

section resembles the double cleavage of calcite. Where the decomposition

went far enough the areas once occupied by feldspar consist of interlock-

ing crvstalline masses of quartz, muscovite, and residual feldspar. In the

pebbles which consisted of quartz and feldspar together the effects uj^on

the latter mineral were the same as in the pebbles which consisted of feld-

spar alone. The matrix of the conglomerate is a muscovitic aud feldspathic

quartz-schist. The feldspar comprises both orthoclase and plagioclase, the

latter including much microcline. In some of the sections this feldspar is

so abundant as to be a principal constituent. In a number of slides the

matrix is completely crystalline, thus becoming mica-schist or mica-gneiss.

If it were not for the conglomeratic character of these rocks their sedimen-

tary origin could not be asserted from evidence shown by the thin section.

As accessories ui the conglomeratic schist aud gneiss, magnetite, biotite,

chlorite, and epidote are found.

By a lessening of the amount of magnetite the recomposed ore-bearing

rocks at the mines pass up into muscovitic quartz-schists. Also by the
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disappearance of the larger fragments the conglomerates resting upon tlie

Archean pass up into like rocks. The d3'namic forces were not severe

enough to entirely destroy the large original rounded fragmental grains of

quartz. These are represented by roundish or oval areas, which may show

only undulatory extinction or fracturing, or may be oblong granulated areas-

But the latter differ from the tiner-grained background in the absence of

muscovite. However, the quartz grains never show cores with enlarge-

ments. They completely interlock. Their fragmental character is therefore

indicated mainly by the general shapes of the complex areas. In tlie tiner-

grained varieties of the quartz-schist no distinction is to be made out between

detrital and nondetrital grains. The rock is a completely crystalline, mus-

covitic quartz-schist. As in tlie case of the conglomerates, a greater or less

amount of feldspar is present

By an increase in the amount of muscovite the quartz-schists pass into

typical crystalline muscovite-schists. In many of the rocks biotite also

is a princifial constituent, and they become muscovite-biotite-schists. By
a further replacement of the muscovite by biotite the rocks pass into

biotite-schists. In some cases the folia of muscovite are arranged trans-

versely to those of biotite, as though one of these minerals had developed

as a consequence of one dynamic movement and the other of a later one.

In a few instances the amount of feldspar in the background is so great as

to be a pnncipal constituent, and the rocks are muscovite-biotite-gneisses.

The feldspar includes orthoclase and plagioclase, the major portion of

the latter being- microcline. The completely crystalline gneiss occurs in

association with an intrusive greenstone.

A portion of the feldspar in the background of the conglomerates,

quartz-schists, and mica-schists appears to be detrital, but a large part is

apparently a new development, as much of it is perfectl}' clear, showing no

decomposition, and including magnetite and other minerals. In the quartz-

schists and mica-schists, magnetite, epidote, and zoisite are often abundant

accessories, and in the mica-schists garnet also is plentiful. The mica-schists

of the Ishpeming formation are the same in their general characters as those

in the Michigamme formation (pp. 447, 449-450), and they will therefore

not be here described in detail
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At the Magnetic mine, and east and west of it, a coarse-grained gray

quartzite is associated with the ordinary phases of quartzites. In this quartz-

ite, liornblende and epidote occur as chief constituents between the grains.

These rocks are in all respects like those which have been described in the

quartzite tongue at Republic. In some of the micaceous schists of the same

area a large amount of garnet, chlorite, and chloritoid is present.

By the replacement of mica by griinerite and green hornblende in the

mica-schists these rocks grade into the griineritic rocks which have been

described under the name Bijiki schist. The transition varieties and the

griineritic rocks which are free from mica are not different from those which

occur northwest of Champion (pp. 434, 436). As usual, garnet is abundant.

SECTIOX II.—THE michiga:m]Me for>iatiox.

By C. R. Van Hise.

The name Michigamme is given to the upper slate and mica-schist

because on the islands of Lake Michigamme and on the mainland adjacent

to the shore occur extensive exposures of this formation.

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY.

The jMichigamme forTuation is mainly in a single great area (Atlas

Sheet IV). Beginning west of Ishpeming, it sweeps westward as a broad

belt to near Humboldt; here it becomes somewhat contracted, and east of

Lake Michigamme it is divided into two belts, a narrow northern belt

between two zones of Bijiki schist, and a broader southern belt which

includes the greater part of Michigamme Lake and the country to the

westward. This belt widens out over a broad area and occupies a g'reat

expanse of countr}' in the large area of Algonkian rocks at the west and

south part of the district covered l)y the present report. From this broad

area two arms ])roject, forming the centers of the Republic and Western

tongues. At and east and west of Humboldt is a southern lenticular area

about 6 miles long.

As this formation was originally a shale or grit, where it has not been

much altered the exposures are not prominent, and the area as a whole is

one of rather feeble relief, occupying lowlands between the ridgv countrv
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of the formations both to thu north and south. This is i)articuhu-ly the

case from the eastern extremity of the area to Lake Michigamnu;. At

Lake Michigamme and to the south and west the formation was much more

metamorphosed, becoming a mica-skate, a mica-schist, or a mica-gneiss, and

here, on account of the increased resistant power, the exposures are

numerous and conspicuous, especially on the southern side of the west arm

of the lake and upon the islands to the east. In the Republic tongue the

schist, being softer than the lower formations, is followed by the Michigamme

River.
FOLDING.

Broadly considered, for most of the area the Michigamme formation is

in a great syncline. This syncline is, however, very complex, and there

are many subordinate anticlines and synclines. East of Lake Michigamme

one of these anticlines is of sufficient importance to bring the Bijiki schist

to the surface, and thus to divide the Michigamme formation into two

synclines, the southern one of which is the more important. Another

probable anticline is indicated by the iron -ore pits in sees. 29 and 35,

T. 48 N., R. 29 W., as it is thought that the ferruginous horizon belongs near

the base of the formation (Atlas Sheets XII and XV). The Republic and

Western tongues are both isoclinal synclines. If the exposures are exam-

ined in detail, it is found that many of the secondary anticlines and

synclines have upon them tertiary folds, and upon these are folds of the

fourth order, and so on to microscopic plications; so that in many places

the rocks are minutely implicated. This is particularly well seen in the

schist at Lake Michigamme.

PETBOCtRAPHICAL oharacteb.

Macroscopicai.—The rocks of tlie formation comprise two main varieties—

little-altered slates and graywackes, and mica-schists and mica-gneisses.

Each of these comprises both feiTUginous and uonferruginous kinds. The

first class occurs chiefly in the area east of Lake Michigamme and the sec-

ond in the Lake Michigamme area, although representatives of the first are

found along the northern side of the Michigamme formation to the western

limit of the district considered. The mica-schists are also found along
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the southern part of the belt, several miles east of Clarksburg. It can not

be said that these divisions are in any why stratigraphical, unless it be true

of the feiTuginous phases, which appear to occupy a somewhat persistent

horizon; but these latter rocks are not so well defined that they can be

mapped as a separate formation.

The slates and grayivackes differ from each other chiefly in coarseness

of grain, the two often being interlaminated in the same exposure or ridge.

There are all gradations, from the aphanitic, black shales or slates to a

graywacke so coarse as to approach a quartzite, or, in one case, a conglom-

erate. The rocks vary in color from gray to black. Where they are fine-

gi-ained they usually have a well-developed slaty cleavage, and are often

carbonaceous, feiTUginous, and pyritiferous. In some places the amount of

carbon is so gi-eat as to give a black streak. When broken apart parallel

to the cleavage the graphite is frequently in a lustrous form, due to move-

ments parallel to the parting. An examination of two specimens (16671

and 16678) of the most carbonaceous rocks, by H. M. Stokes, in the chem-

ical laboratory of the United States Geological Survey, showed that they

contain respectively 18.92 and 15.69 per cent of carbon, but no hydrocar-

bons. A portion of the carbon appears to be in the form of anthracitic,

coaly substance, but much of it has been transformed to graphite. The

pyrite is in detached crystals, and in laminte parallel to the parting.

The least altered of these rocks could properly be called shales or grits.

In places where they are more altered the shales pass into mica-slates, and

bv more extreme alteration into the mica-schists.

The feri-uginous slates and graywackes contain much iron. In the

least-altered phases the iron compound is largely siderite, and thus the rock

is a sideritic slate. Rarely the siderite becomes the predominating constit-

uent, and in this case the rock is similar to the sideritic slates of the Negaunee

formation. As a consequence of weathering and metasomatic changes,

ferruginous slates, ferruginous cherts, and griinerite-magnetite-schists have

developed from these sideritic slates. In the few localities where the

ferruginous material was very abundant small ore bodies also have fornjed.

Such are known at three places north of Champion and at one south of

Spun-. Pits also occui* in the south halves of sees. 29 and 35, T. 48 N.,
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R. 29 W. (Atlas Sheets XII and XV ) These ores difier from the soft ores

of the Negaunee formation in that tlie iron oxide is largely limouite and

in that the associated rocks contain much carbonaceous and graphitic

material. The ferruginous phases are particularly prevalent just above

the Clarksburg volcanics and the Ishpeming formation—i. e., a short

distance above the formations which are immediately subjacent to tlie

Michigamme formation. All of the pits may and probably do belong to

the same horizon. If this be true, the central belt is near the crest of

an anticline which rises high enough to bring this low ferruginous horizon

of the formation to the surface. The foot-wall of the ore bodies is, so far

as observed, the impervious fragraental Michigamme slate. The ores and

peculiar associated rocks therefore appear to be in bunches or in lenses in

the carbonaceous slates, strongly suggesting that the abundant organic

material had to do with the deposition of the iron compounds.

The ferruginous and uonferruginous slates and graywackes, bv an

increase in metamorphism, pass into the mica-schists and mica-gneisses.

At Lake Michigamme, it has been said, mica-schist is alnindantly devel-

oped in its typical form. This mica-schist, while a completely crystalline

rock having well-developed schistosity, still shows in places, when closely

examined, the original beddnig and an alternation of coarse and fine

material such as occurs in the slates and graywackes to the east. The
schistosity varies from parallel to perpendicular to the bedding, usually

being at some intermediate angle Where the schists are completely crys-

talline, garnet, staurolite, chloritoid, and andalusite are often plentifully

present.

In the most coarsely crystalline kind the i-ock is in places veined

throughout with a granitic-looking material, and feldspar has abundantly

developed within the rock, forming a gneiss. The gneiss is pegmatized

through and through, as though the material, either as a magma or in the

form of a water solution, had penetrated the joints, the partings ])arallel to

the laminae, and also the interspaces between the constituent particles, and

had in these places produced quartz and feldspar. A close examination

shows that many of the apparently granitic veins are but the coarser beds

strongly pegmatized. The pegmatized areas grade into the ordinary mica-
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schist. It is concluded that the pegniatization was not the result of an

igneous injection from an extraneous source, particularly as there ai-e no

known granite intrusives within the Upper Marquette series. The facts

seem rather to be explained by water action. The whole rock must have

been permeated by hot solutions, from which the new minerals separated

in the interspaces left by the folding.

If this explanation be correct, the rock is one to which the term "meta-

morphism" is applicable. Why the rocks of this part of the formation are

so thoroughly metamorphosed and those to the east comparatively little

affected has not been certaiidy determined. The beds are intensely plicated.

Such plication involves a large amount of readjustment of the layers over

one another and within the layers themselves—that is, the mashing was

exceedingly severe. During this time of folding, by the decomposition of

fragmental feldspar into quartz and mica, the development of new feldspars

in some places, and the granulation of the coarser crystalline quartz, the

rock changed into a mica-schist or a mica-gneiss.

Microscopical.—Thc slcitcs and grayivaches consist mainly of fragmental

quartz and feldspar set in a clayey and micaceous matrix. Occasionally

other fragmental constituents, and especially mica, are found. In the cases

of the finer- grained slates the clayey matrix is predominant. In the

coarser-grained graywackes the plainly fragmental material is predominant.

In the latter we often have closelv fitting grains of quartz, some of them

well rounded and enlarged, with a, few of feldspar, set in a sparse matrix.

This rock approaches a quartzite. The fragmental constituents generally

show pressure effects, the larger grains being broken into two or more

fragments, or cut by fine cracks, sometimes in a rectangular manner,

which cause undulatory extinction. The fragmental grahas of feldspar

have largely decomposed, and quartz, biotite, and chlorite have developed

from them. In the clayey background there have developed many minute

flakes of biotite, sericite, leaflets of chlorite, and sometimes needles of

actinolite. These usually do not have a parallel arrangement. More fre-

quently than not there is also present a greater or less quantity of ferrite.

Sometimes crystals of tourmaline also occur.
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In proportion us the t'eldspar is decomposed and the quartz is granu-

lated, the rocks approach the mica-schists, an intermediate phase being

represented by the mica-skites. These still show evidence of their frag-

mental origin, occasional fraginental grains of quartz being seen, some of

which are enlarged. Many of these fraginental grains are easily separable

from the newly developed quartz, showing as they do undulatory extinction

or fracturing. The quartz grains show an imperfect arrangement, with their

longer diameters in a common direction. The folia of biotite also have a

parallel arrangement. In a further stage much of the quartz has been

granulated, and the feldspar is largely replaced by secondary mica and

quartz.

These mica-slates on the one hand grade into the ordinary slates and

graywackes step by step, and on the other hand, by greater alteration, they

pass into mica-schists. Where the process of metamorphism is complete,

the fragmental quartz grains are wholly granulated by the mashing, which

has kneaded the rock throughout. In many slides each folium moved

differentially in reference to those above and below it. The fragmental

feldspar is wholly changed into quartz, mica, and chlorite. The folia of

new mica developed with their longer axes in a common direction. In pro-

portion as the deformation is greater, sericite and muscovite become prom-

inent with the biotite. Thus in place of the fragmental rock a completely

crystalline mica-schist is produced.

The details of the processes of development of these schists will not

be here described, but they are similar to those given for the development

of the mica-schists in the Penokee series.' There has, however, been the

difference explained above, that mashing has played a nmch more important

part in the case of the mica-schists of the Marquette district. As a con-

sequence, some of the schists are strongly foliated. In the crystalline

schists a large amount of garnet, staurolite, andalusite, and chloritoid has

developed. These minerals include large quantities of the prior quartz.

They show no evidence of strain, and they are believed to have developed

' The Penokee iron-bearing series of Michigan and Wisconsin, by R. D. Irving and C. R. Van

Hise: Mon. U. S. Geol. Survey, Vol. XIX, 1892, pp. 332-343.

MON XXVIII 29
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in the (juiesceut stage after dyuamic action had ceased, but -while the heat

still produced hot solutions which bore abundant mineral material.

By the formation of the secondary feldspar, probably by the same proc-

ess both within and between the grains, quai*tz- mica -feldspai'- rocks or

mica-gneisses have developed. These mica-gneisses have an interlocking,

granitic-appearing background, composed of quartz and feldspar in about

equal abundance. That the rock was originally fragmental is indicated

only by occasional roundish grains of quartz and feldspar, but it is always

difficult to determine cextainly what pai-t of the quartz and feldspar is

original and what pai"t a secondary development. Both the original and

secondary feldspars are stained with limonite and ai-e decomposed to a

greater or less degree into chlorite, biotite, and quartz. Biotite is the

predominant micaceous mineral, but muscovite is present, and chlorite is

abundant. Magnetite is also present in numerous crystals, and a small

amount of hornblende is foimd. The veins cutting the gneisses are com-

posed mainly of iron-stained feldspar, with, however, much chlorite and

quartz. This feldspar, which is beyond all question secondary, is identical

in its appeai'ance with that contained throughout the rock. In the mica-

gneiss are curious black concretionai-y-looking areas, which in thin section

are seen to be essentially the same as the remainder of the rock, except

that they contain numei'ous large crystals of hornblende and much zoisite.

Each of the hornblende individuals includes many of the other mineral

particles, and in their development they appear to be analogous to the

staurolite and garnet.

The occuiTence of these mica-gneisses within the Michigamme forma-

tion is of great interest as pro^'ing the development of this kind of I'ock

from a clastic. In almost every I'espect the coarsest of these mica-gneisses

are similar to many mica-gneisses of the Basement Complex. The only

difference between the two is that in the Michigamme formation these crys-

talline forms may be traced by gi-adations to phases in which the fi-agmental

characters are clearly apparent.

The pm-est and least-altered phase of the ferruginous rocks is sideritic

slate. This is a fine-grained gray rock, composed almost wholly of siderite,

which upon the weathei'ed surface, where the carbonate passes into iron
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oxide, exhibits a reddisli-bi-owii color. Fnmi tliese ferriferous (•url)onates

there have developed ferrug-inous slate, ferruginous chert, jasper, griinerite-

magnetite-schist, and iron ore, the processes and results being ic^entical

with similar rocks from similar materials in the Negaunee formation. (See

pp. 336-37r).) The description of these processes will therefore not be here

repeated.

Certain minor differences separate these rocks from tliose of the

Negaunee formation— the griineritic rocks are finer- grained, the iron

oxide is largely limouite, and in all phases of them carbonaceous material

is abundant.

The amount of pure nonfragmental material is subordinate, but because

iron ore develops from it, it is not unimportant. There is in the Michiganune

formation a much larger quantity of material intermediate between clastic

and nonclastic sediments. In some places the fragmental and nonfragmental

material is largely concentrated in alternate bands. In other places the two
are intermingled. Where least altered, these intermediate rocks may have a

background consisting of siderite and cherty quartz, with some ferrite, which

contains numerous well-rounded fragmental grains of quartz and feldspar.

As the metamorphosing processes set in, the siderite goes through the same

set of transformations as where it is alone, and the same is true of the frag-

mental material, so that there results a great variety of rocks. Where the

processes are chiefly metasomatic the siderite changes to ferrite, and ferru-

ginous graywackes, ferruginous slates, cherty graywackes, and cherty slates

are produced. In a common variety a ferrite background contains the

clastic constituents. If at the same time the feldspar alters to l^iotite and

chlorite, the slates are biotitic and chloritic. Where the dynamic effects are

stronger, griinerite and magnetite develop from the siderite, the secondary

mica has a parallel arrangement of its folia, and the quartzes are arranged

with their longer axes in a common direction, or are granulated, so that there

result hematitic and magnetitic mica-schists, griineritic mica-schists, etc. At

different j)laces there are all gradations from the least to the most metamor-

phosed varieties, and from those which originally consisted wholly of

nonfragmental material to those which consisted wholly of fragmental

material. In the first case the peculiar rocks of the iron formation were
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produced; iu the second case the mica-schists and mica-gneisses were

formed. Between one extreme and the other there is every gradation. '

RELATIONS TO THE UNDERLYING FORMATION.

It has ah-eady been said that the Michigamme formation grades slowly

down into the Goodrich quartzite or into the Bijiki schist, and that therefore

the line of separation between them is more or less arbitrary. The relations

to the Clarksburg formation are considered on pages 461-463.

THICKNESS.

The thickness of the formation must be considerable, as it covers a

wide area, Init it is impossible, on account of the subordinate folding to

which it has been subjected and the extensive development of slaty cleavage

or fissility which cuts across the bedding, to make even an approximately

accurate estimate. It is possible that within tlie area described its thickness

is not more than 1,000 to 2,000 feet, but it may be much more.

INTERESTING LOCALITIES.

Spurr, Michigamme, and Champion area. Beginning at tllC UOrtllWCSt part of tllC

area (Atlas Sheets V, VIII, and XII), about three-foui-ths of a mile south of

the Spurr mine are open pits of soft limonite iu the slate. Exposures occur

in the valley separating the two belts of the Bijiki schist along the north

side of Lake Michigamme at only one or two localities. These are on the

north side of East Point. Passing to the eastward, north of Champion,

in sees. 29, 30, 31, and 32, there are very numerous exposures of the less

altered kinds of the ]\Iichigamme formation. The larger and better exposed

area is a rough elevated plateau north of the Bijiki schist. The rocks of

the area comprise fine-grained, black, carbonaceous, graphitic, and pyri-

tiferous slates; coarser-grained slates of the same varieties; ordinary

black slates; fine-grained, dark-colored graywackes; coarse-grained gray-

wackes; occasionally rocks which approach a quartzite; and, at one place,

a conglomerate. Between the different varieties of rock there are all sorts

of gi-adations and interlamiuations.

The conglomerate contains small pebbles of chert and quartz, and

larger pebbles of what appears to be dense black slate. On the exposed

surface these weather out, gi^^ng the rock a pitted appearance. The finer-
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grained and more carbonaceous rocks stain t\w iinj^crs, and are so soft as

to readily give a black mark. When parted along the cleavage, many of

them show lustrous graphite. In all of the carl)onaceous varieties of rock

pyrite and marcasite are verv plentiful Even the fine-grained gravwackes

have a dark color, due to the contained carbon. For the most part the

rocks show comparatively feeble dynamic effects. To the majority of

the rocks the term sliales and grits Avould almost be ajjplicable. Slaty

cleavage is present only in the iiue-grained varieties. As has been explained,

occasionally the movements have been sufficient to develop lustrous graphite

between the lamina? of the slates. In places, as a result of the movements,

the slates were broken, and the cracks filled with vein quartz, the veins

varying from minute seams to those several inches across.

In thin section the rocks correspond in their characters, in most respects,

to the general description of them given on pages 448, 450-451. The coarser-

grained graywackes contain comparatively little feldspar and a small amount

of interstitial material. They are largely cemented by enlargement. They

therefore approach (piartzites. They are, however, always discrhninated

from the quartzites of the Ishpeming formation by the presence of lilack

carbonaceous material between the grains. The dynamic effects observable

under the microscope are usually slight, the grains only occasionally being

ai'ranged with their longer axes in a common direction, although they

commonly show undulatory extinction and fracturing, sometimes in a rectan-

gular manner. In the few slides in which the quartz grains have a parallel

aiTangement sericite is abundant, this appearing to be developed in propor-

tion to the other dynamic effects. In both the slates and graywackes mica

and quartz have developed by the decomposition of the feldspar in the

interstices. Biotite is the predominant mica, although chlorite is rather

plentiful. This process is of far greater importance in the slates than in the

quartzites. The carbonaceous material is so abundant in many of the black

slates as to make it difficult to determine the minerals present, and especially

the amount of iron oxides. In a few of the slates the movements have

been sufficient to develop folia of biotite in a parallel direction, and thus

make them mica-slates. In the transverse sections of the graphitic slates

the contorted laminae of graphite are beautifully shown.
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At several places within the area under consideration mining has been

done on a small scale. These places are located as follows: In sec. 29 a

number of pits are a short distance north of the center of the section;

others are about one-fourth mile south of the center; and still others some-

thing less than one-half mile to the east. In sec. 30 only one small pit is

known, and this is about one-fourth mile south of the center of the section.

In the south part of sec. 31 is the North Champion mine. At all of these

places the country rock is the black carbonaceous and pyritiferous slate.

The ores are .strongly limonitic. Associated with these ores are sideritic

slates, ferruginous cherts, and griineritic slates. The griineritic .slates are

usually finer-grained thaii those of the Negaunee formation, and most of

them appear to contain a considerable amount of carbonaceous material.

The majority of the ferruginous cherts also have a somewhat different

appearance from those of the Negaunee formation, and the amount of this

material is small. Where the small ore bodies occur the original carbon-

aceous formation appears to have been sideritic. By its oxidation and the

concentration of iron oxide griineritic rocks and ferruginous clierts devel-

oped, by processes analogous to those by which similar rocks formed in

the Negaunee formation.

The thin sections of the ferruginous rocks of the mines are, in all

essential particulars, the same as the similar rocks in the Negaunee forma-

tion, described on pages 366-375. Like them, thev show the development

of the different varieties of the rock from a sideritic slate. However, there

are minor differences, as follows: The chert is usually very fiinely crystal-

line, and sometimes has a semiamorphous appearance. The griinerite is at

most places finely crystalline. The iron oxide is very largely limonite, and

all of the minerals are everywhere impregnated with black carbonaceous

material. At the mines the amount of mingled fragmental material is small.

Eastern area._(Atlas Shcets XV, XVI, XIX, XXII, aud XXV.)—lu sec. 35

are pits which contain iron-bearing rocks similar to those in the pits north of

Champion. Adjacent to these pits there are the usual black carbonaceous

and pyritiferous slates.

To the east, between Mount Humboldt and the Clarksburg forma-

tion slates are found at various localities. However, north of the belt
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of Clarksbui-g formation, in sec. 1, T. 47 N., R. 29 W., and in sees. 5,

6, and 7, T. 47 N., R. 28 W., there is a complex ridge along which are

very numerous exposures of the slates, novaculites, and graywackes of the

Michigamme formation. The different varieties of tlieso rocks are particu-

larly well seen adjacent to and north of Clarksburg. The rocks of this

area differ in a number of particulars from those north of Champion. The
coarse-grained graywackes are only rarely found, but in their place there

is present a considerable quantity of fine-grained, banded novaculite. The

slates near Clarksburg are not so carbonaceous as nortli of Cham))ion, and,

finally, they are somewhat more crystalline, a strongly developed slaty

cleavage being prevalent and many of the rocks being biotite-.slates. Tins

slaty cleavage varies from parallelism to the l^edding to rigdit angles to it.

The cleavage is in general approximately east and west, and its dip is

usually nearly vertical.

In thin section, the semicrystalline appearance observed macroscop-

ically is borne out. The mica-slates, which are rare north of Cliampion,

are the usual rocks north of Clarksburg. With the biotite there is abun-

dant chlorite. In some slides one is predominant, in others the other. In a

number of slides the original bedding is recognized bv alternating layers of

different degrees of coarseness, and across the bedding the cleavage cuts, as

indicated by the parallel folia of mica. The novaculites have a fine-grained

background, consisting of small, closely-fitting gi-ains of quartz. Between

these quartz grains more or less of sericite, biotite, and chlorite have devel-

oped, and also occasionally griinerite. The pure nonfragmental rocks of

the iron formation are only rarel}^ found in this area, but many of tlie rocks

are half fragmental—that is, mingled with the clastic material are much

siderite and its alteration products. The alteration of the siderite usually

results in the production of needles of griinerite and crystals of magnetite,

although the other oxides of iron occur. Commonly in the sti-ongly griin-

eritic rocks chlorite, rather than biotite, is found.

In the broad belt of the Michigamme formation running from Clarks-

bm'g to Ishpeming the area is low and swampy, with only occasional out-

crops. The most important cluster of these extends north of the Clarks-

burg formation, through sees. 9, 10, 11, 12, T. 47 N., R. 28 AV., and sec. 18,
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T. 47 N., R. 27 W. These exposures mark a moderate ridge, which, how-

ever, is not continuous. Both macroscopically and microscopically these

rocks are in all respects like those north of Clarksburg, and they therefore

need no further description.

Lake Michigamme area.—Returning uow to tlio Lake Michigamme area (Atlas

Sheecs V, VI, and VIII), at the east end of the lake mica-slates are found.

On the islands in the center of the lake and on the mainland adjacent

there are very numerous exposures of mica-schist. These appear to be

completely crystalline rocks. For the most part they have a moderately

strong foliation. In many places they are thickly studded with crystals of

garnet and staurolite. These are especially prominent upon the weathered

surface, as the background has dissolved and left these crystals projecting.

At most places the schistosity is the only strvicture observable, but in some

places alternating bands of coarse and fine material, cutting across the

schistosity, indicate the probable original bedding. It will be remembered

that adjacent to Champion the rocks of the Michigamme formation are but

little-altered shales and graywackes. At the east end of the lake tlie rocks

are intermediate in their crystallization, being mica-slates. We therefore

have a pi-ogressive increase in the metamorphism of the rocks from their

little-altered condition to completely crystalline schists, the change occur-

ring in a distance along the strike of about 4 miles.

West of the islands, and probably a continuation of the same horizon,

running through sees. 32 and 33, T. 48 N., R. 30 W., is a ridge upon which

are very numerous exposures, in all respects like those of the islands and the

shore. The exposures also extend to the water's edge in sees. 28 and 29.

For the most part the ledges are of the same general character, but in some

places coarser layers are interstratified with finer ones. These apparent

beds are in a series of rolls which are cut across by the schistosity. In

the southwest part of sec. 29 in this area are the peculiar pegmatized

exposures of mica-schist, which, on account of their exceptional characters,

are fully described in the general characterization on pages 447-448, 450.

Toward the western end of the lake, in sec. 30, T. 48 N., R. 30 W.,

and in sees. 25 and 36, T. 48 N., R. 31 W., there are occasional exposures,

and here the rocks are somewhat less crystalHne, containing little or no
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staurolite ami garnet. Just west of the west end of the hike the rock is so

coarse and quartzose as to become a micaceous quartzite.

Along the southwest arm of the lake, in sees. 5, 7, 8, 17, and 20,

T. 47 N., R. 30 W., at various places mica-schists are found. The rocks of

this area are very similar to those on the islands and tliose to the west on the

mainland, but upon the whole they ai'e more strongl}- foliated and coarsely

crystalline, being- rather coarse-grained, typical, foliated mica-schists. The

crystals of garnet and staunilite are very al)undiint, and are of larger size

than in the area to the nortli. At one place in sec. 17 the rock has a strongly

feldspathic appearance, and is apparently a garnetiferous mica-gneiss.

Tlie mica-schists of the Lake Michigamme area are very similar to

those of the Penokee district.' The most important diflfei'ence between the

two areas is that mashing has played a more important role in the ]\Iar-

quette than in the Penokee district. There has evidently been movement

throughout the rock, each particle having been rearranged with reference

to the surrounding- particles, and where the rock becomes strong-ly foliated

the slickensided surfaces between the folia sliow that tliese had differential

movements with respect to one another. Accompanying this more strongly

crystalline character are abundant garnet and staurolite, and a less quantity

of chloritoid.

In thin section, by using the gradation varieties, the proccKSses of trans-

formatif)n of the fragmental rocks to the completely crystalline schists is

made out with great clearness. The processes are almost identical with

those which have been described as taking- place in the mica-schists which

occupy a similar horizon in the Upper Huronian series of the Penokee

district and in the Black Hills. A full description of these processes will

therefore not be here given, but a few supplementary notes may be made.

The ordinary mica-schists of the area have a quartzose background, in

which biotite is very abundant. F'requently a large amount of chlorite is

associated with the biotite, and very often also muscovite is present. In

' The Penokee iron-bearing series of Michigan and Wisconsin, by R. D. Irving and C. R. Van

Hise: Mon. U. S. Geol. Survey, Vol. XIX, 1892, pp. 332-343.

The pre-Cambrian rocks of the Black Hills, by C. R. Van Hise: Bull. Geol. Soc. America, Vol. I,

1890, pp. 222-229.
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many cases much feldspar occurs with tlie quartz, so that technically the

rocks are mica-gneisses. As the rock becomes more foliated the mus-

covite is relatively more important, and occasionally it is predominant.

Oxide of iron, and especially magnetite, is found as minute specks and

as crystals included within all of the foregoing minerals. The amount

varies greatly; some slides are comparatively free from iron oxide; in others

all of the minerals have a blotched apjiearance throughout, due to the

inclusion of innumerable minute flecks of iron oxide, and perhaps also of

carbonaceous or graphitic material. Between the two extremes there are

all gradations.

In the coarse-grained micaceous gi-aywackes adjacent to the border of

the lake, where metamorphism is partial, the processes of development of the

mica-schists are best made out. Here the decomposition of the coarse frag-

mental feldspar into interlocking secondary chlorite, biotite, muscovite, and

quartz may be beautifully seen. Also the original roundish fragmental

grains of quartz are recognizable. They show undulatory extinction, and

oftentimes fracturing into two or more individuals, whereas the secondary

quartz is in small granules which do not show pressure effects. In a coarse

variety of the ordinary biotite-schist, not of the completely crystalline type,

two classes of quartz are still recognizable. There are coarser grains, which

have a distinct roundish appearance, averaging from 0.15 to 0.20 mm. in

diameter. Some of these have their longer axes transverse to the schis-

tosity. These larger particles are taken to be clastic. They are associated

with much more abundant, finer-grained quartz, averaging from 0.04 to

0.05 mm. in diameter. Much of this quartz is plainly a secondary devel-

opment, but also a part of it may be original fragmental material. In both

the micaceous graywackes and the fine-grained biotite-slates the mica

has in general a parallel airangement, is in small flakes, and is of secondary

origin.

In passing to the completely crystalline biotite-schists the recognizable

coarser grains of quartz gradually disappear by granulation, and we have

a background of quartz grains of approximately the same size, generally

arranged with their longer axes in a common direction. The mica also

becomes more coarsely crystalline and has a greater uniformity in its
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parallel arrangement. In this vai-iety of the rock it is evident that the

mineral particles have been flattened or moved differentially, or both, and

thus were adjusted to one another. In many of the slides a great deal of

feldspar is found mingled with the quartzose background. In those which

show an intermediate degree of alteration a portion of this feldspar is clearly

clastic. In the rocks which are nearly completely crystalline, what part is

clastic and what part a secondary development is very difficult to determine.

In the most coarsely crystalline mica-gneisses found, orthoclase, microcline,

and plagioclase are all seen. The individuals for the most part average

about the same size as those of the quartz. Certain of the larger feldspar

areas have a fragmental appearance, but the finer-grained background has

clearly recrystallized.

In the more metamorphosed varieties of the schists garnet and staurolite

are abundant. The garnets often have very well developed crystal outlines.

As they grow they seem to be able to absorb or push aside nearly all of

the other constituents, as they are comparatively free from inclusions,

although oftentimes a considerable amount of quartz and feldspar is

contained The staurolite occurs in the ordinary twinned forms. Very

often their outlines are ragged; at other times they have sharp crystal

boundaries. As the staurolites have developed, they have grown arovmd the

quartz and feldspar, so that these minerals within the staurolite crystals are

nearly as abundant as in the remainder of the section. However, in the

growth the staurolite has absorbed or pushed aside the muscovite, biotite,

and chlorite, as these are rarely included in it. The staurolite shows

no evidence of strain. Occasionally large blades of chloritoid are seen.

These, like the staurolite, include the quartz and feldspar, but exclude the

mica. These blades are in general arranged with their longer diameters

and cleavage transverse or at a large angle to the foliation of the rock. It

is believed that the lack of dynamic effects in the staurolite and the trans-

verse arrangement of the chloritoid are CNadence tliat these minerals and

the garnet developed under static conditions, after movements ceased. If

this be true, it is probable that the micas and chlorite had largely developed

at an earlier time, and if so the chloritoid, garnet, and staurolite must have

grown by absorbing the micas and chlorite.
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SECTION III.—THE CLARKSBUKG FORMATION.

By W. S. Bayley.

The Clarksburg formation differs from tlie other formations of the

Blarquette Algonkian in that it embraces a large quantity of volcanic

material interbedded with sediments as regularly as the beds of an ordi-

nary clastic series. The series embraces surface flows of basic lava, beds

of tuff, conglomerates, and breccias, interleaved with well-banded layers of

graywacke, slate, or quartzite. These are cut by dikes and irregularly

shaped intrusive masses of "greenstone" similar in macroscopic appearance

to the "diorites" cutting the iron formation. No acid igneous rocks have

been discovered anywhere in the formation, either as lava flows or as

pebbles inclosed in the conglomerates.

DISTRIBUTION, EXPOSURES, AND TOPOGRAPHY.

The rocks of the formation form a belt extending westward from the

high bluffs north of Stoneville Station, on the Duluth, South Shore and

Atlantic Railway, in sec. 18, T. 47 N., R. 27 W., to the center of sec. 31,

T. 48 N., R. 29 W., a distance of about 12 miles (Atlas Sheet IV). Passing

east from its western end, near Champion the belt grows wider for several

miles; then it narrows, and again widens as it swings southeastward

toward Clarksburg, to the southeast of which village the formation

reaches its greatest width of about 1^ miles. From this point the belt

swings to the east again, and becomes gradually narrower until it disap-

pears in sec. 18.

It is noticeable that where the belt has its maximum width the under-

lying formations swing southward, and that as the belt narrows to the east

and west of Clarksburg they reassume their normal courses.

The formation is a local one in the sense that it occurs on one side only

of the syncline in the Upper Marquette series. The central vent from which

most of the lavas and tuffs were erupted is thought to have been in the

widest portion of the belt, a little to the southeast of Clarksburg. Here

the tuffs and sedimentary rocks are rare and the intrusive boss-like knobs

of "greenstone" are most numerous. But east and west of this place other
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similar knol)s are found, and these are taken t(j indicate tliat there were a

number of vents from which the lavas were extruded. From these vents

as centers the lavas and tuffs were sent out over the surrounding countr}",

but not to great distances, for the coarser materials did not span the '\\'iilth

of the basin in which the Michigamme slates were deposited. The sup})0-

sitiou of the existence of a number of vents situated along a line parallel to

the axis of greatest folding of the Marquette series, but to the south of It,

together with the north-south compression to which the Clarksburg beds

were subjected, in company with all of the other Algonkian formations of

the region, Avill explain satisfactorily the occurrence of the beds as a belt on

one side only of the Marquette synclinoi'ium.

The topography of the area underlain by the Clarksburg rocks is

not essentially different from that of other portions of the Marquette range

where greenstones are prominent. It is characterized by the occurrence of

numerous small and large rounded knobs and long narrow ridges, often

bare at their summits, and sepai-ated from one another by stretches of swamp

laud or by sand plains. Where the bedded rocks are in excess of the intru-

sive ones the hills often possess precipitous southern exposures, but this

feature of the topography is not sufficiently striking to be characteristic.

RELATIONS TO ADJACENT FORMATIONS.

The relations of the Clarksburg rocks to the surrounding foiTnations are

often difticult to interpret. In a few cases where contacts are plainly visible

the interpretation is clear. On the south the volcanic series is bcnmded

by gr-inerite-magnetite-schists of the Negaunee formation and by Goodrich

quartzites and Michigamme slates. Southeast of Champion the volcanics

appear to rest for a short distance upon griinerite-schists. Although actual

contacts of the two formations have not been seen, well-characterized ledges

of the schists and of the volcanics are met with, sejiarated by covered inter-

vals of but a few feet in width. The schists appear to strike directly into

hills composed of the Clarksburg rocks, and, what is more significant, great

bowlders of the schists, some sharped-edged and others rounded, are found

thickly strewn through the lower beds of the volcanic series.

With respect to the relations with the Goodrich quartzite and the

Michigamme slate there is somewhat greater obscurity. In the NW. ^
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sec. 18, T. 47 N., R. 27 W. (Atlas Sheet XXV), for instance, the volcanic

conglomerates are iii contact with graywackes or with arenaceous slates.

The exact locality of the contact in question is the east end of the top of

the hills north of Stoneville station. The Clarksburg rocks at this place

consist principally of conglomerates with a green schistose matrix and

of tuffs. The pebbles of these conglomerates are fine-grained diabases,

quai-tzites, slates, and granites. The south side of the hill, which is

composed principally of the greenstone-conglomerates, is faced with the

graywackes, which, near the top of the hill, appear to be beneath the con-

glomerates unconformably. At the east end of the hill again are other

arenaceous slates, and these apparently strike directly into the hill. Here

the volcanics again appear unconformably upon the graywackes.

A little farther west, however, near the center of sec. 13, T. 47 N.,

R. 28 W. (Atlas Sheet XXV), at the base of the large hills on the north side

of the railroad track, are graywackes like those in sec. 18, but at this place

they seem to grade up into tuffs, which are interbedded with the greenstone-

conglomerates. At many other localities the same relations are observed

between tuffaceous and lava beds and graywackes. The latter are inter-

leaved with the former, and are much more abundant among the lower beds

than among the higher ones of the formation.

On its northern side the belt of Clarksburg rocks is everywhere bor-

dered by the Michigamme slate, the relations between the two formations

being very similar to those between the volcanic formation and the forma-

tions to the south. At Clarksburg (Atlas Sheet XIX) these relations are

plainly seen. In the little dome-like hill north of the raih-oad track and

east of the station sedimentary, graywacke-like beds and conglomeratic

greenstones are regularly interbedded. On the hills northwest of the A'illage

ai"e slaty, tuffaceous rocks, in which the included fragments become smaller

and smaller as we pass northward into the Michigamme slates, until at a

short distance northward typical slates are met with. No sharp line of

demarcation between the tuffs and the slates can be detected, the former

apparently grading into the latter by a gradual diminution in the amount

of tuffaceous material intermiBgled with the sedimentary substance.
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Wherever the bedded voleanics are studied the same reUitions are

found to exist between them and the sedimentary beds beneath and above

them. The volcanic formation appears to be, in general, either between the

Goodrich and the Michigamme formations or near the base of the latter.

At its eastern and its extreme western ends it seems to be a little above the

base of the lowermost members of the Michigamme slates, while toward

the center of the belt beds belonging with the Goodrich quartzites are

interleaved with undoubted volcanic conglomerates. The probable explana-

tion of these seemingly contradictory phenomena is that the rocks of the

eastern and western ends of the formation are a little younger than those

in the central portions of the belt, where the greatest volcanic activity was

exhibited, or, in other words, the volcanic energy first found vent in the

central portions of the area now occupied by the formation, and from here

traveled both eastward and westward.

THICKNESS AND FOLDING.

The thickness of the volcanic formation does not admit of accurate

measurement, although it must amount, in places, to several thousands of

feet. The indi^'idual beds in the center of the belt can not be certainly

separated from one another. In other places, east and west, the bedding

is more definite, but even here no single bed can be traced for any great

distance. In the western portion of the area the layers are much contorted,

laro-e and small folds crowding one another in an almost endless succession.

The strikes of these small folds point in all directions, though the prevailing

one seems to be toward the east and west. Generally the beds dip at high

angles toward the north or northeast. The series is much more highly

contorted than the Ishpeming formation, a result probably due to the

fact that a set of mixed volcanic ash beds, lavas, and sediments was less

resistant to pressure than the quartzites.

PETROGRAPHICAL CHARACTER.

A. o-eneral survey of the entire formation presents a good illustration of

a series of deposits formed by submarine volcanoes. The most important

vents of the volcanoes were near Clarksburg, though minor vents existed also
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east and west of this place. Around these, lava flows and a few tuff" beds

accumulated. As one jjasses away from the center along the belt compact

sheets of lava become less and less noticeable, while well-bedded tufts and

eruptive conglomerates and breccias become more abundant, and sedimen-

tary layers are interleaved with them. Toward the edges of the belt the

latter rocks increase in importance and the Avell-characterized tufts diminish

in quantity. The volcanic activity continued from the later portion of

Ishpeming time into the earlier portion of Michigamme time, beginning

and ending gradually. The volcanoes were evidently submarine, or at any

rate their products were deposited in water, even if the apices of some of

them were above the water's surface for a part of the time. The submarine

character of the volcanoes explains not only the interbedding of tuffs and

sediments and the formation of true conglomerates containing pebbles of

the underlying rocks, but it also exj^lains the existence of bedded breccias

composed of fragments of volcanic origin in a tuffaceous base and the

presence of conglomerates formed of volcanic fragments in a sedimentary

groundmass.

The sediments, tuffs, conglomerates, breccias, lavas, and coarse green-

stones have all suffered a great amount of alteration, but in mauA' cases

their original nature can still be made out. The recognition of the true

character of the tuffs depends mainly upon their field relations and field

habits, but a pyroclastic structure can be detected in many of their sections.

Almost all the rocks, except the best-jireserved sediments, are now partly

or wholly crystalline. This condition has been brought about mainly by

the development within them of hornblende, biotite, and quartz. The

change from the fragmental to the crystalline texture is most nearly

complete in the groundmass of some of the ciinglomerates. This ground-

mass is a biotite-schist, not very unlike the biotite-schists of the Southern

Complex.
THE MASSIVE GREENSTONES.

The coarse crystalline greenstones that occur so frequently as

knobs in the area southeast of Clarksburg and farther east have the same

composition as the "diorites" of the Negaunee and other pre-Clarks-

bm'g fonnations, but a somewhat difterent structure. A few sj^ecimens
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'show evidences of the diabasic structure, while many of them aj)])ear to

have been porphyritic.

In the hand specimens these rocks resemble hi many respects the

greenstones north of Lake Michigamme (see pp. 500-503). They are prin-

cipally massive rocks of a dark-green, almost bhuk color, which varv in

grain from very fine to very coarse. On freshly fractured surfaces the

finer-grained phases have a more or less fibrous appearance, due to

the presence in them of abundant acicular hornblende and plagioclase

ciystals. The fresh surfaces of the coarser rocks seem to be made up

almost exclusively of large areas of black or dark-green hornblende.

Under the microscope some of the thin slices of the finer-grained rocks

show numerous square or quadi-atic sections of an altered idiomorphic plagio-

clase in a groundmass composed of quartz, chlorite, hornblende, calcite,

biotite, and a little newly formed feldspar. The quartz and calcite are often

present in largest quantity, the former as little interlocking grains, forming

a matrix in which the other silicate components lie, and the calcite filling

little interstices between these. The amphibole is a yelhjwish-green variety

in spicules, and the biotite a reddish-brown variety in small plates. These

same minerals are also found embedded in the altered plagioclase, by whose

decomposition they were probably formed. All the components of the

groundmass of these rocks are apparently new products in their present

positions. They were probably derived by secondary processes from a

very fine grained or possibly a glassy groundmass of a basaltic porphyrite.

In other sections there are mottlings of a brown color on a white back-

ground when the sections are viewed against white paper. The brown

areas contain a great deal of bi< »tite, while the colorless areas are free from

this mineral. Tiie latter consist of aggregates of quartz, a little feldspar,

and a few hornblende needles, and the former of the same minerals A\'ith an

abundance of biotite flakes and large masses of spongv magnetite. The

light areas surround the brown ones as the matrix surrounds the jihenocrysts

in a porphyrite.

All the original structures, except the porphyritic, have disappeared

from these rocks, so that it is impossible to learn much concerning their

MON xxviii 30
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original character. It is believed, however, that they were basic porphyrites

which occurred either in volcanic necks or as moderately thick lava flows.

The coarse-grained greenstones are the fillings of volcanic orifices,

or they constitute great dikes cutting through the bedded members of

the Clarksburg series. In these the green amphibole is sometimes in

large, well-characterized, ophitic areas, between which are the alteration

products of plagioclase. The interior of the hornblende, which is more or

less chloritized, is of a yellowish-green color, and ai'ound tliis is a periphery

of dark-green amphibole, more particularly where the mineral is in contact

with undoubted remnants of plagioclase. The color of both micleal and

peripheral amphibole is bluish-green in a direction approximately parallel

to the cleavage, but the peripheral hombleude is darker than the nucleus.

Around the borders the plates are all fringed with long needles of the gi*een-

blue amphibole, and similar needles penetrate in all directions the materials

of the light interstitial substance between the amphibole plates. This inter-

stitial mass is an aggregate of the decomposition products of plagioclase,

among the more prominent of which are biotite, calcite, epidote, and quartz.

In addition to the long spicules of gi-een-blue amphibole that cut this

aggregate, others with the characteristics of actinolite also penetrate it.

In a very few cases a typical diabasic structure is noticed on weathered

surfaces of ledges. In the thin section of these rocks, however, a porphy-

ritic structure is also observable. Decomposed feldspars with quadratic

cross-sections are embedded in the usual plexus of hornblende, biotite,

altered plagioclase, quartz, and magnetite, to which is often added kaolin.

The plexus may be in areas with an ophitic outline, but the lines between

the porpliATitic crystals and the matrix in which they lie are rendered so

obscm-e by the many secondary substances that have arisen from the alter-

ation of the feldspars that it is difficult, and in many cases impossible, to

make them out. The larger crystals of plagioclase, of whose feldspathic

nature there can be no doubt, are so filled with kaolin, sericite, quartz,

biotite, and hornblende that it would seem probable that many of the same

minerals in the matrix must have likewise been deiived from feldspar.

Certain compact hornblendic rocks diff"er from the specimens just

described simply in the possession of a great quantity of amphibole. The
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mineral is of rluj sainc nature a.s tliat in the other <^Teeustones, but is in

much larger (![uautity. It occurs as compact anhedra,' fringed with long

acicular crystals that form a network, in whoso meshes are areas of" altered

plagioclase and leucoxene.

From the above rapid survey of the coarse greenstones in the Clarks-

burg series it will be seen that these rocks do not differ essentially from

the "greenstones" subsequently described as intrusive in the pre-Clarksburg

beds. They are strikingly similar to those in the western portion of the

district (see jjp. 499-50(i). They were originally of the same composition as

these, and they have suffered similar alterations. Their structure, where

it can be detected, was a little different from that of the lower intrusive

greenstones in that there was a tendency to the production of poqjhyritic

feldspars. This difference may be due to the fact that the Clarksburg rocks

were cooled in the ducts of volcanoes or in dike fissures that were near the

surface, Avhile the lower greenstones were cooled at greater depths. In this

connection it is interesting to note that rocks like these gTeenstones are not

found intrusive in horizons higher than the Clarksburg.

THE LAVAS.

The lavas that are interbedded with the sediments and tuffs of the

formation are not very abundant. Some of the finer-grained greenstones

already described jnay be portions of lava flows, but that this is certainly

the case has by no means been shown. A few layers identical with the

former in structure and composition are unquestionably sheets.

The clearest e\'idence that genuine lava flows wei'e laid down among

the more abundant tuft' beds of the old Clarksburg volcano is afforded by the

amygdaloids. These have been found in a few widely separated localities

within the limits of the Clarksburg belt, but they are not at all common.

The rocks are fine-grained, light-gray, and often schistose. They contain

few or many amvgdules filled with calcite or chlorite, and these are often

flattened as though b}' flowage. Under the microscope they present no

peculiar features. Small laths of plagioclase, with forked extremities, are

'This term has recently been propo.sed by Pirssou to designate those crystalline constituents of

rocks that do not possess crystal outlines. Bull. Geol. Soc. Am., vol. 7, 1896, p. 492.
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scattered throngli a groundmass composed of numerous microlites of feld-

spar in an altered basic glass. Tlie various phases of the amygdaloids are

so similar to one another, and so like diabasic lavas elsewhere, that they

demand no special description.

THE SEDIMENT.S AND TUFFS.

The sediments.—Petrographicallv most removed from the lavas are the sedi-

ments, which grade impei'ceptiblv into the tuffs. Pure sediments are found

only along the borders of the Clarksburg belt, beyond the horizon at which

the volcanic series is regarded as beginning and ending. They consist of

quartzites, graywackes, and slates, many of which are much mashed. The

sediments interbedded with the tuffs, conglomerates, etc., are composed

principally of the waste of preexisting rocks, but intermingled with this

d(ibris is a greater or smaller quantity of basic material which is supposed

to be of volcanic origin. Many of the beds are now thoroughly crystalline,

so that an acciu-ate separation of their sedimentary and volcanic compo-

nents is not possible. Often some of the thicker beds consist of alternating

layers containing respectively large and small quantities of basic material,

and these pass into others in which the volcanic substance can scarcely be

detected. In some of the former beds a well-marked tuffaceous structure

is recognizable, but in the majority of cases all evidences of a well-

characterized original structure have been obscured by recrystalhzation.

As a rule the structure of the more purely sedimentary rocks is much

better preserved than is that of the tuffaceous ones.

The nearly pure sedimentary rocks are dark-gray or light-gray and

hne-grained, with an even or a contorted bedding, marked b}^ parallel bands

of different shades of color. The coarser bands exhibit very plainly their

fragmental character on the weathered surface. Little eyes of quartz can

be seen against a background which has the appearance of a graywacke.

The least altered of the sedimentary rocks consist principally of

rounded quartzes, altered feldspar grains, and a few flakes of a dirty,

greenish-brown biotite. In the finer-grained bands biotite is probably

more al)uudant than it is in the coarser ones, but with this exception there

is little difference between them. The lig-hter and darker shades noticed
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Plate XXXII.—THIN SECTIONS FROM CLARKSBURG FORMATION AND REPUBLIC GREEN-
STONE.

Fig. 1. Thin section of sedimentary bed from Clarksburg formation, showing secondary hornblende

crystals. No. 17640, from 200 steps N., 1,800 steps W., of SE. corner of sec. 17, T. 47 N., R. 28

W. From one of the beds constituting the Clarksburg formation. The large anhedra are of

yellowish-green amphibole, idiomorphic in oross-.section, but very irregular in outline in

longitudinal section. The groundmass consists of biotite flakes between vhich is a crypto-

crystalline aggregate of quartz. The black mineral is magnetite. Natural light. X 50.

Fig. 2. Thin section of fragmental rock from near base of Clarksburg formation. No. 14785, from

SW. i^sec. 32, T. 48N.,R. 29 W. In ordinary light the fragmental structure is plainly revealed.

Between crossed nicols the quartz grains (one of which is indicated by the dotted line in

the figure) break up into differently orientated portions, so that the section appears like that

of a very quartzose gneiss. Polarized light. X 22.

Fig. 3. Thin section of banded tuff froui Clarksburg formation, SE. i sec. 4, T. 47 N., R. 29 W. The

figure shows a large Carlsbad twin of plagioclase in a fine-grained crystalline groundmass

composed mainly of quartz, biotite, and magnetite, with a little green hornblende. The

"streaming" of the biotite around the upper end of the feldspar crystal may be seen upon

close inspection. In polarized light. X 22.

Fig. 4. Thin section of greenstone from Republic, showing secondary hornblende crystals. No. 16485,

from SE. comer of Republic Mountain, SE. i of SE. i sec. 8, T. 46 N., R. 29 W. The rock is

associated with the members of the iron formation. The section shows the typical struc-

ture of the secondary amphibole in many of the western greenstones. To the right is the

cross-section of a small idiomorphic grain. The greater portion of the hornblende exhibits

the cellular structure, which has been regarded as the characteristic structure of contact

minerals. The clear white areas represent quartz grains and the cloudy areas altered

plagioclase. The large light areas at the top and toward the lower right-hand edge of

the figure represent spaces in the section. Natural light. X 55.

470
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in contijj^uons hiiiids iirc due niaiiih' to (liticreiices in tlic (|u;uitity of

magnetite, biotite, iuid certain indefinite dust particles present. In all these

rocks the plagioclase is altered, and among- its alteration jiroducts are

found biotite, quartz, and occasionally a little muscovite.

The greater number of the sedimentary beds are characterized l)y the

presence of amphibole. They comprise rocks whose difference in degree

of crystallization is dependent apparently upon the proportion of aniphilxde

present in them. Tliis amphibole is certainly not a product of the decom-

position of the usual constituents of a sedimentary rock; on the otluir

hand, it is the most common product of the alteration of the igneous rocks

associated with the fragmental ones. For tliis reason largely, and because

certain rocks interleaved with the sediments are composed almost exclusively

of amphibole, while at the same time they are un(juestionably marked by

bedding lines, and further, because the hornljlende rocks, by the gradual

loss of iheir hornblende, pass into the sediments, the material from which

the hornblende in the sediments was formed is believed to have l)een

tuffaceous.

On the weathered surface the majority of the hornblendic sediments

present a very rough aspect, a consequence of the projection of the horn-

blende crystals beyond the general surface of weathering. The rocks are

dark-green on a fresh fracture, where they look like massive crystallines.

The thin sections show a groundmass which surrounds the hornblendes.

The amphilxile itself is in large, cellular, green jdates, filled with inclusions

of the rock's conq)onents. In cross-section many of the i)lates have the

idiomorphic outlines of crystals, but in longitudinal section they are more

or less irregularly shaped (see PI. XXXII, fig. 1), the ends especially

frayino- out into long needles which penetrate the groundmass.

The groundmass is composed of ([uartz, altered plagioclase, biotite,

chlorite, and magnetite, with, sometimes, light-colored garnets in little

dodecahedra. Where the rock is massive the garnets are less plentiful

than they are in the scliistose ])hases.

This groundmass has a coarse and a fine part, the latter seiwing as a

matrix to the former. The coarser part is composed of quartz and biotite.

Some of the quartz grains show the rock to be fragmental, since a few
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roun(le<l ones are observed that have been liuilt out by the addition of

quartz, and so have preserved the proof of their clastic origin. Other

grains resemble ordinary sand grains until they ai'e examined in polarized

light, when they break u}) into many interlocking areas, so that often a

section which in ordinary light has the typical clastic structure (PI. XXXII,

fig. 2) presents the appearance of a typical schist between crossed uicols.

The foliation of the rock is due principally to the an-angeraent of the

biotite in laminae that wind in and out between the larger quartz grains.

The biotite appears to have originated mainly in the sedimentary material

between the larger quartz grains. The large plates of amphibole that lie

in the groundmass, on the other hand, were formed after the rock became

schistose. They probably originated in greater part from the basic material

added to the sediments by the tuffs, either directly or through solutions

passing into the sediments from the tuif beds interstratified with them.

The fine-grained material of the groundmass is composed principally

of quartz, chlorite, altered plagioclase, and magnetite dust. It has been

so completely recrystallized that all traces of its original structure have

disappeared. It was probably originally the finer-grained matrix between

the coarser components of a graywacke or slate.

The most hornblendic of the fragmental rocks have already been

referred to as looking like massive crystalline rocks. Upon close examina-

tion, however, it is observed that even in the most crystalline of the beds

there is a distinct banding, which is emphasized by the different quantities

of biotite, magnetite, and hornblende in the different layers. Where the

hornblende is in great excess the bands look very much like an amphibolite.

Where the other components exceed the amphibole in quantity the bands

resemble more closely basic tuffs. A few bands are actinolitic. These

contain fairly large plates and groups of actinolite needles, identical with

the griinerite in the griinerite-slates of the Negaunee formation, scattered

throuo-h a groundmass of fragmental quartz grains and occasional garnets

embedded in a matrix of chlorite, hornblende, biotite, magnetite, and limon-

ite, closely aggregated and without any well-defined structure.

Gradation varieties between sediments and tuffs. BetweCU tllC rOcks jUSt dcSCribed

as consistino- largely of sedimentary material and others that are composed
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almost exclusively of tuffaceous material there exists a larg'e series of inter-

mediate rocks that ai'e mixtures of sedimentary and pyroclastic material iu

varying proportions. On the one hand they pass direct!}- into widl-defined

sedimentaries, and on tlie other hand into t\'])ical tuffs. In macroscopic

appearance they resemble the amphiljole-ljearing- elastics descrilxwl in the

last paragraph.

In thin section the gradation varieties diB'er from tiie liornMemlic frag-

mental rocks sim})ly in the absence of any great quantity of (juai-tz grains.

Only occasionally is the tuffaceous character of some of their constituents

revealed by their structure. Usually the rocks have Ix^en recrystallized, so

that their original components liave entirely disappeared. No\\' and then

a quartz grain is observable in the midst of an aggregate of green horn-

blende and brown biotite, but the characteristic clastic structure, as well as

the characteristic tuffaceous structure, is wanting.

The tuffs.—The tuffs, like the mixed tuffs and sediments, are usually

largely recrystallized. Quite frequently, however, beds of them are found

in which the tuffaceous structure has been well preserved. In the hand

specimens these rocks, where fresh, present the usual aspect of a hornbleudic

tuff; where altered they closely resemble the "Schalsteins." In almost all

of them more or less calcite may be observed. In a few, as, for instance,

in the rock at the crossing of the Chicago and Northwestern and the

Milwaukee and Northern railroads, just east of Champion, the calcite is

present in such large quantities that the i-ock becomes practicalK' a lime-

stone. Even in these much altered forms, however, the tuffiiceous character

of the beds may often be recognized in the hand specimen, as fragments of

minerals and rocks of all shapes may be seen crowding the calcareous mass

in which they lie. Many of the fragments have been completely altered to

calcite, which nevertheless has preserved their outlines by forming from

them perfect pseudomorphs.

The less altered tuffs are more interesting from a petrographical stand-

point, since they often present excellent proofs of their original character.

In general the fine-grained, pure tuffs are more frequently found interbedded

with volcanic conglomerates and breccias than with sedimentary lavers,

although alternations of the tuffs with the sediments are not uncommon.
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All of them are well banded, even where their substance has been entirely

recrystallized, and most of tliem are schistose.

In thin section the crystallized tuffs are seen to be made up of a

crystalline aggregate of quartz, cloudy feldspar, small greenish-yellow

biotite flakes, occasional anhedra of green hornblende, and little irregular

grains of magnetite. The biotite is so arranged as to give a foliated sti'uc-

ture to the section, while at the same time it is more abundant in certain

bands than elsewhere, thus producing the banding noticed in the hand

specimen. In the midst of this groundmass there are often embedded

broken fragments of an altered plagioclase, or even entire crystals of this

mineral. (PI. XXXII, fig. 3.) These rocks still show evidence of their tuffa-

ceous chai'acter, though some of them contain small quantities of sediments.

Their decomposition, recrystallization, and the changes that have been

effected in them by dynamic processes have effaced most of the marks of

their original nature, but here and there, where a larger fragment or a com-

plete crystal of plagioclase has resisted alteration, the marks of tuffaceous

origin are still clearly legible. Most of the quartz and of the biotite in the

rocks was derived most probably from a strongly feldspathic, tuffaceous

dust, though a small quantity of the former mineral may originally have

been present as a sediment.

In the nonschistose tuffs the tuffaceous structure is too evident to be

mistaken. In these rocks large anhedra of green amphibole are scattered

through a matrix which is composed of broken crystals of plagioclase in a

groundmass of smaller fragments of the same mineral, little wisps of brown

biotite, nests of chlorite and calcite, and a still finer matrix of the same

substances, cemented together by a mass of crypto-crystalline quartz. The

biotite seems to have come from chlorite on the one hand and from plagio-

clase on the other. The chlorite, in turn, appears to have come from a

basic glass, or possibly from augite, since it often contains within its mass

"divergent radial" plagioclase microlites.

In addition to the fragments of feldspar mentioned above, there may

be noticed in a few specinens an occasional fragment that resembles a piece

of an altered glassy rock. These fragments now consist of little flakes of

muscovite, a very few of biotite, and grains and crystals of magnetite, all



THE CLARKSBURJ; FOllMATION. 475

ejnbedded in a faiutl}- polarizing aggregate that is apparently made up of

quartz and plagioclase in very tine grains, like the aggregate produced by
the devitrification of a glass. Under high powers, in addition to the mag-

netite grains there are detected certain small purplish plates resembling

those formerly so well known under the name of " Eisenglimmer." The
magnetite of the fragments is nontitaniferous, while that in the inclosing

rock is often strongly titaniferous, if we may judge from the great quan-

tities of leucoxene and sphene in the latter and its absence from the former

In the above descriptions detailed reference is made only to the sedi-

ments and to the tuffs, as though these rocks were the move, important

members of the Clarksburg formation. As a matter of fact, the well-defined

sediments and the typical tufts constitute a much smaller aggregate in the

series than do the mixed sediments and tufts. They are described in some

detail because they have retained their original characteristics better than

have the mixed rocks, and so aff"ord better evidence as to the nature of the

formation than do 'the latter. The variet}' of the mixed rocks is great.

They well deserve close stud}-; but to describe them in detail would

unduly enlarge this monograph. It is enough for the present to reiterate

the statement that the mixed rocks are intermediate in their characters

between the types of rocks that are above described.

From the facts already related it is clear that we have in the Clarks-

burg formation a series of typical tuffs, together with a series of mixed

sediments and tufts, formed by the accumulation of volcanic dust and ashes

in a basin in other [nirts of which the deposition of ordinary land debris

was going on. The variation of the quantities of quartz, amphibole, and

biotite in the alternate beds is easily accounted for in the safe assumjition

of a variation in the volcanic activity. The alteration and crystallization of

the beds are ascribed partly to contact action and partly to mashing. The

former was due, no doubt, more to the chemical effects of the solutions

passing between lavas, tufts, and sediments than to heat alone. The

mashing resulted in the contortion of all the beds of the formation.

THE HORNBLENl>E-SCHISTS.

The processes which changed the mixed sediments and tuffs of the

Clarksburg formation nuist have been very similar to those which produced
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the g-reen schists of the Moiia Ibnuatiou in the Basement Complex. The

uhimate products in the two cases are practically identical, except that the

Mona schists are, as a rule, more weathered than the Clarksburg- rocks. The

final, most crystalline phases of the Mona rocks were described by Williams

as schistose "diorites." In this volume they are regarded as the most

highly metamorphosed phases of tuifs. Rocks analogous to these exist

also in the Clarksburg series. They are very lustrous, foliated rocks,

resembling in their hand specimens typical hornblende-schists. The only

differences noted between these schists and the amphibolic sediments and

tuffs described above are in the greater schistosity of the former and in

the greater abundance of biotite and amphibole in them.

In the most typical of the hornblende-schists a small quantity of

quartz is present, with the rounded outlines of clastic grains. The horn-

blende is idiomorphic in cross-section, and is often actinolitic in habit. In

a few specimens Avell-defined crystals of actinolite are surrounded by

zones of chloritoid, witli tlie deep bluish-green pleochrolsm of this mineral.

In others a light-green amphibole is surrounded bv hornblende with the

properties of uralite. In tiie majority of specimens, however, only one

amphibole occurs, and this is usually the uralitic variety Moreover, it

is often cellular, including many grains of magnetite, and in some cases

even grains of sedimentary quartz. In origin this hornblende is evidently

secondary, and the schists themselves are consequently secondary rocks.

The)" are Interbanded with schistose sediments in which the sedimentary

structure can still be made out. This latter fact, together with the micro-

scopic structure of the schists, makes it seem very probable that the

amphibole-schists are highly foliated, recrystallized phases of mixed sedi-

ments and tuffs in which the tuffaceous material predominates over that of

sedimentary origin.

If this view of the origin of the schists is correct, these rocks throw

considerable light on the origin of the hornblende-schists of the Mona
series, and add considerable weight to the statement made in a former

chapter to the effect that these rocks are mashed tuffs.

THE BRKCCIAS AND CONGLOMERATES.

In the discussion of the Clarksburg formation the breccias and con-

glomerates should be distributed between the sediments, gradation varieties,
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and tuffs just descTibed; Init as this is inij)nu'ticable, they are considered as

a division by themselves.

In this discussion but httle distinction is made between those rocks

with a congk>meratic habit and those that are more properly breccias,

since both contain rounded and angular frag-ments of" ])reexisting- rocks.

The breccias contain, in addition, angular fragments of the same compo-

sition as tlie matrix inclosing them. In the following pages the two terms

arv used indiscriminately.

In describing the essential features of the conglomerates it is almost

impossible to avoid repetition of facts already stated with respect to the

tuffs and sediments of the formation, since the matrices of the conglomerates

are frequently identical with the material of these rocks. Sometimes the

material is sedimentary in character, sometimes tuffaceous, and sometimes

crystalline. The sedimentary and tuffaceous matrices do not differ in any

essential features from the sediments and tuffs already described, while the

crystalline matrices are often similar to mashed greenstones or ampliiljole-

schists.

The conglomerate-schists, when viewed in the ledge, often present tne

appearance of a l>lack biotite-schist or hornblende-schist, containing frag-

ments of quartz and feldspar, of granite, of griinerite-schist, and i)f a light-

colored sandy rock, and yery large irregular pieces of a lustrous black rock

of nearly the same character as the schist itself. On the weathered surface

the fragments stand out plainly, but on the fresh fracture only the quartz

and the sandy rock become visible, the rock as a whole resembling a well-

crystallized " augen-schist."

In other cases the matrix of the conglomerate is a tuff" that differs

very slightly, if at all, from the tuffs already described. Its fragments are

large ^^ieces of biotite-schist, and smaller ones of the sandy rock. These

latter in many instances are banded, when they are identified as fragments

of the sedimentary beds interstratified with the conglomerates. Grains of

quartz are also noticeable scattered among the feldsj)ar fragments and crys-

tals that help to make up the tuffaceous groundmass, and occasionally

fairly large pebbles of the same minerals are met with.

A third class of the conglomerates is characterized by the sedimentary

nature of its o-roundmass. These rocks resemble true conglomerates and
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breccias more closely than do those with tlie schistose or those with the

tufFaceous matrix. Their grovmdmass is identical in structure and composi-

tion with the rocks constituting the sedimentar}- beds of the formation. In

this are embedded tuff fragments, fragments of biotite-schist, occasionally

large pieces of an ainphibole rock that rcsendjles a slightly foliated green-

stone, pebbles of iron ore, and others of a fragmental rock similar to that

forming the matrix. Usually the fragments are not so abundant but that

the character of the matrix is easily recognized. In a few cases, however,

they are present in sucli large quantities that the existence of any matrix

can with difficulty be detected.

The conglomerates of all classes are more or less clearly banded,

and all are foliated in some degree at least. The most schistose phases

are those whose matrix resembles a biotite-schist, and the least schistose are

those with a sedimentary groundmass. Garnets are common in all of these

rocks. They are apparently most alnnidant in those that contain the great-

est amounts of basic components. In the conglomerates with the schist

matrix theA' are most common. Here the garnets exist as pink granular

lines marking the bedding planes of the original rock.

The microscopical examination of the conglomerates and breccias adds

little to the knowledge concerning their nature which is gained from obser-

vation of the rocks in the field. The matrices, as has repeatedly been

stated, are similar to the materials of the sediments and tuff's that constitute

such an imjiortant portion of the entire Clarksljurg fonnation, although

in no case are they purely sedimentary or tufiiiceous, as are some of the

nonconglomeratic sediments or tuffs. Usually there is an admixture of

sedimentary and volcanic material in the groundmass of these rocks as

well as in the pebbles embedded in it.

The schist-conglomerates have a matrix composed of quartz, biotite,

hornblende, magnetite, occasionally a little altered plagioclase, and some-

times a few crystals of tourmaline. The quartz and Ijiotite are arranged

to form a foliated groundmass, through wliicli the other components are

scattered. In this schistose groundmass are also the small fragments of

quartz, graywacke, quartzite, iron ore, and greenstone already referred to

above. The quartz is often in rounded grains, as though waterworn. The
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other fragments are also more or less rounded at times, hut more frequently

they are shari)ly angular.

The horubleude is of the green variet\' common to the heds already

described. It occurs in the usual large grains, which sometimes are idio-

morphic in cross-section, sometimes irregular in shape, and always more

or less cellular. The grains occur independently, lying in all azinuiths

in the schistose matrix, or they are grouped together into little sheaf-like

bundles. They are nuich more abundant in some bands than in (ithers,

often occurring so thickly as to exclude from them all biotite. In other

bands no am])hibole occurs, and in these biotite is abundant. Moreover,

in these bands the quartz grains are nuich more fragmental-looking than

those in the hornblendic bands, and besides there exists between theur a

very fine grained aggregate of quartz and plagioclase, mainly the former.

The fragments in the schist-conglomerates require no special mention.

They are pieces of the tuffs and sediments, interstratified with the conglom-

erates, or of the ores and quartzites of the Marquette series l:)elow the

Clarksburg formation, or of greenstones that may have been portions of

interleaved lava flows, or perhaps portions of dikes occurring in the pre-

Clarksburg beds, or, finally, fragments from the Basement Complex. Some

of the fragments are waterworn, while others are sharply angular.

The explanation of the schistose conglomerates is that they were orig-

inally beds made up of alternating layers of sediments, tuffs, and mixtures

of these, in which were embedded bowlders and pebbles of preexisting

rocks and irregular fragments ejected from the volcanic vent. Some of

these fragments must have been portions of the walls of the orilice through

which the eruption took place, for they are certainly pieces of the rocks

that constitute the Clarksburg formation. True volcanic bombs have not

yet been recognized, though it is possible, and, indeed, probable, that some

of the lustrous black fragments embedded in these conglomerates are of

this character. These beds were rapidly hardened and afterward made

schistose by mashing. Since the biotite flakes wind about the garnets, it

is concluded that these minerals formed before or during the mashing.

After this, contact action or later metasomatic change resulted in the

production of the amphibole. This is shown by the fact that the small
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crystals lie in all azimuths, their longer axes cutting the plane of schis-

tosity. The contact effects were probably the result not so much of the

heat alone to which the beds Avere subjected as to the hot solutions that

passed between the basic tuffaceous beds and the acid sedimentary ones,

and between the basic and acid components of the mixed beds.

The conglomerates with a tuffaceous grouudmass present in the thin

section nearly the same appearance as the hornblendic bands of the sedi-

mentary rocks described in the last few paragraphs. Very rarely is a typical

tuffaceous structure observable, although on the sides of the weathered

ledges this structure is very plain. Biotite is present in small quantity

only, while green hornblende is abundant. In nearly all cases some sedi-

mentary material can be detected as a fine-grained, almost dusty aggregate

between the lai-ge aniphibole grains, but in no case is it in any large

quantity. In these conglomerates the most interesting- fragments are those

that are sinjilar to the sedimentary rocks of the formation. Many of them

are large, Avhite, rounded pebbles, which in thin section are found to possess

a well-preserved fragmental structure. They consist of quartz and altered

feldspar grains, the former predominating, sericite and biotite in veiy small

quantities, and magnetite in dust grains. Scattered here and there through

the mass are delicate plumose groups of green hornblende that are cA-idently

much vounger than the clastic grains. In cross-section the amphiboles are

idiomorphic. In all its essential features the rock of these pebbles is iden-

tical with that of the sedimentary beds interstratified with the tuff's, even

to the presence in it of the introduced idiomorphic amphiboles. The other

fragments oceuri-ing in these rocks need no description.

The only other class of conglomerates distinguished is that in which

the rocks possess a sedijnentary groundmass. This is composed of a frag-

mental aggregate of quartz and a little feldspai', large quantities of brown

biotite, a small (pxantity of magnetite, and the usual spicules and crystal-

loids of the green amphibole, occurring sometimes in single grains and

sometimes in plumose or sheaf-like bundles.

COXCLUSIONS.

In the petrographical study of the rocks we find abundant confirmation

of the accuracy of our conclusions regarding the origin of the Clarksburg



THE CLARKSBURG FOR.^IATION. 481

formatiou. This is unquestionably a set of sediments, tuffs, lavas, and

volcanic and sedimentary conglomerates that were deposited beneath the

surface of some bod)^ of water. The volcanic contributions to the series

pi'obably exceeded in volume those contributed by aqueous agencies,

although these latter were by no means small in amount. Of the volcanic

contributions the larger portion was in the form of volcanic cinders, ashes,

etc., a much smaller portion being in the form of lavas. This fact would

indicate that the eruptions were violent, like the type represented by

Vesuvius at present, rather than quiet, like the Hawaiian volcanoes. That

they were intermittent is proved by the numerous alternations of tuffs with

sedimentary layers. The conglomerates that occur in the formation are

simply tuffs or sediments containing large fragments of preexisting rocks,

sometimes waterworn and sometimes angular. The former were worn from

rocks that were exposed to the action of the waves when the deposits in

which they are found were being laid down. The latter Avere torn from

the throat of volcanic vents or were produced by the shattering of rock

beds already existing, or perhaps, in the case of some tuff fragments, by

the breaking of the rock beds actually in process of formation at the

time when the conglomerates containing them were being built up.

All forms of volcanic products are recognized among the beds compris-

ing the series except volcanic bombs and perhaps those peculiar breccias

produced by the breaking of a lava's crust and the cementing of the

fragments thus formed into a solid rock by the cooling of the liquid mass

in which they became embedded. The bombs may possibly be represented

by some of the altered greenstone bowlders occasionally met with in the con-

glomerates, and the lava breccias may be represented by some of the scliis-

tose conglomerates in which irregularly shaped schistose fi-agments are

embedded. If so, however, there are no positive proofs of the facts.

INTERESTING LOCALITIES.

Good exposures of the rocks of the Clarksburg series are found along

the north and west lines of the NW. i sec. 4, T. 47 N., E. 29 W. (Atlas Sheet

XIII), near Champion. The hill immediately north of the west quarter post

of the section is made up in large part of well-ljedded conglomeratic rocks

with a green schistose matrix. The beds strike a little north of west and dip

MON XXVIII 31



482 THE MAEQUETTE IKON-BEAlilNG DISTEICT.

uniformly to the north at varying angles. These conglomerates are inter-

bedded with wide or narrow bands of a fine or coarse gi-ained graywacke

or quartzitic rock, sometimes the conglomerate and sometimes the sedi-

mentary rock being in excess. The matrix of the conglomerate is often

coarsely crystalline, with a very rough, dark-green, weathered surface.

The roughness is caused by the projection of numerous hornblende crystals

beyond the general surface of weathering. The latter is often dark-gra}^,

like that of the interbedded graywacke. Often bands of the graywacke

and bands of the amphibole-bearing rock alternate, forming together the

matrix in which the fragments are embedded. At other times the matrix is

a brilliantly black hornblende-schist or biotite-schist. The pebbles and

bowlders embedded in this matrix are sometimes waterworn, but oftener

they are sharply angular. The rounded fragments are principally quartz-

ites and griinerite-schists, and the angular ones are similar in composition

to the graywacke interbedded with the greenstone-conglomerates. On the

weathered surfaces the contact between the pebbles and the matrix is sharp

and clear, but on the fresh fracture the materials of jjebble and matrix appear

to grade into each other. On the north side of the hill the interbanding of

the light-weathering graywacke and a dark-weathering "greenstone" is well

shown. The dark rock is composed almost exclusively of hornblende and

garnets. In the hand specimens it appears thoroughly crystalline, but in

thin section there are seen numerous grains of quartz which appear to be

of clastic origin. Both the graywacke and the greenstone become con-

glomeratic at times, the former containing pebbles and large bowlders of

the latter rock, and this in turn containing bowlders of the graywacke.

All the beds at this place are much contorted, and often they are crossed

by numerous faults with small throws.

On the top and along the south side of the ridge in the northern part

of the section the conglomeratic rocks are beautifully exposed. Here great

flat surfaces exhibit a strikingly handsome brecciated structure. The inter-

banding of the graywacke and the dark rock is not so plain here, although

fragments showing the interbanded rocks are met with embedded in other

rocks. Large irregular fragments of a black schistose rock, like the matrix

of the conglomerate near the west quarter post of the section, are found
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inclosed in a plainly fragmental jTreenstone resembling a tuff, and, on

the other hand, equally as large fragments of tuff are found in the schist.

The impression made on the mind by the confused association of these

different rocks is not cleared up until the nature of the rocks is revealed

through the microscope. It then seems plain that we have here a series of

tuffs, sediments, and lavas. The tuffs contain a great deal of sedimentary

material, and the sediments much tuffaceous material. The two are inter-

bedded and grade into each other. The dark lustrous rock is an almost

pure tuff in some cases, and in others a lava. A lava flow caught up frag-

ments froni the tuffs and sediment. Later this lava contributed fragments

to subsequent tuffs and sediments.

The little group of hills east of Champion, in the SE. ^ sec. 32, T. 48 N.,

R. 29 W. (Atlas Sheet XII), affords other excellent exposm-es of the conglom-

erates. Here the black, lustrous, schistose groundmass is usually full of

little garnets. Large bowlders and sharp-edged fragments of griinerite-

schist, granite, and quartzite are crowded into the schist in great numbers.

The conglomerate appears also to be interbedded with narrow seams of a

fine-grained quartzite. The rocks are all very much contorted, the bedding

planes of the black schist being marked by rows of garnets.

The hills north of the railroad track, in sec. 13, T. 47 N., R. 28 W.
(Atlas Sheet XXII), present a somewhat different aspect. They are built

up of alternating conglomeratic and nonconglomeratic beds striking about

N. 20° W. and dipping 50° NW. The conglomeratic beds are composed

principally of tuffaceous material, and the nonconglomeratic ones mainly

of sedimentary substance. All the rocks are schistose, with the foliation

inclined to the bedding, dipping in the same direction as the latter, but at

a smaller angle. At the base of the hill, on the south side, are true slates

or fine-grained graywackes interbedded with the tuffs, and a little to the

northwest, across a north-south valley, are some small sheets of the tuffs

interbedded with massive crystalline greenstones.

In all the instances described the major portion of the volcanic part of

the Clarksburg rocks consists of tuffs and lavas, the former predominating.

Occasionally dikes and small knobs of massive greenstone are associated

with these, but they are rare. In sees. 7, 17, and 18, T. 47 N., R. 28 W.
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(Atlas Sheet XIX), southeast of the viUage of Clarksburg-, however, the

case is different. Here coarse gi-eenstones, in the form of knobs, are

the predominant rocks. These are associated with a few amygdaloids and

occasionally with tuffs. Sedimentary beds are present in small quantity in

the interior of the area, and when present the sediments are freely inter-

mingled with tuffaceous materials. Toward the northern and southern

borders of the belt sediments are more abundant, but the transition from

well-marked tuffs into typical sedimentary rocks is more sudden here than

elsewhere along the belt.

Because of the great abimdance of coarse greenstones at this place,

the location of the principal vents for the volcanic portions of the formation

are supposed to have been here. Tlie knobs are taken to be volcanic plugs

or portions of thick flows that have escaped erosion. The amygdaloids are

lava flows. Tuffs may have been present in large quantity in the valleys

between tlie knobs, but if so they have been almost entirely removed by

denuding agencies.

The Clarksljurg formation is a set of interbedded tuffs, lavas, sedi-

mentary and volcanic conglomerates and breccias, and other sediments, cut

throuo-h and through by dikes and bosses of an altered diabase or basalt that

is similar in composition to the older greenstones intrusive in the pre-Clarks-

burg beds of the Marquette series. The eruptive materials are basic. They

are in all probability the surface facies of the greenstones above mentioned

as intrusive in the Marquette series.

From its relations to the Goodrich quartzites and the Michigamme

slates it is learned that the period of deposition of the volcanic series

embraced the closing stages of Ishpeming time and the opening stages of

Michigamme time.

All the rocks of the Clarksburg series except the greenstones and the

lavas are banded and bedded. Most of them are foliated, and nearly all are

more or less completely recrystallized. Altliough originally approximately

horizontal, the beds are now contorted and folded so intricately that no

accm-ate estimate of the thickness of the formation can be made.
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The bosses of gTeenstone mark the sites of the old \'oloanic vents from

which the uiaterials of the tuffs were erupted. Tluj most prominent of these

were situated a few miles to the southeast of the village of Clarksburg,

though others were opened from time to time to the eastward and the west-

ward of this center.

The ashes and lavas sent from these vents fell into water and were

interbedded with sediments. The ])yroclastic material Ijecame consolidated

into tuffs and the sediments modified into slates, schists, and graywackes.

The former mark the periods of volcanic activity and the latter mark periods

of rest. Mixed tuffs and sediments were formed during the less violent stages

of the eruptions. After deposition the beds were hardened by alteration and

by the formation of new products resulting from the decomposition of the

constituents already existing- in the beds, with the addition, perhaps, from

extraneous sources, of a little quartz.

The conglomerates and breccias interstratified with the sechments and

tuifs are simply these rocks with the addition to them of bowlders and frag-

ments, mainly of preexisting rocks cast out through the volcanic vents or

broken from ledges by the action of the wa\'es, but occasionally of jjor-

tlons of lavas and tuffs shattered in the process of solidifying. In the latter

case the fragments are very similar to the rock masses in which they are

embedded.

The lavas associated with the fragmental rocks are rare. They consist

of altered diabasic or basaltic amygdaloids that have lost nearly all of their

original stinictural features.

All the evidence obtained through the microscope confirms the conclu-

sion of the field study, ^•Iz: That the Clarksburg series consists of an

accumulation of the ordinaiy deposits of Ishpeming and Michigamme

sediments, with interbedded pyroclastic material erupted by a volcano whose

principal vents are located by the greenstone knobs in the vicinit}' of

Clarksburg village.

In their present forms the greenstones are altered diabasic porphyrites;

the lavas, basalts or diabases; the pure sediments, graywackes or slates;

and the tufts, "Schalsteins," where much weathered, and where but slightly

weathered, aggregates of amphibole, biotite, altered plagioclase, magnetite,
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garnet, and quartz. The garnets and amphibole are nnquestionablv new

products. Both are idiomorphic, and lioth occur in large crj^stals. The

biotite is a red-brown variety that apparently resulted from the decom-

position of portions of the original materials of the rock, especially where

these contained some proportion of sedimentary material. Where these

new products are present in large quantity the original structure of the

tutfs has nearly, if not quite, disappeared. Where they are scarce the rock

retains its tuffaceous character. In this latter case fragments of plagioclase

and crystals of this mineral are found to be embedded in an aggregate of

small fragments of the same substance, flakes of biotite, spicules and plates

of chlorite, fibers of green hornblende, grains of magnetite, and an inter-

stitial aggregate of cryptocrystalliue quartz. Where the tuffaceous material

is mixed with sedimentarv substances there are found also, in the aggregate,

rounded grains of quartz. In the foliated phases of the tuffs and mixed

tuffs and sediments the biotite exists in very large quantity, so large, indeed,

that these phases often resemble biotite-schists. In them a few quartz

grains are observable, and a fine-grained matrix that appears to have been

derived fi'om a fine-grained, clastic, interstitial filling between the larger

grains of the original rock.



CHAPTER Y.

THE IGNEOUS ROCKS.

By W. S. Bayley.

The igneous rocks associated with the Marquette sediments and ores,

while varying in their present character, were originally nearly unifonu in

their mineralogical composition. Although occurring as bosses, dikes, inter-

leaved sheets, surface flows, and tuffaceous beds, which have suffered a

greater or less amount of alteration into ])roducts which are now not a little

unlike one another, they Avere all, so far as has been determined, originally

basic rocks of the composition of diabases. The variety at present exhibited

by them is due almost exclusively to subsequent alterations.

Most of the rocks here considered, including the "diorites," "diorite-

schists," "chlorite-schists," "magnesian-schists," "soapstones," and "paint-

rocks," have been regarded by some geologists as metamorphosed sedi-

mentary fragmentals. As we shall discover later, there is not a particle of

evidence for this assumption. Even the most schistose of these rocks, with

the possible exception of some of the "soapstones" and "paint-rocks," are

certainly of igneous origin. The pyroclastic beds, so abundantly developed

in the western portion of the district, and constituting a large portion of the

Clarksl)urg formation of the Upper Marquette series, are, of course, frag-

mental, but they are of volcanic and not of sedimentary origin.

For convenience of discussion the igneous rocks are separated into two

classes, in the first of which are placed those associated exclusively with the

beds below the Clarksburg formation, and in the other those cutting also

the beds above this terrane. The latter are evidently younger than the
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Clarksburg rocks, wliilu the former are believed to be mainly of Clarksburg

age, and to be the lower jjortions of the rock masses whose surface facies are

represented in i)art by the flows and tuifs that constitute the main mass

of the Clai-ksburg formation. It has been suggested by Lane that the

younger intrusives cutting the Micliigamme formation may in a similar

manner be dikes from the volcanoes that yielded the Keweenawan lavas.

The Clarksburg "greenstones" are discussed in connection with the

other rocks of the Clarksburg series.

SECTIOX I.—THE PKE-CEARKSBtJRG GREEIfSTOXES.

The igneous rocks associated with the beds older than the Clarksburg

formation, and especially those in the iron-bearing formation, have been

very thoroughly discussed by the different geologists who have studied the

Marquette district, while the dikes of later age have scarcely been men-

tioned. Practically all the references to "diorites," "greenstones," " dio-

ritic schists," and " chloritic schists" that are met with in the litei'ature of

the district apply to the "greenstones" and schists in the iron formation,

and these, as has already been seen, were usually regarded as interleaved

sheets, or as beds of metamorphosed sediments.

Structurally the pre-Clarksburg eruptives occur principally as dike-

like bosses or as dikes, although sheets and tuff beds are also known to

exist.

The dike and the boss masses are very much more common than the

other structural forms of the greenstones, and are those that have hitherto

been studied most carefully. They may be divided into two classes

—

those occurring as typical dikes, and those forming bosses or boss-like

dikes. There are no essential differences between the rocks of the two

classes, except that the dike masses have been much more completely

altered than the boss masses.

The boss masses form the large knobs of "greenstone" or "diorite"

that are so prominent a feature of the topography in the neighborhood of

Ishpeming and Negauuee. (Atlas Sheets XXVIII and XXIX.) Some of

these knobs may be regarded as parts of very large dikes, as, for instance,

the knobs in the northwestern portion of Negauuee, which together form a
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hioh nd£»'e some 2i miles in length and not more than an eighth of a mile iu

width. Other assemblages of knobs cover irregular but nearly equidimen-

sional areas. There can be detected no striking differentiation of their

parts. They are nearly nnifornj in composition and structure throughout,

and hence thev have features that all)- them with l)oss masses. In one

instance a laccolitic character is plainly discernible iu a mass of greenstone

that has raised into a dome the griinerite-schists which cover it. The place

in question is in sec. 12, T. 47 N., R. 29 ^V. (Atlas Sheet XVI), where the

relations between the greenstone and schists are as indicated iu fig. 17,

p. 330. (See also PI. XL)

Geographically considered, the knobs are not found east of the center

of R. 26 W. From this point west to the extreme limit of the mapped area

they occur iu greater or fewer numbers, being most abundant in the

Ishpeming-Negaunee mining area and in that north of Michigamme Lake

and along Michigamme River. In this western area they form long, naiTow

rido-es rather than irregularly shaped knobs. Moreover, the rocks in these

rido-es have a composition different from that of the rocks forming the

knobs farther east. They seem to have suffered dynamic metamorphism

to a greater degree than the eastern rocks, while the latter have suffered

more severely from the effects of weathering. (See also pp. 32M-330.)

THE BOSSES.

THE EASTERN KNOBS.

RELATION.S TO MARQUETTE SEDIMENTS.

The relations of the eastern greenstones to the rocks witli which they

are associated prove conclusively that they are intrusive in them, and are

neither interleaved flows, as they have so frequently been stated to be, nor

areas of the Basement Complex from which the Marquette beds have been

eroded, as was supposed by N. H. Winchell. That they are intrusive is

shown by the peripheral dikes extending from some of them into the sur-

rounding sedimentaries and by the nature of the disturbances created in the

bedding of the intruded rocks near the contacts with the greenstones. At

the south of the hard-ore open pit of the Lake Superior mine in Ishpeming

(Atlas Sheet XXVIII) a number of small dikes may be seen in the jaspers
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and ores, sometimes being parallel to the bedding of" these rocks and some-

times cutting across it. In the underground working some of these dikes

may be traced continuously into the large greenstone bluff south of the

mine, and others into that east of the pit. A few of the dikes still preserve

their diabasic structure, but most of them have become "chlorite-schists" or

" soapstones." In composition they are identical with the peripheral schis-

tose portions of large knobs. The disturbance created in the bedding of

the sediments contiguous to many of the boss masses, moreover, is of such

a nature that it admits of but one interpretation, viz, that the knob green-

stones are irruptive into the Marquette, not as interleaved sheets, but as

true bosses, in some places with laccolitic features. In the majority of

cases the bedded rocks dip away from the contacts, and at much higher

angles near the greenstones than at a distance from them. Besides, wherever

small areas of the bedded rocks lie between the arms of an irregularly out-

lined knob the beds are usually bent into little folds, with axes pitching

away from the greenstone. Further, a glance at the detailed maps of the

area around Ishpeming and Negaunee (Atlas Sheets XXVIII, XXIX, and

XXXI) will show that the exposures of the greenstones, in this area at

any rate, are so in-egularly distributed throughout the iron-bearing forma-

tion as to indicate that the crystalline rocks are bosses and not interleaved

sheets. An accurate mapping of the greenstones, wherever undertaken,

effectually disposes of this latter idea, even in the absence of the intrusive

phenomena described above. It would seem that the intrusive relation of

the knob gi*eenstones to the bedded rocks is settled beyond reasonable

doubt.

The greenstone knobs are very miich more abundant in the iron-

bearing formation than in any other, though they are by no means limited

to it. They occur in all the formations of the Lower Marquette and in the

lower members of the Upper Manjuette, but their immber in these other

formations is inconsiderable and their size small.

PETROGRAPHICAL CHARACTER.

The material of the eastern knobs differs in no essential respects from

much of the basic material intrusive in the Basement Complex. All the rocks

comprising them are altered diabases, sometimes coarse-grained, sometimes
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mediuin-g-rained, and rarely fino-g-raiued. In many of them the diabasic

structure is still very plainly visible, while in others it has been lost throu<>-h

alteration and throug-h mashing. The more massive of the gr(ienstoTies,

more particularly those occurring in the knobs, are the miners' "diorites."

MaoroscojHcally the material of the eastern knobs is a. liglit or dark
grayish-green, mediumly coarse grained rock, that is rarely massive. Usu-
ally some trace of foliation may be distinguished in the hand specimens.

Frequently the schistosity is so sliglit in amount that it is recognizable

only in the ledge. In other cases the rocks are highly schistose, Avhen they
merit the name of greenstone-schists. While the schistosity of many of the

knobs is more iwonouuced around their peripheries and along joint planes

than elsewhere within their masses, the schistose greenstone mav occur

anywhere within a greenstone area, even in the midst of great areas of

perfectly massive rock. The intimate relations existing between the schis-

tose and massive greenstones indicate conclusively that both are phases of

the same rock mass, which yielded here and there to some force, with the

result that motion was set up between its parts, which have, as a conse-

quence, become schistose. Along joint planes are often shear zones, and at

these places the rocks are as completely schistose as are chlorite-schists.

In nearly all specimens of the eastern knobs, even in some of those

that are schistose, the diabasic structure may be detected. When not

apparent in the hand specimen, it can nearly always be observed in the

thin section, although in most cases all traces of the original components

of the rocks have disappeared and their places have been taken by
secondary substances. In the freshest of the rocks, which usually come
from the centers of the knobs, cores of pale-^^olet or almost colorless

augite, surrounded by rims of green hornblende, altered plagioclase, chlo-

rite, epidote, and often calcite, are arranged in the typical ophitic manner.

The plagioclase, by its alteration, has given rise to the chlorite, epidote,

and calcite, and often to a sericitic substance, which in some instances

appears to be genuine muscovite.

A typical knob, from the petrographical standpoint, and one which
exhibits all the varieties met with in the eastern knobs, is that which extends

from Gunpowder Lake, at the east quarter post of sec. 11, T. 47 N., R. 27 W.



492 THE MARQUETTE IRON BEARING DISTRICT.

(Atlas Sheet XXVIII), southeastward to a httle beyond the east quarter post

of sec. 13 in the same township. Only tliat ])(trtion of the knob that lies

in sec. 12 has been sectioned, although the entire knob has been carefully

sampled (fig. 27). Of the eleven sections made from this portion of the

knob, three contain remnants of augite. The Vtalance of the specimens

are amphibole rocks.
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tlio midst of even the most eompiict ivmpliihole, ;niil l)ro\vii ocher colors

portions of most of the feldspars. lu spite of the fact that this rock has

been so changed, its diabasic structure remains, the compact hornblende

occupA'iug the place of the original augite, while the altered ])lagioclase, the

fibrous hornblende, and most of the biotite and of the chlorite occupv the

place of the original feldspai's.

Some of the rocks from the interior of the knob (Specimens 22168

and 22173) are dark-gray, rather dense-looking, and perfectly massive,

exhibiting very decided luster-mottling, and showing plainly in the hand

specimen the diabasic structure. Under the microscope the augite that

remains is found to be limited almost exclusively to the mottled areas, and to

be the mineral to whose presence the latter is due. The pyroxene is almost

colorless. It occurs as very raggedly irregular cores surrounded by light-

green hornblende. It is penetrated by what Avere originally plagioclase

laths but are now larg-elv an aggregate of small saussuinte crystals,

betAA-een which are here and there patches of feldspar. The green horn-

blende is very slightly pleoclu'oic. It borders the augite mottlings, and

elsewhere in the sections it occupies wedge-shaped areas, penetrated, like

the augite areas, by laths of plagioclase. Chlorite is also present in small

quantities, and it likewise is in ophitic wedges. The plagioclase has nearly

all disappeared into its decomposition products. Leucoxene and epidote are

the only other important minerals present. The latter is in small A^ellow

grains, often in the midst of chlorite, and the former in line pseudomorphs

after crystals of ilmenite, cores of which occasionally remain in the centers

of the leucoxene masses.

Other varieties of the rock (Specimens 22159, 221G0, and 22169),

from well within the rock mass, resemble very closely the augitic jjhases

described above, excej^t that they appear a little more altered, and their

plagioclase is in places reddened. Under the microscope they are aggi'e-

gates of light-green hornblende and chlorite, often stained with ocher, in

a mass of altered jjlagioclase whose princijial decomposition products are

epidote, saussurite, and chlorite. The epidote is embedded in chlorite,

either as pale-j^ellow plates or as little grains, often with crystal outlines.

Occasionally a large crystal of andesine, or of some plagioclase whose
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chemical composition is iu the neighborhood of this mineral, is embedded

in the mass and so gives a porphyritic habit to the sections. Leucoxeue is

abundant. The original structure of the rock is obscured by the abundant

secondary substances occumng in it, Ijut the ophitic texture is clearly

appai'ent. In one phase (Specimen 22169) the amphibole Is more fibrous

than in the others, but in the center of an amphibole cluster a small core

of augite was noticed.

The rocks nearer the periphery of the mass (Specimens 22166, 22170,

and 22172) show glistening areas of hornblende and small brilliant laths

of plagioclase in a dull-green groundmass. In thin section they are appar-

ently porphyritic, for large crystals of feldspar are embedded among the

small laths of this mineral and the amphibole which together make up the

larger portion of the rocks. None of these rocks differ essentially from

those above mentioned. Chlorite is more abundant in them, but the

amphibole is of the same light-green color, and is present in the same

ophitic areas. The plagioclase is more altered than in any of the other

rocks mentioned, but its original outlines can still be recognized.

At the very edge of the knob is a dai'k-green schistose phase of the

rock. The hand specimen is made up of small, dark, glistening areas

resembling those of amphibole. The thin section is a nearly uniform aggre-

gate of tiny chlorite and small brown biotite flakes, grains of magnetite

or ilmenite, and very small grains, sometimes laths, of clear plagioclase.

This luiiformity is broken in places by lenses of altered plagioclase, in

which badly defined feldspathic substance is cut by spicules of chlorite.

In the study of these sections from a single rock mass we become

acquainted with the different forms which may be assumed by a mediumly

coarse grained diabase under the influence of processes that are mainly

weathering and metasomatic phenomena but partially phenomena due to

dynamic agencies. The original rock was a coarse diabase. This has given

rise to epidiorites containing secondary fibrous hornblende, to "diorites" in

which the amphibole is a compact and sometimes an idiomorphic variety,

and to uralite-diabases. Where mashing has taken place iu addition to the

weathering, chlorite-schist has been produced.

There is not a particle of evidence in these sections that the schist or

any of the forms of the massive greenstone were ever fragmeutal rocks.
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The composition and structure of even the more altered forms are proof that

all have originated by ordinary processes from an igneous magma.

In order to determine the chemical diti'erences that exist between the

augitic phases of the greenstone and those phases in which all the augite

has been changed to amphibole, analyses of two specimens were made by

George Steiger in the Survey laboratory. His results are as follows:

Analysm of gnriiatoiirs.
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under the microscope. In most of the rocks, however, nt) traces of augite

remam. Hornblende or chlorite has taken its place, and the rocks are now

either uralitic diabases, in which the hornblende is compact and pseudomor-

phic after the aug'ite, or ei)idiorites, in which the amphibole is iibrous, and

in which the ophitic structure of the diabase has in some cases entirely

disappeared. The rocks of both these varieties are dark-green in color,

fibrous in texture, and often schistose in structure.

Under the microscope they are found to be composed most largely of

light-green amphibole, remnants of altered plagioclase, large plates of epi-

dote, much chlorite, large masses of very beautiful leucoxene surrounding

ilmenite, and nests of calcite. In the freshest of the uralitic diabases the

augite has given rise to compact, dark-g-reen uralite, and the plagioclase to

epidote and calcite. In the epidiorites the amphibole has become filn-ous.

Not only are areas formerly occupied by the augite now filled with fibrous

amphibole, but long, slender needles of the mineral extend far out into the

surrounding rock materials.

The plagioclase in these rocks has suff"ered extreme alteration. Its

twinning bars have nearly disappeared and its material has been changed

to kaolin, chlorite, saussurite, epidote, and calcite. Sometimes one and

sometimes the other of these substances predominates, and not infrequently

there occur scattered through the slides perfect calcite pseudomorphs of

lath-shaped crystals of plagioclase that preserve even the twinning of the

original feldspar.

The epidote is in the usual green jilates. While often an alteration

product of the plagioclase, it is sometimes a result of the decomposition of

the augite, when it is intermingled more or less freely with chlorite and

calcite. 'The chlorite is in little nests scattered between the other minerals,

and in grou[)s of fibers pseudomorphing feldspar. It is an alteration of the

amphibole as well as of the plagioclase.

Further alteration of the uralitic diabases and the epidiorites gives rise

to chloritic rocks in which chlorite has replaced the hornblende. The

chlorite here is in pale-green, very Aveakly doubly refracting fibers that

form pseudomorphs of the amphibole and preserve the o]:)hitic texture of

the original rock. Epidote, calcite, and leucoxene are abundant in these
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rocks, and sometimes there are present small nests of secondar}- (juartz.

All plagioclase has entirely disappeared. The forms of its crystals are

preserved by calcite and epidote, or perhaps by calcite alone, which pseudo-

morphs the feldspar.

Where rendered schistose by mashing, as happens on the peripheries

of most of the knobs, the alteration of the greenstones is far advanced.

Chlorite and calcite, with a little magnetite, quartz, and other minerals in

small quantity, sometimes constitute the entire rock, which is then a typical

chlorite-schist. In no cases observed are the greenstone-schists enveloping

the more massive greenstones of sedimentary origin, as might be inferred to

be the case from Wadsworth's^ earlier statements. In all cases the schistose

rocks differ from the more massive ones in being more highly foliated through

mashing, which was naturally more easily possible on the peripheries of the

rock masses than elsewhere. The schists often exhibit traces of the diabasic

structure, even when greatly altered. The degree of alteration to which

they have been subjected appears, however, to have increased with the

degree of the foliation, so that the most schistose of the peripheral rocks

have lost all traces of their origin. It is principally through their gradation

into less highly foliated phases that their true nature is made out.

Under the microscope the foliation of the schists is plainly seen to be

<in effect of motion in a solid rock mass. Broken crystals of plagioclase,

cr3'stals faulted along cracks, others crushed into powder on their borders,

and others fissured, with their cracks filled with a secondar}- mosaic like

that of the rock's groundmass, all bear strong evidence that the rocks in

which these phenomena are found have been at some time subjected to

great stresses. The foliation is due to the arrangement of the chlorite and

amphibole in parallel libers, and, since the direction of the parallelism cor-

responds with that along which the particles of the liroken crystals have

been moved, it is concluded that the schistosity is also an effect of pressure.

While the rocks described above are the predominant ones in the

eastern knobs, there is another type that should be mentioned. A consid-

erable number of the greenstones are dark-green in color and coarse-

grained. On a freshly fractured surface brilliant black columnar crystals of

' Bull. Mu8. Comp. Zool. Harvard Coll., Geol. Series, No. 1, 1880, p. 41.

MON XXVIII 32
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hornblende are seen lying in a greenisli-gray groundmass, and producing in

places a well-defined luster-mottling. The hornblende of these rocks is a

compact blue-green variety, in long columnar crystals that are idioraorphic

in the prismatic zone. Occasionally they are aggregated into areas resem-

bling those of ophitic augite, but usually the}' appear to be scattered indis-

criminateh' through the rock mass, Avhicli consists largely of chlorite,

epidote, and the remnants of yery much decomposed plagioclase. The

amphibole has undoubtedly been formed at the expense of previously

existing p^TOxene, for the hornblende rocks are In many instances but local

phases of well-defined altered diabases. The hornblende has grown until

it has extended beyond the areas formerly occupied by augite into the

matrix produced by the decomposition of the plagioclase. This hornblende

is always compact, and its crystals are often twinned. The rocks containing

them are "diorites" in structm-e as well as in composition, though, of course,

they are not diorites which have crystallized directly from a magma.

In another class of the diorites, represented by the knob in the center

of sec. 12, T. 47 N., R 27 W. (Atlas Sheet XXVIII), the compact, apparently

idiomorphic amphibole is evidently a pseudomorph of augite. Remnants

of pink augite may still be detected In the indi^ddual hornblendes, and

occasionally nearly complete crystals of the minerals may be observed.

Rocks of this kind were originally augite-porphpites.

One other exposure deserves to be mentioned, on accoimt of its pecul-

iar appearance. It is on the north side of the Duluth, South Shore and

Atlantic Railway track, in the garden of a house built on a hill about half

a mile east of the Ishpeming station. The rock exposed is a coai'se-grained,

slightly foliated one, with a smooth, glaciated surface, mai-ked by concentric

or spiral lines, resembling on a large scale the perlitic cracks in glassy

rocks. When broken the fresh fracture of the rock presents no unusual

featm-es. The phenomenon noticed on its exposed surface is apparently

that of spheroidal weathering, for the partings which produce the lines do

not extend any considerable distance below the sm-face.

Contact phenomena around the eastern greenstones are rarely seen.

The only evidence of endomoqjhous contact action noticed in any of the

eastern knobs was observed in that forming the foot-wall of the open pit
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near the NAV. corner of sec. 10, T. 47 N., 1{. 27 W. (Atlas Sheet XXVIII).

lu other i)Uices some of tlie greenstones, where not schistose, are slightly

finer grained on their borders than in the intei-iors of the knobs, but in this

case the greenstone, near its contact with the rocks of the iron formation,

is highly charged with magnetite. Some of the magnetite is certainly titan-

iferous, like the most of the magnetite of tlie normal greenstone, but the

greater portion of it is nontitaniferous. The rock consists mainly of almost

amorphous chlorite. Scattered through this are large plates of a colorless

lamellar mineral that apjiears to be muscovite, and some grains of quartz.

A few long, columnar crystals of tourmaline, pleochroic in pink and very

dark bluish-green tints, are also scattered here and there among the other

components, but its presence is only doubtfully refen-ed to contact action,

as tourmaline has been found in small quantities in other greenstones both

of the eastern and of the western knobs.

THE WESTERN KNOBS.

RELATIONS TO MARQUETTE SEDIiMENIS.

As topogi-aphical features, the western knobs differ from the eastern

ones in that they are linear and dike-Hke in shape rather than irregular in

outline. The most typical of these knobs are in the area directly north of

Lake Michigamme, where they constitute Avell-defined hills rising boldly

as bare knolls above the general level of the surrounding country. Sim-

ilar greenstones occur also in the Republic trough, being best known at

Republic Alountain, where they are associated with the jaspers and schists

of the iron-bearing formation. At this place they are not higher than the

iron-bearing beds; hence they apjiear at first sight as interleaved sheets that

have been planed down by erosion equally with the iron-formation rocks.

That the linear masses are intrusive rather than efiusive is shown by

the following facts: The knobs, while arranged in approximately straight

lines, are not continuous, but are separated from one another by little

valleys of sedimentary rocks; occasionally the individual knobs are not

confined to a definite horizon in the Marquette series, but cut across the

beds of a formation, or even cross the line between two contiguous forma-

tions and traverse parts of each, as is the case with the knob in sec. 21,
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T. 48 N., R. 30 W. (Atlas Sheet V); further, numerous inclusions of

the gTiinerite-magnetite-schists are found at one place within the g-reeu-

stone (PI. XII).

With respect to the Republic greenstones, Rominger' well says:

The whole slope of the hillside is composed of an endless succession of banded

ferrngino-siliceous, actinolite schists, united into bulky, compact masses, which are here

and there interrupted by intrusive diorite belts of short, local exteusion, and not, as

represented by Major Brooks, in regular continuous bands encircling the whole side

of the mountain.

Although it is clear that all the greenstones of the western knobs and

those of Republic Mountain are intrusive, it is not known in all cases

whether they possess the features of dikes, sheets, or bosses. In some cases,

as at the Spurr mine, the greenstones are apparently interbedded with the

sedimentary formations ; but even here the supjjosed beds are of short linear

extent, and may be dikes that happen to coincide in direction with the

strike of the bedded rocks at the position of the present plane of erosion.

From the general relations of the western greenstones, exclusive of the

smaller dikes, it would appear that most of them are boss-like dikes whose

courses on the surface are approximately parallel to the strike of the sedi-

mentary beds intruded by them. • A few may be in the form of sheets, but

if so they are intrusive and not surface sheets, and hence are not available

for working out the structure of the Marquette series. They do not con-

stitute well-detined beds at definite horizons in the series, as was supposed

by Brooks.
PKTIiOGRAPHICAI. CHARACTER.

The rocks of the western knobs differ materially from those of the

eastern knobs in their microscopic features, although some of them are A-ery

like the latter macroscopically. Originally there was probably no difference

between the two types of rock. In the eastern greenstones, however, the

alteration was degradational in its nature. The diabases have passed

through epidiorites and chlorite-schists into aggregates of calcite, chlorite,

epidote, etc., all of which may be regarded as final stages in the weathering

of plagioclase and pyroxene. In the western greenstones dynamic processes

' Geological Survey of Michigan, Vol. IV, p. 101.
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appear to have played the more important rok^ In these rocks the am[)hi-

bole is dark-green and compact. It is never pale-green and fibrous. More-

over, chlorite is rare, except locally, while fresh brown biotite and grains of

quartz are abiTudaiit, and in many cases there has been produced a mosaic

of the latter mineral and albite, as in the case of the hornljlendic schists of

the Basement Complex.

These differences between the eastern and the western greenstones

mav be explained by the differences in form and in the geological conditions

under which the rocks are found. The eastern knobs are irregular in

shape and are boss-like in their features, while the western knobs are linear

in shape and dike-like in their general features. The former were able to

withstand stress more successfully than the latter, and so have suffered less

d-s'uamic metamorphism than these. Moreover, in the western jjart of the

Marquette district the folding and mashing of the formations Avere more severe

than they were in the Ishpeming-Negaunee area. (See Metamorphism,

Chapter VII, pp. 573-575.) Consequently, as a rule, the western green-

stones are more schistose than the eastern ones. Tliey are dai-ker in color,

fresher in appearance, and more crystalline-looking. Often large, brilliant,

dark-green or black ampliiboles lie in a dark-green groundmass, through

which small, sparkling crystals of the same mineral are thickly strewn, with

their longer axes in the planes of schistosity. In their macroscopic features

these rocks resemble very closely schistose diorites and camptonites.

Under the microscope all their sections are fresh-looking. The weath-

ering products so noticeable in the eastern gi'eenstones are rarely observed.

Biotite is their characteristic component. It occurs as large and small

plates of a deeji reddish-brown color, like that in the micaceous schists of

the Basement Complex. It is derived very largeh^ from the plagioclase.

In those specimens in which the plagioclastic nature of the altered feldspar

is still clearly apparent, small brown biotite flakes, little spicules of horn-

blende, and granules of epidote are scattered in large quantities through

the feldspathic substance, and here and there quartz also is present. Upon

further alteration of the plagioclase the quartz becomes more and more

abundant, and sometimes secondary albite is formed. In the final stage of

the change all the plagioclase has been replaced by an aggregate of biotite,
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quartz, some hornblende, aud a little epidote, with the addition in many-

cases of a quartz-albite mosaic between these components.

The hornblende, as already mentioned, is a dark-green, compact A^ariety

that is often idiomorphic in cross-section and is often twinned. Its crys-

tals lie in a matrix having- the structure and composition of the aggregate

described above as the final alteration product of the plagioclase. In some

cases the aggregate is rich in biotite, while in other instances biotite is

present only in very small quantity, and the aggregate is practically a

plagioclase-quartz mosaic.

The larger hornblendes, which appear as phenocrysts in the hand speci-

men, ditfer from the smaller columnar crystals mainly in size. Their rela-

tions to the aggregate are the same. In both cases the mineral shows its

secondary nature by the frayed ends of its crystals, aud by the fact that

large areas of almost pure hornblende are made up of bundles of small,

compact, columnar crystals. Another form of amphibole is frequently

encountered. In this many individual crystals are bound together in sheaf-

like bundles, with their ends extending far out into the surrounding ground-

mass. The rocks in which the amphiboles are of this kind resemble very

closely the "diorites" and altered tuffs of the Mona formation.'

In the thin section the schistosity of these rocks is very striking. All

their constituents are arranged with their longer directions approximately

parallel, and lenses of mosaic, with their major axes running the same

way, wind in and out among the other components. In spite of their

great alteration the diabasic structure can still be detected in some of the

specimens, especially when their thin sections are \aewed against a white

background. Under the microscope this structure can rarely be recognized,

since the hornblendes in their growth have extended beyond the areas

originally occupied by the augite. Sometimes hornblende crystals, biotite,

and chlorite fill ophitic spaces between the decomposition products of

plagioclase, but these cases are rare.

As the schistosity of the greenstones increase in amount their material

appears to become better crystallized, except where the foliated phases are in

contact with other rocks, in which case they have suffered not only extreme

' Cf. fig. 1, PI. XVI, Ball. U. S. Geol. Survey Xo. 62, by G. H. Williams.
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mashing but gTeat chemical changes as well, for they are now often pure

chlorite-schists, composed of a solid mesh of small chlorite fibers, between

which are occasionally small areas of quartz mosaic, tiny grains of magnet-

ite, biotite flakes, and pyrite crystals. In some cases quartz mosaics pseudo-

morph the oi'iginal plagioclase grains, and in others large garnets occur

scattered indiscriminately through the rocks. These latter are well seen at

the Michigamme and Spun- mines and on the borders of some of the boss-

like greenstone masses in Humboldt Mountain, where they have been

regai-ded as possibly the result of contact action, since they are often as

well developed in the sedimentary beds contiguous to the greenstones as they

are in the greenstones themselves The garnets in the greenstpnes exhibit

no anomalies, so far as seen. They are almost colorless, isotropic bodies,

crossed by irregular cracks and containing as inclusions a great many

irregular grains of magnetite and very irregularly outlined colorless masses

that under the crossed nicols appear to be quartz and plagioclase. At the

Spurr mine many of the garnets are more or less completely changed to

chlorite, as described by Pumpelly in 1875.

The very schistose phases of the western greenstones, where they are

not on the contact with the sedimentary rocks, are almost typical horn-

blende-schists. This is especially true of those greenstones in the Republic

trough. As we pass southward from the Magnetic mine, in sec. 20, T. 47 N.,

R. 30 W. (Atlas Sheet VII), it is noticed that the greenstones become more

and more schistose and at the same time more crystalline. Their quartz-

ose component increases in quantity until in some of the rocks, especially

those in the vicinity of Republic (Atlas Sheet XI), it makes up a large

proportion of the rock masses. Many of these rocks are composed of

crystals of bright-green amphibole, often with idiomorphic cross-sections,

large lenticular grains of quartz and plates of epidote, and, between

these, masses of altered plagioclase, consisting largely of kaolin, epidote

or saussurite, and biotite. Leucoxene and magnetite also occur in the

schists, the former mineral with the habit of spliene and the latter with

very irregular outlines. Others of the schists contain large quantities of a

bright-green hornblende with extremely ragged contours and groups of this

mineral composed of numbers of small grains and spicules of amphibole
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variouslv orientated, several together often forming small prismatic crystals

idiomorpliic in the prismatic zone, and the whole forming a very irregular

area. Nearly all of the areas are cellular. Their component -parts are

filled \\ith inclusions of the quartz, feldspar, epidote, etc., that make up

the body of the rock. The hornblende in these instances is certainly

secondary, and was jirobably the last of the principal rock constituents

to form. Fig. 4 of PI. XXXII illustrates the structure of one of the clus-

ters in a greenstone from Republic Mountain.

The other components of these rocks are identical in form and nature

with those of the jjredominant schists.

The greater schistosity of the Republic greenstones, as compared with

those near the Michigamme and 8purr mines, and their more crystalline

character, are accounted iov in the same manner as are the greater schistosity

and higher degree of crystallization of the western greenstones in general as

compared with the eastern greenstones, viz, by the fact that in the Republic

trough the mashing- of the igneous rocks, along with the sedimentary beds,

was greater than anywhere else in the Marquette district with the exception

of the Western trough.

The general features of various rocks of the western greenstone knobs

and dike inasses have been described. Descriptions of the special features

of the different exposures, so varied are they, would consume more space

than would be justifiable in a discussion which is not purely petrographical.

A brief description of one or two exceptional phases, however, will be made.

Some of the greenstone-schists deserve mention for the beautiful chlo-

ritoid found in them. This mineral has all the properties of true chloritoid.

It forms large plates that are pleochroic in greenish-blue and greenish-yellow

tints, and has an extinction of 1° to 3°, and often more. Lane, Keller, and

Hobbs (see Chapter I, pp. 129, 148) have described this chloritoid very fully.

But Lane and Keller state that "all the Michigan chloritoids, so far as yet

known, occur in altered arkoses or similar rocks." In the present instance,

and in some others to be mentioned later, the rocks in which the chloritoid

exists are (piite certainly mashed eruptives. They consist of brownish-green

biotite, large flakes of the chloritoid mentioned, crystals of clear and almost

colorless epidote, and sn^all grains of magnetite, forming areas between
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whicli iire other lighter areas eoniposed of quartz, saussurite, ealcite, and

large irregular cellular garnets.

A singular set of knobs is north of Lake Corning, in the SW. 4 sec. 5,

T. 47 N., R. 27 W. (Atlas Sheet XXV). The main mass of these knobs is a

coarse-grained nralitic diabase resembling a camptonite, with lath-shaped

feldspars and hornljlende crystals scattered through a fine-grained, grayish-

green matrix (Specimen 19547). On the top of the hill the rock is coarser,

and its feldspathic constituent is in patches and is of a pinkish tinge (Specimen

19548). The hornblende is in acicular crystals. Farther east the feldspar

crystals are larger and redder, while the hornblendes are not acicular

(Specimen 19549). Certain patches in the rock were taken for inclusions.

They are pink in color and are very much finer in textui'e than the main

mass of the rock, and around their edges they are bord(n-ed by bands of

green, as though they had been affected by contact action. Other patches

ai"e epidotized throughout. In both cases the "inclusions" resemble fine-

grained granites that have been altered by the greenstone.

In thin section the main mass of rock is seen to have a coarse diabasic

structure. The hornblende is always found in ophitic areas, either alone

or with chloi'ite and epidote. The plagioclase is changed to a mixture of

saussurite, ealcite, and epidote, which is cut through and through by horn-

blende spicules. The rock is thus a uralitic diabase, like so many others

of the knob greenstones, and not a camptonite, as it appears to.be from its

macroscopic habit.

The porphyritic phases on the top of the hill (Specimen 19549) are

composed of larg-e, partially idiomorphic, altered, and often crushed ;ind

reddened plagioclases in a matrix of small laths of the same mineral

and small triangular masses of chlorite that have evidently been derived

from hornblende. Leucoxene is also })resent in large quantity. The

supposed inclusions are fine-grained diabases. They contain only small

quantities of the chloritic interstitial substance, wdiile large quantities of

ealcite and leucoxene are present in them. The epidotized inclusions are

of the same nature, except that they contain an abundance of epidote.

The "inclusions" may be fragments of a preexisting, fine-grained dia-

base, caught up by the coarse diabase in its upward passage, or tliev may
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be but local jiliases of the latter rock. There is no evidence of contact

action in them. The epidotization noticed around their edges is but one

exhibition of the general epidotization which much of the mass of the knob

has suffered. Nests and veins of epidote are common at the eastern end of

the westernmost knob, and, so far as known, they bear no definite relation

to the occun-ence of the "inclusions."

THE DIKES.

The typical dikes intrusive in the pre-Clarksburg rocks can not be

sharply distinguished from the boss-like dikes that have already been

described. They vary in width from a few inches to 60 feet, and so are

distinguished from the larger masses in size. Moreover, their walls are par-

allel and their courses usually straight, and these features again distinguish

them from the rocks that constitute the knobs. However, the small dikes

often are but apophyses of the boss-like dikes, and therefore they are but

portions of the latter, from which they do not differ in any essential respects.

The rocks that originally composed them were of the same nature as the

materials of the larger masses; at present they differ from the latter to a

slight degree in consequence of their greater proneness to alteration.

While many of the small dikes are composed of greenstone identical

in composition with the materials of the knobs, the majority consist of the

highly schistose and much altered rocks which constitute the "diorite-

schists," "chlorite-schists," "soapstones," and "paint-rocks" of the miners.

The dikes of this kind are sometimes offshoots of the great knobs of green-

stone; at other times they appear as isolated bodies, which, however, in all

probability are connected underground with the bosses or with their down-

ward extensions.

The dike rocks are in all respects so similar to the boss rocks that no

doubt could arise as to tlieir intrusive nature even were their field relations

not clearly those of intrusives. Every g-radation exists between the most

schistose dikes and those which still ])reserve, faintly it is true, the diabasic

structure. Tliese obscure diabases are identical with similar rocks forming

the knobs, and the latter may be clearly traced into true diabases, in which

augite may still be detected. None of the chlorite-schists and none of the
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schistose greenstones associated with tlie iron-bearing- ro(!ks, so far as known,

are of fragmental origin. All of them are metamorphosed igneous rocks.

In some cases the smaller dikes are fresh, dark olivine-diabase or Ijasalt.

These appear to be independent bodies that are younger than the schistose

dikes and the bosses, for they traverse the latter as well as the fragmental

beds. One of them may be seen on the side of the cliff overlooking the

lake shaft of the Cleveland mine. Most of these dikes are the quartz-

diabase of Lane, and are identical in nature with the fresh dialiases cutting

the Archean rocks below the Lower Marquette series, and with those occur-

ring in the upper portion of the Upper Marquette series. They are therefore

of })Ost-Clarksburg age, and are discussed with the younger dikes.

The small greenstone dikes, like the boss greenstones, are found to cut

all the rocks below the top of the Clarksburg formation, but also, like the

boss masses, they are confined principally to the iron-bearing formation.

They are very frequently met with in traversing the country underlain by
this formation, but are even more numerous than they appear to be. Many
of their exposures are small and l:)adly decomposed, so that they often

escape notice even whei-e not completely covered by loose material. In the

mine workings, however, their lower extensions are brought to light, when
their abundance is better appreciated. In Chapter III, Section VI, they

are shown to be closely connected with the accumulation of ore bodies. In

those areas where the alteration of the dikes and the inclosing schists was
not carried so far, as, for instance, at Mount Humboldt (Atlas Sheet XVI),

where the iron formation is chiefly rein-esented by griineritic schists rather

than by jaspers, ores, and feri-uginous schists, the dikes may easily be recog-

nized on the surface, and their number is fully realized. The sketch map
(PI. XXXIII) of the W. J of sec. 12 and the E. J of sec. 11, T. 47 N., R. 29

W., shows approximately the number of dikes met with in traversing at

intervals of one-eighth mile a square mile of territory.

It is possible that some of the greenstones that are considered as dikes

may be interleaved sheets, since some of the latter are chlorite-schi.sts that

are identical with the chlorite-schists of undoubted dikes. The number of

the sheets, however, is probal)ly not great, and it is not important to distin-

guish between them and the dikes, especiall}' since many of the former are

undoubtedly intrusive, just as are the dikes themselves.
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PETROGRArHKAI. CIIAHACTKIt.

Many ot" the dike rocks are iso similar ti) tlie altered forms of diabase

characteriziny the knobs of the eastern portion of the Marquette district

that detailed descriptions of them are unnecessary. The extremely schistose

varieties of the greenstones are especially prominent in the smaller dikes,

including- as they do the chlorite-schists and talc-schists, the "soapstones"

and the "jiaint-rocks" of the miners. The former occur throughout the

entire district, but are of course much more common in those areas where

there has been a great amount of mashing.

The great majority of the less schistose dikes contain large quantities

of fibrous ami)hibole and the remnants of altered plagioclase Sometimes

the feldspar is represented by saussurite, quartz, or by these minerals, caleite,

and chlorite; at other times by a sericitic mineral and quartz; and again,

very frequently, by a mosaic of quartz and fresh feldspar Biotite is also

present in some of the schists, especially those containing large quantities of

the quartz-feldspar mosaic. The principal bisilicate constituent is always

either anq)liibole or amphibole and its alteration product, chlorite. Occa-

sionally, even in the schistose rocks, these minerals occur in ophitic areas,

but usually the mashing has been so great that the darker-colored com-

ponents of the dike rocks, as well as the lighter ones, are in narrow lenticular

bodies. The cause of the foliation of the dike masses, like that of the boss

masses, is clearly seen to be dynamic. Not only are the components nearly

alwavs in the lenticular forms referred to, but very frequently the altered

plagioclases are crushed and broken and their fragments moved apart in the

direction of the foliation. Moreover, on their edges the larger grains are

not infretjuently granulated.

The petrographical varieties of these dike rocks are very numer-

ous, but their features are in general not different from those of the boss

masses. A few varieties, however, should be mentioned as peculiar. In

one or two instances (as in Specimen 16180, from a dike 8 feet wide in

cue of the pits in the NW. 4 sec. 12, T. 47 N., R. 29 W., and in Specimen

17505, from a large ledge in the NW. ^ sec. 30, T. 47 N., R. 30 W.) the

rocks were originall}' porphyrites, or, perhaps, V)asaltic phases of diabase.

The first of these rocks now shows plagioclase crystals, that are more or
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less cliloritized, in an altered groundniass filled with skeleton crystals of

magnetite. Apparently this groundmass was originally glassy. It now con-

sists of chlorite and certain indefinite, brownish -green, fibrous substances

in a light-colored matrix that polarizes feebly in places, like an altered

feldspar, and in other places acts like an isotropic substance. The second

rock has been entirely recrystallized. It now consists of large, fresh plagio-

clases and small areas of quartz mosaic in a groundmass cut through and

through by light-green amphibole crystals resembling actiuolite. The

interstitial substance between these is a mosaic of quartz and plagioclase.

There are among the dike rocks a few other porphyrites, but they are coarse-

grained, and differ from the nonporphyritic ])hases merely in that they

contain phenocrysts of plagioclase.

The most schistose phases of the dike rocks include the chlorite-schists,

the talc-schists, and the kaolin-schists.

In the chlorite-schists chlorite predominates over all other components.

The rock of the dike at the old Gilmore mine (Atlas Sheet XXXV), near

the north quarter post of sec. 26, T. 47 N., R. 26 W., for instance, is an

aggregate of bundles of a fibrous green chlorite, through which are

scattered laths of plagioclase. The latter can be seen only in polarized

light, since in natural light the green color of the chlorite obscures them.

A little limonite stains the chlorite here and there, and a few magnetites

are besprinkled through it. Other chloritic schists are very similar to this

one, though not many of them are so nearl}' devoid of components other

than chlorite.

In the rock of two dikes, one at Humboldt and the other 835 steps W.,

700 steps N., of the SE. corner of sec. 24, T. 48 N., R. 31 W., are great

plates of chloritoid of the same character as that in the western knob

greenstones described on page 504. In the first dike (Specimen 14777) the

chloritoid is in beautiful fresh columnai- crystals, having an extinction

varying between 0° and 16° and twdnned parallel to their longer axes,

and in large plates with the cellular structure of secondary minerals,

which plates are probably basal sections of the columnar crystals. The

chloritoid, with fibrous chlorite, forms a network, in whose meshes are

flakes of colorless muscovite, little gi-ains of epidote, and grains of quartz.
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Magnetite grains are scattered evervwiiere throughout the section. The

rock of the second dike differs from that of the first one in being coarser-

grained. The chloritoid is developed in hirge plates whose pleochroism

is very marked in greenish-blue and yellowish-green tints. Biotite, musco-

vite, magnetite, and quartz are included in small quantity in most of the

plates, though some of them are entirely free from inclusions of all kinds.

Between the plates are little nests of calcite and large irregular areas of

plagioclase and its alteration products, chlorite, kaolin, quartz, biotite, and

needles of amphibole. The biotite is also present in large flakes of the

usual color, and the quartz in large, clear g-rains, the former mineral being

usually in the feldspar and at its contact with the chlorite, and the (piartz

occurring especially between chloritoid plates.

The talcose-schists are rare. They are limited almost exclusively to

the ore horizons, where the processes that have resulted in the accumulation

of the ores have at the same time leached the iron salts from schistose

diabases and made them talcose-schists instead of chlorite-schists. By

further leaching magnesium is removed and the schists become kaolin-

schists. Some of the iron salts abstracted from the diabases may have

aided in the formation of the ore bodies, but they certainly did not con-

tribute the main bulk of the ore deposits.

The talcose-schists, "soapstones," and "paint-rocks" are varieties of

the same rock. They are all talcose-schists, which differ from the chlorite-

schists in the fact that their magnesian component is talc rather than a

chlorite. The "soapstones" are the almost pure, light-colored phases of

this rock, while the "paint-rocks" are varieties that have been colored red

or brown by the infiltration of red or brown ocher. Slany of these rocks

are so much decomposed that little remains to tell their history. The

"soapstones" are composed largely of quartz, talc, probably a little seri-

cite, and calcite. Chlorite is also present in most specimens. In some it

occurs in but small quantity; in others it is more abundant; while in still

others it is present in such large quantities that these rocks must be regarded

as linking the purer talcose-schists with the typical chlorite-schists. In

other words, there is an unbroken gradation between the talcose-schists and

the clilorite-schists. Since the latter are altered diabase dikes, the former



THE IGNEOUS ROCKS. 511

are probably likewise altered diabases. The alteration in the two cases is

somewhat diiTerent, since in the talcose-schists all of the original iron, which

in the case of the chlorite-schists was largely retained in the chlorite, has

been lost. The talcose-schist dikes are confined niainlv to the vicinity of

the ore deposits in the soft-ore mines, while the chlorite-schists are less

common here than they are in the hard-ore mines, although they are prac-

tically universal in their distribution. Evidently the talcose-schists may be

looked upon as chlorite-schists from which the iron has been leached by
the same process that secreted the ore bodies in their neighborhood.

The "paint-rocks" require but little special mention. The ocherous

coloring matter coats the talc fibers and the grains of the other components

in the schists, into which it has evidently been introduced since the rocks

were transformed into schists. In a few of the "paint-rocks" the coloring

matter is magnetite or martite rather than ocher or limonite. The oxide in

these rocks occurs as little octahecba embedded in the talc and (juartz.

It was introduced after the schist became foliated, for its grains are scat-

tered tlirough the rock mass without respect to its foliation, and, so far as

has been noticed, they have produced no efl^ect upon the disposition of the

talc fibers in their vicinity. There is no bending of the fibers around

the larger crystals, as would be the case were these present when the rock

became foliated, but they are cut off abruptly by the opaque iron oxide,

as though they passed directly through its crystals. Although the greater

portion of the magnetite and martite crystals are opaque, on their borders

they are often changed to hematite, and little plates of this substance also

occur as elongated lenses in the body of the rock. These latter plates

appear to be altered forms of a preexisting magnetite. They probably

represent little grains of this substance that were present in the original

diabase.

There are a few other light-colored schistose rocks that are some-

times met with as dikes cutting the iron-bearing formation. They are not

usually distinguishable from the talcose-schists in the hand specimen,

and so they have generally been confused with the latter rocks, and have

been called by the same names as these, viz, soapstones when light-

colored, and "paint-rock" when stained. Under the microscope the fibrous
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component of these schists is discovered to he kaohn instead of talc. Patton'

has ah-eady described one of these dike masses; so we quote his statements

concerning- it:

Tlie iron ores in the region around Islipeining are frequently cut by dikes of

diabase so tliorouglily altered as to be no longer recognizable except by their dike

form. * * *

Under tlie microscope this kaolin-like rock shows very well preserved the diabase

structure * » *
, but in place of the plagioclase laths and the augite grains there

is a white, earthy substance with interspersed colorless quartz grains, as well as black

magnetite. The magnetite presents about the same appearance as in the unaltered

rock, and is evidently the only ingredient that has not been altered. A chemical

analysis of this rock, made by Mr. Fred. F. Sharpless, shows that it is composed of

about 79 per cent kaolin and 20 per cent free quartz (magnetite and impurities

amounting to 1 per cent). It appears that in the process of alteration Na, Ca, Mg,

and Fe, as well as SOj, have been removed and HjO has largely increased,

Patton's description of this kaoUn rock apphes as well to some of our

specimens collected in the district. The rocks are evidently in the form

of dikes. They represent the extreme phase of alteration to which the

diabases in a few instances have been subjected

It should be remarked, before leaving the discussion of the talc-bearing

and other light-colored schists, that there are certain other rocks, found

associated with the ores in some of the mines, that resemble very closely

the schists that are derived from diabases. These rocks are included

by the miners with the "soapstones" that occur as dikes. They are white

schists, often interbedded with quartzite and sometimes immediately over-

lying the hard-ore deposit at the base of the Upper Marquette series. In

the field these schists may occasionally be traced into well-characterized

quartzites. Under the microscope they are found to be fragmental in struc-

ture and to consist of altered and mashed feldspathic quartzites, not very

different from some of the finer-grained phases of the Palmer gneisses.

Many of them contain considerable quantities of sericite, so that in the hand

specimen they possess the same soapy feeling that is possessed by the talc-

schists. While very similar in appearance to the true soapstones occur-

ring in dikes, these rocks are not soapstones. They are sericite-schists,

' Microscopic study of some Michigan rocks, by H. B. Patton : Report of the State Board of

•Geological Survey for 1891 and 1892, Lansing, 1893, pp. 185-186.
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wliicli may often be distinguished from the true soapstones by the coarse

grit in their })owder, due to the presence of the fragmental C[uartz grains.

A small numlKir of the dark-colored dike greenstones of the district are

abnormal in that they contain no aniphibole. Their original nature has not

been made out. As at present constituted they are composed of altered

feldsjiar grains in a mosaic matrix of quartz and plagioclase, containing

reddish-brown biotite of the usual kind. Calcite, sericite, kaolin, chlorite,

and epidote are mingled with the other components in large quantities, so

that the rocks as they now exist consist exclusively of secondary pi'oducts.

These rocks remind one strongly of the less highly foliated varieties of the

micaceous schists iu the Basement Complex.

CONTACT EFFECTS.

In the iield work on the dike rocks extensive and careful search was

made for contact effects in the intruded rocks, but the only evidences that

were thought possibly to indicate contact action were noted on Mount

Humboldt, upon Republic Mountain, and near the Magnetic mine. The

Mount Humboldt occurrence is the most characteristic. Here we find

cutting the grtiueritic schists of the northwest portion of the hill a highly

schistose, dark-green chlorite-schist, which on its edges is thickly besprinkled

with dodecahedral garnet crystals measuring about 2 mm. in diameter.

The griinerite-schists on the other side of the contact are likewise crowded

with similar crystals. Other crystals of the same kind, however, are often

met with in the schists at long distances from visible contacts with dikes,

but never so abundantly. Therefore the unusual concentrations of garnets

along the dikes are believed to be due to chemical interactions between the

two rocks subsequent to the intrusions.

The chlorite-schist in the middle of the dikes is not essentially different

from the chlorite-schists already described. Near the contacts some of

the schists contain groups of griinerite needles identical with those in the

griineritic schists. Idiomorphic hornblende crystals are also occasionally

observed in them, and magnetite is everywhere present. Fibrous green

hornblende is a prominent component, and biotite is abundant, intermingled

with the amphibole in some specimens and in others accumulated around

MON XXVIII 33
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the garnets. The garnets are identical in natiu-e with the garnets in the

gametiterous knob greenstones. They are pei-fectly isotropic. In color

they are very light pink, almost colorless. Their principal inclusions are

magnetite, but they always inclose also small quantities of chlorite, quartz,

biotite, altered feldispar, and often crystals of pyrite and needles of

actinolite. In all cases the garnets are crossed by great fi-acture cracks,

which are sometimes so coai'se that they give the crystals a granular

appearance. In these rocks the garnets, although idiomorphic, appear to

be the youngest component present, with the exception of the biotite, which

suiTOunds them periphei-ally, and which must be regarded as constituting a

reaction rim.

Other garnetiferous dike greenstones are more like mica-hornblende-

schists than like chlorite-schists. They contain large quantities of quartz,

and are thus similar to the quartzitic greenstones of the Republic and Mag-

netic mines, from which they differ mainly in the possession of garnets.

In these latter rocks the garnets are often granulated, as though the rock

in which they occur had been mashed after their formation.

From the above description it is noticed that the garnetiferous schists

differ from the other schistose geeenstones simply in the possession of gar-

net and in some cases of griinerite, both of which minerals are found as

normal constituents in the griineritic schists through which the greenstones

cut. The inference from these facts is that the garnetiferous rocks are not

contact rocks in the usual sense, but that their peculiar features are due to

reactions between solutions passing between the intruded and intruding

rocks and carrying dissolved salts from the one into the other. Mechauieal

action may also have been instrumental iu the formation of the new products

in the schists, but it is not believed that the heat of the dikes was at all

effective in their production. The phenomena are believed to be those of

metasomatism and of dynamic metamorphism rather than of contact action.

THE SHEETS AND TUFFS.

Only a few undoubted sheet eruptives and a small number of areas of

volcanic fragmental rocks have been positively identified in the beds older

than the Clarksbm-g- formation. In one or two instances the sheet rocks
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are thought to be surface flows, while of course the tuffs are always surface

rocks. In other cases the sheets appear to be intrusive, where they are

with difficulty distinguishable from the dikes. Indeed, while it is believed

that by far the greater number of the narrow bands of schistose greenstone

associated with the pi-e-Clarksburg sediments are true dikes, it is thought

that a large number of them may possibly be sheets. The distinction

between the two, however, is not so important as it would be were the

sheets effusive ones.
tuvj sheets.

The undoubted sheet rocks are exposed in a few places on the surfaces

or sides of ledges as a series of bands of a fine, crystalline, green rock,

sometimes amygdaloidal on both edges, sometimes on one edge only.

These rocks are interbanded with genuine sediments, with which they

contbrm in strike and dip. The best exhibition of the bands, which are

believed to represent old volcanic flows, is on the little hillock in the NE. ^

sec. 28, T. 47 N., R. 27 W. (Atlas Sheet XXVI), where three greenstone

beds are interstratified with graywacke-like quartzites.

Again, in the cut on the Chicago and Northwestern Railway in the

NW. i sec. 8, T. 47 N., R. 26 W. (Atlas Sheet XXXI), about IJ miles

southeast of Negaunee station, there is an excellent section exposed

tlu-ough seven bauds of chloi'ite-schists that are interleaved with "flag ores."

Rominger gives a sketch of the cut in his report,' and describes it as follows:

The stnita in the cut form two successive anticlinal arches, which are in two

places transversely intersected by wedge like masses of chloiitic schists Intruded from

below. The upper portion of the ledges is formed of the banded alternating beds of

pale brownish jasper and of siliceous ore seams like the Jasper-banded rocks of the

McOmber mines. * • *

As shown by fig. 18, p. 332, the present authors observed but a single

anticline in the schist bands, and discovered portions of seven sheets of the

chlorite-schists instead of the two pictured by Rominger. The intersecting

"wedge-like masses of chloritic schists" were not seen. Only two of the

sheets show the complete fold, but the others are so regularly disposed

about the axis of this fold that there can be little doubt that the bands on

' C. Rominger, Geol. Surv. of Michigan, Vol. IV, p. 79.
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its two sides were coiitimuuis over tlie apex ot" tlie autioline before this was

removed by erosiou. Whether they were surface flows or intrusive sheets

is not known, since the rock composing- them is a chlorite-schist which has

lost all traces of its original structure. It seems probable that these sheets

are intrusive, while the amygdaloidal ones described below are effusive.

The few sheet-rocks discovered, like the dike-rocks of the chstrict, were

originally diabases or basalts. They are now composed largely of amphi-

bole, chlorite, and altered plagioclase. They are either massive or schistose

in structure, with the massive phases porphyritic in texture. Some of

the latter are holocrystalline, while others originally possessed a glassy

gi'oiindmass.

The rocks of the little hillock alread}- luentioued as existing in the

NE. i sec. 28, T. 47 N., R. 27 W., originally included both glassy and crys-

talline phases. In the former the glass which was formerly present in the

grouudmass has entirely disappeared. It has undergone change into a pale-

o-reen chloritic substance. The resulting rock is a dense, green, schistose

one, whose mass is speckled with bright, glistening surfaces of plagioclase.

In thin section small plagioclase crystals and groups of crystals, some fresh

and others changed to calcite, and small flakes of brown biotite, are seen

in a o-roundmass of smaller plagioclases, biotite wisps, tiny amphibole

needles, and granules of leucoxene embedded in a tibrous mass of chlorite

that is supposed to represent the original glass.

The other sheet-rocks occm-ring in the same liilloek differ from the

one iust described mainly in the structure of their groundmasses. All of

them, whether amygdaloidal or not, possess an altei'ed diabasic groundmass

in no wise differing from the rocks that have been called uralitic diabases

and epidiorites. The aungdaloids occurring here ai-e dju-k-green porphy-

rites, with ])henocrysts of plagioclase and hornblende, and amygdules tilled

with magnetite and talcite in an altered diabasic groundmass speckled with

mao-netite. Under the micros(.'ope the feldspar phenocrysts are discovered

to be changed into calcite, and the green groundmass is found to be com-

posed of small plagioclases, pseudomorphs of calcite after plagioclase, green

chlorite, and leucoxene, with here and there some opidote and a few grains



TUE IGNEUUa KOGKS. 517

of maf^nietito. Tlie nonamyydaloids are like the amygdaloids except that

thev lark aiiivii-dules.

The only essential difference between these sheet eruptives and those

occiUTing- in dikes is in their structure, which in the former rocks is por-

phyritic and in the latter ophitic.

The chlorite-schists interbedded with the iron-formation rocks at the

cut in the Chicago and Northwestern Railway are in all respects like the

chlorite-schists that have been dcscrilx'd as forming dikes.

THE TUFFS.

The tuff de])osits among the pre-Clarksbui'g rocks are not widely

spread. So far as known they occur only at two localities, where they

are very closely associated with knobs of greenstone. One of these is the

western end of the knob near the east quarter post of sec. 20, T. 47 N.,

R. 27 W. (Atlas Sheet XXVI), and the other is the western end of the

northern of the two hills, near the east quarter post of sec. 4 (Atlas Sheet

XXV), in the same township. The relations of the tuffs to the massive

rocks are not clear at eitlier of these places. In the first locality, how-

ever, the tuffaceous beds are cut by large dikes of greenstone, similar to

the rock that forms the main body of the hill. The recognition of these

rocks as fragmental eruptives is due to microscopic evidence and to the

congh)meratic asjjcct of their weathered surfaces. Light-gray, pebble-like

areas appear in a schistose green matrix containing small fragments of

altered feldspar and pieces of green schists.

The tuft's are composed of exactly the same minerals as are found

in the schistose dike-rocks and other greenstones, but their structure is

obscurely tuffaceous. Under the microscope fragments of plagioclase may
be seen distributed thickly among the other rock components, and large^

rounded and irregular fragments of a fine-grained diabase may be detected

here and there embedded in a schistose, hornblendic, and chloritic ground-

mass. These tuffs are not unlike those occurring in the Basement Conqjlex.

They differ from the Kitchi schists mainly in the manner and degree of

their alteration.
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/ SECTION II.-THE POST-CIiABKSBITRG GREENSTONES.

The freshest of the igneous rocks of the Marquette district are th' e

which constitute the independent dikes that have ah-eady been raentioi'^d

as being in all probability the youngest dikes in the entire area, because

they cut inditlerently the larger dikes of altered diabase and all the foriiia-

tions of both the Upper and the Lower Marquette series, and because they

are only locally schistose.

Most of these )'ounger rocks exist as well-deiined dikes with sharply

marked walls, although in several instances tliey occur also as boss masses.

They are found as dikes in the Basement Complex on Light-House Point

(Atlas Sheet XXXVIII); in the Lower Marquette series, cutting the

quartzites and marbles southwest of Lake Mary, in T. 47 N., R 2.5 W.

(Atlas Sheet XXXVII); in the iron-bearing formation at many of the

mines; and in the Upper Marquette series in the Ishpeming and Miclii-

gamme formations, especially in the western portion of the area mapped.

They are even more abundant still farther west, in the slates between

Michigamme and L'Anse, beyond the limits of the map.

The boss masses of these younger greenstones are rare so far as the

area luider discussion is concerned. The most typical occurrence is that

of the knob in sees. 35 and 36, T. 48 N., R. 30 W. (Atlas Sheet VIII), on

the shore of Lake Michigamme.

PETROGRAPHICAL CHARACTER.

Petrographically these greenstones are aphanitic to medium-grained,

dark-gray or black basic rocks, in which secondary products may be abun-

dant, but in which the original structures are well preserved. As has already

been indicated, these rocks are scarcely ever schistose, in which respect they

are sharply contrasted with the greenstones of pre-Clarksburg age. They

are massive rocks that resemble strongly some of the dike and sheet rocks

of the Keweenawan series on Keweenaw Point, and hence they have been

thought by Lane to be the lower portions of the Keweenawan eruptives, in

the same way that the pre-Clarksburg intrusives are regarded as the lower

portions- of the Clarksburg greenstones.
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The principal lithological types recognized among- the younger green-

s' ues are diabases, porphyrites, and basalts. Tlie diabases are sometimes

nolivinitic, but more frequently they contain olivine in different stages

I alteration, and often small quantities of (juartz, usually in niicropeg-

n ttitic intergrowths with feldspar. The porphyrites are mainly diabase-

porphyrites in which plagioclase is the principal if not the only phenocrj^st.

The basalts dift'er from the diabases in the possession of a distinct groundmass.

QUARTZ-DIABASES.

The most characteristic of the younger greenstones ai-e those that have

been called quartz-diabases by Lane.' They are more frequentl}- found

west of the area discussed in this monograph than within it, though an

excellent representative of the type is the rock constituting the mass of

the knob on the shore of Lake Michigamme. In his descriptions of these

rocks Lane states that thev

—

are always massive, ami of a dark, black, or brownish gray color with white specks

of glassy, more or less lath-shaped feldspar that shows with a pocket lens twinning

lines on the cleavage faces. In the thin section we see that the other components

are magnetic iron ore and a brown augite that has more or less of a violet tinge. All

these components have at times their own crystalline shape, and the interstices

between them I have called acid interstices. They are similar to those described by

A. C. Lawson (American Geologist, 1891, Vol. VII, p. 153) from the Rainy Lake region.

Where augite conies in contact with these interstices it is coated witli a dark brown

hornblende like basaltic hornblende and utterly unlike uralite. When feldspar

adjoins them we can tell by its optical properties that from being at the center a lime-

soda feldspar, like labradorite, the soda more and more predominates as we go toward

the margin, until at the margin we often have growths springing out, to form with the

quartz what is known as micropegmatite. These growths sometimes fill the whole

remaining space. At other times there is some quartz in compact grains. Another

curious feature of these interstices is that they are often crossed in all directions by

needles of ajjatite. * * * Folia of biotite often occur in the interstices near

magnetite, sometimes evidently derived from it.

These interstices occur in their most characteristic forms in the freshet rocks, and

their structure can not be due to weathering nor to pressure, for it occurs in rocks

which show no trace of pressure. It seems * * * that when the rock consoli-

dated there were left interstices filled with hot alkaline water or dissolved water-glass,

' Report of the State Board of Geological Survey for the years 1891 and 1892, Lansing, 1893, p. 177.
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which was probably the hast residue of the lava. * * * into these interstices the

apatite needles grew, and the alkaline solution attacked the augite and magnetite,

turning them into brown hornblende and mica. Finally the heated solution cooled,

depositing the quartz and feldspar. * * *

* * * Olivine, or its alteration product, serpentine, may often be observed

microscopically as an occasional accessory, especially in marginal forms, but is seldom

abundant enough really to characterize the rock, and certainly is not characteristic of

the group as a whole.

The rock of the knob in sees. 35 and 36, T. 48 N., R. 30 W. (Atlas

Sheet VIII), corresponds very closely m the main vpith Lane's description

except that no olivine has been detected in the few slides made from it.

The aug-ite, moreover, is more or less altered into green amphibole and

chlorite, and the cleavage cracks in the plagioclase are lined with the latter

mineral. It is also noticed that large crystals of titaniferous magnetite

occm- amid the interstitial substances Since this mineral is one of the

oldest, if not the oldest, in the rock, its presence among the interstitial

substances may indicate that these have not in all cases the origin ascribed

to them by Lane.

Another variety of rock from this knob exhibits a different structure

from that described. In a few specimens the augite is in idiomorphic

grains and the magnetite in large skeleton crystals. In more altered forms

quartz is present as large grains occupying the centers of the interstitial

spaces, and surrounding them are beautiful feathery gi-owths of gi-anophyric

quartz and feldspar. In other cases the granophyre extends from a nucleus

of plagioclase, or forms a zone around plagioclase laths, while again its

areas possess the outlines of feldspar crystals. If the granophyre repre-

sents an acid base, then the interstices in these specimens occupied a greater

volume than did the solid portions at the time the microi:)egmatite began

to form. It would seem probable that some of the granophyre at least is

secondary.
OLIVINE-DIABASES.

Some of the quartz-diabases, as Lane observes, contain olivine in small

quantity. There is another class of dike-rocks, however, in which olivine

is an important component. These are fresh, heavy, basaltic-looking

rocks, which under the microscope appear as very fresh olivine-diabases.
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Occasioualh' their olivine i.s changed more or less completely into a green,

earthv decomposition ])roduct, which extends out from the olivine grains

and fills cracks in the neighboring plagioclases, which are usually cpiite

fresh. These rocks present no unusual features. They are typical olivine-

diabases. The best example of the type is fovind on Green Island, in Lake

Michigamme, situated in the SE. \ sec. 27, T. 48 N., R. 30 W. (Atlas

Sheet VIII.)
PORPHYRITES.

The porphyrites differ from the olivinitic diabases and the quartz-

diabases in the absence of quartz and olivine and in the presence cf por-

phyritic plagioclases. These rocks resemble the porphyritic phases of the

older gi-eeustones, from which, however, they are distinguished by their

greater freshness and by the retention of their typical porphyritic structure.

Although all the porphyrites are, on the whole, so very much fresher

than the pre-Clarksburg greenstones, they nevertheless show some altera-

tion. Their principal alteration products are those characteristic of weather-

ing processes. Decomposition products resulting from dynamic processes

are rare, except along local shear zones within the masses of the dikes and

along their borders. When much altered the rocks do not differ greatly

from the older greenstones in the eastern knobs, except that their original

structure is so much better preserved that it can nearly always be observed

in the hand specimen.

A single section made from a specimen collected from a dike cutting

the rocks of the iron formation in one of the pits of the Jackson mine, in the

SE. i sec. 1, T. 47 N., R. 27 W. (Atlas Sheet XXVIII), is enough different

from the types described above to deserve mention. The rock is appar-

ently a porphyritic diabase. In the hand specimen it shows white plagio-

clase groups in a dark-gray groundmass that is cut by small, almost silky,

white fibers. Under the microscope the section shows only fresh pla-

gioclase, magnetite, and olivine. The plagioclase is in the usual lath-like

forms, which are very small in some portions of the section, and in others

are grouped together into large complex aggregates. These latter consti-

tute the larger white areas seen in the hand specimen, while the small

isolated crystals are the tiny fibers. Many of the feldspars are zonal, with
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cores of altered and reddened plagioclase, surrounded by perfectly fresli

material. The magnetite is the most interesting component. It occurs in

the ophitic spaces between the plagioclases, and is apparently all, or nearly

all, a decomposition product of augite or of oli\'ine, remnants of which

have been left in its mass. No traces of the latter mineral have been

detected in the section, but from the shapes of some of the magnetite

areas it is thought very jjrobable that jjyroxene was once present in the

rock. The complete substitution of augite and oli-vine by magnetite is

unusual in rocks of this character. The jDrocesses to which the substitution

is due in the present instance were probably related to the jjrocesses that

gave rise to the ores.
BASALTS.

The rocks that have been refei-red to as basalts are rare. They consti-

tute well-defined dikes. In the hand specimen they are dark, dense rocks,

occasionally dotted here and there with small white spots consisting of

plagioclase. Under the microscope plagioclase laths, magnetite grains, and

small spicules of augite are detected in a glassy groundmass, which is

often filled with green alteration pi-oducts, and sometimes almost entirely

replaced by these substances.

SUiaMARY.

Tlie igneovis rocks occurring in the Marquette series are all basic, with

the composition of fresh or altered diabases of various kinds. They occur

as dikes, bosses, sheets, and tuff" beds. An association of sheets and tuflf

beds is found to constitute a well-defined horizon in the Upper Marquette

series. These rocks, called the Clarksburg formation, have consequently

been separated in the discussion from the other igneous rocks. The

remainder of the igneous rocks, which may be classed together under

the convenient and noncommittal name of greenstones, have been further

divided into two classes. In one of these are placed all the green-

stones associated only with rocks older than the Clarksburg formation,

and in the other those associated also with the beds younger than this

formation.

Among the pre - Clarksburg greenstones dikes and boss masses are

common, while sheets exist to some extent, and tuffs are rare. The dikes
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and boss masses are very similar in the nature of tlieir material. Both com-

prise schistose forms of diabase, in which all, or nearly all, of the au<nte

has been changed to green hornblende. Along the peripheries of the boss

masses and throughout many of the dikes the rocks are very schistose.

They have likewise suffered great changes in composition, and are now
often chlorite-schists or talc-schists

In the eastern portion of the area nearly all the boss greenstones have

the characteristics just mentioned, but in the western bosses the rocks

have suffered a different change. In addition to the green hornblende,

there have been formed considerable quantities of quartz and not a little

brown l)iotite. These rocks have also suffered much more dj-namic meta-

raoii^hism than have the eastern ones. They resemble in many resjiects

the micaceous hornblendic schists of the Basement Complex, and thus

furnish additional evidence in favor of the view that these rocks are

squeezed eruptives.

Of the sheet greenstones, a very few seem to have been surface

flows. Others were intrusive sills. Only a few instances are known in

which the existence of the latter forms of greenstone may be shown to be

probable, although it is believed that many other cases of intrusive sills

occur in the Lower ]\Iarquette series. They have escaped detection, how-

ever, since their material is similar to that of the dikes, and in a district of

complicated .stratigraphy it is almost impossible to distinguish between

dikes trending with the strike of the sedimentary beds and flows interleaved

with these beds.

The tuff beds, in the few cases noted, are associated with knobs of

nearly massive greenstone.

Since the material of the pre-Clarksburg greenstones is similar to that

of the Clarksburg rocks, and since the former do not occiu- in beds younger

than the Clarksburg formation, it is inferred that they are the lower jjortious

of the flows, tuffs, and associated greenstones that constitute the Clarksburg

formation.

The post-Clarksburg greenstones comprise only dikes and bosses.

The rocks, while more or less altered, are all much fresher than the

older gi-eenstones, and all of them have preserved distinct traces of their

original structure. These greenstones cut all the rocks of the Basement
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Complex and tlie Marquette .series. They are in the main uonfoliated,

even where the rocks into which they are iuti-usive are well-characterized

schists. For these reasons they are separated from the older greenstones,

and because they are very similar to the basic rocks of the Keweenawan

series on Keweenaw Point they are thought to be the equivalents of some

of the Keweenawan eruptives.

These greenstones comprise oli-sdne-diabases and quartz-diabases, por-

phyrites, and basalts. Of these the porphyrites are most like the older

greenstones, from which they are distinguished by clear-cut and well-

preserved porphyritic structure. The basalts are like modern basalts, except

that their groundmass is always much altered. The olivine-diabases are

typical rocks of this class. The quartz-diabases are peculiar in that they

contain a little olivine and sometimes a large quantity of quartz, which

occurs in micropegmatitic iutergrowths with plagioclase.

None of the larger masses of the greenstones of the older or the

younger kinds are in the form of great interbedded sheets, as has been

stated to be the case by the earlier geologists. The sheets that do occur

are thin, and, so far as known, they are not continuous for long distances,

nor do they appear to occupy any distinct and definite horizons in the

bedded series outside of the Clarksburg formation.



CHAPTER VI.

THE REPUBLIC TROUGH.

By Henry Lloyd Smyth.

INTRODUCTION.

The Republic syncline (Atlas Sheets IV, VII, X, and XI) is sharply

marked off from the rest of the Marquette district by the simplicity of its

structure and by the fact that the folding has taken place about an axis

which strikes northwest and southeast, or in a direction considerably inchned

to the general course of the great Marquette synclinoriura. The Republic

svncline is thus transitional to the north-and-south type of structure that

prevails beyond it to the west over three townships, and to the south as

far as the Felch Mountain trough, in T. 42 N. The Republic area proper

beo-ins near the south end of Lake Michigamme and continues southeast to

the northwest sections of T. 46 N., R. 2!) W. As thus defined, it is a simple

syncline in Algonkian rocks, about 7 miles in length, with nearly parallel

sides from one-half to 1 mile apart; on both sides and at the southeast

end it is inclosed by Archean rocks, while at the northwest end it rather

suddenly flares out into the main Marquette synclinorium.

To the northeast it is separated from the southern boundary of tlie

main Marquette trough by an area of Archean granite and gneiss about 6|

miles broad. To the west and southwest about half this distance, over

similar Archean rocks, divides it from the next narrow Algonkian syncline.

While the general direction of the main Marquette fold is nearly east and

west, the fold is constricted on a section through the Champion mine,

where it is only 2 miles wide, and its southern boundary has a northwest-

ward trend, to whicli the Republic fold is very nearly parallel.
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The topography is as simple as the structure. The Michigamme

River, on entering the synehne about 1 inik^ south of Lake Michigamme,

flows through the trough nearly to its southeastern end, mainly over the

upper members of the bedded series. The river valley substantially

coincides with the bedded rocks. East and west it is flanked by Archean

uplands, consisting of rounded granite knobs of characteristic glacial and

disintegration forms, often bare or covered with a thin drift mantle. In the

immediate neighborhood of the southeastern termination of the trough

the liver first swings to the east into the eastern granite wall, and then

returns to the southwest, occupying a large part of the interior of the

trough in the structurally determined expansion of Smiths Bay, and finally

leaving it on the western side, about three-quarters of a mile northwest of

its southeastern end. Within the general topographic depression bounded

by the Ai'cheau areas the bedded rocks and the greenstone intrusives

within them occasionally form considerable elevations, none of which,

except Republic Mountain itself, reaches the average height of the granite

uplands.

The rocks of the Republic area consist of (1) granites, gneisses, and

crystalline schists, which form the basement upon which the iron-bearing

series were laid down; (2) qiiartzites, mica-schists, and ferruginous schists,

of both Lower and Upper Marquette age; and (3) later igneous intrusives.

SECTION I.—THE AKCHEAIiT.

The granites, gneisses, and crystalline schists here constitute the unclas-

sified Ai-chean. These rocks have been studied only incidentally near their

contacts with the iron-bearing series, and chiefly from the point of view of

their structural relations with the latter. It appears that of the three kinds

of rocks into which the Archean may be divided the granites are by far

the most common* These are usually normal granular rocks, made up of

orthoclase and microcline, plagioclase, quartz, light and dark colored mica,

and often hornblende, with the usual accessory minerals. Often the ortho-

clase is present in hlrge porphyritic Carlsbad twins, which sometimes attain

a length of 2 inches. This coarse-grained granite is the prevailing type at

Republic. It weathers light-gray or white, sometimes Avith a marked red

tinge. The constituent minerals show no parallel aiTangement.
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Of gneisses, properly so called, none liave been found in tlio Kepul)lic

area except those that have nnniistakably been derived from the normal

granite by dynamic metamori)hism. These are best seen in the immediate

neighborhood of the contacts with the overlying series, and tliey are so

characteristic of these contacts that where gneissic foliation is present the

contact may confidently be looked for close at hand. This gneissic structure

is largely due to the development of mica, usually inuscovite, along surfaces

of breaking which, while individually irregular and waving, yet in the

aggregate are distinctly parallel in .strike and dip to the contact surface and

to the bedding planes in the overlying sediments.

The gneissic structure is most strongly developed at the contact. In

departing from the contact it diminishes by degrees, and finally, at dis-

tances which usually do not exceed 200 feet, it disappears altogether or is

found only in narrow, irregular, and discontinuous zones. That this struc-

ture is really due to the processes of dynamic metamorphism acting on the

normal granite is evident both from observation in the field, where it may

be seen in all .stages of development, and also in thin sections, where it is

clearly proved to result from granulation of the original quartz and felds})ai',

and the passing over, in some cases pai'tial and in others complete, of the

latter into quartz and into the new light-colored micas, which are orientated

with the directions of fracture.

In the Archean areas are found certain dark-colored hornblende-schists

and amphibolites. These occur usually in naiTOw bands and are exceed-

ingly variable in the degree of schistosity which they exhibit and in

crystalline character. Some, at least, are without question old dikes, orig-

inally diabase or diorite, in which a parallel arrangement of new minerals

has, with more or less completeness, been effected by dynamic metamor-

phism. In many cases the progress of these changes may be traced from

a massive crystalline interior into nearly perfectly foliated zones at the

walls. In other cases the schists are completely ciystalline throughout,

and these bear no evidence of their igneous character. In age these

schists doubtless vary enormously. Some have furnished pebbles to the

basal conglomerate of the Lower Marquette series, and these pebbles are

as thoroughly crystalline and schistose as any of the schist bands that can

now be found in the Archean areas. Others are almost certainly younger
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than the Upper Marquette sediments, and are genetically connected with

the great intrusions of diabases which are found abundantly in this series.

In one locality south of the Magnetic mine a dike of iiue-grained red

granite was found cutting the ordinary coarse gray granite. No other

clear proof of the existence of younger intrusive granites was found in the

Republic area proper.

SECTION II.—THE LOWEB 3IjV.BQUETTE SERIES.

The bedded rocks of the Republic area belong to two unconformable

series of Algonkian age. The lower of these, to which the name Lower

Marquette series has been applied, consists of two distinct members, a

lower fragmental member of small thickness, probably not exceeding 100

feet, and an upj^er iron-bearing member, which in its maximum develop-

ment, including intrusive greenstones, can not be less than 1,500 feet in

thickness. The lower member, from its usual lithological character, is

known as the Ajibik quartzite, while the upper member, from its constant

feiTugiuous character, may be distinguished as the iron-bearing member

or Negaunee formation.

THE AJIBIK QUARTZITE.

The lower member of the Lower Marquette series in this part of the

district is relatively a weak rock, and as its thickness is small it rarel}"

outcrops above the glacial mantle in the Republic area. At the jjresent

time but seven or eight localities are known. These are, however, so

widely distributed over the area that it is very probable that the lower

member is present wherever the Lower Marquette series is represented at

all. In these exposures the rock usually appears as a white quartzite,

sometimes vitreous, but often of an opaque white color from the large

amounts of contained muscovite or sericite. The mica is frequently pres-

ent in such abundance that the rock becomes properly a mica-schist. In

only one known locality, in which it is found to rest in direct contact

upon the Archean, does it appear as a coarse conglomerate made up of

recognizable fragments derived fi-om the underlying granites and crystalline

schists.
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In tliiii sections the various phases of this member are seen to be
emineutl}- (TystaHine. The vitreous varieties consis-t mainly of interlocking

areas of (quartz, within and between which are plates of light and dark

mica and, less often, of chlorite. Magnetite and garnet are more rarely seen,

and nearly complete the list of contained minerals. In the more schistose

varieties the mica is more abundant, and occurs in long plates which have

a parallel i)hysical orientation. In none of the many slides that have been
studied do any feldspar grains appear, nor has a trace been detected of

the outlines of original rolled grains. These have been obliterated in the

course of the profound changes tlu-ough which the rock has passed since its

deposition, and the feldspar of the original granitic ddbris is now doubtless

represented by the light micas and secondary quartz.

In many cases the larger structures of the original rock have survived.

Faint color banding and alternations in texture and composition parallel to

the original deposition planes are often seen, and in one locality a beautiful

false bedding can be distinctly recognized.

THE NEGAUNEE FORMATION.

The iron-bearing formation is not generally exposed in the Republic

area, except at the extreme southeastern end of the syncline, where mag-

nificent outcrops extend from the old Kloman mine in the SW. ^ sec. 6,

T. 46 N., R. 29 W., almost entirely around the horseshoe, through a large

part of sec. 7 (Atlas Sheet XI). Within this area of nearly a square mile,

which comprises Republic ]\Iountain, there are small portions only of the

interval between the Ajibik quartzite beneath and the Goodi-ich quartzite

above that are not somewhere represented by outcrops. The rock of the

iron formation has maiiy phases, but consists essentially of finely crystalline

quartz, a pale-green radiating am^hibole which has been determined to be

griinerite, and the iron oxides. Within this area the iron-bearing member
has been divided by intrusive masses of diorite mainly parallel with the

stratification planes, and near the contacts with these it frequently carries

large amounts of red garnet. The three chief constituents of this rock

are not always present. Two, or even one, may predominate to the par-

tial or nearly entire exclusion of the rest. So the rock is found in certain

MON xxviii 34
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phases to be made up mainly of (piartz and griinerite, or of quartz and

iron oxides, or of griinerite and iron oxides. The iron oxides, too, may be

either magnetite or liematite. These mineral constituents are arranged

iu very distinct narrow bands whicli are parallel to the upper and lo\A-er

bounding surfaces of the rock. The bands ai'e not wholly regular, nor

are the\- continuous for great distances. They thicken and thin, taper out,

and break joint. It is certain that none of the minerals which now make

up the rock are original, and that the parallel banded structm'e signifies that

the processes of metamorphism through which it has reached its present

constitution were controlled by a primary bedded structure.

The variations in external appearance produced by these considerable

variations iu composition are great. These variations are not whollj- irreg-

ular, and it is possible to distinguish in the different phases a definite

distribution through the iron-bearing member, which holds good within the

limits of tlu> Republic area. The lower portion of the formation is, on

the M'liole, characterized by the presence of griinerite and gray or dark-

colored quartz with magnetite, while the higher portion is chai-acterized

by the almost conq)lete absence of griinerite and by the presence of

speculiu- hematite and red quartz or jasper, which owes its color to the

intimate mixture of the little particles of hematite with the quartz. The

study of the western portion of the Marquette area alone would probably

justify, on the basis of difference in composition and external a]q)earance, a

division of the ii'on-bearing member into two distinct formations, a lower

griincrite-magnetitc-schist mend)er and an upper specular jasper member.

In the Republic area magnetite also increases in amount in going from

lower to higher horizons, wliile griinerite decreases, so that just beneath the

specular jasper the iron-l)earing mend)er is mainly made up of bands of

exceedingly fine grained magnetite alternating with bands of dark to black

quartz, the color of which is due to the presence of a large amount of

included magnetite.

Under the microscope the chief interest centers in the question of the

nature of the quartz, whether it is partly or wholly of fragmental origin.

In the study of the slides no evidence has yet been found that any of

the quartz is fragmental. Here and there traces are seen of an original
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oolitic structure, such as is so beautifully shown in the more modern and
less altered iron formation of the Mesabi range. In the Michioannne
jasper of the Menominee district, whi<;h is re<^'arded, on strati<--raphical

grounds, ns the etjuivalent of the Lower Marquette iron formation, an
original oolitic and concretionary structui-e is common.

The question of the nature of the rock from which the iron-bearing

member has Ikhmi derived is fully discussed by Professor Van Hise else-

where in this memoii-. Whetlier, as seems probalde, the various phases
which the ii-on-bearing member now presents, have been derived from a

single original rock of sensibly uniform character or not, it is very evident

that much of the differentiation is of long standing and occurred before the

Upper Marquette transgression. That this is so appears from the jjresence

of pebbles from both the magnetite-griinerite-schists and the specular

jaspers in the basal conglomerate of the Upper Marquette series. In the

Republic and adjacent areas at least, the specular jaspers occur at a definite

stratigraphical position in the highest horizon in the Lower Marquette

series. Tliey are present only in those phices where large thicknesses of

the lower series remain, as at Republic Mountain and in the range along the

northwest side of Lake Michigamme. Where the lower series has been
more deeply eroded before the deposition of the Upper Marquette rocks the

specular jaspers are far less continuous and of less common occurrence than

the magnetite-griinerite-schist phases of the iron-bearing member. These

facts appear to bear strongly agahist the view that the specular jasjjers are

due to later metamorphic processes which acted along the contact with the

Upper Marquette quartzite after the latest folding, while they are what

^vould be expected if these two chief phases existed in substantially their

present condition before the Upper Marquette series was laid down.

Another fact is also significant. It has been said that the griinerite,

quartz, and iron oxides of the iron-bearing member have a very distinct

banded arrangement and yet are not original minerals, and that this banding

is parallel to the ui)per and lower boundaries of the formation. It is prob-

able that a set of pai-allel structural planes has controlled the segregation

of the present constituent minerals during the changes through which the

rock has passed, and that these planes must have been original bedding



532 TIIK MARQUEITE IIJOX-BEAIUNG DISTRICT.

pianos. As till' Darallel l)an(Iiiii>' is coniincd to this oiu' direction, it is certain

that (luring- its developuient no other system of jjaralk'l phmes existed iutlie

rock. The last se\-ere folding, which has determined the larger structural

features of the ^[arquette district, has also affected the rocks in a more inti-

mate wav. In certain localities strong minor, even minute, crenulations

have been i)ro(luced, and also parallel cleavage, which sometimes traverses

the banding of the rock at right angles. The little folds are often broken

and faulted and the siliceous bands reduced to fragments. Along the

parallel cleavage planes mo^ement has often taken place, as is shown by

the displacement of a particular band on the two sides. Along this sec-

c>ndar>' cleavage, whicli dates from the j)eriod of general folding after

Upi)er Marquette time, no great development of new minerals, except the

iron oxides, has taken place, while the displacement which the minute

faulting has caused in the lianding conclusively proves that this structure

was present before the folding.

From these various lines of evidence, from the apparently definite

stratigraphical ])Osition of the two main varieties of the iron-bearing member,

from the presence in the upper conglomei-ate of pebbles of all the various

kinds of i-ock which are now found in the iron-bearing member, and from

the mechanical eflects which the last folding has produced in the banded

structure, it seems beyond question that the iron-bearing formation had

essentially its present character at the time when the Upper Mar(j[uette series

was laid down.

CONTACTS BETWEEN THE LOWER MARQUETTE SERIES AND THE ARCHEAN.

It has alreadv been said that the Ajiliik (piartzite lias been foand in

only a few places. The contact between this rock and the Archean is

almost everywhere drift-covered, and actual juxtaposition has been found

in but two localities. The i-vidence at one of these as to the relations

between the two series is very clear and convincing.

In the eastern part of the NW. ] of the NE. \ sec. 18, T. 46 N., R. 29 W.

(Atlas Sheet XI), is a large outcrop of the (piartzite, which was discov-

ered bv Pumpellv and Credner in ISfiT. The locality is at the extreme

southern end of the Rejjublic syncline. A short distance southwest of the
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(juartzite is a rid^c^ niimiuij;- luirtlicast, iiiadci up niainlv <>t' <iTanite. Near

the soutliwest end and ou the northwest side of this rid<>-e, which has a

steep northwest shtpe, is found, lying- upon the granite, a northwesterly

dipping fringe of conglomerate which extends some 50 feet along- the strike

as a continuous rock mass, and occurs besides in occasional disconnected

patches farther north on the sloping face of the hill. TIk; granite is of the

usual gray variet)^, and carries large orthoclase crystals up to 2 inches in

length.

The conglomerate consists of pebbles of granite, (piartz, and black

hornblende-schist end)edded hi a matrix of quartz and mica-schist. The

cement is distinctl}- color-banded, the bands being parallel to the contact

surface. They are thrown into small folds about axes which pitch north-

westerly in the direction of the di}) of the rock. The pitch is closely

parallel both with the axis of the main Republic fold and with a pronounced

parallel cleavage which affects the overlying griiuerite-magnetite-schists,

the conglomerate cement, and also the imderlying granite for a considera-

ble distance back from the contact. The granite pebbles vary in size from

a fraction of an inch up to 5 feet in diameter, and are unmistakably water-

rounded. The larger are comparatively thin slabs, lying with their flat

sides in the bedding of the matrix which often follows around the inclu-

sions. The granite of the pebbles is lithologically identical with that of the

main mass on wdiich the conglomerate rests.

The contact itself is very definite. Between the undoubted conglom-

erate above and the undoubted granite l)elow is a narrow zone, a few inches

wide, of schistose material, which probabh' i-epresents a shear zone affecting

both rocks, due to movement along the contact during- the folding. At the

north end of the main outcrop a large mass of granite is traversed by thin

seams of the conglomerate, one of wdiich tapers to a point at one end and

connects with the main body of conglomerate at the other. It is impossible

to avoid the conclusion that this represents an original crack in the some-

what irregular surface upon which the conglomerate was laid down, into

w hich the liner sand and ])ebbles were washed.

The facts at this contact can only be interpreted as signifying that the

gra}' granite upon which the conglomerate now rests existed in its present
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condition at the time that tlie conglomerate was hiid down, that it supplied

a large part of the materials out of which the conglomerate was built, and

furnished the basement upon which it was deposited. In short, the contact

is one of erosion, the conglomerate is a basal conglomerate, and the facts

indicate an important time-break at its base.

At the other locality, in sec. 7, T. 47 N., R. 30 W. (Atlas Sheet YII), a

short distance south of the Magnetic mine, the evidence is not so clear.

Between the undoubted granite and the iron-bearing member is a consider-

able interval occupied by banded gneisses and mica-schists, which certainly

include part of the horizon of the lower quartzite, but how much it is

impossible to determine. Some of the gneisses and schists have evidently

been derived in place from the gi-anite, through shearing parallel to the

contact; others seem clearly to be metamorphosed sediments in which it is

possible to detect here and there traces of the larger quartz pebbles. But

between them there is a considerable interval of somewhat similar gneisses

and schists the origin of which is wholly indeterminate. The facts here

are quite in harmony with the view that the contact is an erosion contact,

although they do not give it direct support.

The two contacts, therefore, at which direct juxtaposition is found

justify the conclusion that the relations between the Lower Marquette series

and the Archean are those of an erosion unconformity, that the Archean

in its present form is the older, and that a considerable interval of time

elapsed between the formation of the Archean rocks and the deposition of

the Ajibik quartzite.

The lithological character of the Ajibik quartzite, wherever it is found,

must be taken as corroborating this conclusion. It will be rememliered

that this rock is composed of quartz with variable proportions of light-

colored mica, muscovite, or sericite as essential constituents. These micas

hiwe proljably been derived from the alteration of original orthoclase or

microcline, feldspars characteristic of the Archean granites, of which the

quartzite otherwise shows now no traces. The quartzite was then probably

a feldspathic sandstone, composed of granitic debris such as the breaking

down of the adjacent underlying granite woidd unquestionably furnish.

The persistence of its lithological character and the fact that it is always
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found ill close proximity to granite, the disintegration of which would have

supplied all of its essential constituent minerals, certainly raise a strong

presumption that such actually has been its origin.

SECTIOX III.—THE ITPER INLVRQUETTE SEKIES.

In the Republic area proper only the lower member of the Upper Mar-

quette series, the Goodrich quartzite, is well exposed. This is, in the main,

a white quartzite, usually massive and heavily bedded near- the base and

passing upward into the mica-schist of the Michigamme formation. At the

base, conglomerate layers occur, in the pebbles of which all the underlying

rocks are abundantly found. The conglomerates, while usually unimpor-

tant, are represented in great volume at the south end of the trough, where

they are beautifully exposed by the extensive mining operations about

Republic Mountain. In these conglomerates the great majority of the

pebbles have a local origin, being derived from the rocks upon which

the conglomerates directly rest.

Under the microscope the Goodrich quartzites and quartz-schists show

a decidedly less degree of metamorphism than do the Ajibik quartzites.

Roundish grains of feldspar, usually microcline, derived from the under-

lying granites, are plentiful, and the quartz areas often exhibit distinct

indications of original rolled nuclei. In the quartz-schist and mica-schist,

into which the more massive quartzite iisually passes upward, cei'tain defi-

nite layers of a darker color are often distinguishable, in which iron oxides,

usually magnetite, abundantly occur. In these layers false bedding is

often strongly brought out, and it is believed that the iron oxides are in

large part original sediments.

The Goodrich quartzite is, on the whole, the thickest rock in the

Republic area, and, by reason of its volume and character, that which

most frequently outcrops.

The Michigamme schist occupies the center of the tongue, and, because

less resistant than the inferior formations, the Michigamme River does not

wander far from its borders. In most respects this schist is similar to the

remainder of the formation elsewhere, and thei-efore will not be further

considered here.
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CONTACTS OF THE GOODRICH QUARTZITE WITH THE LOWER MARQUETTE
SERIES AND WITH THE ARCHEAN.

Direct contacts of the quartzite ^yllicll forms the base of the Upper

Marquette series with tlie uuderlying rocks are very numerous, and the evi-

dence in detail, as well as the more general facts, leaves no room for doubt

that this quartzite was laid down on a deeply eroded surface and that the

relations are those denoting a most profound lime-break.

The detailed facts, which may be observed on the exceptionally fine

exposures about Republic Mountain, are these: (1) There is a slight but

very persistent discordance in stratification—more evident at any single

locality in dip than in strike—between the Goodrich quartzite and the under-

lying foi'mation of the lower series. This difference in dip is on the aver-

age not far from 15°. (2) The basal conglomerate 'o{ the upper series is

crowded with fragments of the iron-bearing member upon which it lies.

These fragments are often of large size and imperfectly rounded, and evi-

dently have not moved far. The included fragments at the immediate

contact are almost wholly from the subjacent formation, and from their

often irregular shapes and great preponderance might frequently be mis-

taken for the products of brecciation, if it were not for the sparse presence

in the conglomerate cement of quartz and feldspar derived from the more

distant granites. (3) The structural details of the contacts prove uncon-

formity. The layers of the underlying iron formation are often for short

distances traversed at large angles by the contact surface. Extending back

into the mass of the iron formation cracks are occasionally found into

which the fine material of the conglomerate cement has sifted. Finally,

in the conglomerates in the lower member of the upper series pebbles of all

the underlying rocks are seen, from the Archean to the top of the Lower

Marquette series.

The more general facts of the relation of the Upper Marquette series

to the underlying rocks may be summed up in the statement that within

the narrow limits of the Republic area the upper series rest, in one locality

or another, on each of the older formations (Atlas Sheets IV, VII, X, and

XI). The maximum thickness of the Lower Marquette series is found at
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Republic I\rouiitiuu. Ill g'oiui^' north from llepublio ]\Iountaiu on the east

side of the fold the lower series is progressively and rather slowly cut out,

so that at the old Chippewa exploration, in sec. 22, T. 47 N., R. 30 W., the

Goodrich (piartzite rests directly upon tlw Arcliean. Thence northward,

and eastward almost to the C-hanipion mine, the lower series probul)l\' does

not again emerge.

On the west side of the fold the lower series is entirely gone on

the west side of the river, opposite the Republic mine, and the Good-

rich quartzite rests directly on the granite. It reappears to the north

oiih' ill patches, once at the Standard location, possibly again at the Metro-

politan, and again at the Erie. Beyond the Erie it appears again and

continues beyond the Magnetic mine and the limits of the area now

descril)c<l.

The evidence, which it is not thought necessary to present here in

greater detail, is thus conclusive, and settles beyond the pos.sibility of ques-

tion that between the deposition of the Lower ]\Iarquette series and that of

the Upper Marquette series an interval of time elapsed during which the

lower series was elevated, folded, probably metamorphosed, and deeply

denuded. This break in continuity of deposition between the two series

lasted sufficiently long- to permit the removal in many places of the entire

Lower Marquette series and a deep gnawing into the Arcliean. The

present uneroded thickness of the Lower ]\Iarquette series on Republic

Mountain is at least 1,500 feet. How much in all was removed by erosion

before Upper Marquette time there is no means of knowing. Fifteen

hundred feet of Lower Marcpiette strata, with an unknown thickness of

Arcliean, is the minimum amount taken away in the Republic area. The

time-break in the Marquette district is far less impressive than that below

the upper series on the north shore of Lake Superior (with which, indeed,

we do not know that it was conterminous), because the earlier folding on

the south shore was less severe, while the later folding, which followed

Upper Marquette time, was far more severe than on the north shore; and

hence the structural discordances and the differences in degree of metamor-

phism between the two series are less pronounced. But the conviction

remains that this is one of the i-reat breaks in the ffeoloo-ical record.
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SECTION IV.—LATER IG:N^E0US INTBUSIVES.

These are the diorites of Brooks, and they occur in great abundance

in both the upper and h;)^yer series. They are dark-green to bhick, often

coarsely crystaUine rocks, composed essentially of green hornblende, biotite,

and plagioclase, and doubtless were originally diabases. They occi;r in

sheets intruded parallel to the stratification of the bedded rocks, in dikes,

and in irregular bosses. The great regularity of some of the intruded

sheets, such as those on Republic Mountain, is remarkable, and led Brooks

to regard them as regularly interbedded and continuous members of the

stratified series. Close examination, however, shows that even here they

often reallv traverse the banding of the iron-bearing member at small

angles or in steps. In one case a dike several feet wide was found to leave

the main sheet and to cut the structural planes of the inclosing jasper at an

angle of 45°. In the immediate neighborhood of the ore deposits bodies

of so-called soaprock are found, which have in many cases intrusive rela-

tions to the iron-bearing member. At Republic it was not possible to follow

these soaprock bodies in any instance into a rock which retains traces of

an original crystalline structure, l)ut at the Champion mine exacth^ similar

soaprock, occurring in similar relations to the ore, in several instances was

found to run into tvpical diorite.

In age, many, probably most, of these rocks are younger than the

Upper Marquette sediments. Some, however, penetrated the Lower Mar-

quette series before Upper Marquette time. In sec. 23, T. 47 N., R. 31 W.,

the basal conglomerate of the Upper Mai-quette series is seen to rest upon

and to hold numerous fragments of an old diorite. Within the Republic

area no surface eruptives have been seen in either the upper or the low^er

series.

SECTIOX v.—GENERAL GEOLOGY.

All the rocks of the Upper Marquette and Lower IMarquette series

have been closely folded in the Republic area into a syncline the axis of

which runs about northwest and southeast. The present fold for most

of its length is sunk deeply into the Archean, and the axis is practically

horizontal. Southeast of Smiths BaA', however, the axis rises with a pitch of
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nearly 45°, the several fonuations swing aronnd snccessively in horseshoe

form through an angle of 180° from the northeastern to the southwestern

side, and the fold, so far as it affects the Algonkian rocks, abruptly termi-

nates. Through the greater part of the length of the trough tlie rocks on

the two sides of the axial plane have been squeezed nearly into parallelism.

None of the many surface observations show in tlio Islipeming quartzite a

dip less than 80°. The formations in the underlying Lower Marquette

series dip at a uniformly higher angle on the eastern side, being either

vertical or slightly overturned toward the west, while on the western side,

owing to the absence of the lower series for nnich of the wav, observations

are rare, but a similar divergence in dip is found in two or three places.

If the base of the Goodrich quartzite be developed into a horizontal

straight line along any cross-section (thus approximately restoring the

conditions to what they Avere before the last folding), it will be seen that

the rocks of the underlying lower series on the two sides of the trough

dip toward each other (Atlas Sheet XI, sees. A'A' and B'B'). This conver-

gence in dip along a developed section points clearly to the existence of a

gentle syncline in the Lower Marquette series before Upper Marquette time,

within the limits of the rocks included in the present fold. The very slight

discordance between the strikes of the members of the two series, which,

broadly regarded, is measurable in feet per mile rather than in degrees,

would indicate that the axis of the later fold is sensibly parallel to that of the

older, while the greater thickness of the lower series remaining on the east

side of the present trough, as compared with that remaining on the west?

gives good ground for the inference that the axis of the old syncline lay

somewhat east of the present axis. This previously existing synclinal axis

doubtless determined in the later folding the position of the present trough.

It has been said that the trough as a whole pitches, at its southeast end,

toward the northwest at an angle of about 45°. This is not far from the

average pitch at the surface. With depth this angle slowly diminishes,

and at about 900 feet below the surface it is less than 40°. The distance

in which the turn is made at the southeast end of the trough is relatively

very short. The average radius of the generalized curve into which the

base of the Goodrich quartzite has been thrown can be very little greater
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tlijin ihc thiiUncss nl' thai toiinatidii (Alias Sheet XI, sees. AA smd BB).

Field study shows clearly that the neutral suri'aee' of the eolunni ot" folded

material hiv Itelow the base of the (Joodrich (|uartyate, and iueluded a con-

sidcial)le |)orlion ol' the Ne^;aunee I'oi'inatiou. Tliis is |)rove(l by tlie severely

|ilieated condition of the thin-l>eddeil jaspers, and by the same structure on

a laru'er scale in th(> mor»> heaxilv bedded ([uartzite. The crowding' of the

rocks above the neutral surface into a very constricted s[iace has resulted in

the formation of thri'c s\-ut'lint's of the second order seiKirated by two anti-

clines, all subordinate to the main fidd. The most eastern of the synclines

occurs at the L;reat open pit of tlu' Kepuiilic mine; the middle, in the

UTouud openeil 1)V the Mor<iai\, I'aseoe, and Kly shafts, and the western-

most at the Swamp shaft. Tpon these folds of the second order are

suiterimposed a muilitude of smaller anticlines and synclines of various

dimensions. 'i1ie\ are more numerous ;ind more I'losely compressed iu

the iron-beariui;- member than iu the Cioodrich (piartzite.

In the iron-beariuL;- meuiber, which is a thinly beddi'd rock, these

little folds are espi'cially luimerous in the Morgan- Pascoe- Ely syncHne

and in the anticline iuuuediately west of it. The effect of tins preva-

lent ( liukliuL;' :nid close compri'ssiou is to giv(» a gern'ral northwesterly

direction to the individual bauds, which in the narrow spaces open to

observation und(>rgronud, or in small outcrops on the surface, may lead

to erroiu'ous conclusions as to the real direction of the strike and dip

of the rocks, 'i'liis i\orthwestei-Iy structure is really at right ang'les to

the direction ol' contiunit\- ot" the rock. The true strike is determined

b\ the pliuie tangent to the little folds, and the true dii) by the angle

(if pilch ot' iheii- axes. l']\cu on the surface in the larger outcrops

the oliscrver ma\ sometimes be misled. The larger sul)ordinati' anticline

between the Swamp shaft and tiie Morgan is toi)ogTapliically indicated

bv a high sjuu-, ou whicli the specular jasper outcrops. The jasper

is thrown ii\Io innumeralile lillle I'.-lds, the axes of which pitch to the

northwest at an angle of less than 1;")"". The northern slope of the spur

is nearly as steep as the angle of pitch, and so the surtace cuts the

' Priiiri)iU>s ol" North Aiiioviciiii iiro-eaiuliriiiu goolo^.v, by C. K. Vau Hiso: Sisteeuth Auu. Kept.

U. S. Ciool.Survov, I'iiit 1, ISlUi. pp. 5!Ui-5!tS.
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iittU^ folds ncarh' parnllcl to their axes. In cll'cct, tlicrctorc, tlic j:is|icr

oiitcro|is on this northern slope show a paralh'l handinj;- strikint^' nortli\vt\st.

On the top ol tlie liill, ho\ve\cr, the true strike is clearly hroii^ht out on

the vertical cross joints.

Tlie Goodrich (|Hart/.itc, which is nui(di niori^ massive and heavily

bedded than the Nej^'aunee I'orniation, yiel<le<| to the intense compression

1)\ dilVei-ential movements of one hed on another, and doiditless also l)\'

thickeninf^'. The effects of the movement of hed on lieil are clearly and

strikiiii^'ly shown at nmnerous points in the horseshoe, perhaps particularly

wvW in the small open pit east of the Ml\ shall. Ilere the inili\idual

(piartzite heds, iVom I foot upward in thickness, are separateil hy paralKd

selvayes of g'voimd-up (piartzitic material, \ar\ini;' in thickness nsuallv

froin 2 to 4 inches. In the case of one the measured thickness was I 1

inches. These selvag'es, known locally as a A^ariety of "soapi'ock," show

frequently a vertical pressure (dt'ava;4e.

M.ij. T. B. Brooks sliows, on his lar<;e-scale ma]) of lie])nl)lic Mountain*

and vicinity, tlu^ c()urs(f of a prohabh^ lault cuttinji- diaj^onally across tho

.syncliiu' in a nortlieasterl\ direction alon<;- the I'iver in sec. 7, north of

the horseshoe. Brooks was led to infer the existence of this fault from the

fact that he i-ei^'arded the diorites as re<iularly interheddcd and continuous

members of the stratified series, and from his failure to recognize the

uncoidbrmity at the base of the Goodi'ich (lua-rtzite.

On the northeast side of tin* syncdine diorites outcrops a shoit distance

north of tlui Milwaukee an<l NortluM-n b'aili-oad water tank, on the (^ast sid(!

of the river, and lies directly in the line of strike ol' jaspers that are widl

exposed a, few hunilrecl fei^t away on the west bank.

On the southwest sid(^ of tlut syn(din(^, north of the horseshoe, the

Tjower Abn-quette rocks whi(di lie below the Goodrich (luartzite on the east

sid(^ of the river would, if prolonj^'ed alonj^- tin* strike^ be carried directly

ajiainst j^-i'anites whicdi occupy the west bank, west oi' the West IJepidilic

'Geol.Siirv. of Michigiiii, AtliiH aoooiiiimiiyiiif; niporlH om llpiior rdiiiiiHiilii, 1*1. VI, by 'P. It. HiooUh,

1869-1873.
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mine. Hence, on Brooks's assumptions, there is displacement on both sides

of the trough at the line of the river, and a fault is clearly indicated.

It is susceptible of demonstration, however, that no fault exists involv-

ing the Groodrich quartzite. On the northeast side of the fold the contact

of the upper quartzite on the lower series, which is a surface of economic

interest, has, since the time of Brooks's studies, been definitely fixed at

numerous points on both sides of the river where it is not naturally exposed

by diamond-drill borings. These points, when accurately platted, fall on a

line which shows no displacement at the liver.

At the southwest side of the fold the upper quartzite is abundantly

exposed on both sides of the river, and its base has been located at inany

points in the West Republic mine, under the river, and in several test pits

and di-ill holes on the western side. The platting of these data shows

conclusively that no displacement can exist which has heaved the upper

quartzite to the extent of 100 feet.

The disappearance of the lower series onrthe west side of the river, on

the southwestern side of the fold, presents, however, a real difficulty. That

its absence is due to a sudden bending of the strike toward the northeast is

very improbable, because in the few outcrops of the iron-bearing member

nearest the river there is almost perfect conformity in strike with the upper

quartzite. Also, underground in the West Republic mine, the jasper was

followed nearly to the west bank of the river. It seems necessary to believe,

therefore, that the formations of the lower series continue without sensible

change in sti-ike as far as the river, and there terminate squarel}' against

the granite. Such relations can be best explained by supposing that the

granite on the west bank either had intruded the lower series or had been

brought to the level of the old surface by a fault before Upper Marquette

time. Between these two explanations there is no present means of

choosing.

On Brooks's map, ali-eady referred to, a tongue of the upper quartzite

is represented as forking from the main mass of the same rock and running

northwest along the top of the Republic bluff, a thin wedge of the under-

lying specular jasper being interposed between them. No explanation of
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this sino'iilav fact was given by Brooks in the text of the Michigan report.

Wadsworth' has hxtelv endeavored to expLain these rehitions by the assump-

tion that the wedge of the specuhar jasper included l^etween the two quartz-

ites does not belong to the lower series, but to the ui)per, and was deposited

later than the quartzite tongue. It is believed, however, that the phenomena

are really due to faulting. (PI. XXXIV, fig. 2.)

The best exposures of the two quartzites, the included jasper, and the

underlving iron formation of the lower series, with all the contacts, may be

seen on the natural cross-section aiforded by the breaking down of Republic

Mountain north of the Thompson pit. The conglomerate at the base of the

main mass of the quarztite is exposed on the steep western face of the bluif.

It holds pebbles of red jasper, of jasper banded with ore, of ore, and of

quartz, which last, with ferruginous matter, forms the cement. The jasper

inclusions are large, many of them are angular, and near the contact small

quartz grains fill irregular cracks in the underlying jasper tongue. The

conglomerate is distinctly basal, and unquestionably was laid down on an

eroded surface. From this contact, for about 16 feet to the east, the jasper

tono-ue comes in. This rock is greatly brecciated, but it contains no mix-

ture of foreign fragmental material. To the eye and under the microscope

it is not to be distinguished from the ordinary specular jasper of the under-

lying iron formation. For the next 5 feet occurs a mixture of large angular

pieces of jasper (one measured 3 feet by 1 foot), of quartz, and probably

quartzite, many somewhat rounded pebble-like forms of all these, and much

siliceous cement. About 6 feet of westeriy dipping quartzite, constituting

the quartzite tongue, follow, and then come 3 to 4 feet of conglomerate,

entirely similar to the first conglomerate and having similar relations to the

specular jasper, which continues in an unbroken body to the east.

The significant facts at this contact, which seem clearly fatal to the idea

that the jasper is an interbedded member of the upper series, are these:

The conglomerate at the base of the main quartzite is as cleariy separated

from the jasper wedge by an erosion interval as the conglomerate below the

quartzite tongue is from the main mass of specular jasper. The jasper

' Report of the State Board of Geological Survey, Lansing, 1893, pp. 129-130.
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Avedge can not belong to the upper series unless there are two upper series.

The jasper of the wedge, also, is not a fragmental rock, and in it no con-

temporaneous fragmental material has been recognized except near the

lower and upper contacts. The jasper disappears a short distance south of

this section, the two quaitzites coming together. If this is a member of the

upper sei-ies, it must have been laid down at the same time that a rather

coarse fragmental rock was being deposited a few hundi-ed yards away.

It is hardh- conceivable that under these circumstances clastic material

should not have been mingled Avith it.

AVliile the relations of the quartzite tongue are correctly represented

on Brooks's map, the vastly better surface exposures of the present day and

the laroe amount of exploration done by the Republic Compan}' enable its

position now to be fixed with much greater precision.

Several diamond-drill holes north of the Thompson pit have shown

that the quartzite tongue extends 500 to 600 feet north of the point where

it terminates on Brooks's map, and becomes steadily narrower. As it does

not appear at the Kingston and Kloman exposures, on the west side of the

river, there is little doubt that it gradually dies out, and that the jasper

wedge finally merges into the main body of specular jasper.

Therefore the facts to be explained appear to be these (PI. XXXIV,

fig. 2): A quartzite tongue branches in the south from a large mass of

similar quartzite, and after continuing parallel to it for a long distance

finally tapers to a point in the north in a mass of specular jasper. The

quartzite tongue includes between itself and the main quartzite mass an

exactly similar jasper tongue, which starts in the north from a mass of spec-

ular jasper and tapers to a point in the south in quartzite, the two tongues

interlocking. The quartzite in each case, in the tongue and in the main

mass, has similar and unusual relations (those marking a time-break) with

the jasper of the tongue and of the main mass. The identity of the two

jaspers and of the two quartzites must be taken as established, and the

explanation of the facts must be sought in faulting.

In the horseshoe tm-n the material above the neutral surface yielded

to the compression in part by slipping along bedding planes. If for any
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Plate XXXIV.—GEOLOGICAL MAP OF SOUTHEAST END OF REPUBLIC HORSESHOE.

Fig. 1. Southeast corner of the horseshoe, showing the surface relations of the magnetite and hematite

to the jasper, quartzite, and soaproek. The larger ore deposits of magnetite are bottomed

by soaproek, making steeply pitching troughs. The specular ore is for the greater part of

the distance separated bj' a belt of soaproek from the magnetite ore and quartzite.

Fig. 2. Map of the vicinity of Republic mine, showing the contact between the Lower Marquette

and Upper Marquette series and the quartzite tongue. It will be seen that the great ore

deposits occur in the two plunging synclines at the southeastern bend of the trough.

546



GEOLOGICAL MAP OF THE SOUTHEAST END OF THE REPUBLIC HORSESHOE.
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reason such movement could take place more readily along any one surface,

the neighboring surfaces would be relieved and one of maximum movement

would result. It is conceivable that in the same way one local maximum

might relieve several neighboring maxima, and so a large amount of move-

ment might be accumulated along a single surface. A maximum movement

starting in the specular jasper would, on account of the slight upward con-

vergence of dip, necessarily tend to cut across the quartzite at the contact.

The quartzite might be traversed until a surface of maximum movement in

it was reached, which would then be followed and a fault would result,

which in the direction of the strike might easily pass from one rock to the

other more than once. It is evident that a break formed under such condi-

tions, accompanied by considerable displacement, would result in the surface

relations that may now be observed on Republic Mountain.

THE ORE DEPOSITS.

POSITION OF ORE DEPOSITS.

The iron ores of the Republic area all belong to the hard-ore class,

and are both magnetite and specular hematite, the specular slate ores being

the more abundant. They occur in bodies of very irregular shape and

sometimes of great size. The rule that has generally guided exploration

in the Marquette district, that the hard-ore bodies occur immediately at or

not far beneath the base of the upper quartzite, holds good in the Republic

area. It is a significant fact that while this rule of occurrence beneath the

upper quartzite has few or no exceptions, the position of the ore bodies

with reference to the base of the lower series is exceedingly variable. At

Republic Mountain and at the Michigamme mine the ore bodies lie at least

1,500 feet above the granites. At Champion and at the Riverside mine the

distance is not more than 400 feet. The hard-ore bodies are therefore not

confined to any one horizon in the iron-bearing member, but occur at the

particular honzon to which it happened to be eroded at the time the

upper quartzite was deposited. The contact deposits of the Republic area

have relationships with both the lower and upper series. Some are appar-

ently entirely within the upper series; others are certainly entirely within
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the lower series; others again are parth' in both. In form the bodies

are exceedingly iiTegular. but they may be described in general terms as

pod-like in shape, the two horizontal dimensions being usually very much

smaller than the third, which follows down roughly parallel to the dip plane

of the quartzite, often pitching to one side of the vertical plane normal to the

dip plane. Of the two horizontal dimensions, the longer is usually parallel

with the stratification, and the shorter normal to it.

Where the ore deposits are wholly contained within the lower series,

the contacts between them and the rock of the inclosing iron formation are

usually as follows: The siliceous bands in the ferruginous rock become

separated into lenses by the encroachment of the adjoining iron bands at

frequent intervals along their length, and grow narrower. The siliceous

material of which they are composed becomes mixed with a larger propor-

tion of the iron oxides, and as the boundaries of the rich ore are ajjproached

the bands separate into oval-shaped units. These finally disappear partly

or entirely, and the adjacent iron oxides fill the whole volume of the banded

rock. Such passages from the banded rock of the iron formation to rich

ore take place both along and across the strike. Sometimes the passage is

very gradual, lea\'ing a large zone of more or less lean ore between the

rich ore and the rock; but often it is very sudden, and the line of demar-

cation is sharp. Such sudden passages have been observed at the line of

cross joints, along which minute faultings have taken place. It is unusual

to find any ore deposit, however, that is directly surrounded hj the iron-

formation rock on all sides. Generally on either the hanging or foot wall

soaprock intei'veues between, somewhere along the surface of contact; and

in these cases the iron formation is usually present on one side, Avhile the

rich ore comes up to the soaprock on the other. These bodies of soaprock

have already been refeiTed to as old dikes and intrusive sheets of igneous

material.

Of the deposits entirely within the upper series two classes may be

distinguished. The first are those deposits which lie at the base of the

upper series, and reall}' represent an enriched, very ferruginous phase of

the basal conglomerate. At many localities the Upper Marquette conglom-

erate is made up of siliceous pebbles embedded in a cement of iron ore, part
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of which is in many cases miquestionably detrital. Where the quartzose

pebbles, from the conditions of sedimentation, happen to be few and small,

or where they have been removed by subsequent chang-es, the conglomerate

may contain enough iron to constitute a valuable ore. No large deposits

of this character have been demonstrated to exist in the Republic area, but

some good examples on a small scale may be seen about Republic Moixn-

tain. Such ores are usually magnetic. It is believed that a considerable

part of the magnetite deposits of the Champion mine belong to this class.

In the Republic area, around the borders of the magnetite deposits, where

they become too lean to mine, occur certain peculiar rocks, mixtures of

clear quartz and magnetite, which are usually known as "black-ore jasper."

Higher in the lower quartzite, thin, regularly bedded Ijands of magnetite

and quartz occur, Avhich occasionally rise high enough in iron to become

ores. They ai'e found usually a short distance above the transgression

plane, and are separated from it by a small thickness of quartzite.

In certain cases the line of contact between the upper and lower series

may be traced directly through an ore body, which thus belongs partly in

one series and partly in the other. Excellent examples may be seen at the

Kloman oj^en pits, nortli of Republic Mountain.

RELATIONS OP THE ORE DEPOSITS TO THE GEOLOGICAL STRUCTURE.

In the Republic area the only deposits that have had a commercial

value have been found in the immediate vicinity of the southeast end of

the fold. The largest single body occurs at the southeast point of the horse-

shoe, in the easternmost of the three main subordinate synclines already

mentioned. The middle, or Morgan-Pascoe-Ely syncline, is the locus of a

great number of smaller deposits. Several deposits occur also on the

straight northeastern side of the trough, within three-quarters of a mile from

the horseshoe; but in going north along this stretcli the bodies become

smaller and farther aj)art, and north of the Kloman practically disappear.

A veiy close relation is thus indicated between the occurrence of the iron

ore in large deposits and tiie main structural featui'es of the trougli.

These larger bodies are both magnetite and si)ecular hematite or slate

ore. (PI. XXXIV, fig. 1.) The magnetite bodies always occur immediately
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below the upper quartzite, with which they are frequently directly iu con-

tact. More commonly, however, the rich ore is separated from the quartzite

by a small tliickuess of black-ore jasper or mixed magnetite and quartz,

usually banded, or sometimes by soaprock, while immediately beneath and

continuous with the rich magnetic ore specular ore is sometimes found.

Soaprock usually, and iu the case of all the larger bodies invainably, forms

the foot wall. The magnetite deposits are mostly confined to the eastern

and middle subordinate svnclines, but are also foi;nd of small tliickness in

dejjth along the straight eastern limb of the main fold

The specular hematite or slate-ore bodies occur both in the contact

zone and below it, entirely within the specular jasper. (PI. XXXR^, fig. 1.)

As a rule the deposits of the contact zone contain the richest ore, wluch is

characterized by the large size of the indi^^dual crystalline plates. As a

deposit is followed back from the contact zone into the jasper, these plates

become progressively smaller, and at the same time the ore grows more

siliceous. The larger deposits of specular ore are associated -with soaprock,

which may bound a deposit either on the foot or the hanging wall side.

The deposits of specular ore that occur along the straight eastern limb

of the fold all show a well-marked pitch toward the north, in the general

direction of pitch of the main fold, but at a very much higher angle.

These bodies all lie in the contact zone at the surface, having the upper

quartzite on the hanging wall. As they are followed in depth they are

found to recede from the quartzite, and to follow the banding of the uuder-

Iving jaspers, which dip at a higher angle than the quartzite. They

terminate in depth entirely within the specular jasper. As one body departs

from the quartzite and becomes entirely inclosed by the jasper another

frequently comes in above it in the contact zone.

The deposits in the subordinate synclines in the horseshoe turn have

not shared the intense crumpling to which the specular jaspers have been

subjected. They occur in thin, unwai-ped sheets, which start with one edge

in the contact zone, having the upper quartzite on the hanging wall and

set back from it parallel with the local strike of the closely folded jaspers.

The longest dimension thus follows down the contact, pitcliiug with the

dip of the quartzite, while the longer of the two horizontal dimensions is
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usually normal to the strike of the quartzite. Tliese deposits occur in the

arches or on the limbs of the minor contortions, and never, so far as

observed, occu])y the troughs. Their attitude witli reference to the general

sti'ike of the (juartzite, and the fact that they do not show the contortions

of the inclosing specular jasper, prove that they have come into existence

since the folding.

ORIGIN OF THE ORE DEPOSITS.

From the form and general relations of tlie rich ore deposits it is

evident that they were not laid down as bodies of rich ore contemporaneously

with the inclosing rocks. It is not conceivable that nearly pure silica and

nearly pure iron oxides could be deposited under water at the same time on

opposite sides of an imaginary vertical plane. Nor is it any more probable

that they have come up from below as igneous dikes which have intruded

the sediments of the iron formation. The physical objections alone to this

view are such as entirely to exclude it from serious consideration. On the

other hand, the phenomena of their relations to the inclosing rocks, which

have been described, all lead to the conclusion that they are later concen-

trations and indicate the main lines along which the concentration was

brought about.

In general, this process of concentration has been a removal by cir-

culating waters, in favorable places, of the silica of the old rock, and its

contemporaneous replacement by iron oxides. This process has gone on in

the contact zone, in the detrital conglomerates, and in the underlying

jaspers. The evidence in both cases is abundant and clear. In the case of

the iron formation of the lower series the siliceous bands may be traced

along the strike in all stages of replacement, until finally they are wholly

represented by new iron oxides. In some cases the new iron ore is of coarser

texture than the old, and so the original banded structure may still be

traceable into a bod}- of nearly pure ore. In the case of the conglomerates,

we see in thin sections original rolled quartz pebbles, which are sometimes

surrounded by new gi'owths of quartz, studded with iron oxides about the

periphery. This process, too, may be traced through all stages, from cases

in which the attack on the old pebble had just begun to those in which
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the quartz of the original grains is almost entirely gone. It is an inter-

esting inquiry, upon which, however, little direct evidence can be brought

to bear, as to how far the concentration in the conglomerates has depended

upon the new growth of iron ore about rolled nuclei of iron sand. Bearing

possibly upon the question is the fact that the crystalline plates of specular

hematite are frequently and perhaps always coarser in the slate ores that

occur in the contact zone than in those belonging lower down within the

iron-bearing member.

The process of concentration in the Republic area has not proceeded

indiscriminately throughout the iron-bearing member. The distribution

of the important ore deposits shows that it has been localized in accord-

ance with certain physical conditions. The main facts of distribution are

(1) that the ore bodies occur within or not far below the contact between

the upper quartzite and the iron-bearing member; (2) that they occur in

pitching synclines in the vicinity of the greater orogenic disturbances;

(3) the larger bodies usually have a basement of soaprock. These relations

of distribution are so constant that they must be regarded as necessary

conditions. It is evident that the first two conditions were such as to pro-

mote comparatively free circulation. In the contact zone the loose textvire

of the conglomerates afforded connecting open spaces through which waters

could readily pass It is equally evident that the general breaking up

attending sharp folding in the undei'lying iron formation w^ould not only

open channels for percolating waters but would also rediice the siliceous

bands to a condition in which they could be readily attacked. The third

condition was favorable to the concentration of the iron-bearing percolating

waters.

From the relations which the ore deposits bear to the structure produced

at the time of the later folding, it clearly appears that much of the concen-

tration has been effected since Upper Marquette time; but it does not follow

that some of the iron oxide of the deposits was not already in existence at

the time of the Upper Marquette transgression. If, as there is strong reason

for believing, the specular character of the hematite of the jaspers and of

the rich ore deposits of the Republic area is connected with differential

movements of bed on bed, produced at the time of the latest folding, it is
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necessary to believe that concentration either lias preceded the foldin<»- or

went on contemporaneously with it. In the case also of those deposits

which are traversed by the plane of division between the upper and lower

series, and so lie partly in both, the part of the deposit in the lower seines

may have been partly concentrated at the time of the Upper Marquette

transgression, while that in the upper series may be partly fine debris

derived from the underlying- body. In all the deposits the })rocesses of

enrichment have doubtless proceeded continuously through all subsequent

time.



CHAPTER VII.

GENERAL GEOLOGY.

By C. E. Va>- Hise.

lu considering the general geology of the Mai'quette district we have

to deal with three series : The Basement Complex, the Lower Mai-qnette,

and the fpper 3L\rquette. These thi-ee series are sepai-ated br uncon-

formities. The Basement Complex includes gi*anites, syenites, gneisses,

manv linely crystalline schists, smiace volcanics, and vaiious subsequent

intrusives. The complex south of the Marquette series is spoken of as

the Southern Complex; that to the north as the Northern Complex. The

Lower Marquette series, from the base iqtward, comprises the Mesuard

quartzite, 110 to 670 feet thick; the Kona dolomite, 425 to 1,375 feet

thick: the Wewe slate, 550 to 1,050 feet thick; the Ajibik quartzite. 700 to

900 feet thick: the Siamo slate, 200 to 625 feet thick; and the Negaimee

u-on formation, 1.000 to 1.500 feet thick. "We thus have a minimum thick-

ness for the series of 2.975 feet, aud a possible maximum of 6.120 feet.

It is not probable that anv single section will give so great a thickness as

5.000 feet. The L'pper Marquette series comprises the Ishpemiug formation,

which includes the Goodi'ich quartzite aud the Bijiki schist, the Michigamme

formation, and the Clarksbiu-g formation. It is impossible to give even

an approximate estimate of the thickness of the L^pper Marquette series,

but in the disti-ict considered, excluding tlie volcanics. it is probably less

than 5,000 feet. Including the volcanic Clarksbui'g fonnation the series

is probably over 5,000 feet thick.

554
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Basic igneous rocks intrude in an intricate manner Ijotli the Upper

Marquette and the Lower Marquette series.

The aim of the following paragraphs is to briefly sketch the history of

the district.

THE BASEMENT COMPLEX.

The oldest rocks of the Basement Complex are thoroughly crystalline,

foliated schists and gneisses. A close tield and laboratory study has failed

to detect in them any evidence of sedimentary origin. If any detrital rocks

are included in the Basement Complex, they have been so profoundly meta-

morphosed as to have lost all evidence of their origin. These gneisses and

schists have been 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 some cases the niiraber

of intrusive belts of granite parallel to the schistosity is so large and they

are so narrow as to give very numerous interlaminations of schist and granite

within a short distance.

In the area of the Northern Complex there were volcanic outbursts,

and a vast series of lavas, agglomerates, gi-eenstone-conglomerates, and

tuffs were piled iqi. By far the greater part of the volcanic material is of

an intermediate or basic character. While tlie material is undoubtedly

a surface deposit, a search year after year in the field has failed to reveal

any decisive evidence of arrangement by water. The deposits are strictly

volcanic. After the great lava beds and the vast masses of tuffs were piled

up there were granitic, syenitic, and diabasic intrusions, for bosses of these

rocks and dikes from them cut through the volcanics.

After, and also perhaps during, the building up of the volcanic seines

the Marquette district was deeply truncated, as a consequence of which

many of the different varieties of rocks composing the Basement Complex

appeared at the surface. The coarse granites must have formed as deep-

seated rocks, and the foliation of the schists must have formed far below

the surface; such rocks could have reached the surface only by long-

continued denudation, Avhich removed mountain masses of materials. The

process continued until the Basement Complex had no great altitude, for
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before a groat thickness of the Lower ^[arquette series was deposited the

sea had entirely overridden tlie ^[ar([iiette district.

Till. LOWER MARQX'ETTE SERIES.

THE TRANSGRESSION HORIZON.

Toward the ckise oi the pre-Marquette (hnuidation tlie sea reached the

northeast border of the Marquette district. Advancin<i' iqton it. perhaps in

part as the result of depression, but largely as a consequence of subaerial

and marine erosion, the fraginental sediments of the ^lesnard foriuation were

laid down. This advance steadily continued from the northeast toward the

southwest and west, the first deposits being everywhere fraginental sedi-

ments, at the base usualh' a coarse conglomerate, and higher up a sandstone

which subsequently was changed to the Mesnard quartzite. Long- before

the seashore reached the western end of the district other formations were

deposited in the eastern half of the su'ea, so that we have some measui'e of

the time required for the transgression. The formations thus deposited

above the Mi'snard quartzite before the sea advanced to Michigamme Lake

were tlie Ivoua dolomite and the Wewe slate. It follows, then, that in

passing from the east to the west end of the district there are in the Lower

]\[arcpiette series fewer and fewer formations. At the east end is the full

succession; at the extreme western are only the two upper members. Litli-

olog'icalh' the whole transgression horizon is one formation, marking as it

does a continuous belt of conglomerate and metamorphosed sandstone

immediateh- above the Basement Comple.x. Chronolog'ically, however,

ditiereiit parts of it are to be equated with several formations, that part oi

it onlv being called the ^lesnard quartzite which was deposited before the

beginning of the deposition of the next higher member, the Kona dolomite,

and hence it is necessary in the chronological scale to subdi^^de this lower

conglomerate and quartzite between the \arious formations from the Mes-

nard quartzite to the Ajibik quartzite. It is not possible to do this accu-

rately in the mapping in all places, and the manner in Avhich on the maps

one formation feathers out against the shore-line, to be succeeded by the

next one, is more or less arbitrary, although it so happens that there is

no considerable ditficulty in this particular for most of the disti'ict. This
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arbitrary sulxlivision is most ('onspicTious in the (juartzitc which occurs oast

of Teal Lake. (Atlas Slieet XXX.)

UNCONFORMITY AT THE BASE OF THE LOWER MARQUETTE SERIES.

As evidence of the iincoiiforiuity Ix-twecn the liovver Maniuette series

and the liaseineiit Complex is found all alonj;' the lower ])art of tlie trans-

gression quartzite, the; j)h(^nomena showing unconformity are mentioned here

rather than in connection with the s(!|)arate formations among which this

belt is divideil. However, for the exact locations and detailed descriptions

of particular contacts it will be necessary to refer to the desci-iptions of the

individual formations.

At the east end of the south side of the Manpiette district there are

numerous localities from Lake Superior to west of Lake Mary where a

granite-conglomerate is found bearing numerous l)owldei's of granite, gneiss,

and schist, identical with the rocks c<»nstitutiug the Basement (Joniplex

innnediately adjacent. At .several of these localities the actual contact

between the Mesnard quartzite and the Basement Complex is seen. Some

distance farther to the west the Marquette formations reach the Pleisto-

cene sand plain, the Basement Complex not being exposed. Passing this

area, we next find in the ]\[arquette series two islands of the Basement

Complex in sees. 22 and 23, T. 47 N., R. 26 W. (Atlas Sheet XXXV).
Here are found most magnificent exposures of great bowlder-conglomerate

and recomposed granite, resting with visible conta(;t u[)on the Basement

Complex and composed of material mainly derived from it (fig, 11). Li

sec. 23 the i)redominant rock of the Basement Complex is a peculiar white

schistose granite, and the predominant bowlders of the conglomerate are

of the same character. South of the Cascade range, there are again a

number of localities from sees. 34 to 32, T. 47 N., K. 2C W. (Atlas Sheets

XXXII and XXXV), where are basal conglomerates, the great bowlders

again being mainly identical with the adjacent granites, gneisses, and schists

of the Basement Complex. In this area in the Basement Complex are

some peculiar basic eruptives, and these rocks are found in the form of

well-rounded waterwom bowlders in the conglomerate. Toward the west,

the next exposure of basal conglomerate is south of Sununit Mountain,
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in the west liulf of sec. 25, T. 47 N., R. 27 W. (Atlas Sheet XXIX). The

conglomerate at this place grades downward into a schist which is scarcely

distinguishable from the Palmer gneiss, with which it is in contact. The

next contact to the west is in sec. 28, T. 47 N., R 27 W. (Atlas Sheet XXV).

Here the phenomena are similar to those south of Summit Mountain.

West of this place no actual contacts between the quartzite and the Base-

ment Complex are found until the end of the Republic trough is reached

(Atlas Sheet XI), where again a conglomerate hangs with visible contact

upon the flank of the granite, bearing well-rounded waterwom bowlders

fi-om it.

At the north side of the Lower Marquette series, and near the east end

of the district, there is exposed a magnificent basal conglomerate about 3

miles west of Marqixette, north of Mud Lake (Atlas Sheet XXXYI). Here

the rocks adjacent to the Mesnard quartzite are the Mona schists, and these

peculiar rocks are largely found as deti'itus in the basal conglomerate.

Here also are found granite bowlders similar to the granite masses which a

short distance. to the north intrude the volcanics of the Northern Complex-

The next known contacts to the west are at the base of the quartzite east

and west of Teal Lake (Atlas Sheets XXVII and XXX). Here, at a half

dozen places, contacts are found, each of the conglomerates having, as

usual, as their abundant detritus, the immediately subjacent material at the

particular locality. At one place the relations are such that the layers of

the conglomerate cut across the foliation of the subjacent schist at an

acute angle (fig. 14). Still farther west, in sec. 30, T. 48 N., R. 28 W., the

quartzite is found in visible contact with the granite at a number of places

(Atlas Sheet XVIII), and again its most abundant material is exactly like

the subjacent granite. In some of the places the basal rock is a con-

glomerate, in others a " recomposed " granite—i. e., it is composed of the

separate minerals of the underlying granite. West of this point the only

actual contact known is north of the Michigamme mine, although at a

number of places strongly feldspathic quartzites occur near the granite.

We thus have more than a score of localities, scattered about the entire

area covered by the Lower Marquette rocks, where occur great basal

conglomerates, a number of which rest with visible contact upon the rocks of
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the Basement Complex. In all of the cases the detritus is inost distinctly

waterworn, and while the major portion of the material in each case must

have been derived from the immediately subjacent part of the Basement

Complex, other material not occurring in the immediate neighborhood is

found, thus showing conclusively that these rocks are not reibungs or

fault breccias. The evidence is therefore demonstrative that the Lower

Marquette series was deposited unconformably iipon the Basement Complex.

As explained later, it will be seen that locally, as a result of the power-

ful dynamic action to which the rocks have been subjected, the foliation of

the Basement Complex and that of the basal quai-tzite are in the same

direction, and that at certain localities the basal conglomerate and quartzite

have been so mashed as to pass into completely crystalline schists, which

appear to grade down into the foliated schist or gneiss of the Basement

Complex. As a consequence, the granites of the Basement Complex have

been described by certain geologists as intrusive within the Lower Marquette

series. Others have said that it is a case of downward-progressing meta-

morphism. Taking into account the above facts as to the contacts and

conglomerates, there is no escape from the conclusion that this apparent

conformity and gradation are illusory, being produced by the metamor-

phosing processes of profound dynamic action and metasomatic changes.

DEPOSITION OF THE LOWER MARQUETTE SERIES.

In the earlier part of Lower Marquette time, the sea steadily trans-

gressed southwestward from the northeast, depositing a basal conglomerate

as it advanced. As soon as the sea had progressed a little beyond a given

place, the deposition of sandstones there replaced that of the conglom-

erates. (See Atlas Sheet IV.) By the time the sea had transgi'essed as far

as Teal Lake on the north and Goose Lake on the south, argillaceous and

siliceous limestones began to be deposited in the east end of the district, and

hence the western limit of the Mesnard quartzite is placed at these localities.

The Koua dolomite probably marks deeper and quieter waters, and therefore

indicates that depression had been continuing. A thin layer of slate marks

intermediate conditions between those favorable to the deposition of sand-

stone and those in which the limestone was deposited. However, the area
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of limestone-building was too near shore and the water too shallow for a

pnrenon fragmental formation to be built up, especially as vigorous erosion

still continued on the adjacent land, and hence it is that even the purest

dolomite beds bear a greater or less quantity of fragmental material, while

they are frequently interstratified with shale, graywacke, and quartzite.

Because the sea had not yet overridden the lands of the central part of the

district, the Kona dolomite is limited to its eastern part. On the south

side of the district the westernmost exposures occur at Goose Lake, and on

the north side the most westerly exposures which clearly belong to this

formation are those at Morgan Furnace, although a belt of slates very

similar to those associated with the Kona dolomite occurs interstratified

with the quartzites east of Teal Lake. This belt feathers out about 1 mile

east of Teal Lake, and this suggests that here was the western limit of the

shore-line at the end of Kona time.

As a consequence of the upbuilding of the Kona formation, combined,

perhaps, with a cessation of subsidence, the waters again became shallow,

and there followed above the Kona dolomite the Wewe slate. The inter-

mediate conditions favorable for mud deposits continued for some time. On

the south side of the district the western limit of the shore-line at this time

was in the eastern half of sec. 21, T. 47 N., R. 26 W., and on the north side

probably at or near Teal Lake. By the upbuilding of the beds the waters

became shallower and shallower until the waves of the sea were able to

transport sand throughout the area submerged. There is evidence that in

some localities the compacted mud arose near to or above the surface of the

water, so as to be cut by the waves and yield fragments to the succeeding

sandstone. The sandstone has been subsequently indurated to a quartzite,

and hence there follows above the Wewe slate the Ajibik quartzite.

During the time of the deposition of the Kona dolomite and Wewe slate

the sea did not advance very rapidly, but erosion had been steadily wearing

down the highlands, and during the deposition of the sandstone following

these formations there was a rapid advance of the sea toward the west.

On the north the sea of Ajibik time pushed west to Michigaiume, and

on the south as far west at least as the Goodrich mine. The sea there-

fore gained farther at the north than at the south, the shore-line apparently
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being diagonal, ruiniing in a northwest -soutlieast direction, still furtlier

suggesting what was said at first, that the advance of the seaAvas from tlie

northeast. The subsidence continvied faster than the upbuilding of the

sands, so that there followed above them inud deposits, which have been

compacted into the Siamo slate. During the time of mud deposits the shore-

line continued to advance, and before this formation was completed the

sea had entirely overriden the Marquette district, with the possible excep-

tion of the southwestern part. Following naturally from the conditions

of deposition, the Siamo slate has a greater thickness in the eastern than

in the western part of the district, and it does not appear in the southwestern

part. Perhaps equivalent to some part of the Siamo slate in age is the

basal quai-tzite from Humboldt to Republic, but as it is impossible to say

what part of the quartzite belongs with the Siamo slate and what part

with the Ajibik quartzite, it is all mapjied as the latter formation because of

its lithological likeness to it.

The steady subsidence during the deposition of the Siamo slate so

increased the depth of water that a nonfragmental formation began to

be deposited. This Avas the siderite slate, which has been largely trans-

formed into the varieties of rocks of the iron -bearing formation. The

conditions which led to the deposition of the iron carbonate are not certainly

known. At that time the Marquette transgression had entirely overridden

the land of the district, but it is not probable that all adjacent land areas

had disappeared, or even that the green schists of the Northern Complex

were entirely covered by the sea, although it is possible, or even probable,

that the long-continued erosion had reduced the land areas nearly to base-

level, and consequently that chemical solution, rather than meclianical

wear, was the more important agent of erosion. Thus might be explained

the large amount of iron salts which appeared. Doubtless the supply of

ferruginous material was in the form of iron carbonate, taken into solution

by direct atmospheric agencies, perhaps with the assistance of organic

acids. The basic eniptives of the Basement Complex, and especially the

surface volcanics on the northern border of the district, are very rich in

iron. These latter, being tuffs and lavas, were porous, and perhaps from

them came the greater proportion of iron. In the water, also, there was
MON xxviii 30
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doubtless life. As the iron carbonate came down into the open water it

was peroxidized and the iron precipitated as hydi'ated oxide. When this was

bui-ied with organic matter the decomposition of the latter produced carbon

dioxide, and the iron was reduced to the protoxide by the organic matter.

The two combined and reproduced iron carbonate. Whether the area of

deposition of iron carbonate was an arm of a large sea or an almost inclosed

lagoon, there are no means of ascertaining, but the widespread distribution

of this inferior iron-bearing formation in the Lake Superior region suggests

that the areas of deposition of such material were very large.

ERUPTIVES OF LOWER MARQUETTE TIME.

At one locality amygdaloids are interstrattied with the Siamo slates.

In others, closely associated with the Negaunee iron formation are volcanic

tuffs. It thus appears that in later Lower Marquette time there was vol-

canic action. Just how extensive the volcanoes were has not yet been

determined, as these rocks have not in all cases been discriminated from the

later igneous rocks.

UNCONFORMITY AT THE TOP OF THE LOWER MARQUETTE SERIES.

Whether any later formations followed conformably upon the Negaunee

iron-bearing formation it is impossible to say, but if so they were subse-

quently removed by erosion. Following the deposition of the Negaunee

formation and all possible later conformable formations, the land was raised

above the sea, gently folded, and eroded. In general the discordance between

the Lower Marquette series and the succeeding series is not great, being meas-

ured frequently by 5° to 10°, at other times by 10° to 15°, and it is only

rarely that the plications of the lower series are such as to make the beds

abut perpendicularly against those of the overlying series. In these cases

the truncated layers are those of the minor plications rather than the major

folds (figs. 20 and 21). Erosion cut deeper in the Lower Marquette sei'ies

in some places than in others. At the east end of the area it left a very

considerable thickness of the iron-bearing formation, but in places to the

west this formation is quite cut out. Indeed, in places erosion cut through

the Siamo slate and the Ajibik quartzite, and in some places even into the
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Basement Complex. This particularly occurs in the west and southwest

parts of the district, west of Champion and along the Republic tongue,

where but few members of the Lower Marquette series Avere deposited.

Even within a short distance the differential erosion was considerable. For

instance, at the south end of the Republic tongue the variation was more

than 1,500 feet.

To just what extent the Lower Marquette series was altered during

this period of folding and erosion it is impossible to say. It is probable

that the upper formation, cQusisting of the readily altered iron carbonate,

suffered the most, and there are indications that ferruginous chert and jasper

were formed in the upper part of the formation. At least fragments of such

materials are found in the succeeding formation, and either these rocks were

produced from the iron carbonate during this folding and erosion or else

the iron-carbonate bowlders and fragments, in common with portions of the

Negaunee formation, were at a later time altered in a like manner, so as to

produce the same mineral combinations in the fragments and in tlie

Neo-aunee formation itself. It is probable that such subsequent modifi-

cation has occurred to some degree, but many would doubt whether it

were possible for such exactly similar changes to have occun-ed as to make

the bowlders and fragments of cherty siderite and the siderite of the under-

lying Negaunee formation into precisely similar chert and jasper.

THE rPPER MARQUETTE SERIES.

DEPOSITION OF THE UPPER MARQUETTE SERIES.

The Upper Marquette history begins with the second transgression of

the sea, as a result of which the Ishpeming formation was deposited. If we

may judge by the greater thickness of the Goodrich quartzite of this forma-

tion at the eastern part of the district, and the greater erosion of the Negaunee

formation at the western part, an anticline had formed to the west, and the

transgression of the sea was again from the east or northeast. Thus, the

Negaunee formation in the eastern part of the area was more quickly buried.

In other words, the western part of the formation was liigher and was sub-

jected to longer erosion. Therefore, in the eastern part of the district the

sediments of the Goodiich quartzite first began to form. The western part
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of the district remained for a time above the sea, and therefore at first

received no deposits. We thus partly exphiiu the very considerabh' thick-

ness of the quartzite in the Ishpeming- and Negaunee areas, its dying- down

to an exceedingly narrow stratum in the western end of the district, the

considerable thickness of the Negaunee formation about Ishpeming and

Negaunee, and its thinning or disappearance at the west end of the district.

The first deposit of the advancing sea was a conglomerate, the detritus

of which Avas derived mainly from the immediately subjacent Negaunee

formation. Hence it is that the basal formation is so frequently jasper-

conglomerate, chert-conglomerate, and, where the detritus is finer, recom-

posed chert and jasper, ferruginous slate, etc. However, the detritus was

derived not wholly from the Negaunee formation, but in part from the

various lower formations. This shows that either within the district under

discussion or adjacent to this district erosion had cut into the inferior forma-

tions, and even down into the Basement Complex. This is well illustrated

by the Palmer belt of the Groodrich quartzite, where the conglomerate con-

tains not only fragments of the Negaunee formation but of the Ajibik

quartzite and of the Basement Complex.

Following the basal conglomerate, which is from a few feet to several

hundi-ed feet thick, came a sand deposit. This sand was largely composed

of simple, pure grains of quartz, which could not have been derived from the

iron-bearing formation, but must have come fi-om lower formations outside

of the district discussed. This probably implies that adjacent to the district

erosion by this time had removed large areas of the Negaunee formation.

Mingled with the coarse simple grains of quartz are also fine complex frag-

ments of chert and jasper, which shows that in places the Negaunee iron

formation was still being cut. This sandstone has been subsequently

changed to a quartzite.

Early in the time of sand deposits along the southern pai-t of the dis-

trict, an east-west fissure was formed near Clarksburg, and a major and

probably at least two minor volcanoes were developed. As a consequence

there was piled up the Clarksburg formation, a mountainous mass of mate-

rial, consisting of lavas and tuft's, some of which were rearranged by water,

and of volcanic materials interstratified with ordinary sedimentary rocks.
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The area over wliicli the voh-auic material wa.s deposited j^i-adually grew,

reaching east as tar as Stoueville and west as far as Champion. These

more remote deposits are comparatively thin, and show evidence of water

arrangement. As the lavas and tuifs were jnled up, subsidence, possibly

due to the burdening of the crust, went on, so that there resulted a gxeat

bend of the adjacent formations to the southward. How far to the south

and to the north these volcanoes were felt we do not know, but the slates

to the north indicate that their ashes reached to the extreme northern part

of the district. This volcanic activity lasted for some time ; for, beginning-

in the time of the Goodrich quartzite, it did not cease until a considerable

thickness of the Michigamme .slate had been deposited. Contemporaneously

with the extrusives, it is probable that intrusives penetrated the Basement

Complex and the Lower Marquette series.

In the western part of the district the Goodrich quartzite grades upward

into a g-riinei'ite-magnetite-schist (the Bijiki schist), and this into a ferriferous

slate, often sideritic. In the eastern jjai't of the district the Bijiki schist

may exist, but exposures have not been found. As the schist is regarded

as developing from a sideritic slate, it apjjears that following the deposition

of the sandstone there were waters favorable to the deposition of a non-

fragmental sideritic formation—that is, the conditions for the production

of the Negaunee formation of the Lower Marquette were repeated, but

not Avitli perfection, for the ferruginous slates in much of the district were

mingled with greater or less quantities of mechanical sediments. These

are more abundant in the eastern end of the area than in the western,

where a considerable belt of griinerite-magnetite-schist is comparatively

free from mechanical sediments and might be maj^ped as a narrow separate

formation.

The zone of ferruginous shales was a})parenth' of variable thickness.

It was followed above by ordinary shales, which, however, are locally

feiTuginous. Also with the shales was deposited much organic matter,

as is shown by the fact that the resultant slates and schists are anthra-

citic or graphitic. These carbonaceous rocks are particularly abundant

at the horizons which are heavily ferruginous, and thus confirm the sugges-

tion made in considering the Negaunee formation, that organic matter
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was instrumental in reproducing iron carbonate from the precipitated

iron oxide. This ferruginous and carbonaceous shale was very similar

to some of the Paleozoic shales of the Appalachians, and argues sim-

ilar conditions of deposition. Subsidence must have steadily continued

during the deposition of the shale, for it is of considerable thickness.

The sediments varied in coarseness, as shown by the fact that the rocks

now found include fine-grained slates, graywackes, and even rocks which

approach a quartzite. These rocks indicate waves and cm-rents of varj-ing

streng'th or water of varying depth, or both. The shale and graywacke

have been modified over extensive areas into mica-slates, mica-schists, or

mica-gneisses.

FOLDING OF THE BASEMENT COMPLEX, LOWER JUARQUETTE SERIES,
AND UPPER MARQUETTE SERIES.

The Marquette district had been an area of deposition since the begin-

ning of Upper Marquette time, and sediments of great thickness had accumu-

lated. A physical revolution next occurred, as a consequence of which this

district was raised above the sea and was folded in a complicated manner.

(See Atlas Sheet IV.) Whether there was an epeirogeuic moven:ient which

raised the plateau above tlie sea before the orogenic movements, and whether

the main folds now found were formed simultaneously or successively, have

not as yet been determined. In general, the directions of folding are

approximately east-west and north-south. The only important exception

to this is in the southwest part of the distnct, where the Republic arm

swings away from the main area of Algonkian in a southeast direction.

The largest but least conspicuous fold of the district is an anticline hav-

ing a north-south axis, running through Marquette. This fold has a gentle

dip, but a breadth of man}' miles gives it a great amplitude. Its effect upon

the minor but more conspicuous east-west folds is to give them a westward

pitch. It follows that in going west from Lake Superior the area of the Mar-

quette rocks becomes broader and broader, and higher and higher members

appear in successive eastward-pointing U's, the ends being, however, often

crenulated, due to the folds of the second and third orders. This great

fold is by no means simple in its character, but has, especially near its
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crown—that Is, for tlie eastern (! or 8 miles of the (hstrict—suj)eruiiposed

upon it folds of the second order, making this part of the fold an anti-

clinorium. These secondary folds have lengths varying fidiu 1 to several

miles, and therefore a given formation may be repeated in an east-west

direction along the present plain of denudation. The other major anti-

cline belonging to this system of folds is one running north and south

thi-ough the east end of Michigamme Lake. From this line the Algonkian

belt l)roadens to the east and to the west. It then follows that all of the

district between the center of range 25 west and the east end of Lake

Michigamme may be regarded as a great north-south syncline.

The major part of the district has been affected, however, by much
more powerful pressure in a north-south direction, so that the folds in an

east-west direction are much more conspicuous than the north-south folds of

greater wave length and greater amplitude. The conspicuous character

of these folds has, in fact, led to neglecting the effect of the folding in the

other direction, and thus one of the most important clews to the distribution

of the formations was unnoticed. As a result of the north-south pi-essure,

the Upper and Lower Marquette series together have been bent into a

great synclinorium. At the east end of the district the Mesnard quartzite

is overturned at one place and dips under the Southern Comjjlex at an

angle c)f SC. The strikes of most exposures are mainly controlled by the

east-west folding, but at the east and west ends of the areas of the forma-

tions the larger north-south folds already described control the strike. In

passing to the west from Lake Superior, on the south side of the district,

from Lake Mary to Goose Lake and somewhat beyond, the secondary north-

south folds and the primary east-west folds are of about equal amplitude,

although the east-west folds are closer and give higher dips. As a conse-

quence of these two sets of folds some belts strike north and south, some

east and west, and some in intermediate directions, thus giving, at first sight,

an apparently lawless distribution of the formations; but when the char-

acter of the folding is understood the distribution is perfectly explained.

From the north-south line running through Goose Lake to the west line

of range 28 west is the area in which the Marquette series have the

greatest width. For this part of the district it appears that the less rigid
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rocks of the Marquette series have, as it Avere, been pushed over the rocks

of the Basement Complex on the north and south sides of the area. The

outer Algonkian formations are closely plicated into a series of overturned

and in some places isoclinal folds, the dips on both the north and south

sides being toward the center of the trough and away from the Basement

Complex (fig. 1). These secondary east-west folds are usually only dis-

covered by tracing the contact between two formations. In passing, on the

plain of denudation, toward the center of the trough, one first passes from

a lower fonnation to a higher formation; then apparently above this he

may again find the lower formation; and this infolding in extreme cases is

repeated several times (Atlas Sheet XVIII). However, on the whole, the

great syncline controls, so that finally the inferior formation is not again

found. In passing inward toward the center of the Marquette area the

minor folds become more open in their character, and in the center have

a symmetrical shape (fig. 1). We then have a structure in this district

in some respects like the fan-shaped folds of the Alps, with, however, the

great difl^erence that the area as a whole is a synclinorium instead of an

anticlinorium; that is, the oldest rocks are found on the outside of the

fan-shaped areas and the youngest rocks in the center of the area. The

significance of this type of fold, which I have named an abnormal syncli-

norium, is fully discussed by me in another place.^

The overfolds on the outer borders of the Marquette belt are best dis-

covered in places where, as a consequence of the pitch given by north-south

folds, an east or west termination of the formation appears. A few of the

best illustrative areas may perhaps be mentioned. West of Goose Lake, in

sees. 22 and 23, by reference to the maps (Atlas Sheets IV and XXXV),

it will be seen that there are four Ai-chean areas, separated by Algonkian

rocks both in an east-west and north-south direction. Their separation in

an east-west direction is due to the secondary north-south folding, and

then- separation in a north-south direction is due to the isoclinal northwest-

southeast overfolds. The latter folds are the closer; consequently the

majority of the strikes are northwest and southeast, and the dips are mostly

'Principles of North American pre-Cambrian geology, by C. R. A'an Hise: Sixteenth Ann.

Eept. U. S. Geol. Survey, Part 1, 1896, pp. 612, 615-621.
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to the northeast. The frag-mental formations thus appear to plunge under

the Arcliean islands on the south sides of" the areas and to lie above them

on the north sides. The infolded character of the Upper Marquette and

Lower ^larquette series is illustrated by the isoclinal overfolds along the

north half of the noi'th-south quarter line of sec. 21, T. 47 N., It. 27 W.
(Atlas Sheet XXVI). Here a north-south section at one place shows the

Negaunee formation; above this, in its proper position, is the Goodrich

quartzite; and then there appears above this again the Negaunee formation.

At the west end of the Jackson mine also the isoclinal overfolds of the

Goodrich quartzite and the Negaunee iron formation are beautifully shown

(Atlas Sheet XXVIII). However, the best locality of all to illustrate the

isoclinal overfolds is in sec. 30, T. 48 N., 11. 28 W. (Atlas Sheet XVIII).

Here the infolding is between the granite of the Northern Complex and the

Lower Marquette Ajibik quartzite and Siamo slate. A section at the most

favorable place passes from the Siamo slate to the Archean granite, then

again to the Siamo slate, froin this to the Ajibik quartzite, into the Archean

granite, in turn into the Ajibik quartzite, granite, Ajibik quartzite, granite,

Ajibik quartzite, and probably following this, although topography rather

than exposures indicates it, come again the Siamo slate, the Ajibik quartz-

ite, and the Archean. For the whole of this distance the dips are to the

south. Two islands of Archean are cut off from the main area. The quartz-

ites and slates occupy the valleys, while the granite is more resistant and

occupies the higher land. Controlled by the western pitch, the tongues

of quartzite which project into the Archean die out to the east, and open

out to the west. We have here, then, the conjoint eftect of the close

isoclinal overfolding due to the north-south pressure and the great north-

south folding caused by east-west pres.sure which gives all of the formations

a westerly pitch. As for the major part of the district the north-south folds

are more open and the east-west folds more conspicuous, the latter may be

designated the major folding, and the former folds may be considered as

cross folds which give the east-west folds a pitch.

The western major north-south anticline at the east end of Michigamme

Lake causes the Marquette rocks to here contract; but to the west, in pass-

ing toward the next syncline, these Algonkian rocks open out into a broad
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area which extends beyond the district. It is rather probable that the

eastward-projecting hind between the west and southwest arms of I.ake

Michio-auime marks an intermediate antichne, which, liowever, does not rise

high enough to bring to the surface any rocks higher than the Michigamme

schist. The Repubhc tongue and the Western tongue are closely com-

pressed synclines which branch off from this main area in southeast and

south directions.

It has been seen that the main east-west syncline has superimposed

upon it secondary folds; upon these again are those of the third order, and

upon these those of a fourth order, and so on, until the plications in many

places are microscopic. Pumpelly's principle, that these minor folds are

often of the same character and usually have the same pitch as the folds

of the next order of which they are a part, has been of great assistance in

working out the stratigraphy of the district (PI. XXXV).

From the foregoing description it is clear that the Marquette district is

one of complex folding. In fact, no better example is known to me of this

class of deformation.^

Where the formations are brittle the close plications have resulted in

their being fractured through and through, and in many places they pass

into reibungsbreccias (Pis. VII, VIII, IX, and XXVI, fig. 2). These phe-

nomena are particularly prevalent in the Negaunee iron formation and in

the quartzites. The miire plastic formations have yielded without major

fracturing, Ijut in a minor way they show everywhere the effects of deforma-

tion. A microscopical study shows that not a cubic inch of material has

escaped dynamic action. Ahnost every original grain of fair size gives

eA-idence of interior movement. The rocks have been kneaded thi-oughout.

While, as a further consequence of dj^namic action, there has been local

faulting at \^arious places, with two or three exceptions no important faults

have lieen observed in the district.

The only fault in the district, besides that in the Republic tongue

(described on pp. 541-547), large enough to materially displace the forma-

tions, is in sec. 6, T. 47 N., R. 25 W. (Atlas Sheet XXXVII). Here, in the

'Principles of pre-Cambriau North American geology, by C. R. Van Hise: Sixteenth Ann.

Kept. U. S. Geol. Survey, Part 1, 1896, pp. 626-631.
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southeiist (|uartcr of tlic section, the Carp Rivin- Hows uloni;- tlic liiu^ of a

fault, the (|iiart/.it(^ formation In'inj)' displaced laterally some hundreds of

feet. Tlic horizontal throw is here jjerhaps more than 500 feet, but jn-ob-

ably less than 1,000 fci-t. How far this fault extends to the northwest and

southeast the outcrops arc insufficient to determine.

It is inferred from tlu; phenomena of deformation that, when folded, the

rocks which are now at the surface were buried imder a thickness of several

thousand feet of sediments, not impossibly as much as 10,000 feet. While

the Upper Marquette slate has at the present time in this district no such

thickness as this, in the Penokee district 10,000 feet is exceeded, and it is

probable that this great slate formation once extended with nearly or quite

its full thickness over the Marquette district. On the other hand, it a])pears

that the formations were not so deeply buried as to be beyond the sustain-

ing strength of strong rocks like quartzites, or else the layers of these rocks

would have been folded upon themselves without the production of reibungs-

breccias, as in the case of the Doe River quartzite in Tennessee. Had the

rocks which are now exposed not been deeply covered it is hardly possil)le

that the complicated folding above described could have occurred without

complicated faulting.

As shown by the above facts, the Marquette district furnishes a beau-

tiful instance of deformation in the lower part of the zone of combined

fracture and flowage.^

INTRUSIVES,

Abundant altered diabase and other rocks were intruded in Ijoth the

Lower Marquette and Upper Marquette series. This is shown by bosses

cutting across the bedding of the layers or bei\ding them (PI. XI), by dikes

branching off from the bosses and cutting the formations of both the Mar-

quette series (PI. XXX), and by large and small inclusions of griinente-mag-

netite-schist in the greenstone at the Lowthian and 8i)urr mines (PI. XII).

The most of the intrusive greenstones are of Clarksburg or pre-Clarksburg

age. They particularly affect the iron-bearing fonnation of the Lower

'Principles of North American pre-Cambriau geology, by C. R. Van Hise: Sixteenth Ann.

Kept. U. S. Geol. Survey, Part 1, 1896, pp. 001-603.
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Marquette series, but occur within all the formations of the district. A
few dikes are later than any of the Marquette sedimentary rocks. The

fact that the intrusives are of far greater abundance in the broken and

fractured Negaunee formation than in the other formations suggests that

the cracks and crevices here produced by the folding gave avenues of

access which were taken advantage of by the igneous rocks to wedge them-

selves in between the rocks of the iron-bearing- members, to force them

aside, and thus to form great dikes and bosses of igneous material. Often-

times they break directly across the bedding (fig. 25); sometimes they

produce a subordinate folding (fig. 18); but even in this latter case the

material usually breaks across the bedding to a greater or less degree.

In many instances there is a quaquaversal arrangement of the formations

about the intrusive igneous masses, which suggests that the igneous material

has been intruded along the bedding of the formation, thus forming essen-

tially laccolites or batholites. At Michigamme and Humboldt the Siamo

slate and the griinerite-magnetite-schist may be seen doming' some of the

smaller of the laccolites. (PI. XI, and figs. 24 and 25.) Subsequent erosion

has removed the capping iron formation from many of these larg-er domes

and left the greenstone masses in the forms of bosses, the iron formation

dipping away from them upon all sides, just as do the sedimentary forma-

tions from the Henry Mountain laccolites. The major portions of the

gi-eenstones were once diabases, but are now epidiabases. The rather fresh

diabase dikes in the disti'ict may be contemporaneous with the igneous

I'ocks of the Keweenawan period.

DEXfDATIOX.

From the foregoing paragi'aphs it is e^-ident that the rocks of the

Marquette district were folded into mountain masses. The highest parts of

the mountains were probably near the great north-south anticline through

Marquette, and the mass next in importance was probably at the western

anticline at Lake Michigamme. These major heights must have been

connected by numerous cross ridges, con-esponding to the close east-west

folds. Dm-ing- and subsequent to the fokhng these mountains were cut

down to an approximate plain, so that the district is at the present time
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merely blufty. The hig-liest point in tlie district, the so-called Summit

Mountain, is 1,800 feet above the sea. The level of Lake 8ui)erior is GOO

feet; so that the maximum relief of the district is about 1,200 feet. Begin-

ning at the lake, there is a rapid rise to Negaunee, perhaps 10 miles, the

avei'age level there being about 1,400 feet. This eastern slope is a part

of the great Lake Superior basin. From Negaunee to the west end of

the district, that is, for much the larger part of the area, the variations

in elevations are scarcely more than 400 feet. The present differences of

elevation, with the exception of the eastward slope to Lake Superior, are

mainly due to differential erosion. The hard rocks, whether jusjiilites, grii-

nerite-magnetite-schists, quartzites, conglomerates, or greenstones, occupy

the higher elevations, and the soft rocks, the slates, shales, and most of the

iron-formation rocks, occupy the valleys and swamps. Since the forma-

tions south of ^Marquette were raised high by the eastern anticline, and

the whole district has been truncated to an approximate plain, it follows

that in the eastern end of the district all but the lowest formations have

been removed. Thus south of Marquette we find only the two lowest

formations of the Marquette series. Li the great syncline between the

Marquette anticline and the Michigamme anticline newer and newer forma-

tions come in, until the highest member of the Upper Marquette series

appears. The Michigamme anticline apparently was not so high as the

Marquette anticline, and therefore the higher members of the series are

exposed. However, we can not be sure that several of the remaining

Marquette formations would not have been removed were the plain of

denudation 600 feet lower—that is, at the elevation of Marquette.

METAMORPHISM.

The various formations of the Marquette series differ from one another

in hardness and coarseness of grain. It is probable that metasomatic and

cementing processes had taken place to some extent before the folding-

subsequent to Upper Marquette time, and thus they probably differed in

strength. When this period of folding occurred tlie varying texture and

strength were important factors in the resultant deformations, so that the

readjustments necessary in the folding took place in large measure between
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the different foi'mations and between dissimilar beds of each formation.

As these layers were rubbed over one another schistosity was developed

parallel to the bedding in many places. The unconformable contact

between the Upper Marquette and Lower Marquette series was one of

the greatest planes of movement, and adjacent to it the rocks of both

were rendered schistose. The contact between the Ai-chean and the

Lower Marquette series was another such plane of movement, and at many

places a considerable zone at the base of the Lower Marquette series

was transformed into a schist, as was also a zone of the rocks of the

Archean immediately below. Where the lower quartzite was thin, as in the

Republic tongue, this change affected the entire basal formation. In other

places, where the folding was less severe, the rocks still plainly show clastic

characters.

These statements as to the adjustment between the layers and the

development of schistosity parallel to the bedding do not fully apply to

the nearly homogeneous Michigamme and other slates. There apparently

occurred in these formations an actual flowage, the whole acting in a way

as plastic material; consequently there is frequently a discrepancy between

the cleavage or schistosity and the bedding. Oftentimes it happens that the

schistosity nearly coiTCsponds with the bedding on one side of a fold and cuts

across it upon the other (tig. 16). In this case the complicated character of

the folding and the reduplications of the beds are particularly likely to be

overlooked. In the crystalline rocks constituting the Basement Complex

the north-south pressure was the predominating force, and a nearly vertical

schistosity has been extensively developed with an approximately east-west

strike. This is particularly conspicuous in the case of the volcanic rocks

which, like the Michigamme slate, were approximately homogeneous. The

whole mass was mashed together, and flowage resulted in well-developed

schistosity.

During the time in which the dynamic forces were at work—that is,

while the folds, fractures, cleavage, and schistosity were being formed

—

chemical and molecular forces were active, and from the old minerals new

minerals were developing. Also other mineral material was being deposited

in the interstices. Thus we have quartzites or quartz-schists in place of the
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sandstones; slates, gravwackes, mica-slates, nuca-scliists, or mica-gneisses

in place of the shales and arkoses; and the pecnliar phases of rocks of the

iron-bearing' formation in place of the sideritic slates.

In so far as the rocks have a slaty or schistose strncture it is believed

that the metamorphism was contemporaneous with the folding, but during

the long period of quiescence which has subsequently occurred further

extensive metasomatic and weathering changes have taken place. These

appear to have been particularly potent in the iron-bearing formation, l)ut

they have also doubtless produced important changes in other rocks. In

this time of quiescence must have occurred the tinal enrichment of the

ore bodies and the extensive impregnation of the various rocks with the

granular hematite and magnetite. Finally, during this period of quies-

cence it is believed that there developed many of the crystals of hornblende,

gai'net, staurolite, chloritoid, and andalusite, and much of the secondary

feldspar of the mica-schists and mica-gneisses.

The metamorphism is more nearly complete in the western [^art of the

district than in the central and eastern parts. In the western part crystal-

line schists ai-e the rule for all the formations, while in the central and

eastern parts of the district, excluding localities of exceptional readjustments,

the rocks are semicrystalline. The varying metamorphism con-esponds

with the closeness of folding. In the western part of the district the folds

are closer upon the average than farther to the east.

COREELATION.

Reasons have been given in previous publications for regarding the

Upper Marquette and Lower Marquette series together as the equivalent of

the Huronian of the north shore of Lake Huron. These will not here be

repeated. Nor will the argument be repeated for placing the Upper Mar-

quette and Lower Marquette as the equivalent of the Upper Huronian and

Lower Huronian of the other parts of the Lake Supei'ior region.^ Accejjt-

ing these conclusions, this implies that the Lo^Acr Marquette series is to be

equated with the Lower Felch Mountain and Lower Menominee series.

' Correlation papers, Archean and Algonkian, by C. E. Van Hise : Bull. U. S. Geol. Survey No. 86,

1892, pp. 156-199. Principles of North American pre-Cambrian geology, by C. R. Van Hise: Sixteenth

Ann. Kept. U. S. Geol. Survey, Part 1, 1896, pp. 780-807.
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Smyth has recently mapped in detail an area between and nearly

connecting the Marqnette and Menominee districts. He has made also a

general stndy of the latter district. As the results of his studies, he sum-

marizes the Lower Menominee succession as follows:^

Avoiding minute subdivisions, the Lower Menominee consists of

—

(1) A basal quartzite, rarely cous'lomeratic. The tliicliuess may reach a maxi-

mum of about 1,000 feet, and over large areas is at least 700 feet.

(2) A crystalline limestone which averages about 700 to 1,000 feet in thickness.

On the Fence River, in Ts. 44 and 45 N"., R. 31 W., where it largely if not entirely

replaces the lower quartzite, the thickness attained, if there are no subordinate folds,

is from 1,500 to 2,000 feet.

(3) Red, black, and green slates that are not known to exceed 200 to 300 feet in

thickness. The slates here and thei-e contain the iron formation that affords the rich

ores of Iron Mountain and Norway. In the southern part of T. 44 N., R. 31 W., the

horizon of the slates is in part occupied by altered eruptives that rapidly increase in

thickness towards the north, the whole attaining a maximum of nearly 2,000 feet on

the Fence River, in T. 45 N., R. 31 W.

(4) The highest member, except volcanics, yet recognized in the Felch Mountain

and Fence River divisions of the Lower Menominee is typically developed at Michi-

gamme Mountain, sec. 4, T.43 N., R. 31 W., and sec. 33, T. 44 N., R. 31 W., and has been

called the Michigamme jasper. This is a greatly altered ferruginous rock usually

carrying apparently fragmental quartz grains. Various stages in the alteration permit

two or three types to be recognized. The least modified seems to indicate that the

rock was originally, in part at least, a clastic sediment. The alteration appears to

have been effected by the infiltration of iron salts, the formation of cherty silica, and

the replacement of the original constituents to varying degrees. The most highly

altered type bears the closest possible resemblance in the hand specimen to the

banded specular jasper seen on the Republic bluff.

Smyth then makes the following statement as to the Marquette district:

The Lower Marquette series, in the western part of the Marquette area, where it

most nearly approaches the Menominee region, consists, when exposed, of

—

(1) A basal conglomerate—quartzite—quartz-schist, probably less than 100 feet

thick. North of the Michigamme mine the quartzite passes upward into a slate.

(2) An iron-bearing formation which may be divided further into a lower member,

composed of actinolite (or griinerite), magnetite, and silica, one or two of which may

locally predominate over the rest, and an upper member usually, but not invariably,

The Lower Menominee and Lower Marquette series in Michigan, by H. L. Smyth; Am. Jour.

Sci., 3rd series, VoL XLVII, 1894, pp. 216-223.
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characterized by bands of red jasper and specular hematite. The iron-bearing mem-

ber has a maximum thickness of more thau 1,000 feet, but usually it ha.s been cut

down greatly, or with the lower quartzite entirely, by the Auiiiiikie transgression.

The Marquette iron ores, except those on the Upper Martiuette series, occur, as

Van Hise has shown, either {a) at the contact of the lower iron-bearing member with

the upper quartzite, when the ore may be either a concentration in the lower iron-

bear'ug member or a detrital member of the upper series, or, {h) more rarely, entirely

within the iron-bearing member of the lower series.

These descriptions are expressed briefly in the following table, in which the mem-

bers of the two series are shown in parallel columns for lithological comparison:

Menominee. Marquette.

Michigamme jasper Jasper banded with ore.
]
Iron forma-

Slates (principal iron formation) Maguetite-actinolite schist. { tiou.

^i^^^^oue
JQuartzite.

Quartzite I

Archean Archeau.

Smyth traces the magnetic Micliigamme jasper to within IJ or 2 miles

of the iron- bearing formation of the Marciuette series, and he regards the

two as eqnivalent. Toward the north the Michigamme jasper is found to

have a lower qnartzitic portion, which he places as eqnivalent to the lower

quartzite of the Marquette district.

The whole of the Lower Marquette series would thus be represented by the high-

est member of the Lower Menominee. What, then, becomes in the Marquette district

of the great thickness of limestone, quartzite, and eruptives which lie below the

Michigamme jasper in the Menominee, and how is its absence to be accounted for!

The most probable explanation is that the pre-Algonkian basement sank contin-

uously in both districts, but that the Marquette was initially the more elevated, and

as a whole was dry land, while the lower quartzite, limestone, and slates were going

down in the Menominee. The transgressive movement from the south reached it when

the lower portion of the Michigamme jasper was being deposited.

In this discussion Smyth includes under the name Menominee the area

which has heretofore been called the Menominee district, and the large con-

necting area to the north, which is as yet largely undeveloped, and which

will later be described in a monograph entitled The Crystal Falls and Metro-

politan Iron-Bearing Districts of Michigan. For convenience in discussion

the term Menominee will here be used in the sense given it by Smyth.

MON XXVIII 37
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The cliief point upon whitJi more oA-idence is necessary is the relation

of the slates bearing- the rich iron ores in the Menominee district proper

to the slates associated with the volcanics iarther north in the connecting

district. If the Menominee slates are different from those to the north and

belong above them, the succession in the two districts would be very closely

analogous. Using the succession for the entire JIarquette district Avhich we

have made out, and comparing it with Smyth's succession in his Menominee

district, we have the following parallel descending succession:

rpj)cr Marqiuite. Upper Menominee.

Unconformity.

Loirer Marquette. Lower Menominee,

Kejrauuee iron formation, 1,000 to l,.jOO[Micbigamme jasper,

feet [Slates bearing rich ores.

Siamo slate, in places including inter-

stratified aniygdaloids, 200 to 625 feet

thick

A.jibik qnartzite. 700 to 900 feet

Wewe slate, 550 to 1,050 feet

Koua dolomite, 550 to 1,375 feet Crystalline dolomite, 700 to 1,000 feet.

Mesnard quartzite, 100 to 670 feet Basal quartzite, 700 to 1,000 feet.

The succession for the lower series would tluis be very closely parallel

in the two distiicts, with the following exceptions:

(1) The "Wewe slate, the Ajibik quai-tzite, and the Siamo slate are

placed opposite one member of the Menominee series. These thi-ee forma-

tions are, however, all fragmental and are equated witli a fragmeutal

formation. Together they mark a time of mechanical deposition in each

district between the nonfragmental limestone and the nonfragmental iron

formation, and thus include the physical change involved in passing from a

nonfi'agmental to a fragmental and then again to a nonfragmental forma-

tion. The chief difference is that in the Marquette district two layers of

mud were separated by a layer of sand. Another difference is that in the

Menominee district volcanics are much more important, and tliis may
account for the absence of conditions favorable to sand deposits. However,

it is interesting to note that amygdaloids are found in the Lower Marquette

Slates and altered volcanics, maximum
thickness, 2,000 feet.
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series, in the Sijinio slate—that is, toward the higlier part of tliis great fra"--

inental formation. Tlie Fence liiver volcanics, in the Menominee district,

occupy a similar horizon.

(2) The pure, nonfragmental iron formation of the ^rai-cjuette district

is equated with slates, cherts, jaspers, and the rich ores of the Menominee

district. The only substantial difference, however, is that in the Menominee

district the i-ocks liear, with the nonfragmental, a considerable amount of

fragmental material. In other words, the conditions in that district were

not favorable to ])ure nonclastic sediments, as they were in the Marquette

district.

As there thus seem to be closely parallel successions in the two dis-

tricts in early Marquette time, it seems highly probable that the western

part of the Marquette district, where the lower members of the series do

not appear, must have been a high area largely or completely surrounded

by water, since the lower members of the series were deposited to the south-

east and northeast. This elevated tract included the area west of Ishpeming

and Negauuee to Lake Michigamme and thence south to Republic. How
much farther it extended to the west, and whether it was an island or a

peninsula, it is yet too early to venture an opinion.

Until more detailed studies are made of the Upper Huronian rocks in

the Menominee district it is unsafe to attempt a detailed correlation of the

formations of the Upper Marquette series with the formations there found.

In both districts there are certain general likenesses. The basal formation

in each district is frequently an ore and jasper conglomerate, which passes

iqj into a quartzite. In both the Marquette and Menominee districts, not

far above this quartzite, near to or associated with the slates, is an iron-

bearing formation. The upper predominant formation was a shale, which

has been metamorphosed to a mica-slate or mica-schist.
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in Kegaunee formation 329

in Xortbern Complex 151

(See Acid bosses and Basic bosses.)

Boston mine 126,377,424

Bradisb, Alvah, on life of Douglass Houghton 9

Breccia 88-^89. 254. 273, 274, 281, 309 ,310, 311. 321, 326, 327

associated with diorite-scbists 86

described 253

in Clarksburg series 460, 464, 473, 476-480, 482, 484

{See Chert-breccia, Eeibungsbreccia, Tuffs.)

Brecciated chert at base of Kona dolomite, plate of. 246

in Kona dolomite, plate of 250

Brecciated jaspilite of Jasper Bluff, plate of 358

Brecciated Kona dolomite, plate of 250

Brecciated slate 263

Brecciation 260

of Bijiki schist 424

of ferruginous chert 361, 370. 380

of graywacke 268

of jaspilite 362,371,376,380,386,388,428

ofKona dolomite 251

of Marquette formations 570

of Xoijaunee fomi.Vaon 378, 383, 385

of quartzite 288

of slate 271.281.282,304,317

of Wewe slate, plate of 262

{See Pressure effects.)

Broken bluffs 301

Brooks, T. B., on correlation of Marquette and Me-
nomminee rocks 69

on geology of Marquette district 48-57, 69

on geology of Menominee district 69

on Huronian granite 63

on Laurentian rocks in Michigan 69

on plications in jasper and ore 59

on sequence of rocks in Marquettedistrict.- 51,57,64,65

on youngest Huronian rocks south of Lake Supe-

rior 63-64

Brooks, T. B.. proposal of name Kevreenawan by 63

referred to 1.6,34,

40. 47, 48, 64. 66, 67, 70, 71, 72, 74. 75, 77, 79, 81

,

82, 83, 86. 89. 98. 100, 102, 1!0. Ill, 118,125,130,

139, 143,144, 500, 403,416, 538, 541, 542, 543,544

with A. A. Julien, catalogue of Huronian rocks. 58

Brook section 312

Buflalo mine 117, 118. 327, 395

{See Queen Mining Company.)
Burt, W. A., general geology of the Marquette dis-

trict 17-18,20-21

referred to 6, 16, 17. 16, 48

C.

Calcareous rocks in Huronian series 65

Calcite of greenstone 465. 473. 496

of Kitchi schists 166

of Mona schists 155,156. 157

Calhoun, J. C, referred to 35

Cambria mine 395

Cambri:m series 112.123,134,135,136

classification of 112,113

unconformity with Keweenawan 135

Cambriiin sandstone. {See Potsdam. Lake Superior

sandstone, Old red sandstone. Sandstone.)

Camptonite 501

Camptonite-like greenstone 505

Canada..... 44,63.189

Cannon mine 53,54,439

Carbon of graywacke 416

of ferruginous rock 451

of mica-slate 458

of slate 273,446,447,565-566

Carbonaceous shale 50, 67

Carbonaceous slate , 108

analy.sesof 446

Carbonate of iron. {See Siderite, Ferruginous car-

bonate.)

Carbonate-bearing beds 108,130,133

Carp Kiver 5, 13,

14, 16, 19, 21, 22, 23, 24, 25. 26, 27, 29. 35,

59. 60. 87, 222, 241, 257, 272, 282, 284, 2i^5,

294, 295, 296, 299, 303, 305, 307. 314, 571

Cascade 55

Cascade Brook 299, 312, 383

Cascade formation 127-1 28, 135, 136, 137, 138-139

relations to other formations 138, 139

Cascade mine 86,125,128.312

Cascade range 55,

73, 115, 128, 137. 138, 298, 310. 332, 382, 383. 429. 557

Cementation 573

(5pe Veins.)

Census Office report 109

Champion 52, 76,

192. 194, 331, 332, 389, 409. 416, 434, 435. 436, 444, 446,

452, 454, 455, 456, 460, 461, 473, 481, 483, 547, 563. 565

Champion mine 89,

94-95, 129. 139. 140. 142, 193. 396.

399, 412. 434, 435, 525, 537, 538. 549

Cha2ning,\r.F., on geology of Marquette district-. - 15-16

referred to 6,21

Chert 223,241,254,324,334

and jasper, composition of 106-109

and jasper conglomerate, described 413-414

enlargement of quartz grains in 100

of breecmted dolomite 250
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Pago.

Chert, hcnmtitic, from Negamiec, plate of 348, 300

of congloiiieratt) 226, 230, 311, 360, 411, 420, 424, 429

of dolomite 244,240,248,250

of ferruginous slate .-. 344

of Lower Marquette series 130,131

of quartz-conglomerate 432

of quartzite 412, 415

of slate 317

of Upper Marquette series 127

origiuof 08-09,106-109

veins 248

in Northern Complex 186

in slate 200

(See Veins of chert.)

(See Ferruginous chert, Hematitic chert, .Jasper,

Silica, Quartz.)

Chert-hroecia 269,273

(Icscriheil 248

Chert-conglomerate 429,504

Chcrty dolomite 214

Cherty iron carbonate. {See Cherty siderite.

)

Cherty siderite 336

alteration of 337, 401-403

analyses of 337

plate of 340

Cherty siderite-slate, described 360-308

Cherty silica of siderite-slate 367

Cherty quartz of graywacke 229, 230

of jaspilite 371

of qiiartz.achist 239

Cherty quartzite 228,239,291,300,306

and dolomite, iiseudo-unconformity between, fig-

ure of 243

of Mcsnard formation 227

Chicago and Northweatorn Eailroad 76,473,515,517

Chippewa Exploration 537

Chippewa Land District 12,27

Chippewa mine 53, 54. 439

Chlorite from amphibole 388

from feldspar 265,

290, 302, 318, 319, 327-328, 433, 448, 449, 450, 458

from garnet 50,62,300

from griinerite 423,436

of biotite-granite, 172

of biotite-schiat 302

of chlorite-schist 509

of conglomerate 264

of graywacko 265, 304, 318-319, 453

of greenstone 474, 494, 496, 499

of greenstone-schist 205

of griinerite-magnetites-chist 369, 390, 391

of iron ore 374, 399, 434, 435, 440

of Kitchischist 164, 165-166

of in ica-gneiss 416

of mica-schist 320,324,410,444

of uiica-slate 455

of Mona schist 155,156,157,158

of novaculite 304

of ore and .jasper conglomerate 426

of recompoaed ore 411

of quartz-schist 293, 322, 416

of quartzite 290, 300, 302, 303, 304, 313, 415, 421, 434, 529

of achist-congloracrate 442

of slate 292, 304, 320, 448

of talcoso schist 510

pseudomorphous after garnet 02, 94, 421

Pago.

Chlorite-schist 1,37,204,289,302,

490, 494, 500, 503, 500, .'i07, 508, 509, 510, 511, 513-514, 515, 517, 523

associated with iron ore 131. 140

contact mctamorphism produced bj' 513

contact with iron ores 72

dikes 181,421

origin of 103-104

Chlorite-slato 436

Chloritic quartzite 392

Chloritic rock 116

Chloritic 8<;hist 49

at Spurr mine 62

in Marquette series 488

Chloritoid, analysis of, referred to 140

including quartz and feldspar 459

of arkose 129

of Clarksburg hornblende-schist 476

of conglomerate 129

of greenstone 504-505, 509-510

of iron ore 435

of Marquette formations 574

of mica-schist 444, 447, 449, 457, 459

of Palmer gneiss 215, 216

of phyllite-schist 148

of quartzite 300

Chocolate quarry 55

Chocolate Hivcr 9,11,12.13,14,22,24,59

C'hocolay Kiver 237

Claassen, Edo., on orthoclase crystals in hematite. .

.

97

Clarksburg 4,

142, 440, 455, 456, 460, 462, 463, 464, 484, 485, 564, 571

Clarksburg formation 408, 435, 454-455, 554, 564-505

composition of 460

con glomcrates in 476, 480

deposition of 464

described 460-484

folding of 463

gradation types between sediments and tuffs in. 472-473

origin of 480-481

relations to Goodrich quartzite 461-463

relations to Michigamme slato 461-463

sediments in 468-472

tuflsin 470,473-479

volcauics of 447

Clasolito, term proposed 139

Clay, analysis of, referred to 140

Clay-slate lU-11, 50, 67, 367

Cleavage in argillaceous beds 255

in conglomerate 437

in graywacko 207, 316, 446

in griinerite and hornblende 388

in iron-bearing member 532

in Marquette formations 574

in Michigamme formation 452

in novaculite 267

in slate 242,260,

266, 267, 269. 271 , 272, 274, 275, 310, 316, 317, 325, 446, 453, 455

figure of 243

in Boaprock 541

in quartz-schist 293

passing into fisaility 317,325

relations to bedding 315, 317. 325, 452, 455, 574

(See Fissility, Schistosity.)

Cleveland mine 46,89,94,97,119,142,507

open pit of, plate of 336

Cleveland Cliff's mine 379



586 INDEX.

Page.

ClcTeland Lake mine 395

Cleveland hematite mine 395

Coal Measures 10?

Columbia School of Mines, articles hy students of.. 93-97

Concentration of ore. (See Iron ore, concentration

ot^.

Concretionary structure in quartz 390

in ferrugnious chert 370

in grunerite-magnetite-schist 373

in iron oxide 376-377

in Menominee jasper 531

in mica-gneiss 450

Conglomerate 134,

227. 228, 230, 231. 235, 254, 256, 258, 266, 277, 282, 284. 292. 297.

40S. 409, 410, 411, 421, 424, 425, 428, 434, 436, 444, 446. 535, 556

above granite 147

above iron ores .... 31. 81, 89, 103, 115, II", 125-127, 131. 144

associated with iron ore 41,67

associated with diorite-schist 86

associated with quartzite 88-89,94

at base of Holyoke formation 137

at base of Republic formation 136. 138

at Jackson mine 37

at Saginaw mine 115, 142

basal. [See Basal congloraerate.)

between Archean and Lower Marquette series . 127, 143

between Archean and Upper Alarquette series. - 127

between dolomite and sandstone 60

between granite and stratified beds 122

between Kitchi schists and Algonkian beds 162

between Lower Marquette and Tpper Marquette

series 144

between Palmer gneiss and Algonkian beds 212

between quartzite and granite 88

described 452

Ominii. described 235

replaced by ore 360

State road 305

described 232

in Clarksburg formation 460,

462. 464, 468, 473, 476-480, 481-482, 483, 484

in Kitchi schists. (Sef Conglomeratic Kitchi

schista.)

near Palmer 31

origin of 44

volcanic. (See Clarksburg formation and Vol-

canic conglomerate.)

(See Greenstone-conglomerate, Schist-conglom-

erate^ and Volcanic conglomerate.)

Conglomeratic Kitchi shist 160

tigureof 161

at base of Huroniau 188

Conglomeratic schist 153

in Clarksburg formation 477

Contact action, in Clarksburg series 475, 479. 480

of greenstone - 49S-499, 513-514

structure of amphibole in Republic greenstone,

plate of 470

{See Fnconformity.)

Cooper Lake. {See Lake Cooper.)

Copper 12,13

black oxide of 13

ore of 13

Copper-bearing seriea 48. 56, 64

and Huronian, comparison of 63

{See Keweenawan.)

70-71

67-68

45-16

44-45

Coming Lake. (See Lake Coming.)
Correlation of Huronian series in Lake Superior re-

gion .•

of Marquette series 5'

of I^larquetto series and Canadian Huronian
of Marquette series and Menominee series

of Marquette series with Horonian and Mount
Alban series

of Penokee series and Marqnette Huronian
Credner, H.. on geology of the Upper Peninsola of

Michigan
on geology of the Marquette district

referred to 6,71.72,532

Crocker, referred to 94

Crosby, on origin of jaspers and cherts 68-69

referred to 6

I

Crystal Falls and Metropolitan iron-bearing dis-

I
tricts, monograph on 577

I
Crystalline rocks 58

in Northern complex 150

Crystalline schists 158. 526

of Basement Complex 554

described 555

(See Schists.)

Crystallization of Clarksburg rocks 461. 468, 473, 474, 475

of greenstone 502

Cunningham , "Walter, on boundaries of the Chippewa
land district 12

referred to 6

D.

Daddow, S. H., with Benjamin Bannan. on deposition

of Marquette ores 43-44

Daliba (Phenix) mine 127

Dana. J. D.. on origin and position of Marquette ores . 61, 146

referred to 71, 72, 77

Dawes, referred to 94

Deer Lake 55. 74, 115, 116, 117, 121, 123, 125, 151, 160-167

conglomerates 160

{See Kitchi schists.)

Dead River 9,12.13,18,23,30.85.125.161

Death River 12

Den udation of Archean 230, 297, 537, 555

of Bijiki schist 417

of Lower Marquette 311, 312, 387, 440, 531, 537, 564

of Maniuette district 561, 562-563

of Marquette series 572-573

of Negaunee formation 331. 334-335

of Upper Marquette series 402

of TTewe slate 258

plain of 567, 568

See Erosion, "Weathering.)

Dexter mine 377,378,424

Diabase 65,66,

98, 131, 132, 139. 148, 153, 155, 156, 157, 485, 487, 516, 572

alteration of 140. 155, 162, 538

in Marquette series 490-491, 494

in Northern Complex 151,178,179-180

intrusive in green schist 74

in iron-bearing rocks 119

in Marquette series 142,571-572

in Northern Complex 555

in Republic area 528

olivine 507,520-521

porphyritic 521

quartz 507,519-520
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506-,'il4, 515, 522, 571-572

Pago.

Diabaao uralito , 494,490

Diabase porphyrito in Northern Complex 180

{See Greeustone.)

Diabasic lavaa ^^^

tuff8 160

Diallage of poridotito 185

Diamond drill holes 387, 542, 544

Dikes in Basement Complex 555

described 500-514

in conglomerate 7*

in gneiss .
.' l'*8

in Goodrich quartzite, plate of 410

in granite 83

in Huronian 93

in Tshpeniing formation .

in Marquette series

in Mesnard formation 235

in peridot ito 184-185

in Republic trough 527

in Southern Complex 218

of acid rocks. {See Of granite, Of aplito.)

of aplite 153,182

of basalt 507

of basic rocks. {See Of greenstone, Of diabase,)

of chlorite-schist 181,509

of diabase 153,102,178,179-180.188,218

of diabase in greenstone-schiat 74

in Marquette series 142

of diorite. {See Of greenstone.)

of epidiorito {See Of greenstone.)

of granite
.'

150, 170, 182, 193, 213

in Basement Complex 150

in greenstone-schist 122

in Laurcnlian 69

in Northern Complex 151, 162, 182-183

of granite-porphyry 182

of greenstone 178, 180-181, 194, 488, 489, 517

in Azoic schists 34

in Baeemont Complex 150

in Clarksburg series 460, 483

in granite 10, 30

in Laurentian series 69

in Marquette series 487, 500, 500-514, 518-522. 523

in iron-bearing formation . 32, 74, 131. 329, 379, 395, 398

in Siamo slate 323

of jasper 73

of kaolin-schist 512

of malchite 182-183

of olivine diabase 507

of quartz-diabase 140

of quartz-porphyry 182, 183

of sericite-schist 513

of slate 49

of soapatone in Negaunee 394

of talc-scbiat 510-511

of t rap in nietamorphic rocks 11

relations to bosses 500

{See Basic dikes and Acid dikes.)

Diorito 34, 49, 50, 06, 72, 74. 75, 79, 98, 128. 148, 476, 487, 502

analysis of 495

fragments in conglomerate 538

in Clarksburg formation 460, 464

in Huronian series 94

in Huronian schists 60

in Marquette series 93, 487, 488, 491, 494, 495, 498, 500

analyses of 495

Page.

Diorito in iron-hearing formation 00, 91, 119, VM
in Northern Complex 151. 178, 181, 555

in Knjjuhlic trough 538

in Southern Complex 206

origin of 99, 140

relations to greenstone-schist 75

to iron formation 86

tojaapilito 75

to quartzitic group 87

to Hi-'dimentary rocks 105

{iStfC Epidiorite, Greenstone.)

Dioriteschists 49

associated with conglomerate 148

composition and origin of 84-85

in Iluronlan series . 94

in Marquette series 487, 488, 506

relations to granite 83-84

{See Greenstone-Schist.)

Dioritic group 84-86

relation of, to sodimentaries 105

Dip of Ajibik quartzite 299,306,313

of Bijiki schist 420

of Goodrich quartzit« 415,427,430,431,539

of iron formatiori 329,376,378,385

of jasper 428

of Kona dolomite 252, 255, 256

of Lower Marquette series in Republic trough. . 539

of Mesnard quartzite 567

of schistosity of green schist 295

of Siamo slate 272, 312, 315, 325

of Wewe slate 257,258,271,278.281

relation to folds 4

Discordance. {See TTnconformity.)

Doe River quartzite of Tennessee 571

Dolerile of Marquette series 93

Dolomite 241.243

platesof 240.250

associated with serpentine 00. 76

clierty 244

derived from peridotite 183, 184,185

described 247.248

ferriferous 233

veins in peridotite and serpentine 180

{See Kona dolomite and Limestone.)

Drift deposits 162. 170, 191

Duluth, South Shore and Atlantic Railway 127, 460, 498

Republic bran(;h of 432

Dynamic meiamorphism in biotite- granite 172. 174

in Clarksburg tuffs 474

in diabase 181

in greenstone 145.156,501,508,514,523

in gnoissoid granite 210

in hornblende-syenite 177

in hornblende-schist 205

in micacous schist 200

in muscovite granite 175

in tutV deposits 169

{See Pressure effects, Mashing. Contact action,

Brecciation.)

Dynamically metamorphosed intrusives 200

tulTs 158

E.

Eagle Mills 320

East Points in Lake Michigamme 452

Eastern area 253
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Edwards mine, cross section of ore bodies at, figure ol'. 96

Eisenglimmer 475

Eklogite 70, 74

Ely shaft 540,541

Enlargement of fcldnpar grains 290, 301-303

of quartz grains 100,104,

264, 290, 292. 300, 304, 308, 318, 379, 414, 422, 439, 448, 449, 453

Epidiabase 572

Epidiorite 494, 496, 500

in Northern Complex 151, 158, 178, 180-181

origin of 181

Epidioritic varieties of Mona schists 158

Epidote of acid dikes 182

of acid schists 160

of biotite-granite 172, 173

of greenstone 493, 496, 506

of greenstone-schist 205

of Kitchi schist 164, 166

ofmica-gneisa 416

of mica-schist 416,443

of Mona schist 155.156,157,158,159

of quartz-schist 416,443

ofquartzite 437,438,444

of sohist-eonglomerate 442

Erie mine 439,440,441,537

Erosion. (See Denudation.)

Eruptives, altered 152

associated with Azoic rocks 26

Huronian 93

identified by Credner 46

in conglomerate 557

in Menominee district 576

in Republic formation 138

metasomatic changes in 102

{See Diabase, Diorite, Granite, Peridotite, Green-
stone.)

Escanaba River 22,30,384

Eureka mine 85. 187

Excelsior mine 378,425

Explorations in Marquette district 5-148

Fan fold of Alps 3^,5
of ferruginous schist, figure of £

False bedding 5

Fault-overthrust in Siamo slate, plate of 5

Fault-slipping 3

Faulting 293, 306, 307, 313, 322, 328, 344, 570-5

in conglomerate 4

in ferruginous chert a

in Ishpeming formation 4

in jaapilite 371.

3

in Negauuee formation 378, 379,

3

in Republic trough 144, 541-5

Felch Mountain trough 5

series, lower 5

Feldspar, alteration of. {Sec Alteration of feldspar.)

including magnetite 4

of biotite-schist 196, 197, 198.

1

of Clarksburg tuffs 4

of conglomerate 276, 301, 413, 432, 442, 443, 477. 535,

5

of ferruginous rock 4

of granite 2

of greenstone-schist 204,

2

of graywacke 265. 448, 4

of hematite ore 3

Page.
Feldspar of Kitchi schists 163, 165

of mica-gneiss 447, 450, 459, 574

of mica-schist 320, 443, 574

of novaculite 267

of quartzite 236, 290, 4 15, 435

of recomposed ore 438

of siderito-slate 367

of slate 292, 318. 448

parallel arrangement of grains 228

(Sec Albite, MicrocUne, Orthoclase, Plagioclase.)

Feldspathic biotite-schist 196-198

Feldspathic micaceous- schist, analyses of 202, 203

Felsite l'J9

Felsite-porphyry, origin of 103

Fence River 576

Fence River voleanics 579

Ferrite. (See Hematite, Iron oxide, Limonite, Mag-
netite.)

Ferruginous carbonate in Kitchi schist 166

in Republic formation 1^9

(S^eSiderite.)

Ferruginous chert 324, 326.

327, 336, 365, 366, 372, 378, 379, 381, 382

brecciation of 361

cavities in 370

concretionary structure in 370

described 361-362, 370-371

from cherty aiderite 337, 451

from siderite 451

from eiderite-slato 446, 454

in Northern Complex 186,187

passing into ferruginous slate 380

passing into jaspilite 372

plate of 346

Ferruginous quartzite 427

Ferruginous schist 67, 526

alteration of 107

composition of 107

fan fold in, plate of 570

formation of ores by decomposition of 75

origin of 106-109

Ferruginous slate 371, 381, 427, 564, 565-566

alteration of 380

described 361, 369-370

from cherty siderite 337

from ferruginous chert 380

from siderite-slate 361.446

in Northern Complex 186,187

minor plications in, figure of 332

plato of 344

Ferruginous veins in Northern Complex 186-188

Fissility in conglomerate 442

in Michigamme formation 452

in slate 269.319,324

in quartz-schist 293

relations to bedding ". 452

Fitch mine 125,129,384.410,430,432

Flag ore, interstratified with chlorite-schist 92,515

Flagstone in arenaceous slate group 92

Flowage, zone of. (See Zone of flowage.)

Folded ferruginous chert ofStarwest mine, figure of. 334

Folding, effect on metamorphism 573-575

isoclinal. (See Isoclinal folding.)

Marquette type of 3-4

of Ajibik quartzite 285, 286, 301, 308

of Bij iki schist 417, 424
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Folding of Clarksburg formation 401, 46;), 48

of diovite schists 86

of ferruginous chert 380

at Starwest mine, figure of 334

of ferruginous slate interlaminated with si'his-

tose greenstone, figare of 332

of Goodrich quartzite 410^11, 427, 428, 431

plate of 338

of grunerite-magnetito-scbiat 434

of hematite 388

of interbedded greenstone and sediment 515-516

of Ishpeming formation 421

of jaspilite 356, 358, 362, 371, 380, 386, 550

plate of 336

of Kona dolomite 242,243,255,256

of Lower Marquette of Republic troagh 533

of Marquette district 2,332,537,562-563,566-571

of Mesnard quartzite 222,230,233,234,236,237,238

of Michigamme formation 445,456

of Negaunee formation 332,

333, 335, 338, 379, 383, 384, 385, 431

of Negaunee jasper 430

of Q uartzite series 54-55, 86

of Republic trougb 525, 538-541, 549

of Siamo slate 315,326,327,395,407

figure of 315

plate of 570

of slate 306,312

of Upper Marquette time 402.419

of Wewe slate '•'57,

258, 271, 272, 273, 274, 275, 277, 278, 281, 316

Poliation. (See Cleavage; Fissility; Schistosity.)

roster, J. W.
on geology of Marquette district 23-24

referred to 0,16.17,38,39,40,

41, 43, 44, 46, 47, 48, 52, 56, 60, 64, 71, 72, 76, 77, 79, 99, 113, 125

(See Whitney and Foster.)

on Azoic system 26-27, 29-30, 32-33

on general geology of Upper Peninsula of

Michigan 27-34

on geology of M.arquette district 24-26, 27-34

on occurrence and origin of iron ores 31-34

on systems of elevation in Korth America.

.

26

Foster mine 45, 383

Fracture and flowage, zone of. {Sec Zom- of frac-

ture and flowage.)

Fragmental aggregate in biotite-granite 172

Fragmental rocks 58, 133

of Huronian series 65

volcanic 171

(See a!«o Tuffs ; Asbes; Volcanic-breccias.)

Fragmental series 41

Fundamental Complex. (See Archean Basement Complex.)

Gabbro 155,156

Galena 13

Garnet, alteration of 300,421

chlorite pseudoraorpbs of 62, 94

development by greenstone intrusion 369

of biotite-slate 384

of chlorite-achist -^21

of conglomerate 434, 478, 479, 483, 486

of contact phases of cblorite-schist 513

of feldspathic biotite-schist 197

of greenstone 503

rage.

(Inrnct of griinerite-magnetite-rock 387

of griinerite-magnetite-scbist. - . 293, :169, 391. 419, 423, 444

of griineritc-scbist 513-514

of iron-bearing formation 529

of iron ore 364, 374

of jaspilite 390

of Marquette formations 574

of mica-schist 444, 447, 449, 456, 457, 459

of mice-slate 430

of quartz-schist 293

of qiLiitzite 300, 313, 422, 529

of slate 92

Gariletiferona green schist 513-514

Geologic.ll Society of America 141-142

Geological Society of London 135

Geological Survey of Michigan. iSee Michigan Geo-

logical Survey.)

Georgian Bay 55

Gibbon mine 89

Gilmore mine 509

Glaciation of grunerite-magnetite-schiat 389

of Archean 526

of Ishpeming formation 429

Glass fragments in Clarksburg tufla 474-475

in matrix of pebbles of Kitcbi acbiats 164

Gneiss 3, 40, 230, 526, 527, 534

aasociated with granite 83

of Baaement Complex 98, 134, 554

described 555

of Cascade formation 138

of granite-conglomerate 557

of Grenville series, origin of 201

of Northern Complex 169,178,188-189

of Southern Complex 190, 192, 194, 193, 209-211

origin and age of 101, 104, 147

relations to greenstone 120-121

relations to sedimentary beds, Epidote 103

(See Gneissoid granite. Granite-gneiss, Horn-

blende-gneiss, Mica-gneiss, and Palmer gneiss.)

Gneisaoid granite 259

described' 169-176,209-211

in isolated areaa 220

in Northern Complex 132, 153, 169-176, 188

in Southern Complex 190, 192, 194, 195, 209-211

intrusive in schist 193

figureof 209

river course through, plate of 170

(See Biotite-granite and Muscovite-granite.)

Goetbite 90

Goetz, G. W., on analyses of iron ores 129

Gold 13

Goodrich mine 89,125,126,

142, 299, 332, 335, 383, 384, 396, 409, 430, 431, 432, 560

Goodrich quartzite 288,311,332,333,360,363,366,394,402,

406, 417, 419, 429, 529, 535, 540, 541, 542. 554, 565, 569

and Bijiki schist, gradation between, plate of. . - 412

contact with plicated Negaunee jaspilite, figures

of- 335

deposition of 563-564

described 409-416

dip of 539

in Lake Superior mine, plate of 338

relations to Ajibik quartzite 310, 409, 411

relations to Baaement Complex 411, 413, 536

relations to Bijiki schist 411,419

relations to Clarksburg formation 461, 463
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Goodrich quartzite, relations to iron-ore deposits 396, 399, 547

relations to Lower Marquette series 536

relations to Michigamnio formation 411

relations to Negaunee formation 377-378,

382, 384, 410-411, 425, 427, 428, 430, 431, 433

relations to Xegaunce jasper 383

section of, at ilichiganime mine, showing rela-

tions ofjasper ore aud conglomerate, figure of. 420

with minor fold cut by dike, plate of 410

{See Ishpeming formation.)

Goose Lake 55, 240. 241, 252,

255, 256, 257, 258, 269, 271, 272, 273, 275, 281, 282,

283, 285, 294, 295, 299, 308, 310, 314, 559, 560, 567, 568

Grand Rapids mine 354,366,380

Granite 3, 8, 9, 10, 11, 13, 15, 40, 79, 82, 98, 139,

189, 190, 223, 225, 230, 231, 234, 239, 270, 276, 526, 541

age of 40, 63, 66, 69, 75-76, 78, 83-84, 101, 104, 111, 128

alteration of 2^1

analyses of, referred to 62

and quartzite, gradation between 147

(See Archean, apparent gradations.)

composition of 201-202

described 18, 278

dikes in Basement Complex 150,193

in Laurentian 69

Huronian 63

intrusive in Azoic slat© 31

in gneiss 138

in iron-bearing formation 120

in Kitchi schists 162

in greenstone-schist 123

in micaceous magnetite-schist 76

in micaceous schist, figure of 193

in Northern Complex 178,182,555

in quartzite 29, 76

metamorphic 66

of conglomerate 232, 412, 442, 477, 483, 533, 557

of Basement Complex 554

origin of 40, 62-63, 69, 82, 101, 147

pebbles in conglomerate 412, 4*2, 477, 483, 533

range in composition of 201-202

recomposed (see Kecomposed granite).

relations to fragmental series 121-122

relations to greenstone-shist 105, 111, 122-123

relations to Huronian fragmentals ill

relations to iron-ore deposits 547

relations to Mesnard quartzite 239

relation to "Wewe slate 276. 277

stucco 271

{See Gneiss, Gneissoid granite. Granitic group,

Hornblende-granite, Microgranite.)

Granite Point 8, 15, 34, 35, 59. 1 13

Granite-conglomerate 240, 557

Granite-gneiss, relations to Mesnard quartzite 238

(See Gneissoid granite.)

Granite porphyry, intrusive in Northern Complex. .

.

182

Granitic areas in Lake Superior region lOl

Granitic group 83-84

relations to sedimentary rocks 147

Granitite. (See Biotite granite.)

Granitoid gneiss. (See Gneissoid granite.)

Granophyric growths in quartz diabase 520

Graphite of slate 446, 453

Graphitic schist 134
Gray, A. B., on geology of the mineral lands of Lake
Superior 13

Page.
Gray, A. B., referred to q
Graywacke 223, 224. 230,

231, 233, 234, 235, 239, 342, 256, 258, 259, 260, 263, 267,

269, 271, 272, 273, 275, 376, 277, 278, 282, 287, 290, 292,

304, 306, 309, 313, 316, 318. 319, 320, 321, 324, 326. 332.'

410. 415, 434, 425, 427, 433, 434, 445, 452, 458, 560, 566
brecciation of 268, 281

described 228, 232, 265, 446
enlargement of quartz grains in 100
in Clarksburg series 460, 462, 482, 483
iuterstratified with conglomerate 287
metamorphism of 229, 230, 232, 233
of conglomerate 431

relations to Clarksburg series 462
Graywacke-slate 223

described 228

Green Island 521
Green schist 113, 236, 237, 256, 476

age of 128

analysis of igg

and granite areas, contrast in topography of 170

described hq
of conglomerate 224,232,234,235,240

of Eureka mine 187

of Mona schist area 152

(See Greenstone-schist.)

Green slate, origin of 30

Greenstone 10, 20, 46, 49, 70. 153, 159, 160, 190

alteration of 98, 396. 399, 538

analyses of 495

associated with iron-bearing rock 86, 131

bluffs near Lake Angeline, plate of 332

blufi's near Lake Bancroft, plate of 334

bosses in Clarksburg series 460. 461

bosses in Marquette series . . 487, 489-506, 518, 520, 522. 523

contact action of (see Contact action),

dikes (m- Dikes).

dikes and bosses associated with ores 131

in grunerite-magnetite-schist, plate of 328

figure of 330, 386

in Ishpeming formation 421,425,443

in Marquette series. 487, 489-506, 506-514, 518-522. 523, 571

in Negaunee formation 330,331,333,

375, 379, 385-386, 389, 395, 396, 399. 402, 407, 529, 572

effect on development of griineritic and mag-
netitic phases of 381, 383

in Republic trough 470, 500, 503, 526, 528. 538

in Upper Marquette 408

including griinerite-magnetite-schist, plate of . . 330

interbodded with sediments 500

of Clarksburg formation 464-467,

482, 483, 484, 485, 48&-499, 499-506. 523

of post Clarksburg age 518,522

of pre-Clarksburg age 488-518

origin of 66-67,102,103,148

relations to greenstone-schiet 1, 147

relations to Ishpeming formation 425

relations to sedimentary rocks 101. 489-490, 499

sheets in Marquette series 500. 507. 514-517, 522, 523

(See Sheet greenstone.)

varieties of 58

veins in granite 8, IQ

(See Basalt. Diabase, Diorite, Epidiorite, Porphy-
rite, Greenstone-conglomerate, Greenstone-
schist.)

Greenstone-conglomerate, at Deer Lake 74,86, 115.117,125
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Greenstone-conglomerate in Northern Complex. 151, 109, 555

(See Kitehi scbiata ami conglomerate in Clarks-

burg series.)

Greenstone, schist 10. 40, 75, 120-123, 123-125

associated with fragmental rocks 4C7, 50-t

contact with dioritc 75

in isolated areas 220

in Northern Complex 151,

153, 158, 160. 161, 162-167, 171, 189, 192

analysis of 168

(See Kitehi schists and Mona schists.)

in Southern Complex 194, 201, 2a4r-206

origin of 41,43,58,70,126,146,204^205

relatious to fragmental series Ill, 121

relations to granite aud gneiss 105, 111, 122-123

relations to acid greeuatone 75,147

{See Green-schist.)

Greenstone-tuffs in Marquette series 514, 517, 522, 523

in Northern Complex 151, 152, 154

(See Clarksburg series, Kitehi schists, Mona
schists, Tuff, Tuffaceous greenstone.)

Greisen at Republic 74, 139, 144

Grenville series 149

GresleyjW.S., description of hematite specimen 136

Gribben mine 89

Grit 444,453

Groundmass of conglomerate in Clarksburg series . . 477-478

of dike greenstone 509

of Kitehi schists 164, 165-167

of sheet greenstone 516

Groth, referred to 177

Grunerite, alteration of 423, 4:i6

and hornblende iutergrown 388, 390, 419, 423, 436

from feldspar 391

from siderite 342, 419, 423, 455

included in garnet 387

included i u quartz 388

of actinolite and anthophyllite-schist 129

of biotite-schist 294

of cherty siderite-slate 367

of chlorite schist 513

of Clarksburg sediments 472

of griinerite-magnetite schist . . . 293, 373, 390, 391, 418, 423

of griinerite rock, described 387

of hematite ore 374

of hornblendic schist 422

of iron-bearing formation 529, 530, 576

of jaspilite 376-377

of magnetite ore 374

of novaculite 455

of quartz schist 293

of quartzite 313

of siderite-slate 367

Grunerite-magnetite-rock 388, 422-423, 424

Griinerite-magnetite-schist 293, 294, 323,

324, 332, 334, 336. 344, 366, 372, 377, 378, 381, 383, 385, 388,

•J89, 396, 405, 408, 417, 421, 424, 434, 436. 461, 539, 565, 572

analyses of 338

caugh t in greenstone 571

plate of 328

concretionary structure in 373

described 337-338, 368, 369, 422-423

development of 369

dome structure in, plate of 328

from cherty siderite 337

from siderite 451

Griinerite-magnetite-schist from siderite-schist 446

grading into biotiteslate 384

grading into ferruginous mica-slate 388

grading into jaspilite 390

grading into novaculite-like rock 384

isoclinal folds in, figure of 384

of Ishpeming formation, discriminated from
griiuerite-magnetite-schist of Negaunec. . . 417, 418, 440

pebbles in conglomerate 461, 477, 482, 483

plate of 342. 344

relations to Clarksburg formation 461

relatious to intrusive diorite, figures of 386

relations to,jaspilite 375

veins in Northern Complex 186. 187

(See Actinolite-magnetite-schisl.)

Grunerite-magnetite-slate 380, 381

Grunerite-rock 388

Griinerite-schist 137, 317, 513

Grunerite-slate, alteration of 380

from siderite slate 454

Gunpowder Lake 491

Ilard ores 364

origin of 131-132,133

Hard ore jasper 363, 392

Harlowe mine 85

Harz, referred to 157

Hawaiian volcanoes 481

Hematite 81 , 136, 552

and magnetite, relations to jasper, quartzite, and
soaprock, plate of 546

from magnetite 368,387,423

from siderite , 325, 340

micaceous.

of.

310

97

11

of brecciated chert 246

of brecciated dolomite 250

of chert and jasper conglomerate 414

of ferruginous chert 361, 370

of ferruginous slate 344, 361, 369

of graywacke 265

of griinerite-magnetite-schist 342, 368, 378, 418, 424

of hematite-schist 432

of iron-bearing formation 293, 294, 530

of iron ore 364-365,547

of j aspilite 293, 354,

356, 358, 360, 363-363, 371, 372, 373, 376, 428

described 388

of magnetite-schist 344

of magnetitic chert 352

of ore and jasper conglomerate 426

of recomposed ore 438-439

of slate 260, 26.1 , 262, 266, 281, 317, 318, 320, 432

pseudomorphs after siderite 367

reduction of 405

(See Iron ore and Iron oxide.)

Hematite ore 374-375, 549-550

Hematite-schist ' 434

Hematitic chert from Negaunee. plate of 348, 350

Henry Mountain laccolites 572

Hill, S. "W"., on granite intrusive in slate 40

referred to 71

Hillebrand, W. F. , analyses by 185
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Page.

Hobbs, "SV. H., on barite, magnatite, and cLloritoid

in Marquette rocka I'lS

referred to ^O-*

Holyoke formation l"*-*

unconforiuitv with Republic formation 128.135-

136, 137, 138-139

Bome mine 73, 89

Hornblende and griinerite intergrown . . 388. 390, 419, 423, 436

crj'stals in mica-schist 323, 324

fromsiderite 419,422

of biotite-granite
1"2

of biotite-achist 322

of biotiteslat© 384

of chlorite-schist 513

of conglomerate 479.480,527,533

of diorite 178,181

of epidiorite ^^^

of granite 526

of graywacke 304

of greenstone ^^5,

466, 467, 492, 493, 496, 498, 502, 538

of greenstone-acbist 205

of griinerite-magnetite-schist 368, 369

of griinerite-rock 387

of hornblende-schist *'^6

of hornblende-syenite 177

of Marquette formations 5"^

of mica-gneiss 450

of Mona schists 155. 157, 158, 164

of novaculite 304

of quartz-diabase

of quartzite

of slate

(See Amphibole.)

Hornblende-rock, origin of

dikes in granite 83

Hornbleude-scbist 98,152,206,219,527

associated with Marquette fragmentals 503

in Clarksburg aeries 475-476. 477, 482

in Republic formation 139

origin of 84,102.103-104,140

in Mount Alban series 66

relations to granite 83-84

{See Amphibole-schist, Actinolite-schist, Griine-

rite-schist.)

Hornblende- slate 11,20

Hornblende-syenite described 176-178

in Northern Complex 151, 176-177

relations to adjacent rocks 176

Hornbleudic biotite-schist in Southern Complex 198

granite 10

mica-gneisain Southern Complex 195

schist 422

in Southern Complex 192, 201, 203-208

amphibole-schist 204-206

greenstone-schist 204-206

micaceous amphibole-schist ^ - - - 208

origin of 208

Horses of jasper 399

Hinigbton, Douglass, on geology of Upper Peninsula

ofilichigan 9-11

on geology of the vicinity of Marquette 59

referredto 6,12,17,19,39,72.76

Hubbard, Bela. on geology of Marqaetle district 18-19

referredto 6,16,17,71,72.48

Humboldt 283,

284, 331, 333. 338, 385, 389, 409. 410. 412, 433, 434. 444, 561, 572

Page.

Humboldt mine 129, 386, 412. 433

Humboldt Mountain 338, 503, 507, 513

Hunt, T. S., analysis by 202

on alteration of Marquette rocks 71

on Azoic system 66

on origin and age of iron ore 129

on position of ore 39

jiroposal of name Keweenawan by 63

referred to 6, 7, 40, 47, 63, 64, 71, 72, 77

Huron Bay 92

Huron Lake. {See Lake Huron.)

Huron Mountains 40

Hnronian 48, 61, 63, 71, 75, 76, 78, 82, 105, 109, 129, 134, 146

Huronian areas 101

Hnronian formations 142

(See Huronian series, Huronian rocks.)

Huronian granite 63

Huronian group 110-112

(See Huronian series.)

Huronian rocka 55, 133

catalogue of 58

classification of 64

origin of 98

422. 444

84^5

relative ages of 54

C5t>e Huronian series.)

Huronian series 39, 44-45, 55-56. 65, 134, 147

and copper-bearing series, comparison of 63

comparison with copper-bearing series 63

correlation between Marquette and Canadian. .

.

117

components of 65-66, 135

relations to granite 82

relations to Mount Alban series 66

structure of 98

succession in 64-66, 67

two series in 126

(See Algonkian Animikie aeries, Huronian formation,

Hnronian Group, Huronian rocka, Marquette series.)

Hydromica-schist, Irving on 103-104

Igneous rocks:

basalt

bosses of, in Marquette series 489-499,

described

dikes of

in Huronian aeriea

oliviue-diabaae 507,

porpbyrite

po&t-Clarksburg greenstone

pre-Clarksburg greenstone

quartz-diabase 507,

sheets of 514,

tuffs of

{See Diabase. Diorite, Clarksburg series. Green-

atone Intrusives.)

Ilmenite in Mona schists

Inter-Marquette erosion 376. 384,

Interbanding of Clarksburg rocks

of greenstones and sedimentaries

Intergrowtbs of hornblende and griinerite. {See

HombU-ndc or Griinerite.)

Intermediate rocks, bosses of, in Xorthern Complex.

dikes of, in Northern Complex

Interraount trough

International Congress of Geologists

lutrusive character of greenstone in Marquette

series 489-490,

507. 522

499-506

487-524

506-514

65

520-521

521-522

518-522

488-518

519-520

515-517

514, 517

387. 392

482, 4&4
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Page.

Intrufsivi-.s in griinerito-magnetite'Sclust, figure of.. 330

in iI:ir<iuetto series. 470. 487-514, 518-522, 555, 565, 571-572

in Basemeiit Complex 554. 555, 5G5

iu ^Ntigaunee formation. (See Greenstone in

Negaunee.)

iu Northern Complex 188

aeacribetl 178-186

iu Ki-public trough 528, 5:J8

in Siamo slate 323

in Southern Complex 218

(See Diabase, Diorite, Clarksburg series, Green-

stone, Igneous rocks.)

Iron carbonate. (See Siderite, Ferruginous rarbon-

ate.)

Iron Clifls mine 115

Iron ilountain 576

Iron ore 330, :{7(;, 396, 413, 426, 547

analysis of 21

referred to 110,129

and jasijer conglomerate 426, 429, 543, 579

plate of 360

at Cascade range 54

at Champion mine 94-95

at Cleveland mine 46

at Eureka mine 85

at Foster mine 45

at Jackson mine 37, 75

at Lake Superior mine 46, 72

at Republic 23

at Salisbury mine 75

at "Washington mine 75

concentration of 94-96, 132, 140, 317, 495

contact with chlorite-schist 72

described 364,374,375,415

discovery of, in Lake Superior region 142

from cherty siderite 337, 401-403

from ferruginoua schist 75

from siderite. 451

hard gray 426

horizons 391-392

in Re^)ublic formation 145

in Tipper Marriuette series 141

in Cascade range 54

interbanded with jasper 59.72,81

literature on

:

Brooks 48, 49, 54, 59

Burt 21

Credner 45, 46

Crosby 68-69

Dana 61,146

Foster 23.44

Foster and AVhitney 27, 31, 32-33

Goetz 128

Gray 13

Gresley 136

Hunt 39,129

Irving 102-103,106-109,113

Julien 99

Kimball 41-43

Lane 140

Lesley 38

Locke 15, 22, 23

Munroe 95-96, 97

Newberry 61-62

Payne 94, 95, 96

Putnam 110

MON XXVIII 38

I'ago.

Iron ore—Continued.
literature on—Continued.

Rcyor 113-114

Rivot 37

Rominger 85, 86, 89, 90-91, 148

Smock 99

Smyth 145

Van Hiso 126, 127, 130, 131. 132-133. 141

Wadsworth 71-72,

73-75, 78, 79-81, 119, 120, 127-128, 135-136, 139

"SVinchell, H. V 142

AVhitney 34,35-37

"Whitney and Wadsworth 99

AVhitney (see Foster).

Whittlesey 39

magnetic 415,420

metaaomatic changes in 102

of Animikie series 102-103

of basal conglomerate 360, 543, 548-549

of Penokee-Gogebic district 102,103

origin of 6,

I

7, 32-33. 35-37, 39, 44, 61, 62, 71-72, 73-75. 78, 79-81,

I

97, 99, 102-103, 106-109, 120, 113-114, 127-128, 129,

i 131-132, 135-136, 139, 140, 146. 400-405. 551-553

I pebbles in conglomerate 411

I phosphoric acid in SO

recoroposed 399

replaced by silica 346

replacing silica 380, 400, 403-404, 431

specular 415

varieties of 49

(S'ee Flag ore, Hardore, Soft ore. Iron ore deposits.)

Iron-ore deposits 322,329,379

classes of 406

concentration of 495, 510, 574

cross-section of, at Edwards mine 96

described 391-405,547-553

development of 412, 435

discovery of 5

form of 131, 548

grading into chlorite-schist 140

grading into jasper 400

horizontal section of, at Champion mine 95

laws of occurrence of 131-133,

400, 405, 406, 547-549, 552, 577

of Republic trough described 547-553

of Upper Marquette series 419

origin of 400-405. 551-553

(See Iron ores, origin of.

)

plate of 394. 398

position of (see Iron-ore deposits, laws of occur-

rence of).

prospecting for 405-407

relations to geological structure 549-551

relations to Goodrich quartzite 396, 398, 399, 547

relations to granite 547

relations to greenstone 131,395,396,398,399,402

relations to impervious troughs 400-401, 403, 406

relations to jasper 398

relations to Siamo slate 395. 398, 406

relations to soaprock 394, 548, 550, 552

plate of 546

{See Iron ore.)

Iron oxide, concretionary structure in 376

from siderite 280, 562-563

in veins (see Veins of iron oxide).
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Page.

Iron oxide of breccia 326

of brecciated slate 263

of conglomerate 265.413,429

of chert aud jasper con<;lomerate 414

of ferruginous chert 370

of gravwacke 228, 365

of iron-bearing formation 381, 529

of mica shite 458

of novaculite 207

of pseudo-couglomerate 306

of qiuirtzite 227,257,292

of slate 266,273,292,317

Iron pyrites of slate 273

Iron-bearing formation 109,

110, 1 13, 114, 117, 118, 120, 127, 528. 576, 579

banding of 531

conglomeiiite at top of 89

existence of two 130

extension of 406-407

origin of 531

reUtions to diorite 86,90-91.113

{See Iron-bearing series, Negaunee formation.)

Iron-bearing horizon in arenaceous slate group 148

Irving, K. D.. on age juid origin of gneiss and granite 101-104

on Archean formations of the Northwestern

States..... 101-104,104-106

on classification of early Cambrian and pre-Cam-

brian formations 112-113

on divisibility of Archean in the jS^orthwest lOi-106,

H2-U3
on equivalency of Hnronian rocks in Marquette

and Penokee districts 68

on Hnronian group 110-112

on Hnronian series 97-9S

on Keweenawan series 97-98

on origin of Hnronian rocks 98

on origin of greenstone-schist 122-123

on origin of jaspers and ores 102-103, 106-109

on position of greenstone-schist 120-123

on serpentine of Presque Isle 103

on stratigraphy of Huronian series 67

on structure of Lake Superior region 101-104

on structure of Marquette district 101-102

on succession in Lake Superior reigon 110-112

on succession in Marquette district 102

on term Agnotozoic 112

referretlto 1.7,14.115,116,119,125,130,

139, 141. 146. 150. 162, 232. 395, 400, 449, 457

with C. K. Tan Hise. on enlargement of quartz

grains in sandstone

Isbpen 3,

4, 32, 53, 67, 74, 75, 77, 86, 89, 90, 91, 93, 103. 115, 117,

128.139,151, 329. 330, 331. 332, 336, 33S, 356, 358, 373,

376, 378, 379. 380, 382, 383, 392. 395, 408, 409, 410, 416.

425, 427. 432, 444, 455. 488, 489, 490, 498, 501, 564, 579

Ishpeming basin 396,410

Ishpeming formation 312. 365, 376. 388. 399, 408, 447, 554

and Archean, apparent gradation between 441

and Negaunee, apparent gradation between 433

deposition of 563-564

described 409-444

metamorpMsm of 441

relations to Arche^ui 441-442

relations to greenstone 425

relations to Michigamme formation 452

relations to Nec-iunee formation 334-

335,433.437,439.420

iSee Goodrich quartzite.)

Page.

Islands of Archean. {See Archean islands.)

Islands in Lake Michigamme 456-457

in Lake Superior 236

Isoclinal folding 285-

2S6, 308-312. 317, 327, 410, 421, 431. 568, 569

of griinerite-magnetite-schist. figure of 384

Jackson. C. T., on geology of mineral lands of Mich-

igan 21 -22

referred to 6.14,15,17,22,23,24,27.48

Jackson Iron Company 15

Jackson Location 22

Jacksou mine 37,

54, 74, 89, 90, 94, 125, 128, 142, 346, 360, 366,

396, 403, 410, 412. 427, 428, 433, 521, 569

Jasper Bluff 356,358,380

Jasper. (See Jaspilite.)

Jasper-conglomerate 564

Jasper-hematite-schist 90

Jasperization of Xegaunee formation 404-405

Jaspilite 72,

79, 80, 81, 120. 127, 128, 223, 263. 312, 327. 334,

336, 344, 365. 366, 372. 379, 380, 382, 386, 390,

392, 394, 396, 499. 515, 542, 543, 550. 552, 544

analysis of 363

at Lake Superior mine 109

banded with ore 577

banding of 81

concretion;iry stmcttire in 373

contact with ores 81. 128

dikes at Home mine 73

described 362-364,371-572,375-376

enlargement of quartz grains in lOO

from cherty siderite 337

from ferruginous chert 372

from Grand Kapids mine, plate of 354

from Jasper Bluff, plate of 356,358

from Jackson mine, plate of 360

from Lake Superior mine, plate of- 338

fromnorthof Lowthian mine, plateof 360

from siderite 451

horses of 399

in Animikie series 102-103

in veins 268.291

interbanded with ore 59

layersin conglomerate 311

Literature on

:

Brooks 59

Crosby 68-69

Irving 102-105,106-109

Irving and Van Hise 100

Julien 99

PumpeUy 109

Roniinger 90

Van Hise 127,130,131

Van Hise and Irving 100

"Wadsworth 73, 75, 79, 118-119, 127-128, 135-136, 138

TThitney 99

"Whitney and "Wadsworth 99

WincheU.X.H 115

name proposed 79

of conglomerate 226,234,236.303.360.425.431,543

of iron-bearing formation 298.530

ofLower Marquette series 127.130.131

of Penokee-Gogebic district 102-103
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Jaapilil of qiinrt/.-coiiKl<>nierate 432

ol-qmiH/JlB 412,415

of rcc-onipoaed ore 438

of Kiiiuililic, compared with Miohigammo jasper 570

of Ki^public mine, figure of SOZ

origin of 68-69, 99, 102-103, 104, 100-109,

115, 118-119, 127-128, 135-130, 138

pebbles in conglomerate 287, 305, 411, 420, 429

recoraposeil ^1*

relations to diorite
''•''

relations to griiuerito-magnetito-schiBt 375

relations to Siamo slate •'28

Julion. A. A., on rocks in Marquette district 58

on genesis of iron ores ^^

referred to
''•^'^

(Sec Brooks.)

K.

225Kaolin from f.-ldspar

of cnnKlomerate 264

ofgraywacke 228

ofnovaculite 267

of quartz-schist 239

ofqnartzile 29». ^""

Kaolin-schist ^'2

Keller, H. I'., referred to 148,504

{See Lane, A. C.)

Keewatin formation 142

Keweenaw Bay ^

Keweenaw Point 15,37,518,524

Kewcenawan district 118-120

Keweenawan period 134, 135,572

Keweeuawanseries 63, 97-08, 112, 135

proposal of name 03,97-98,112

unconfoi-mity with Cambrian 135

unconformity with Upper Huroui.an 135

Keystone mine 52, 82, 92

Kimball, J. 1'-, on geology of Marquette district 40-43

on origin of green schist 40-11,43

on origin of iron ore 42-43

referred to 0,44,47,71,72.77,79,111

Kingston mine 544

Kitchi hills 100,305

Kitchi schist 303,300,313

analysis of 1 68

described 100-169

in Northern Complex 151, 152, 160-169, 517

origin of 160-161, 163. 167, 168-169

relations to Ajibik quartzito 302-303, 305

relations to adjacent rocks 102

relations to Mona schists 153-154

structure of 103,164,105-107

Kloman mine 51, 396, 439, 440, 442, 529, 544, 549

Kiiotensrhiefc-r 260

Kona dolomite 221, 224, 230, 237, 238, 239, 257, 258,

209, 273, 275, 304, 306, 554, 550 , 560

described 240-256

deposition of 559

plateof 246,2.50

relations to Mesnard quartzite 251, 254

relations to Wewe slate 209, 273, 274

Koija hills 254,258

Kach, von, referred to 177

L'Anse 92,30,113,518

Laccolites in Marquette series 572

Page.

Lacolites of greenstone in Negauneo formation 329

of Heni-y Mountains iJ72

Laccolitic bosses of greenstone 489, 490

Lake Angellne 54

ba»in 390

greenstone blufis near, plate of 332

Lake Angeline mine 379, 395

Lake Bancroft 378

greenstone hills near, plate of 334

Lake Cooi>er 88, 324

Lake Corning 425, 505

Lake, Deer. (See Deer Lake.)

Lake Gogebic 56

Lake, Goose. {See Goose Lake.)

Lake, Guni)owder. (See Gunpowder Lake.)

Lake Huron 101, 102, 105, 110

Iluronian, of north shore of 574

Lake Mary 221,222,223,239,241,518,557,567

Lake Michiganime 2,3,4,23,

54, 69, 92, 98, 150, 192, 282, 332, 410, 417,

423, 430, 444,445, 447,452, 456,457,465,

489,499, 519, 521, 525, 520, 531, 572,579

islands in 456^57

Lake Michigan 21,110

Lake, Mud. {See Mud Lake.)

Lake Palmer 213

Lake, Silver. {See Silver Lake.)

Lake Superior 2, 4, 50, 191, 194, 236, 240, 425, 557, 500

basin 396, 573

island iu 238

level of 573

north sliore of 537

Lake Superior hematite niino 395

Lake Superior Iron Company 398

Lake Superior mine 46,

53, 54, 72, 73, 89, 94, 109, 117, 125, 128, 379, 425, 489

No. Ipitof, platoof 338

Lake Superior region 1, 100, 111, 133, 150, 574

succession in 110

Lake Superior sandstone 100, 104

{See Potsdam sandstone. Old Red sandstone,

Sandstone).

Lake Superior Specular mine 396

Lake, Teal. {See Teal Lake.)

Lake, Tigo. {See Tigo Lake.)

Lake Wabassin 240, 241, 251

Lane, A. C, with H. F. Keller and F. F. Sharpless on

chloritoid in Marquette rocks 129

Lapworth, referred to 4

Laurentian 47, 43, 54, 61, 67, 09, 71, 70, 78, 129, 141

use of name 134

Laurentian rocks 94

Laurentian series 44, 55, 62, 60, 105, 109, 149

relations to Marquette series 118

Lavas 154, 155, 156, 158, 100, 189, 464, 407, 483, 564-505

diabasic '25

fragments on Kitchi schists 109

in Clarksburg series 460, 461, 467-468, 483, 485

in TTpper Marquette series 142

{See Clarksburg rocks. Volcanic rocks. Sheet

greenstones.)

Lava-breccias 481

(See Volcanic breccias )

Lawson, A. C, referred to 189,519

Lawton, C. D., referred to 141

Lead ore 12. 13
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Page.

Lesley, J. P., on occurrence of iron ores 38

Loncoxeneof biotito-granite 172

of epidiorite 180,181

of g^reeustone of Eastern fenobs 493

of hornblende-syenito 1T7

of Monascbista ir.5, 157,159

Lberzolite 99 100,183

Ligbt-House Point GO, UG, 187,518

Limestone 134,242,254,559,500,577

at Lake Superior mine 109

of Menominee district 576

origin of 103-104

siliceous *^"

{See Kona dolomite, Marble, Dolomite.)

Limonite from magnetite 368

of brecciated cbert 246

of brecciated dolomite 250

of ferruginous chert 3G1

of ferruginous slate 344, 361, 369, 380

of ferruginous rock 451

of griinerite-magnetite-schist 342

of iron ore 375,447,454

of mica-gneiss 450

of shattered slate 262

of slate 266,452

pseudomorpbs after siderite 340, 367

Limonitic hematite 375

Little Presque Isle 9,30

Locke, J., on geology of the mineral lands in Michi-

gan 14-15,22,23

referred to 6.15,16,21,72

Logan, Sir "WiUiani. referred to 105,110,146

Lessen, referred to 157

Lower Felcb Mountain series 575

Lower Huronian series 66, 130, 143

characterization of 135

contact with Basement complex 143

(See Lower Marquette series.)

Lower iron-bearing series 109-110

{See Negaunee formation.)

Lower Marquette series 136, 152, 507, 527, 541, 554

and Arehean, apparent gradation between 559

area of 3

constitution of 141 , 145

contact with Upper Marquette 546

correlated with Lower Felch Mountain 574

correlated with Lower Huronian 577

correlated with Lower Menominee 574

denudation of 311, 312, 387, 440, 531, 537, 564

described 3, 221-407, 528-535, 556-557

formations of 221,554

proposal of name 127

relations to Arehean 298, 532-535, 557

relations to Goodrich quartzite 536

relations to Upper Marquette 562-563

of Republic trough, described 528-535

summarized 576-577

{See Lower Huronian.)

Lower Menominee series 575

summarized 576-577

Lower Silurian 55

Lowtbianmine 360,383,430,431,571

(See "Winthrop mine.)

Lucy mine 148

M.
Madison, Wis 141

Magnesian rock at Presque Isle 60

Page.

Magnesian schist 49, 487

Magnetic mine 53,54,

338, 389, 390, 391, 439, 441, 444, 503, 513, 534. 537

Magnetic ore 109, 133, 415, 420, 434, 436, 440

{See Magnetite ore.)

Magnetic siliceous schist 74

Magnetic survey 407

Magnetite 81, 294

alteration of 288,387,426

and hematite, relations to jasper, quartzite, and

soaprock, plate of 546

from feldspar 381

from hematite 405

from siderite 419, 422-423, 455

in veins 310

included !n garnet. 387

included in quartz 388, 389, 426

of brecciated chert 246

of cbert and jasper conglomerate 414

of cherty siderite-slate 367

of Clarksburg tuffs 475

of conglomerate ,. 420, 431

of diabase-porphy rite, figure of 180

of ferruginous cbert 361

of ferrnsinous chert-breccia 370

of graywacke 265

of hematite-schist 432

of grunerite-magnetite-schist 342, 387, 390, 391

of iron ore 426, 435, 547, 574

described 364^365

of iron-bearing formation 293-294. 382, 530, 576

of jasper 293, 356, 358, 362, 372, 373, 376, 387, 428

described 388

of mica-schist 443

of porpbyrite 522

of quartzite 313, 413. 421, 437, 438. 529

of recomposed ore 438. 439

of schist-conglomerate 442

of siderite slate 367

of slate 266,317,318.320

of slate ore 432

projecting into quartz 389, 414, 426, 429

replacing cblorite-schist 140

titaniferous 475

Magnetite ore 377, 549

described 374

{Sec Magnetic ore.)

Magnetite-actinolite-schist 577

(See Magnetite-griinerite-schist.)

Magnetite-grlinerite-rock 375

Magnetite-griinerite-schist 375, 531

relations to Siamo slate 369

(See Giirnerite-magnetite-schist.)

Magnetite-griinerite-siderite-slate 367

Magnetitic cbert from Micbigamme mine, plate of.

.

352

Magnetitic schist 422

Makwa bills 272,304

Malcliite in Northern Complex 182-183

Manganite at Lucy mine 148

Manganese in iron ore 68-69

Manganese ore in hematite mines 365

Maps 492,508

by Bayley 508

with Van Hiae, accompanying atlas.

by Brooks 57

reproduction by Putnam referred to 110
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Maps by Burt 20

referred to 12,18

by Crctlner, referred to 46

by Foster and Whitney 26

referred to 25, 26, 28

by Gray, referred to 13

by Irving 28

referred to 98,104,123

by Putnam, referred to 110

by Iloniiuger, referred to 81,82

by Smyth 546

by Van Hise, referred to 130

with Bayley, accompanying athis.

Mapping of Marquette district, methoda of 2

of Southern Complex 190

of Palmer gneiss 213

Marble.... 50,134,251,253

in Mesnard series 137

(See Kona dolomite.)

Marble series 67

Marcasite of slate 453

Mareniscan 149

proposal of name 134

Marquette 8,9,29,74,

87, 113, 115, 116, 123, 137, 139, 151, 183, 187,

221, 222, 234, 237, 253, 331, 558, 566, 572, 573

Marquette district 145,

298, 302, 332, 340, 361, 364, 401, 457, 461, 501, 525

average elevation of 573

denudation of 561, 562-563, 572-573

general geology of ... . 31, 77, 118, 120, 127-128, 130, 146-148

metamorphism in 573-575

method of work in 2

relations to Menominee district 576-579

series of 2.554

structure of 3,111,114,131

succession in 28, 51, 52-53,

56-57, 64-66, 69, 83, 102, 112, 133-134, 141-142, 146-147

Marquette series 60, 150, 330, 373

comparison with Menominee series 578-579

comparison with North Shore Huronian 98

correlation with Huronian and Mount Alban

aeries 70-71

correlatinu with Huronian series of North Shore

Lake Huron 575

correlation with Menominee series 09,578-579

correlation with Penokee series 67-68

intrusiveain 142,487-514,518-522

origin of 56-57

relations to Laurentian 118

sequence of 51-52, 56-57. 69, 83, 133-134

width of 567

(See Algonkian, Lower Huronian, and Lower
Marquette series, Upper Huronian, Upper
Marquette series.)

Marquette synclinorium 154,525

Marquette type of fold 3-4

Marquettian, proposal of name 118

Mart ite 413

from magnetite 288,426,429

from paint-rock 511

in veins 288

Mary Lake. (See Lake Mary.)

Mashing along contact between Basement Complex
and Algonkian 190

of Basement Complex 239

Page.
Mashing of biotitc-^ranite 172-174

of Clarksburg rucks 4G8, 475
of gneissoid granite 220
of greenstone 494, 497, 501, 5o3, 504
of Iiornblendic schist 2O8
of Kitehi strhist 162, 163, 165, 169
of Mesnard quartzite 239
of micaceous schist 199-20O
of Michigaranic formation 457
of muscovite-granite 175
of Palmer gneiss 217 219
of quartz-porphyry 133
of slate 260, 266
of tuffs 476
(See Brecciation, Dynamic metamorphism. Pres-
sure effects.)

Masonite 143
of arkoae 129

Matrix. (See Groundmass.)
McComber mine 515
Melaphyre 139
Melville, "W. H., analyses by 333

Menominee district 09, 70, 120-123, 146

area included in 577
jasper of 531

relations to Marquette district 576-579

Menominee River 23

Menominee series compared with Marquette series. . 578-579

lower 575
Mesabi range 531

Mesnard quartzite 136, 137. 142,

253. 256, 287, 304, 306, 307, 554, 556, 558
and Archean, apparent gradation between.. 231,232,237

horizons composed of 224

contact with Kona dolomite 254

deposition o '' 559

described 221-240

dikes in 235

dip of 567

folding of. (See Folding.)

relations of 230-231

relations to Archean 230,231,

232, 237, 238, 239, 297, 557, 567

resisting power of 222

Mesnard range 87,224

Metamorpic rocks 1 1, 16, 17

18. 19, 25, 37-38, 46. 47, 65, 66, 83, 103, 104

Metamorphism 72

in Marquette district 573-575

of gneiss 447

of green schist 137

of greenstone 145

of Ishpeming formation 441

of rocks associated with iron ores 107

relation to folding 573-575

(See Alteration. Contact action. Dynamic meta-

morphism. Mashing, Metasomatism, Pressure

effects.)

Metasomatism 573

in Clarksburg conglomerate 479

in eruptive rocks 102

in greenstones 494.514

in iron ore 102

(>SV(' Alteration and Metamorphism.)
Metropolitan mine 439, 537

Mica from feldspar 226, 290. 302, 435, 448, 449, 453, 534
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Mica of conglomerate 412, 413

of ferruginous cliert 3'9

of ferruginous slate 379

of gneiss ^-'

of graywacke •'J''

ofmica-slate 58*

of recomposed jasper 4U

of quartzite 3*^2

of slate 318,320,448

(See Biotite, Muscovite, Soricite.)

Mica-gneiss 413, 416, 442, 445, 447, 450, 452, 458, 46C

concretionary structure in 4o0

Micd-hornblende-schist ^14, 523

Mic.i-schist 50,

92, 93, 137, 256, 289, 302, 317, 322, 433, 435, 440, 442, 444,

445, 446, 447, 449, 452, 456, 457, 526, 528, 534, 535, 566, 579

ileveiopment of *49

in Korthern Complex 171

intruded by granite, figure of 193

of conglomerate ^•'S

origin of 100,103-104

relations to intrusive greenstone 323

(See Biotite-scliist, Micaceous schist, Muscovite-

schist, Biotite slate. Mica slate, Muscovite-

slate, Sericite-schist.)

Mica-slate 10,11,256,

268, 275, 298, 305, 310, 312, 320, 435,

436, 445, 446, 449, 453, 456, 566, 579

from quartzite 323

interstratifled with conglomerate 287

relations to intrusive greenstone 323

(See Biotite-schist, Mica-schist, Micaceous schist,

Muscovite-schist, Biotite-slate, Muscovite-

slate, Sericite-schist.)

Micaceous-amphibole-schist in Southern Complex. . . 208

Micaceous flagstone in arenaceous slate group 92

Micaceous hematite 97, 363, 374, 387, 429

polyhedral cavities in 9

1

Micaceous garnetifei ous schist 92

Micaceous schist, analyses of 202

atMichigamme 92

in Southern Complex 192,195-203,219

Michigamme 92, 11 <

,

118, 284, 324, 329, 331, 378, 384, 388, 390,

409, 412, 417, 423, 436, 452, 518, 560, 572

Michigamme anticline 573

Michigamme area 300

Michigamme formation 408, 415, 440, 443, 535, 554

described 444-459

relations to Bi.iiki schist 419

relations to Goodrich quartzite 411

relations to Ishpeming formation 452

Michigamme jasper 5i7

alteration of 5^6

compared with Eepublio jasper 576

of Menominee district 531, 576

Michigamme Lake. (See Lake Michigamme.)

Michigamme mine 89,92,

94, 100, 116, 126, 300, 314, 322, 352, 376, 377, 389, 396,

399, 410, 412, 420, 421, 424, 475, 503, 504, 547, 558, 576

section of, showing relations of jasper, ore, con-

glomerate, and qnartzite 420

Michigamme Mountain 576

ilichigamme Eiver 23, 52, 191. 445, 489, 526, 535

Michigamme .slate 41", 535, 565, 574, 570

relations to Clarksburg formation 461. 462, 403

Michigan 5,44,62,63,04,69,504

Michigan Geological Survey 1. 6,

7, 39, 46, 47, 48, 57. 59, 81, 127, 135, 136, 142, 146-148

Michigan Lake. (See Lake Michigan.)

Michigan, State Geologist of 118,119

Michigan street, Marquette 187

Microcline, cleavage of, developed by pressure 264

from orthoclase 172

of biotite-granite 172-173, 174

of conglomerate 442,535

of gneissoid granite 211

of grani te 526

of mica-gneiss 459

of mica-schist 443

lof . 173

Micropegmatite in quartz-diabase 519

Migisi bluflTs 238,252

Milwaukee and Northern Railroad 473, 541

Mineral lands on Lake Superior 12, 14-17

Mines:

Barnum 126,386,396,398

Barron 125,386,387,412,432,433

Beaufort 127

Blue 395

Boston 126,377,424

Buffalo 117,118

(See Queen Mining Company.)

Cambria 395

Cannon 53,54.439

Cascade 86,125.128.312

Champion 89.94,95,129,139,140,

142, 193, 396, 399, 412, 434, 435, 525, 537, 538, 549

Chippewa 53.54,439

Cleveland 46,89,94,97,119,142,507

open pit of, plate of 336

Cleveland Clifl's 379

Cleveland hematite 395

Cleveland Lake 395

Daliba. Phenix 127

Dexter 377,378,424

Edwards, cross section of ore bodies at, figureat. 96

Ely shaft 540,541

Erie 439,440,441.537

Eureka 85, 187

Excelsior 378,425

Fitch 125,129,384,410,430,432

Foster , 45,383

Gibbon 89

Gllmore 509

Goodrich 89,125,126,142,

299, 332, 335, 383, 384, 396, 409, 430, 431, 432, 560

Grand Eapids 354,366,380

Gribben 89

Harlowe 85

Home 73, 89

Humboldt 129,386,412,433

Iron Cliffs 115

Jackson 22,

37, 54, 74, 89, 90, 94, 125. 128, 142, 346, 360,

366, 396, 403, 410. 412, 427, 428, 433, 521, 569

J ackson Iron Company 15

Keystone 52,82,92

Kingston 544

Kloman 51,396,439,440,442,529,544,549

Lake Angeline 379. 395

Lake Superior 46,53,

54, 72, 73, 89, 94, 109, 117. 125. 128, 379, 425, 489
- Xo. 1 pit of, plate of 338
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Mines—Continued.
Lake Superior hematite 395

Lake Superior Iron Company 398

Lake Superior specular liermatito 390

Lowthian 360, 38.1, -130, 431, 571

(See Winthrop.)

Lucy 1«

Magnetic 53,54,

338, 389, 390, 391, 439, 441, 444, 503, 513, 534, 537

McComber 515

Metropolitan 439,537

Michigamme - 89, 92,

94, 100, 116, 126, 300, 314, 322, 352, 376, 377, 389, 396,

399, 410, 412, 420, 421, 424, 475, 503, 504, 547, 558, 576

section of, showing relations of jasper, ore,

conglomerate, and quartzite 420

National 394

NewYork 73,94

Ne-w York and Lake Superior Mining Company

.

22

Nonpareil 324, 327

(See St. Lawrence.)

North Champion 454

Pascoe shaft 540

Phenix, Pittsburg, and Lake Superior 73

Piatt 212,213,215,298,299,311,383

Queen Mining Company 327, 393, 398

EepubUc 51.74,89,126,

128, 142, 342, 344, 396, 399, 437, 442, 537, 540, 546

Eepublic Mining Company 544

Eiver-fide 396,399,439,547

Saginaw 89, 115, 125, 142, 299, 366, 383, 384, 416, 430, 431

Salisbury 75,89,379,395

Section 16.398

Spurr 52.62,94,126,330,352,376,378,

389, 410, 412, 420, 421, 424. 452, 475, 500, 503, 504, .571

St. Lawrence 324

(See Nonpareil.)

Standard 439,537

Starwest mine 334

See Wheat mine.)

Taylor 346

Volunteer 138, 284, 312, 333, 360, 396, 399, 412, 429, 431

Washington 74

West Kepnblio 541,542

Wetmore 127

Wheat 125

(See Starwest.)

Winthrop 54.125,137

(See Lowthian.)

Minnesota 5, 44

Mississippi River 35

Missouri 15, 26, 35

Mona schists 224,232,234,470,558

age of 154

described 1.52-160

division into two classes 154

in Northern Complex 151, 152-160, 164, 220

origin of 155,156-158,159

relations to adjacent rocks 153-134

river course through
_

153

plateof
' 152

schistosity of 154,156

structure of 154,157,158

(See Basic schists, Basic Mona schists. Acid

ilona-schists. Acid schists.)

Monograph XLX, referred to 366

Morgan furnace 54. 240, 244, 240, 253. 560

Morgan shaft 540

Morgan-Pascoe-Ely synclino ; 540, 549

Mortar stracturc in hiotite.granite 174

Mount Alban series 66, 70-71, 129

rehitiuna to Huronian 56

Mount Chocolay 237,238,253

Mount Humboldt 222,329,

332, 384, 385, 386, 387, 388, 389, 432, 433, 454

Mount Mesnard 137, 221, 231, 236, 237, 251, 253

Mount Omimi. (See Omimi bluffs.)

Mud Lake 223, 232, 234, 235, 240, 252, 253, 558

Miinroe, H. S., on deposition of iron ore 95-97

referred to 94

M urray, Alexander, referred to 39, 71, 110, 146

Muscovitefrom feldspar. 289, 319, 327-328, 422, 438, 442, 458, 527

of biotite-granite 172, 173

of hiotite-schist 196

of chert andjasper conglomerate 414

of graywacko 228,318-319

of greenstone 509

of griinerite-magnetite.sehist 390

of iron ore 374,415

of mica-schist 457

of muscovite-granite 175

of muscovite-schist 195

of quartz-schist 2,S9,293,415

of quaitzite » .V28,529,534

of recomposed ore 438, 441

Murtcovite-biotite-gneiss 443

(See mica-gneiss.)

Muscovite-biotite-schist 415, 443

(See Mica-schist.)

Muscovite-granite 174-175

composition ot 175

in Northern Complex 174-175

origin of 175-176

relations to adjacent rooks 170-171

relations to Kitchi schists 162

to Mona schists 153

structure of 175

Muscovite-schist 289,443

in Southern Complex 195-196

structure of 198

N.

National mine 394

Negaunec 3, 4, 45, 53, 74, 75, 86, 89, 90, 91, 113, 123, 125,

138, 146, 293, 296, 305, 329, 330, 331, 332, 334, 336, 348,

350, 360, 366, 373, 376, 378, 379, 380, 382, 383, 392, 393,

408, 409, 410, 429, 488, 489, 490, 501, 513, 564, 573, 579

Negaunee formation 136, 137, 186, 221, 225, 281, 283,

284, 294, 303, 312, 313, 314, 316, 317, 321, 324, 325, 326,

412, 421, 422, 423, 424, 425, 426, 427, 428, 429, 432, 436,

441, 447, 454, 472, 528, 540, 554, 562, 563, 564, 569. 570

and Tshpeming formation, apparent gradation

between 433

denudation of 331,334-335

deposition of 561

described 328-407,529-532

gradation into A jihik quartzite 390

greenstones in. (See Greenstone in Negaunee.)

jasperization of — 404

near Lake Angeline, plate of 332

near Lake Bancroft, plate of 334
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Xegaimee Ibniiiition relations to AJibik quartzite. . . 289,

292«-293, 298-299, 333-334, 386

relations to Clarksburg scries 461

relations to Goodrich quartzite 377-

378, 382, 38-4, 410-411, 425, 427, 428, 430, 433

relations to Islipeniing 33t, 335, 420, 437, 439

relations to Siamo slate. . 321-322, 325, 327, 333-334, 378-379

(See Iron-bearing formation.)

Negaunee jaspilite 322, 421, 429, 437

contact with Goodrich qnartzite, figures of 335

in Lake Superior mine, plate of 338

relations to Goodrich quartzite 335, 383

New York and Lake Superior Mining Company 22

New York mine 73.94

Newberry, J. S., on character and origin of ores 61-62

referred to 71

Norian series 129

Nonpareil mine 324,327

North Champion mine 454

North shore of Lake Huron, Huronian of 574

North shore of Lake Superior 537

Northern Complex . . 192. 223. 225, 236, 295, 296, 439, 554, 558, 561

and Southern Complex, comparison of 192, 218-219

comparison of rocks in 188-190

constitution of 150-151

described 150-190

intrusives in 178-186

mapping of 151

origin of rocks in , 190

relations between members of 151

{See Archean, BasementComples.)

Norway 576

Novaculite 11,67,254,

259, 260, 269, 271, 274, 275, 277, 281, 304, 306, 309, 455

associated with diorite-schist 86

described 267

of conglomerate 424

Novaculite-breccia 273

Novaculite-slate 263

O.

Old Red sandstone 8,

9

Olivine of diabase 179

of olivine-diabase 521

of peridotito 185

of quartz-diabase 520

Olivine-diabase 507, 520-521, 525

Omimi bluffs 234,238,253

Omimi conglomerate described 235

Oolitic structure in quartz 531

Oothout, referred to 94

Original Huronian of Canada, correlated with Algon-

kian of Marquette district 3

Orthoclase, crystals in hematite 97

of hiotite-granite 172, 173, 174

of biotite-schist 196, 197-198, 199-200

of conglomerate 442

of granite 526, 533

of gueissoid granite 171

of mica-gneiss 459

of mica-schist 443

of muscovite-granite 175

of recomposed ore 438

Overfolding 313, 569

Overthrust fault in Siamo slate, plate of 280

Osann, referred to.

Ottrelite-schist

Page.

Paint-rock 131,392,395,399,487,506,510,511

Paleozoic 134

Paleozoic rocks of Upper Peninsula 60

Paleozoic shales of Appalachians 566

Palmer 3,31,

138, 221, 282, 330, 332, 333, 336, 406, 408,

409, 410, 411, 412, 429, 430, 431, 432, 564

Palmer gneiss 194,219,299,312,512,058

analysis of 217

described 211-218

dikes in 212-213

mapping of 213

origin of 210, 212, 213-214, 216, 218, 219

relations to adjacent formations 211-213

relations to Ajibik quartzite 311

Parallel arrangement of feldspar grains 228

of griinerite blades 387

of mica flakes 433, 449, 458-459, 527, 529

of quartz grains 228,

290, 301, 368, 382, 435, 449, 451, 458-459

Pascoe shaft 540

Patton, H. B., on macroscopic features of Marquette
rodks 140

referred to 7, 512

Payne, C. Q., on deposition of iron ores 94-95

Peck, Samuel, referred to 13

Pegmatite of conglomerate 264

Pegmatization of gneiss, described 447, 448

of mica-schist 456

Penokee district 67,

100, 104, 105, 107, 108, 132, 340, 370, 373, 400, 401, 457

iron ores and jaspers of 102-103

Penokee range 395

Penokee series 366, 368, 449

equivalency with Marquette series 67-68

Penokee-Gogebic. (^^e Penokee.)

Peridotite 151, 183- 186, 313

age of 128,184,185,188

analyses of 186

alteratioQ of 186

at Presque Isle 76-77, 99-100, 103, 128, 183-184

near Ishpeming 77, 99-100, 128, 184-186

of Opin area 184-186

relations to surrounding rocks 184

(See Dolomite and Serpentine.)

Phenix mine. (See Daliba mine.)

Phyllite-schist 148

Phosphoric acid in iron ore 80

Picnic Islands 140

Picrite 183

Pirsson, referred to 467

Pitch of Republic trough 539

Pittsburg 129

Pittsburg and Lake Superior mine 73

Plagioclase, alteration of 496

of biotite-granite I 172, 174

of biotite-schist 196, 197

of conglomerate 442

of diabase 179

of diorite 181

of granite 526

of greenstone 465, 466, 492, 493, 494, 496, 505. 516, 538
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Plagioclaae, of greenstoue-schist 206

of Kitcbi schist 163, 164

of mica-gneiss 459

of mica-schist 443

of Mona schist 155, 157, 158

of muscovite-granite 175

of porphyrite 521

of quartz-diabase 519

of recomposed ore 438

{See Feldspar.)

Piatt mine 212, 213, 215, 298, 299, 311, 383

Plain of denudation. (See Denudation, plain of.)

Pleistocene 257, 332, 557

Point Ko. 2 west of Presque Isle 23

Poroditein Kepublic andHolyoke formations 139

Porter, referred to 94

Porphyry 159, 200

Porphyry Tein in granite 10

Porphyry-tuff 159

Porphyrite 139,164,520-521,525

PorphjTitic diabase 521

Porphyritic granite 209

Porphyritic greenstone 505. 508-509

Porphyritic syenite 15

Post-Clarksburg greenstones 524

described 518-522

Potsdam sandstone 26, 27, 56, 71, 76, 115. 134, 184, 241

unconformity -with Azoic 120

unconformity "with underlying series 112-113

{See Cambrian sandstone, Lake Superior sand-

stone, Old red sandstone, Sandstone.)

Pre-Algonkian 149

Pre-Cambrian formations 129. 143

classification of 112-113

unconformity between 137

Pre-Clarksburg greenstones 522-523

described 488-518

Presque Isle 9, 13,

15, 16, 22, 23, 25, 28, 35, 60, 67, 76-77,

93, 99-100, 103, 128, 139, 183-184

Pressure effects in biotite-granite 172, 173-174

in conglomerate 270, 264, 289, 301, 428, 431, 442, 443

in feldspar 413

in ferruginous chert 370

in gneiss 527

in gueissoid granite 172, 173-174, 210, 211

in granite 277, 278

in graywacke 229, 230, 233, 242, 267, 268, 319, 448

in iron ore 431, 432, 433

in lahpeming formation 441

in jaspilito 376. 427

in Kitcbi schist 165, 166-167, 169

in Kona dolomite 247-248, 251

in Mesnard formation 223, 224

in mica-achist 449

in mica-slate 449

in muscovite-granite 175

in Xegaunee formation.... 330

in novaculito 267

in ore and jasper conglomerate 426

in Palmer gneiss 214-215

in quartz 226, 227,

228, 265, 268, 275, 289, 290, 291, 308. 318, 368,

373, 382, 413, 414, 415, 422, 429, 439. 453, 458

in quartzite 226,

228, 229, 242, 288, 289, 290, 293, 300, 301,

303. 309, 310, 313, 412, 433, 434, 435. 438

Pressure effects in recomposed jasper
in slat e 233, 242, 260. 261, 266. 267,

(i'ci? Cleavage, Dynamicmetamorphism, Fiasilitj*.

Mashing, Schistosity.)

Primary rocks

Prospecting for iron ore

Protorozoic

Pseudo-conglomerate 223, 243, 260, 269, 274, 288,

Pseudo-pebbles in conglomerate

Pseudo-unconformity between cherty quartzite and
truncated layer of dolomite, figure of

Pseudomorphs of calcite alter plagioclaae

of chlorite after amphibole
of chlorite after garnet

of t-hlorite after plagioclaso

of chlorite after olivine

of hornblende after augite isg

of leucoxene after ilmenite

of leucoxene after sphene

of limonite after olivine

of quartz after plagioclaso

Pumpelly, R., on garnet pseudomorphs in chlorite-

scbist

on geology of Marquette district

on iron ores of the United States

on structure of iron-bearing aeries

referred to 1,7,110,404,421,503,

Putnam, B. T., on composition of iron ores

referred to

Pyrite

of graywacke

9, 10, 19

405-407

109-110

109-110

ofi

of slate

Pyroclastic beds

rocks

Pyrolusite

Pyroxene of diabase dikes.

of Mona schists

{See Augite.)

Q.

Quaquaversal dip of iron-bearing formation 329,333

of Marquette series 572

Quarry at Carp River 295, 303

Chocolate Flux 55

Quartz, concretionary arrangement of 399

fragments in Clarksburg conglomerates 477

from feldspar 226,

265, 290, 302, 318-319, 327-328. 381, 422,

435, 438. 442, 448, 449, 450, 453, 458, 527

from aiderite 419,422

grains, enlargement of {see Enlargement of

quartz grains),

grains, parallel arrangement of {see Parallel ar-

rangement of quartz grains).

in nodules 255

in veins {see Veins of quartz).

of acid schists I6O

of amphibole-schist 207

of basal conglomerate 536

of biotite-granite 172, 174

of biotite-scbist 196. 199

of brecciated chert 246

of brecciated slate 263

of cherty siderate , 340

of Clarksburg sediments 472
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Page.

Quartz of conglomerate 226,234

240, 264, 276, 413, 424, 431, 432,

433, 442, 477, 479, 533, 535, 543

of dolomite 248

of feldspar 290

of feldspatliio biotite-schist 197-198, 199

of ferruginous chert 325, 326, 370

of ferruginous mica-slate 388

of ferruginous rock 451

of ferruginous slat© 379

of gneissoid granite 210

of granite 526

of graywacke 228,265,318-319,328,448

of greenstone 465, 501, 503

of griinerite-magnetite-scbist 377,388,389,418,424

described 372-373

of hornblende-syenite 177

of iron-bearing formation 529

described 376,381,530

of iron ore 91,374,415,434,440

of .iaspilite 107, 293, 354, 362, 372, 376, 383

described 372-373

of Kitcbi schists 164,166

of magnetic chert 352

of magnetite-schist 344

of mica-gneiss 450

of mica-schist 459

of Mona schists 155,157

of muscovite-granite 175

of novaculite 267, 384

of ore and jasper conglomerate 426

of (luartz-diabase 520

of quartzite 529,534

of Palmer gneiss 214-215

of recomposed jasper 414

of recomposed ore 438, 442

of siderite-slate 367

of slate 292,318,321,324,448

of Weweslate 262

Quartz-rock 223,303,310

described 291

from quartzose sandstone 230

Quartz-schist 134.225,

226, 231, 239, 270. 278, 289, 297, 307, 322, 413, 415, 433,

434, 435, 437, 440, 441, 442, 443, 535.

alteration of 239

intcrbedded with diorite-schist 85-86

of conglomerate 434

Quartzite 11,

49-50, 54. 87, 137, 139, 144, 224, 227, 231, 234, 235, 240,

241. 242. 243, 247, 253, 254, 263, 269. 271, 291, 313, 325,

401, 408, 409, 410, 412, 425, 433, 512, 515, 526, 534, 543,

544, 560, 570, 577, 579.

described 264, 415

development of 293

discovery of two 137

Doe River of Tennessee 571

feldspathic 259

gradation into gr.anite 147

gradation into mica-slate 323

of CLirksburg series 460

of conglomerate 412,434,482,483

unconformity with Potsdam sandstone 27

(See Ajibik quartzite, Goodrich quartzite, Mes-

nard quartzite.)

Quartzite range 272

Page.

Quartzite tongue at Republic 144

Quartzite-breccia 254, 291, 309, 310

described 253

Qnartzite-conglomerate 309, 310, 312, 313, 426

described 259

Quartzite-schist pebbles in conglomerate 413

Quartzitic group 86-89

composition of 87

relations to diorite 87

Quartzose .sandstone, alteration of 230

Quartzose schist, alteration of 230

Queen Mining Company 327, 395, 398

R.

Ragged Hills 253

Rainy Lake district 519

geology of 189

Railroads

:

Chicago and Northwestern 76. 473, 515, 517

Duluth, South Shore and Atlantic 127. 198, 460

Republic branch of 432

Milwaukee and Northern 473, 541

Recomposed chert and jasper conglomerate 564

Recomposed granite 278, 280, 287, 557, 558

Recomposed jasper 413

described 414

Recomposed ore 399, 439, 441

Reibungsbreccia 223,

228, 247, 268, 281, 288, 290, 303, 308, 317, 326,361, 370, 380, 570

Republic 23,

4";, 52, 74, 76, 91, 139, 143, 144, 145, 191, 194, 294, 329, 332,

366, 389, 390, 403, 410, 436, 439, 441, 444, 470, 503, 504,

538. 561, 579.

Republic Blutt' 542

Republic formation 128,135.136.138,145

delimitation of 139

eruptive rocks in 139

unconformity with Cascade and Holyoke forma-

tions 138

Republic horseshoe, geological map of 546

{See Republic trough.)

Republic mine 51,

74, 80, 126, 128, 142, 342, 344, 396, 399, 437, 442, 537, 540, 546

Republic Mining Company 544

Republic Mount.iin 51-52,110,

437, 470, 499, 500, 504, 513, 529, 531,

535, 536, 537, 538, 541, 543, 547, 549

Republic trough 3,

191, 283, 386, 293, 313, 331, 338, 389,

394, 409, 410, 412, 413, 415, 436, 439. 344,

445, 499,503, 504, 558, 563, 566, 570, 574

described 525-553

relations to Archean 525-526

folding of 523

Reyer, E., on character of iron-bearing series 113-114

on origin of iron ores 113-114

referred to 7

Rhyolites 160

Ripple-marks in Kona dolomite 255

in Mesnard quartzite 224, 237

Rivers

;

Ajibik 283

Bad 56

Bijiki 409,416,423,434

Carp 5,

13, 14, 16, 19, 21, 22, 23, 24, 25, 26. 27. 29. 35. 59. 60,

87, 222, 241, 257, 272, 282, 284, 285, 294, 295. 296,

299,303,305,307,314,571.
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Kivera—Continued. Pago.

Cascade 299, 312, 38:J

Chocolate 9,11,12,13,14,22,24.59

Chocolay 237

Dead 0,12.13,18,23.30,85,125,161

Death 12

Doe 571

Escanaba 22,30,384

Fence 576

Menominee 23

Mlcbigamme 52, 191, 445, 489, 526, 535

Miasissippi 35

Sturgeon 44-45

Riverside mine 396, 399, 439, 547

Eivot, on general geology of Lake Superior region . . . 37-38

referred to 6,38,41,71,72

Rogers. H. D., on age of Lake Superior sandstone ... 14

referred to 71

Roniinger, C, on aronnceons slate group 91-92

on conglomerates and breccias 88-89

on dioritic group 84-86

on eruptive rocks 93

on general geology ofMarquette district-. 81-93,146-148

on granitic group 83-84

on Paleozoic rocks of the Upper Peninsula of

Michigan . 59-60

on quartzitic group 86-89

on .'jf.'qiience of rocks in Marquette district 83

on serpentine 60, 93

on structure of the Marquette district 82

on unconformity between Hurouian and Pots-

dam series GO

referred to 1, 5, 6, 7, 56, 76, 102, 104, 105, 111, 123,

125, 189, 231, 239, 302, 403, 500,515

Rosenbusch, H., referred to 202

Rothpletz, referred to 155

Rutile of chlorite 156, 205

of quartz 376

Rutley, Frank, referred to 64

S.

Saginawmine 89, 115, 125, 142, 299, 366, 383, 384, 416, 430, 431

Saginaw range 432

Salisbury mine 75, 89, 379, 395

Salomon, referred to 206

Sandstone 16, 19, 22, 71, 556, 559

age of 8,9,14

red 8.23,24

relations to peridotite 77

unconformity with granite 9, 34, 116

unconformity with quartzite and serpentine 59, 60

{See Lake Superior sandstone, Old red sandstone,

Potsdam sandstone, St. Mary's sandstone, St.

Peter's sandstone.)

Scandinavia 35

Schalstein 169, 473, 485

Schist 3, 230

at base of Marquette series 574

described 192-209

of Basement Complex 149, 150, 1 51

of granite conglomerate 557

of Negaunee formation 499

of Northern Complex 152-169,189

of Southern Complex 191. 192-208

(See Acid schist. Actinolite-schist, Amphibole-
sehist, Anthophyllite-schist, Basic schist, Bio-

Schist—Continued. Page.

tite- schist, Chlorite-schist, Cryslallino schist,

Diorite-scliist, Feldspathic mica-schist, Graph-

itic flc;hist. Greenstone- schist. Hornblende-

schist, llorneblendic flchist, liaolin schist,

Kitchi schist. Mica-schist, Micaceous schist.

Micaceous amphibolo- schist, Moua schist,

Muscovite • schist. Quartz - schist, S o r i c x t e -

schist. Talc-schist, Talcose schist.)

Schist-conglomerate 294, 296, 298. 434, 437, 478-479

origin of 479

Schietosity and bedding in Siamo slate, relations of,

figure of 315

of biotite-granite 173

of biotitc-achist 196

of Clarksburg sediments 472, 478, 483

of granite 277

of graywacke 267

of greenstone 491, 497. 501, 502, 504, 508. 5U
of greenstone-schist 194

of hornblendic schist 194

of iron formation 385

of Kitchi schists ] 63-164, 167

of Marquette series 574

of micaceous amphibole-schiat 208

of micaceous schist 11I4, 199-200

of Mona schist. 154, 156, 158

of muscovite-grauite 175

of muscovite-schist 190

of novaculite 267

of Palmer gneiss 215

of quartz-schist 293

of slate 260. 266, 267, 274, 275. 306, 315, 323

relations to bedding 323,447,574

relations to intrusives 386

Schoolcraft, H. R., on geology of Marquette dis-

trict 8,35

referred to 6

Seaman, A. E., referred to 294

Secondary quartz 304,320,326

from feldspar 289

of quartzite 291

(See Veins of quartz.)

Secondary rocks 9

Section 16 mine 398

Sedimentary beds in Clarksburg series. . 464, 467, 468. 475, 476

Sericite from feldspar 265, 290, 327-328

of acid schist 159

of biotite-granite 172

of conglomerate 264.413,432.433

of graywacke 228,229,230,265,304,448

of griinerite-magnetite-schist 368

of iron ore 399,432,435

of Kitchi schists 164

of Mona schists 155, 157, 158

of novaculite 267, 304, 384

of ore and jasper conglomerate 426

of quartz-schist 239

of quartzite .... 227, 290, 292, 300, 304, 415. 434, 435, 528, 534

of slate 266

Sericite-schist 220, 264, 275, 311, 433, 513

from feldspathic debris 230

in Kitchi schist area 163-164, 167, 109

analysis of 168

in Mona schist area 352, 160

in Southern Complex 190

veins in gneissoid granite 209-210
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Page.

Sericite-slate 290, 304

pebbles in conjjlomerate 413

Serpentine 10, 1 16

analysis of 164

at Presqne Isle 9, 60,

67, 70. 76, 77, 93, 99, 100, 103, 120, 128, 139

(.SeePeridotite.)

ShiUc 260,408.444,453,560

alteration of 579

carbouaceotis 50. 67

Sharpless, F. F., referred to 148,512

{See Lane, A. C)
Sbear zones in biotit«-granite 174

in greenstone 491

in porphyrite 521

Shearing between Upper and Lower Marq^aette 405

of Lower Marquette series 534

of Mesnard formation 227, 231

planes in cberty sideiite 340

in quartz grains 415

in slate 262.269

Sheet-greenstones in Marquette series 500,

507, 514-517, 522. 523

composition of 516-517

amygdaloidal 516-517

Siamo bills 313,314,324,326,327

Siamo slate 221, 283, 284, 293, 299, 312, 332. 333, 336,

367, 377, 384, 388, 392, 394, 407, 554, 562, 569, 572

deposition of 561

described 313-328

intrusive greenstone in 323

minor overturned fold in, figure of 315

overtbrust fault in. plate of 280

pitching fold in, plate of 570

plateof 280

relations to Ajibik quartzite 2S9, 300, 321

relations to grunerite-magnetite-scbist 369

relations to jasper 328

relations to Negaiinee formation 321

322, 325, 327, 333. 334, 378-379

relations to ore deposits 395, 406

relations of scbistosity and bedding in, figure of. 315

Siderite 130,133,327,408.419,423

idteration of 280

{See Alteration of siderite.)

of ferruginous chert 325

of ferraginous schist 107

of graywacke 446

of siderite-slate 367

of slate 446,450

origin of 561

residual 371,381,401,419,422

(See Ferruginous carbonate.)

Sideritcslate 380, 450

alteration of 446, 454

cberty. (See Cberty siderite-slate.)

Siderittc slate, alteration of 361

analyses of 337

described 336

veins in Northern Complex 187

Silica (cberty) of siderite-slate 367

of ferruginous cbert 370

of griinerite-magnetite-schist 369

of iron-bearing formation 576

replaced by ore 346,348,394,403-404

(5« Cbert quartz.)

Page.

Silicates, almuinons. in iron ores 91

Silicification of carbonate-bearing-schist 1U8-109

of Kitcbi schists 166

of sandstone 100,104

Silver Lake 161

Slate 92, 224, 231, 233, 235, 236. 237, 238, 242, 244,

247,251, 253, 254, 269,271, 276, 277, 278, 282, 287, 292,

293. 304, 306, 307, 309, 445, 452, 454, 559, 576, 577, 579

analysis of 202

arenaceous 20

black 127, 133

carbon of 273

carbonaceous, analyses of 446

composition of 201. 202

described 232, 446

in dikes 49

iron pyrites in 273

in Clarksburg series 460,483

of ferruginous slate 369

of Menominee district 576

relations to Kortbem slates 578

of Upper Marquette 571

passes into mica-slate 266, 325

pressure efiects in. (See Pressure efiects, Cleav-

age Fissility, Scbistosity.)

sideritic 334

veins in Xortbem Complex 186, 187

(See Argillite, Argillitic slate, Claj' slate, green

slate, hornblende-slate, talcose slate, Siamo
slate, "Wewe slate, Michigamme slate.)

Slate-breccia 263, 282

Slate-conglomerate 259. 263

described 264, 266, 271

relations to slate and graywacke 266

Slat«ore 364,404.405,547.549-550

described 375

Slickensides in jaspilite 376

instate 317

Smiths Bay 145. 526. 538

(See Republic.)

Smock, J. C., on position of Marquette ores 99

Smytb, H. L., on contact between Lower Huronian
and Basement Complex 143

on quartzite tongue at Republic _ 144-145

on Republic trougb 525-552

referred to 2,7,437,576-578

Soapstone 116, 131,

132, 392, 395, 396, 399, 403, 487, 490, 506, 510, 511. 512, 513

at Jackson mine &4

from greenstone 396.399,538

grading into greenstone 394

relations to ore deposits 394, 548, 550, 552

Soft ore 67,364

origin of 75,78,120,131-132,133,139

Soft ore jasper 318, 362, 392

Sonlbem Complex 225, 554

described 190-220

comparison witb Northern Complex 192, 218-219

intrusivesin 217.218

relations to Mesnard quartzite 567

veins in 217

Specular bemat ite ore 549-550

Specular jasper 392, 539

Specular ore 415, 436

Spbeno of epidiorite 181

of hornblende-svenite 177
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Spheroidal weathering of greenstone 498

Spurr 331,390,417,423,440

Spurr mine 52, 02, 94, 120, 330, 352, 375, 370,

378, 389, 410, 412, 420, 421. 424, 452, 500, 503, 504, 571

St. Lawrence mine 324

(See Xonpareil mine.)

St. SXary'3 sandstone 56

St. ret er'a sandstone 100

Stacy, James, referred to 21

Starwest mine, folded furruginous chert at, figure of. 334

Standard mine 439,537

State Prison 222.230

State Eoad 235

State Road conglomerate 305

Staurolite, including quartz and feldspar 459

of mica-schist 447, 449, 450, 457, 459

Steiger, George, analyses hy 108,

202-203, 217, 336-337, 338, 363, 418, 495

St«lzner, referred to 113

Stockton, J., referred to 13

report on mineral lauds • 12

Stokes, H. M., analyses by 338, 446

Stoneville 400,505

Strike of Ajibik qnartzite 313

of green schist 295

of iron formation .376,378,379,385

of Koua dolomite 252,255

of slate 258.272,278,281,312

relations to folds 4

Sturgeon Kiver 44-45

Summit Mountain 212-213, 330, 557, 558

height of 573

Superior Lake, see Lake Superior.

Syenite 10, 83, 98, 152, 188

porphyritic 15

(.S'ec Hornblende-syenite.)

Syucliiie at Republic 52, 142, 525

Synclinorium 3,4

abnormal 4

cross section of, figure of 4

Systems of elevation in North America 20

Taconic system 129

at Saginaw mine 142

Talc-schist 508, 510-511, 523

associated "with iron ore 131

origin of 510, 511

Talcose schist in Kitchi schist area 164

in Mona schist area 152

Talcose slate 10, 11, 20, 27

Taylor mine 346

Teal Lake 29, 30, 54, 55. 75, 86, 87, 91, 115, 123,

125, 137, 222, 240, 257, 272. 282, 284, 285, 287, 294,

295, 290, 297, 299, 302, 304, 305, 307, 308, 313, 314,

315, 321, 322, 324, 326, 330, 378, 557, 558, 559, 560

Teal Lake iron range 378,395

Tennessee, Doe River quartzite of 571

Thompson pit 543,544

Tigo Lake 241,252,253

TitaniferouB magnetite of quartz-diabase 520

Topographic maps of Marquette district 2

Tornebohm, referred to 06

Tourmaline of feldspathic biotiteschist 197

of graywacke 448

of greenstone 499

Page.

Tourmaline of greenstone-schist 205

of Palmer gneiss 216

of schistose conglomerate 478

of slate 448

Town 43 N., R. 31 \V., section 4 576

44 N.,R.31 W 576

44 N.,R. 31 W., ii6ctiou33 576

43 X.,K,31Ay 576

40 X.,R.24W 18

46 N.,R.25 W IS

46 N.,R.26 W 18

40 N., R. 27 W., section 22 568

section 23 568

46 N., R. 29 W., northwest sections of 525

section 6 529

7 529,541

8 470

18 532

46 N., R.30W.:
section 1 23, 439

440

338

47 N.,R.24-n' 18

section 29 147

47 N.,R.25W 18,518

section 1 221,223,231,238

2 221, 222, 223, 238, 241, 251, 253

3 221,222,239,241,253

4 253

5 253,257,272,307,314

6 92, 272, 282, 287, 294, 299, 307, 326, 570

7 253, 272, 299, 307

8 223,239,253,272

221, 223, 239, 253

16. 239

17 239.253

18 253,254,257,258

19 258

24 273

29 222

47 N.,R.26W 13,18,54

west half 330

sectionl 326

2 315,316,327

3 314-316,322,327,330,407

4 314-310,322.327,407

5 258,314-310.322,327

6 18,22,147,258

7 18,22,258,344

8 258,314-316,322,327,515

9 314,316,322,327,407

10 330,407

11 234, 257, 273, 308

12 254,257,273,308

13 . 246,

234, 256, 257, 258, 260, 269, 272, 273, 273, 281, 340

15 18,330,407

19 314,313,316,328

20 314.315,310,321,327,407

21 262,281,282,284,560

22 88,147,258,

259, 269, 275, 278, 280, 281, 282, 284, 285, 306, 537

23 187,258,259,269,270,271,

275, 276, 277, 282, 284, 285, 286, 308, 310, 314, 537

24 236, 257, 272, 275, 281, 310, 358

26 509

27 282,283,308,309,330
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Page.

Tow-n 47 N., R. 26 W.—CoDtinoed.

sect ion 28 282, 283, 284, 285. 308, 309, 310, 382, 407

29 31, 383, 285, 287, 295, 308, 309, 314, 382-383

30 31, 284, 286, 299, 312, 314, 315, 383-383

31 283,284,382-383

32 212, 215, 284, 298, 311, 382-883, 557

33 284,311,382,557

34 194, 211, 212, 284, 298, 326, 557

35 211, 212, 217, 283, 284, 287, 398, 311

iTS.,-R.27^ 20

east half 330

section 1 16,346,380,521

4 378,425,517

5 378.425,505

6 257,331,378,425

7 257

8 257

10 32,499

11 32,338,491

12 338,492,495,498

13. 342

16 22.425,427,431

18 455,460,461

19 284, 299, 340, 383

20 331,517

21 331,383,430,431,509,570

22 383

23 383

23 31,212,558

26 212,383

27 284,286,289,312,383

28 283, 286, 289, 298, 312, 515, 516, 558

47^f.,E.28 W 20

section 3 377

4 331,377

5 455

17 470,483

18 331,338,385,432,434,483

20 283,328,384,385,409

21 384

24 384,410,430

47N.,E.29W 20

section 1 455

4 434, 470, 481

7 409

11 385,507

12 283,385,489,507

47N., E.30 192

section2 100

5 457

7 457,534

409, 439, 440, 457, 503

47 X
48 X

30 439,508

, E. SIW., section 23 538

,
E.24W 18

Page
Town48N., E. 25 W 18,159

section 14 140

23 180

29 122, 223, 232

31 253,328

32 253

33 234

34 234,236,253

35 236

48N., E.26W 15,18,19,169,176

section 20 83

21 83

22 83

23 83

26 159

28 155

30 16

31 305,326

32 257,306,321,326

33 257,314,326

35 314

36 284

48N., E. 27W 20,184

section 2 187

27 185

29 313

30 313

33 284,302

34 302

35 158,302,322

48 N., E.28'W 20,85

section 18 183

23 179

25 161,298

26 162

29 174

30 285,286,297,301,558,669

31 285,286,297,301

32 301,377

35 446

36 161

48N.,E.29 W 20

8ection25 285,297

28 416

29 445,446,452,454

30 452,454

31 424,462,454,460

32 452,483,470

33 424

35 445,454

48 N., E. 30 W.,

section 19 322,418

20 322

21 300,500

27 521

28 456

29 456

30 456

32 456

33 456

35 518,520

36 436,518,520

48 N., E. 31 W.,

section 24 509
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Town49N., K.25'\V IS

49 N., li. 33 AV. , aectiun 9 346

Transgression quartzito 152

Trap... 13,37

of Preaquo Isle 9, 16, 22, 76

(See Serpentine, Peridotite),

Tufl's 155, 156, 158, 164, 165, 166, 167, 169, 302, 330, 564-565

acid 160.169

altered 153, 158, 159, 162, 201

basic 160,163,169,189

diabasic 124

in Clarksburg series 460,

461, 462, 464, 467, 468, 470^79, 483

in Northern Complex 555

in Upper Marquette series 142

porphyry 159

schistose 163

structure of 464

{See Greenstone-tutf, Tuffaceous beds, Tuffa-

ceous greenstone.)

Tuffaceous beds in Marquette series 487, 514. .^»17

Tuffaceous greenstone. {See Greenstone tuff.)

Tuffaceous Kitchi schists. (See Conglomeratic Kitchi

schists.)

Twinning of orthoclase 526

of staurolite 459

U.

beds and KitchiTnconformity between Al]

schists

between Archean and Ajibik quartzite

295, 296, 298, 300, 302, 303, 309.

between Archean and Goodrich quartzite

, between Archean and Huronian 44—45, 105,

between Archean and Kona dolomite

between Archean and Lower Huronian

between Archean and Lower Marquette. 127, 135,

between Archean and Marquette Ill, 190,

between Archean and Meanard 223, 230,

between Archean and Upper Marquette

between Archean and Wewe slate 270, 276,

between Azoic and Potsdam
between Cambrian and Keweenawan
between Cascade and Republic formations

between Clarksburg series and graywacke
between granite and fragmental series.. . 82, 111,

between green schists and fragmental series

between Goodricli quartzite and Ajibik quart-

zite

between Goodrich quartzite and Lower Mar-
quette series 1

between Goodrich quartzite and Negauaee for-

mation

between granite and sandstone 9, 34,

between Holyoke and Kepublic formations .

.

between Huronian and Laurentian

between Huronian and Potsdam
between iron formation and overlying conglom-

erates

between Isbpemiug and Negaunee formations ..

335, 377, 378,

(SeeUnconformitybetween Lower and Upper
Marquette.)

between jaspilito and quartzite

between Keweenawan and Upper H
between Lower Huronian and Uppe

311,528

411, 536

113, 116

256

135, 143

557-559

532-535

231, 239

127

278, 282

121-122

121-122

411, 428

113, 116

138, 139

115, 126

334,

384, 420

Uuconformity between Lower Marquette and T'pp.^r

Marquetto scries 1,3. 127, 402, 411, 562-563

(-See Unconformity between Islipeming and
Nogaunco.)

between Marquette conglomerates and Palmer

212
between Potsdam sandstone and underlying

series 112-113

between pre-Cambrian formations 137

between quartzite aud sandstone 59-60

between sandstone and serpentine 60

Unger, H., analyses by 202

United States Geological Survey 7, 97, 123, 135, 141

United States geologists iq

Upper Huronian series go, 130

characterized 135,143-144
of Black Hills 457
of Menominee district r)7Q

of Penokee district 457

{See Upper Marquette series.)

Upper iron-bearing aeries 109-110

Upper Marquette series 3, 288,

311, 331, 332, 360, 399, 507, 528, 531, 532, 554

area of 3

constitution of 141, 145

described 408^86, 535-538, 563-566

denudation of 402

folding of 402, 419

formations of 4O8, 554

name proposed 127

of Republic trough, described 535-538

relations to Lower Marquette 062-563

relations to underlying rocks 536

Upper Marquette transgression 552

Upper slate. {See Michigamme formation.)

Upper Peninsula of Michigan 55, 64

geology of 27-34, 66-67

Uralite of greenstone 492

Uralite-diabase 494, 496, 505

V-fold 441

Yeins, ferruginous in Northern Complex 180-188

in Southern Complex 217

of acid rock in Basement Complex 150

of chert 186,248,260,288,301,303,306

of dolomite inKeri)entiue 186

of granite in Basement Complex 150,151, 182,193,311

of granite in green schist 256

of granite in mica-gneiss 447

of granite in Northern Complex 151

of granite in Scmthern Complex 193

of greenstone in granite 8.10

of hematite 310

of hornblende 9

of iron oxide 260,

268, 275, 281, 288, 290, 303, 304, 307, 308, 344

of jaspilite 291

of magnetite 310

of martite 288

of microcline in quartz 172, 173

of porphyry in granite 10

of quartz 223, 227, 228,

260, 267, 268, 281, 290, 291, 304, 307, 308, 310, 311, 453

of quartz in Kitchi schist 1G6

of quartz in Southern Complex 151
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Veins of sericite-acliist 209-21iJ

of sideritB 187

of slate in Northern Complex 186. 187

Telaui, referred to 177

Vermilion rock 118

Vesuvius 481

Volcanoes, of Hawaii 142. 463, 464, 467, 481

submarine 463, 464

Volcanic rocks. ... 3, 141, 142, 171. 408, 435, 460, 481, 564-565, 574

ashes 58

bombs 169, 479, 481

breccias (see Breccias in Clarksburg series),

conglomerates (see Conglomerates of Clarksburg

series)

.

erujttives 481, 485

tufls 562

Volcanic plugs 484

Volcanic vents 460, 461, 463, 466, 479. 481 , 484, 485

Volunteer mine 138, 284, 312, 333, 360, 396, 399, 412, 429. 431

Van Hise, C. R., on Algonkian system 127, 135

on correlation of Huronian areas of Lake Supe-

rior region 126

on general geology of Marquette district 125 -

127, 130-133, 133-135, 141-142, 143-144, 554-579

on Ishpeming formation 409-439

ou Lower Marquette series , 221-405

onMichigamme formation 439-460

on origin ofiruuores 131-133

on pre-Cambrian rocks in Lake Superior region. 129, 130

on significance of conglomerates above ore hori-

zon 125-127

on succession in Marquette district 133-

134, 141-142, 143-144

on two series in Huronian 126

referred to 2, 4, 7, 227, 230, 237, 242, 268, 274, 317, 395,

400, 449, 457, 531, 540, 568, 570, 571, 575, 577

(A'ee Irving, R.D.)
W.

"Wabaasin Lake. (See Lake Wabasain.)

"Wadsworth, M. E., ou general geology of Marquette
district 71-79, 127-128, J 36-140

on microscopic features of jaspilites 73

on origin of basic rocks 74

ou origin of jaspilites iu iron ores 73-

78, 79-81, 119, 127-128, 135-136, 137-140

on relations of granites and sedimentary rocks. . 75-76

on relations of green schist and j aspilite 72-73

ou serpentine 76-77, 99-100, 183, 185

on subdivision of Azoic system 118-120, 135-137

on succession in Marquette district 135-140

referred to 1, 6. 7, 103. 106. 111. 115. 126, 125, 127.

140. 144, 183, 185, 298, 311, 497, 543
(SeeJ.D. Whitney.)

"Washington mine 74

"Weathering of basic d iko rocks 181

of greenstones 498

of Kitchi schists 164

of Mona schists 156

(See Denudation, Erosion.)

"Wehrlito 183,185

"Werveke, referred to 177

"West Ilepublic mine 541 , 542

"Western tongue 283, 286, 293, 313, 390, 439, 444, 445, 570

"Wetmoremine 127

Wewe hills 256,259,275,308

Wewe slate 221, 244, 248. 251, 252

284, 285. 287, 289, 290. 292. 300, 304, 306, 307, 554, 556

Wewe slate, deposition of 560

described 256, 282

plate of 262,280

relations to Ajibik quartzite 271

272, 273, 277, 286, 287, 294-295, 307, 309, 310

relations to Archean 270, 276, 277, 280

relations to Kona dolomite 269, 273, 274

Wichmann, A 67, 70

"Wheat mine 125

(See Starwest mine.)

"White Mountain series 66

"Whitney, J. D., analyses by 184

ou geology of Marquette district 24

on origin and occurrence of Iron ores 34-37

on presence of two series in Lake Superior region 38

referred to 6, 16, 17, 38, 39. 40

42, 46, 47, 48, 56, 60, 61, 64, 71, 72, 76, 79, 99, 113, 125

with M. E. Wadsworth, on divisibility of Azoic
system 99

on origin of ores, jaspilites, and diorites 99

(See Foster.)

"Whittlesey, Charles, on Laurentian series in Midi-
igan •-.. G2-63

on origin of Azoic rocks 38-39

on origin of iron ores 39

referred to 6, 71

Wichmann, A., ou microscopic features of Mar-
quette rocks 67, .70

referred to 6,64,66,*r4

"Wilkins, "William, referred to 12

"Williams. G. H., criticism of work of, by N. H. "Win-

chell 145-146

ou microscopical description of greenstone-

schists 123-125

on origin of greenstone-schists 114, 123-125

referred to 7, 122, 130, 145, 154, 155, 156, 157,

159, 160, 178, 183, 206, 476, 502

Wlnchell, Alex., on age of Marquette iron-bearing

rocks 117-118

on general geology of Marquette district 39, 48

on points in geology of Marquette district 117-118

referred to 6, 7, 39, 71, 81, 121, 125

Winchell, H. V., sketch of discovery of mineral de-

posits iu Lake Superior region 142

Winchell, N. H., on conglomerates and their signifi-

cance 115,142

on origin of Archean greenstones 145, 146

on points in the geology of the Marquette dis-

trict 115-116.142

referred to 7,117,121,125,489

Wiathrop mine 54, 125, 137

(See Lowthian mine.)

"Wisconsin 5, 6, 10, 35, 37, 61, 64, 69

Wright, C. E., on geology of Upper Peninsula of

Michigan ..'. 66-67

on 7iiicroscopical features of Marquette rocks ... 59

referred to 6,57.64,71,72,77,119

Zirkel, F.. referred to 66, 177, 201

Zoisite of mica-gneiss 416, 450

of mica-schist 4 6

of quartz-schist 416,443

Zoue of fracture and flowage .... 251, 268, 280, 344, 350, 356. 571

of flowage 269

of fracture 269
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The stiitiito ;iii]iiove(l .M:irch S, 187'.), ostiiblisliiiig (he. Ihiil.cd Sl.iitos Ccohifiical Survey, contains
the following pinvisiou.s:

"The publiciitions of the Geologioiil Survey shall consist of the iinnnal report of oponitions, goo-
logical and ('conoiiiic ni:i|)s illustrating the resources anil classification of the lands, and reports upon
general and (•loiMiiinr giiil.i^\ :iiid paleontoh)gy. The annual report of operations of the Geological
Survey shall .mcmuikiii \ I he iiimnal report of the Secretary of the Interior. All special memoirs and
reports of saiil Sm \ r\ nIliII l>e issued in uniform ([uarto series if deemed ueeess.'ii'y l>y the Director, hut
otherwise in ordinary oct.-ivos. Three thousand eo])ies of each .shall lie paid i.shc^d Inr siieiitifu- I'xdianges
and for sale at tlie price of publication ; and all literary a-nd cartographic ni.ilci inis re.n ved in exchange
shall i)e tlie property of the United States and fcu'm a jiart of tlie library of I he n)L;aiiizalioii : .\nd tlie

money resulting from the sale of such publications shall be covered into the Treasury of tlie L'uitiMl

States."
Except in those cases in which an e.xtra nnmher of any special memoir or report has been sup-

plied to the Survey by s|iecial resolution of Congress or has been ordered by the Secri^tary of the
Interior, this office has no cojiies for gratuitous distribution.

ANNUAL REPORTS.

I. First Aiiunal Iv'eport of the United States Geological Survey, by Clarence King. bs.Sd. 8 . 79

pp. 1 map.—A preliminary ri'port describing plan of ormmizatiim and publii^ations.

II. Second .\nnual Report of the United States Geological Survey, 1880-81, by .1. \V. I'owell.

1882. 8'^. Iv, J88 jip. ti2 iii. 1 map.
III. Third Annual Report of the United States Geological Survey, 1881-'82, by .1. \V. Powell.

1883. 8°. xviii, .")(34 lip. ()7 pi. and maps.
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by .J. \V. Powell.

188-t. 8<=. xxxii, 473 pp. 8.5 pi. and maps.
V. Fifth Annual Report of the United States (Jeological Survey, 1883-'84. bv .1. \V. Powell.

188.5. 8°. xxxvi, 46!) pp. 58 pi. and majis.

VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, Ijy .1. W. Powell.
1885. 8°. xxix, 570 ]t\>. 6.5 pi. and maps.

VII. Seventh Annual Report of the United States Geological Survey, 188.5-'86, by .1. W. Powell.
1888. 8°. XX, 656 lip. 71 pi. and imips.

VIII. Eighth Annual Report of the United States Geological Survey, 1886-'87, by .1. W. Powell.
1889. 8°. 2 pt. xix, 474, xii pp. 53 pi. and maps; 1 p. 1. 475-1063 pp. 54-76 pi. and maps.

IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, liv .1. \V. Powell.
1889. 8^'. xiii, 717 pp. 88 pi. and maps.

X. Tenth Annual Report of the United States Geological Survey, 1888-89. b\ .1. \V. I'owell.

1890. 8'^. 2 pt. XV, 774 pp. 98 pi. and maps; viii, 123 pp.
XI. Eleventh Annual Report of the I'mted States Geological Survey, 1889-9I), by .1 . W. Powi-II.

1891. 8-. 2 pt. XV, 757 pp. 66 pi. and maps: i\,:;."ilpp. 30 pi. and nuips.

XII. Twelfth Annual Report of the United States Geological Surv(!y, 1890-91, by J. W. Powell.
1891. 8°. 2 pt. xiii, 675 pp. 53 pi. and maps; xviii,.576 pp. 146 pi. and maps.

XIII. Thirteenth Annual Report of the United States Geoloijical Survey, 18!) 1 -'92, by J. W.
Powell. 1893. 8°. 3 pt. vii, 240 pp. 2mai3s; x, 372 pp. 105 pi. and maps; xi, 480 pp. 77'pl. and
maps.

XIV. Fourteenth Annual Report of the United States Geological Survey, 18i)2-'93, liy J. \V.
Powell. 1893. 8>^. 2 pt. vi, 321 pp. 1 pi. ; xx, 597 pp. 74 pi. and maps.

XV. Fifteenth Annual Report of the United States Geological Survey, 189.3-'94, by J. \V. Powell.
1895. 8°. xiv, 755 pp. 48 pi. ami maps.

XVI. Sixteenth Annual Report of the United States Geological Survey, 1894-'9.5, by Charles D.
Walcott. 1895. (Part I, 1886.) 8'^. 4 pt. xxii, 910 pp. 117 pi. and maps; xix, 598 pp. 15 pi. and
maps; xv, 646 pp. 23 pi. ; xix, 735 pp. 6 pi.

XVII. Seventeenth Annual Report of the United States (ieological Survey, 1895-'96, by Charles
U. Walcott 1896. 8^. 3 pts. in 4 vols, xxii, 1076 pp. 67 pi. and maps; xxv, 864 pp. 113 pi. and
maps; xxiii, 542 pp. 8 pi. and mans; iii. 513-1058 pp. 9-13 pis.
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ADVERTISEMENT.

JIONOGKAPHS.

I. Lake Ronneville, hy Grove Karl Oilbert. 1890, 4°. xx, 43S pp. 51 pi. 1 map. Price $1.50.
II. Tertiary History ol'tlieCirainU'ariou District, with Atlas, bv Clarence E. Dutton, Capt.. U. S. A.

IX><2. 4 . xiv, -Mi pp. 42 pi. ami atlas of 24 sheets folio. Price iflO.OO.

III. Geolof;v of the Comstock Lode and the Washoe District, with Atlas, by George F. Becker.
1882. 4°. XV, 422 pp. 7 pi. and atlas of 21 sheets folio. Price $11.00.

IV. Comstock Jlining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pi. Price $1.50.
V. The Copi)er-l!earing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4^. xvi, 464

pp. l.M. 29 pi. and maps. Price $1.85.

\1. Contributions to the Knowledge of the Older Mesozoic P'lora of Virginia, by William Morris
Fontaine. 1883. 4. xi, 144 pp. 54 1. 54 pi. Price $1.05.

VII. Silver-Lead Deposits of Eureka, Nevada, bv Joseph Storv Curtis. 1884. 4"^. xiii, 200 pi>.

16 pi. Price $1.20.

VIIL Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 4°. xiii, 29H

pp. 241. 24 pi. Price" $1.10.

IX. Brachi(>i>oda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New
Jersey, by Robert P. Whitlield. 1885. 4'^. xx, 338 pp. 35 pi. 1 map. Price $1.15.

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles
Marsh. 1886. 4^ . xviii, 243 pp. 56 1. .56 pi. Price $2.70.

XI. Geological History of Lake l.,ahontau, a (Quaternary Lake of Northwestern Nevada, by
Israel Cook Russell. 1885. 4<=. xiv, 288 pp. 46 pi. and maps. Price $1.75.

XII. Geology and Mining Industry of Leadville, Colorado, with Atlas, by Samuel Franklin Em-
mons. 1886. 4-. xxix, 770 pp. 45 pi. and atlas of 35 sheets folio. Price $8.40.

XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with Atlas, bv George F. Becker.
1888. 4^. xix, 486" pp. 7 pi. and atlas of 14 sheets folio. Price $2.00.

XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut
Valley, by John S. Newberry. 1888. 4^. xiv, 152 pp. 26 pi. Price $1.00.

X\'. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 4-. xiv,
377 jjp. 180 pi. Text and plates bound separately. Price $2.50.

XVI. The Paleozoic Fishes of North America, bv John Strong Newberry. 1889. 4". 340 pp.
53 pi. Price $1.00.

XVII. The Flora of the Dakota Group, a Posthumous Work, by Leo Lesquereux. Edited by F.
n. Knowlton. 1891. 4^. 400 pp. 66 pi. Price $1.10.

XVIII. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jer.sey,
by Kobcrt P. Whitfield. 1891. 4°. 402 pp. 50 pi. Price $1.00.

XIX. The Pcnokee Iron-Bearing Series of Northern Wisconsin and Michii;an, bv Roland D.
Irving and C. R. Van Hise. 1892. 4'-\ xi.x, 534 pp. Price $1.70.

XX. Geologyof the Eureka District, Nevada, with an Atlas, by Arncdd Hague. 1.S92. 4 . xvii,

419 pp. 8 pi. Price $5.25.

XXI. The Tertiary Klivnchophorous C'oleoptera of the United States, by Samuel Hubbard Scud-
der. 189."?. 4^. xi. 206]>p. 12 pi. Price 90 cents.

XXII. A Manual of Topographic Methods, by Henry Gannett, Chief Topographer. 1893. 4°.

xiv. 300 ]ip. 18 pi. Price $1.00.

XXIII. Geology of the Green Mountains in Ma.ssachusett8, by Raphael Pumpelly, T. Nelson Dale,
and J. E. Wolff. 1894. 4°. xiv, 206 pp. 23 pi. Price $1.30.

XXIV. Mollusca and Crustacea of the Miocene Formations of New Jersey, by Robert Parr \VTiit-

field. 1894. i-^'. 193 pp. 24 pi. Price 90 cents.
XXV. The(;iaeialLakeAgassiz, by Warren Upham. 1895. 4^. xxiv,658pp. 38pl. Price$1.70.
XXVI. Flora of the Aniboy Clavs, by John Strong Newberry; a P. sthumous Work, edited by

Arthur Hollick. 1895. i. 260 pp. 58 pi! Price $1.00.
XXVII. Geolosry of the Denver Basin in Colorado, by Samuel Franklin Emmons, Whitman Cross,

aniKieorge Hom.ins Eldridge. 1896. 4. 5.56 pp. 31 jd. Price $1..50.

X.WIII. The Marijuette Iron-lJeariug District of Michigan, with Atlas, by C. R. Van Uise and
W. S. Ilayley, including a Chapter ou the Republic Trough, by C. L. Smyth. 1895. 4-. 608 pp. 35
pi. I'rice $5.75.

J II preparation:
XXIX. The Geology of Old llamp.shire County. Massachusetts, comprising Franklin. Hampshire,

and Hampden Counties, bv Benjamin Kendall Emerson.
XXX. Fossil Medusa-, by Charles Doolittle Walcott.
XXXI. Geology of the Aspen Mining District, Colorailo, with .Vtlas, by Josiah Edward Spurr.
XXXII. Getdogv of the Yellowstone National Park, Part II, Descriptive Geology, Petrography,

and Paleontology, by Arnold Hague, J. P. Iddings, W. Harvey Weed, Charles D. Walcott, G. H. Girty,
T. W. Stanton, au<l F. H. Knowlton.

XXXIII. Geology of the Narragansett Basin, by N. S. Shaler, .1. B. Woodworth, and August F.
Foerste.

XXXIV. The Glacial Gravels of Maine and their Associated Deposits, by George H. Stone.
—Sauropoda, by O. C. Marsh.
—Stegosauria, i>y O. C. Marsh.
—Brontotherida;', by O. C. JIarsh.
—Report on .'Silver Cliff and Tcu-Mih' Mining Districts. Colorado, by S. F. Emmons.
—Flora of the Laramie and Allied Formations, by Frank Hall Knowlton.
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BULLETINS.

1. On Hyperstheue-Aiidesite and on Tricliuic Pyroxeuo in Au<;itic Rocks, by "Whitman Cross,
with a Geological Sketch of Buffalo Peaks, Colorado, \>y S. F. Euinions. 1883. 8^. 12 i)p. 2 jil.

Price 10 cents.

2. Gold and .Si Ivor Con vprsi on Tables, giving the Coining Values of Troy Ounces of Fine Metal,
etc., computed by All. .11 Willi.n.is, jr. 1«8.S. 8-. 8 pp. Price .^ cents.

3. On the F..N^il laniKis ,,| tlic Upper Devonian, along the Meridian of 7G° 30', from Tompkins
County, N. Y., to lira.lL.i .1 ( ..iint.N

, l"a., by Henry S. Williams. 1884. 8^. 36 pp. Price 5 cents.
4. On Mesozoic Fossils, by Charles A. White. 1884. 8^. 36 pp. 9 pi. Price 5 cents.
5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. S°. .325

pp. Price 20 cents.
6. Elevations in the Dominion of Canada, by .7. W. Spencer. 1884. 8^. 43 pp. Price 5 cents.
7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and

South), 1752-1881, in Geographic and Chronologic Order, by Jules Marcou and .lohn Belknap Slarcou.
1884. 8^. 184 lip Price 10 cents.

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, liy 1{. 1). Irvini>- and C.
R. Van Hise. 1884. S"^. 56 pp. 6 pi. Price 10 cents.

9. A Report of Work done in the Wasliiiigti.n Laboratory during the Fiscal Year 1883-'84. F. W.
Clarke, Chief Chemist; T.M.(.'lKit:ir.l, assistant chemist. 1884. 8". 40 pp. Price 5 cents.

10. On the Cambrian I'aunas i.f Xi.i i li America. I'relimiuary Studies, by Charles Doolittle Wal-
cott. 1884. 8°. 74 pp. 10 pi. I'rice 5 cents.

11. On the Quaternary and Recent Mollusca of the Great Basin; with Description of New
Forms, by R. Ellsworth Call. Introduced bv a Sketch of the Quaternary Lakes of the Great Basin,
by G. K. Gilbert. 1884. 8°. 66 pp. 6 pi. Price 5 cents.

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 8°.

34 pp. 3 pi. Price 5 cents.

13. Boundaries of the United States and of the Several States and Territories, with a Historical
Sketch of the Territorial Changes, by Henry Gannett. 1885. 8°. 135 pp. Price 10 cents.

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincent
Strouhal. 1885. 8°. 238 pp. Price 15 cents.

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. "White. 1885. 8^.

33 pp. Price 5 cents.

16. On the Higher Devonian Faunas of Ontario County, New York, by John M.Clarke. 1885. 8^.

86 pp. 3 pi. Price 5 cents.

17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, with Notes
on the Geology of the District, by Arnold Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5
cents.

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Mollusca ofWestern North America,
by Charles A. NVliite. 1885. S^. 26 pp. 3 pi. Price 5 cents.

19. Notes on the Stratigraphy of California, by George F.Becker. 1885. 8^^. 28 pp. Price 5 cents.
20. Contributions to tlic .Mineralogy of the Rocky Mountains, by \\Tiitman Cross and W. F. Hille-

brand. 1885. 8'='. 114 pp. 1 i>l. Price" 10 cents.

21. The Lignites of the (ireat Sioux Reservation; a Report on the Region between the Grand
and Moreau Rivers, Dakota, by Bailey AVillis. 1885. 8"-. 16 pp. 5 pi. Price 5 cents.

22. On New Cretaceous Fossils from California, by Charles A. White. 1885. 8°. 25 pp. 5 pi.

Price 5 cents.

23. Observations on the Junction between the Eastern Sandstone and the Keweenaw .Scries on
Keweenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. 8^. 124 pp. 17 pi.

Price 15 cents.

24. List of Marine Mollusca, comprising the Quaternary fossils and Recent Forms from American
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healey Dall.

1885. 8°. 336 pp. Price 25 cents.

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas
Barnes. 1885. 8*^. 85 pp. Price 10 cents.

26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents.

27. Report of Work done in the Division of Chemistrv and Phvsics, mainly during the Fiscal Year
1884-'85. 1886. 8°. 80 pp. Price 10 c.-nts.

28. The Gabbros and Associated Hornblende Rocks occurring in the Neighborhood of Baltimore,
Md., by George Huntington Williams. 1886. 8°. 78 pp. 4 pi. Price 10 cents.

29. On the Fresh-water Invertebrates of the North American Jurassic, byCharles A. White. 1886.
8'^. 41 ])p. 4 pi. Price 5 cents.

30. Second Contribution to the Studies on the Cambrian Faunas of North America, by Charles
Doolittle Walcott. 1886. 8-^. 369 pp. 33 pi. Price 25 cents.

31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and
Arachnids, by Samuel Hubbard Scudder. 1886. 8". 128 pp. Price 15 cents.

32. Lists and Analyses of the Mineral Springs of the United States; a Prelimiuarv Study, bv
Albert C. Peale. 1886. 8°. 235 pp. Price 20 cents.

33. NotesontheGeologyofNortheruCalirornia,byJ.S.Dillcr. 1886. 8^. 23 pj). Price5ceuts.
34. On the Relation ofthe Laramie Molluscan Fauna to that ofthe Succeeding Fresh-water Eocene

and Other Groups, by Charles A. White. 1886. 8°. 54 pp. 5 pi. Price 10 cents.
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35. PliYsi<;il Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. 8".

62pp. Pri<r 111 cciils.

36. !>ul)si(liiiie(it'FineSolidParticlesinLi(iui(ls,by CarlBarus. 1886. 8"^. o8pp. PricelOcents.
37. Types of the Laramie Flora, by Lester F. Ward. 1887. S"^. 354 pp. 57 pi. Price 25 cents.

38. PeridotiteofKUiottCounty, Kentucky, by J. S.Diller. 1887. 8^. 31pp. Ipl. Price5cent8.
39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. 8°.

84 pp. 1 pi. Price 10 cents.

40. Changes in Kiver Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887.

S°. 10 pp. 4 pi. Price 5 ceuts.

41. On the Fossil Faunas of the Upper Devonian—the Genesee Section, New York, by Henry S.

Williams. 1887. 8°. 121 pp. 4 pi. Price 15 cents.

42. Reportof Work done in the Division of Chemistry and Physics, mainly during the Fiscal Year
1885-'86. F.W. Clarke, Chief Chemist. 1887. 8^. 152 pp. 1 pi.' Price 15 cents.

43. Tert ia ry and ( 'retaceous Strata of the Tuscaloosa, Tombigbee, and ,\labama Rivers, by Eugene
A. Smith and Lawrence ('..Johnson. 1887. 8°. 189 pp. 21 pi. Price 15 cents.

44. Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. 8°. 35 pp.

45. The Present Condition of Knowledge of the Geology of Texas, by Robert T.Hill. 1887. 8°.

94 pp. Price 10 cents.

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. V. Penrose, jr., with an Intro-

duction by N. S. Shaler. 1888. 8"^. 143 pp. Price 15 cents.

47. Analyses of Waters of the Yellowstone National Park, with an Account of the Methods of
Analysis employed, by Frank Austin Gooch and James Edward Whitfield. 1888. S^. 84 pp. Price

10 cents.

48. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1888. 8°. 88

pp. Price 10 cents.

49. Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert
Simpson Woodward. 1889. 8-. 133 pp. Price 15 cents.

50. Formulas and Tables to Facilitate the Construction and Use of Maps, by Robert Simpson
Woodward. 1889. 8^. 124 pp. Price 15 cents.

51. On Invertebrate Fossils from the Pacific Coast, by Charles Abiathar White. 1889. 8<=. 102

pp. 14 pi. Price 15 cents.

52. Subaerial Decay of Rocks and Origin of the Red Color of Certain Formations, by Israel

Cook Russell. 1889. 8°. 65 pp. 5 pi. PricelOcents.
53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 8^. 55 pp. 10 pi. Price

10 cents.

54. On the Thermo-Electric Measurement of High Temperatures, by Carl Barus. 1889. 8^.

313 pp., incl. 1 pi. 11 pi. Price 25 cents.

55. Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal

Year 1886-'87. Frank Wigglesworth Clarke, Chief Chemist. " 1889. 8^. 96 pp. PricelOcents.
56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Kuowlton. 1889. 8^.

72 pp. 7 pi. Price 10 cents.

57. A Geological Eecomioissance in Southwestern Kansas, by Robert Hay. 1890. 8°. 49 pp.
2 pi. Price 5 cents.

58. The Glacial Boundary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by
George Frederick Wright, with an Introduction by Thomas Clirowder Chamberlin. 1890. 8=^. 112

pp., incl. 1 pi. 8 pi. Price 15 cents.

59. The Gal)bros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. 8'='. 45

pp. 1 pi. Price 10 cents.

60. Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal

Year 1887-'88. F. W. Clarke, Chief Chemist. 1890. 8^'. 174 pp. Price 15 cents.

61. Contributions to the Mineralogy of the Pacific Coast, by AVilliam Harlow Melville and Wal-
demar Lindgren. 1890. 8'^. 40 pp. 3 pi. Price 5 cents.

62. The Greenstone Schist .\rcas of the Menominee and JIarc|Uettc Regions of Michigan, a Con-
tribution to tlicSiibici t of llvnamii- JletamorphisminEruptivcKocks, Ipy (icoryc Hiintiugton Williams,

with an Introduction by Ko'liind Duer Irving. 1890. 8'-. 211 ji]), 10 pi. Price 30 cents.

63. A Bibliography of Paleozoic Crustacea from 1698 to 1889, including a List of North Amer-
ican Species and a Systematic Arrangement of Genera, by Anthony W. Vogdes. 1890. 8°. 177 pp._

Price 15 cents.

64. A Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal

Year 1888-89. F. W. Clarke, Chief Chemist. 1890. 8°. 60 pp. PricelOcents.
65. Stratigraphy of the Bituminous Coal Field of Pennsylvania, Ohio, and AVest Virginia, by

Israel C. White. 1891. 8*^. 212 pp. 11 pi. Price 20 cents.

66. On a Group of Volcanic Rocks from the Tewau Mountains, New Mexico, and on the Occur-

rence of Primary Quartz in Certain Basalts, by Joseph Paxson Iddings. 1890. 8°. 34 pp. Prices
cents.

67. The Relations of the Traps of the Newark System in the New Jersey Region, by Nelson
Horatio Darton. 1890. 8^. 82 pp. Price 10 ceuts.

68. Earthquakes in California in 1889, by James Edward Keeler. 1890. 8-
. 25 pp. Price 5

cents.
69. A Classed and Annotated Biography of Fossil Insects, l>y Samuel Howard Scudder. 1890.

8°. 101 pp. Price 15 cents.
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70. A Report on Astronomical Work of 1889 and 1890, by Robert Simpson Woodward. 1890. 8°.

79 pp. Price 10 cents.

71. Index to the Known Fossil Insects of tbe World, including Mvriapods and Arachnids, by
Samn(4 Hubbnnl Siiidder. 1891. 8'^. 744 pp. Price 50 cents.

72. Aliitiulcs between Lake Superior and the Rocky Mountains, by Warren rphaiii. 1891. 8°.

229 pp. Price 20 cents.

73. The Viscosity of Solids, by Carl Barns. 1891. S^. xii, 139 pj), li ])l. Price 15 cents.
74. The Minerals of North Carolina, by Frederick Augustus (ienth. ISill. 8"^. 119 jip. Price

15 cents.

75. Record of North Anu^rican Geology for 1887 to 1889, inclusive, bv Nelson Horatio Darton.
1891. 8". 173 pp. Price 15 cents.

76. A Dictionary of Altituiles in the United States (Second Edition), compiled by Henry Gannett,
Chief Topographer. "1891. 8^. 393 pp. Price 25 cents.

77. The Texan Permian and its Mesozoic Types of Fossils, by Charles A. White. 1891. 8^. 51

pp. 4 pi. Price 10 cents.

78. A Report of Work done in the Division of Chemistry and Phvsics, mainlv during the Fiscal
Year 1889-90. F. W. Clarke, Chief Chi'mist. 1H'.)\. 8. 131 pp. Price 15 eents.'

79. A Late Volcanic Eru)>li(>n in Northern Calil'oinia and its Peculiar Lava, by .7. S. Diller.

80. Correlation Papers—Devonian and Carboniferous, bv Henry Shaler Williams. 1891. 8°.

279 pp. Price 20 cents.
81. Correlation Papers—Cambrian, by Charles Doolittle Walcott. 1891. 8^. 547 pp. 3 pi.

Price 25 cents.

82. Correlation Papers—Cretaceous, by Charles A. White. 1891. 8^. 273 pp. 3 pi. Price 20
cents.

83. Correlation Papers—Eocene, by William Bullock Clark. 1891. 8°. 173 pp. 2 pi. Price
15 cents.

84. Correlation Papers—Neocene, liy W. H. Dall and G. D. Harris. 1892. 8^. 349 pp. 3 pi.

Price 25 cents.
85. Correlation Papers—The Newark System, by Israel Cook Russell. 1892. 8°. 344 i)p. 13 pi.

Price 25 cents.
86. Correlation Papers—Archean and Algonkian, by C. R. Van Hise. 1892. 8^. 549 pp. 12 pi.

Price 25 cents.
90. A Report of Work done in the Division of Chemistry and Physics, mainly during the Fiscal

Year 1890- 91. F. W. Clarke, Chief Chemist. 1892. 8°. 77 pp. Price 10 cents.
91. Record of North American Geology for 1890, by Nelson Horatio Darton. 1891. 8°. 88 pp.

Price 10 cents.
92. The Compressibility of Liquids, by Carl Barus. 1892. S°. 96 pp. 29 pi. Price 10 cents.
93. Some Insects of Speeinl Interest from Florissant, Colorado, aud Other Points in the Tertiaries

of Colorado and Utah, by Samuel Hnbbanl Seuddcr. 1892. 8"^. 35 pp. 3 pi. Price 5 cents.
94. The Mechanism of Solid \i,-,e(isitv, by Carl Barus. 1892. 8-. 138 pp. Price 15 cents.
95. Earthquakes in California in 1890 and 1891, by Edward Singleton Holden. 1892. 8^. 31pp.

Price 5 cents.
96. The Volume Thennodvnamics of Liquids, by Carl Barus. 1892. 8\ 100 pp. Price 10 cents.
97. The Mesozoic Echinodermata of the United States, by W.B.Clark. 1893. 8". 207 pp. .50 pi.

Price 20 cents.

98. Flora of the Outlying Carboniferous Basins of .Soutbwestein Missouri, bv David White.
1893. 8-^'. 139 pp. 5 pi. Price 15 cents.

99. Record of North American Geology for 1891, by Nelson Horatio Darton. 1892. 8°. 73 pp.
Price 10 cents.

100. Bibliography and Index of the Publications of the U. S. Geological Survey, 1879-1892, by
Philip Creveling Warman. 1893. 8"^. 495 pp. Price 25 cents.

101. lusect Fanna of the Rhode Island Coal Field, by Samuel Hubbard Scudder. 1893. 8°.

27 pp. 2 pi. Price 5 cents.

102. A Catalogue and Bibliography of North American Mesozoic Invertebrata, by Cornelius
Breckinridge Boyle. 1892. 8"^. 315 pp. Price 25 eents.

103. High Temperature \\'ork in Igneous Fusion and Ebullition, chiefly in Relation to Pressure,
by Carl Barus. 1893. 8°. 57 pp. 9 pi. Price 10 cents.

104. Glaciation of the Yellowstone Valley north of the Park, by Walter Harvey Weed. 1893. 8°.

41 pp. 4 ])1. Price 5 cents.
105. The Laramie and the 0\erlying Livingstone Formation in Montana, by W.alter Harvey

Weed, with Report on Flora, by Frank Hall Knowlton. 1893. 8° 68 pp. 6 pi. Price 10 cents.
106. The Colorado Formation and its Invertebrate Fauna, by T. W. Stanton. 1893. 8°. 288

pp. 45 pi. Price 20 cents.

107. The Trap Dikes of Lake Chamijlaiu Valley and the Eastern Adirondacks, by James Furman
Kemp.

108. A Geological Reconuoissance in Central Washington, by Israel Cook Russell. 1893. 8".

108 pp. 12 ])1. Price 15 cents.
109. The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their Contact Phe-

nomena, by William .Shirley Bayley. 1893. 8°. 121pp. 16 pi. Price 15 cents.
110. The Paleozoic Section in the Vicinity of Three Forks, Montana, by Albert Charles Peale.

1893. 8\ 56 pp. 6 pi. Price 10 cents.
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111. Geologv of the Big Stone Gap Coal Fields of Virginia and Kentucky, by Marius R. Camp-
bell. 1893. 8^. 106 pp. 6 pi. Price 15 tents.

112. Earthquakes in California in 1892, by Charles D. Perrine. 1893. 8^. 57 pp. Price 10 cents.
113. A Report of Work done in the Division of Chemistry during the Fiscal Years 1891-'92 and

1892-'93. F. W. Clarke, Chief Chemist. 1893. 8°. 115 pp. Price 15 cents.
lU. Earthquakes in California in 1893, by Charles D. Perrine. 1894. 8^. 23 pp. Price 5 cents.
115. A Geographic Dictionary of Rhode Island, by Henry Gannett. 1894. 8°. 31 pp. Price

5 cents.

116. A Geographic Dictionary of Massachusetts, by Henry Gannett. 1894. 8°. 126 pp. Price
15 cents.

117. A Geographic Dictionary of Connecticut, by Henry Gannett. 1894. 8^. 67 pp. Price 10
cents.

118. A Geographic Dictionary of 'Nevr Jersey, by Henry Gannett. 1894. 8^. 131 pp. Price 15
cents.

119. A Geological Reconnoissance in Northwest Wyoming, by George Homans Eldridge. 1894.
8°. 72 pp. Price 10 cents.

120. The Devonian Svstem of Eastern Pennyslvania and New York, by Charles S. Prosser. 1894.
S'^. 81 pp. 2 pi. Price 10 cents.

121. A Bibliography of North American Paleontology, by Charles Rollin Keyes. 1894. S°. 251
pp. Price 20 cents.

122. Results of Prim.ary Triangulation, by Henry Gannett. 1894. 8^. 412 pp. 17 i>l. Price
25 cents.

123. A Dictionary of Geographic Positions, by Henry Gannett. 1895. 8°. 183 pp. 1 pi. Price
15 cents.

124. Revision of North American Fossil Cockroaches, by Samuel Hubbard Scudder. 1895. 8°.
176 pp. 12 pi. Price 15 cents.

125. The Constitution of the Silicates, by Frank Wigglesworth Clarke. 1895. 8^. 109 pp.
Price- 15 cents.

126. A Mineralogical Lexicon, of Franklin, Hampshire, and Hampden counties, Massachusetts,
by Benjamin Kendall Emerson. 1895. 8-. 180 pp. 1 pi. Price 15 cents.

127. Catalogue and Index of Contributions to North American Geology, 1732-1891, by Nelson
Horatio Dartou. 1896. 8". 1045 pp. Price 60 cents.

128. The Bear River Formation and its Characteristic Fauna, by Charles A. White. 1895. 8°.
108 pp. 11 pi. Price 15 cents.

129. Earthquakes in California in 1894, by Charles D. Perrine. 1895. 8^. 25 pp. Price 5 cents.
130. Bibliography and Index of North American Geology, Paleontology, Petrology, and Miner-

alogy for 1892 and 1893, by Fred Houghton Weeks. 1896. 8'^. 210 pp. Price 20 cents.

'

131. Report of Progress of the Division of Hydrography for the Calendar Years 1893 and 1894,
by Frederick Haynes Newell, Topographer in Charge. 1895. 8^. 126 pp. Price 15 cents.

132. The Disseminated Lead Ores of Southeastern Missouri, by Arthur Winslow. 1896. 8°.
31 pp. Price 5 cents.

133. Contributions to the Cretaceous Paleontology of the Pacific Coast: The Fauna of the
Knoxville Beds, by T. W. Stanton. 1895. 8^. 132 pp. 20 pi. Price 15 cents.

134. The Cambrian Rocks of Pennsylvania, by Charles Doolittle Walcott. 1896. 8^. 43 pp.
15 pi. Price 5 cents.

135. Bibliography and Index of North American Geology, Paleontology, Petrology, and Miner-
alogy for the Year 1894, by F. B. Weeks. 1896. 8°. 141 pp. Price 15 cents.'

136. Volcanic Rocks of South Mountain, Pennsylvania, by Florence Bascom. 1896. 8^. 124 pp.
28 pi. Price 15 cents.

137. The Geology of the Fort Riley Military Reservation and Vicinity, Kansas, by Robert Hay.
1896. 8-\ 35 pp. 8 pi. Price 5 cents.

138. Artesian-well Prospects in the Atlantic Coastal Plain Region, by N. H. Darton. 1896. 8°.
228 pp. 19 pi. Price 20 cents.

139. Geology of the Castle Mountain Mining District, Montana, by W. H. Weed and L. V. Pirs-
sou. 1896. 8^. 164 pp. 17 pi. Price 15 cents.

140. Report of Progress of the Division of Hydrography for the Calendar Year 1895, by Frederick
Haynes Newell, Hydrographer in Charge. 1896. 8". 356 pp. Price 25 cents.

141. The Eocene Deposits of the Middle Atlantic Slope in Delaware, Maryland, and Virginia,
by William Bullock Clark. 1896. »-'. 167 pp. 40 pi. Price 15 cents.

142. A Brief Contribution to the Geology and Paleontology of Northwestern Louisiana, by T.
Wayland Vaughan. 1896. 8"^. 65 pp. 4 pi. Price 10 cents.

143. A Bibliography of Clays and the Ceramic Arts, by John C. Branner. 1896. 8°. 114 pp.
Price 15 cents.

144. The Moraines of the Missouri Coteau and their Attendant Deposits, by James Edward Todd.
1896. 8°. 71 pp. 21 pi. Price 10 cents.

145. The Potomac Formation in Virginia, by W. M. Fontaine. 1896. 8^. 149 pp. 2 pi. Price
15 cents.

146. Bibliography and Index of North American Geology, Paleontology, Petrology, and Miner-
alogy for the Year 1895, by F. B. Weeks. 1896. 8'-. 130 pp. Price 15 cents.

147. Earthquakes in California in 1895, by Charles I). Perrine, Assistant Astronomer in Charge
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WATER SUPPLY AND IRRIGATION PAPERS.

By act of Congreea approved June 11, 189f>, the following provision waa made:
^^ Provided, That hereafter thn reports of the Geological Survey in relation to tho gauj^inff of

streams and to the methods of >itili/iun the water resources ni:iy he printed in octavo t'orin. not to

exceed one hundred pages in length and live thousand copies in uuml)er; one thousand copiesof which
shall ho for the otlicial use of the Geological Survey, one thousand live hundred copies shall lie deliv-

ered to the Senate, and two thousand live huudred copies shall he delivered to the House of Repre-
sentatives, for distribution."

Under this law the following paper has hecu issued:

1. Pumi>iug Water for Irrigation, by Herbert M. Wilson.

GEOLOGIC ATLAS OF THE UNITED STATES.

The Geologic Atlas of the United States is the final form of publication of the topographic and
geologic maps. The atlas is issued in parts, progressively as the surveys are extended, and is designed
ultimately to cover the entire country.

Under the plan adopted the entire area of the country is divided into small rectangular diatriets,

bounded by certain meridians and parallels. The unit of survey is also the unit of juihlication, and
the maps and descriptions of each rectangular district are issued as a folio of the Geologic Atlas.

Each folio contains topographic, geologic, economic, and structural maps, together with textual

descriptions and explanations, and is designated by the name of a principal town or of a prominent
natural feature within the district.

Two forms of issue have been adopted: A ?i&rrt/_i/ edition, bound between heavy paper covers

and stitched; and njield edition, similarly bound, but unstitched.

Under the law a copy of each folio is sent to certain public libraries and educational institu-

tions. A limited number of copies are reserved for distribution to persons specially interested in the

region represented. This distribution ia at lirst gratuitous, but when the remaining number of copies

of any folio reaches a certain minimum a charge etiuivaleut to cost of publication will be made. In

such cases prepayment is obligatory. The folios ready for distribution are listed below.

Name of sheet. Limiting meridians. Limiting parallels
Area, in
square
miles.

Livingston*

Ringgold*

Placerville"
Kingston* . •

Sacramento*
Chattanooga*
Pikea Peak*
Sewanee*
Anthracite-Crested Butte*

Harpers Ferry*

Jackson*

Estillville'

Montana...
Georgia
Tennessee

.

California.

.

Tennessee .

California..
Tennessee .

Colorado...

Colorado
Virginia
West Virginia

.

[Maryland
California
[Virginia
<Kentm;ky
It

Fredericksburg*

Staunton*

Lasaen Peak* . .

.

Knoxville*

Marysville*

Smartsville*

Ste'

Cleveland*—
Pikeville* —
McMinnville*

Maryland
Virginia

/Virginia
\West \ irginia

.

California
)Tenne8&ee
\Nortli Carolina
California
California
{Alabama
Georgia

Tenneiisee .

Tennessee .

Tennessee .

/Maryland-

.

1100-111°

85^-85° 30'

120° 30'-121o

81° 30'-85°

121°-121° 30'

85°-85o 30'

10r)°-105° 30'

85° 30'-86o

106° 45'-107° 15'

77° 30'-78°

120° 30'-121°

82° 30'-83°

770.770 30'

79°-79° 30'

121°-122o

83° 30'-84o

84° 30'-85°

85°-«50 30'

85° 30'-86°

Pocahontas

.

Morristown.

Piedmont . .

.

Montana
Tennessee
Virginia
"West Virginia

.

Tennessee
[Virginia
< Maryland

.

(Nevada City.
Grass Valley.
Banner Hill .

("Gallatin .

.

(Yellowstone Na- I Canyon . .

,

t tional Park. | Shoshone
I Lake

(West Virginia..;)
(121<

California <121^

81°-81° 30'

83°-83° 30'

00' 25"-121° 03' 45'

01' 35"-121° 05' 04'

57' 05"-121° 00' 25'

450-46°

340 30'-35o

38° 30'-39o

35° 30'-36o

380 30'-39o

350-350 30'

380 30'-39°

35°-35° 30'

38° 45'-39°

39°-39° 30'

38°-380 30'

38°-380 30'

40°-41°

35° 30'-36°

350-350 30'

35° 30'-36o

350 30'-36o

37°-37° 30'

36°-36o 30'

39° 13' 50"-39° 17' 16"

390 10' 22"-39° 13' 50"
390 13' 50"-39o 17' 16"

11.05
12.09
11.65

* These folios can now be sent only on prepayment of price slated in the last colu



VIII • ADVERTISEMENT.

STATISTICAL PAPERS.

Mineral Resources of tlie United States [1882], by Albert Williams, jr. 1883. 8^. xvii, 813 pp.
Price 50 cents.

Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 188.5. 8°. xiv,
1016 pp. Price 60 ceuts.

Mineral Resources of the United States, 1885. Division of Mining Statistics and Technology.
1886. 8'^. vii, 576 pp. Price 40 cents.

Mineral Resources of the United States, 1886, by David T. Day. 1887. 8^. viii, 813 pp. Price
60 cents.

Mineral Resources of the United States, 1887, by David T. Day. 1888. 8°. vii, 832 pp. Price
50 cents.

Mineral Resources of the United States, 1888, by David T. Day. 1890. 8-^. vii, 652 pp. Price
50 cents.

Mineral Resources of the United States, 1889 and 1890, by David T. Day. 1892. 8^. viii, 671pp.
Price 50 cents.

Mineral Resources of the I'nited States, 1891, by David T. Day. 1893. 8^. vii. 630 pp. Price
50 cents.

Mineral Resources of the United States, 1892, by David T. Day. 1893. 8°. vii, 850 pp. Price
50 cents.

Mineral Resources of the United States, 1893, by David T. Day. 1894. 8>^. viii, 810 pp. Price
50 cents.

On March 2, 1895, the following provision was included in an act of Congress:
"Provided, That hereafter the report of the mineral resources of the United States shall be

issued as a part of the report of the Director of the Geological Survey."

In compliance with this legislation, the report Mineral Resources of the United States for the
Calendar Year 1894 forms Parts III and IV of the Sixteenth Annual Report of the Survey, and Mineral
Resources of the United States for the Calendar Year 1895 forms Part III of the Seventeenth Annual
Report of the Survey.

The money received from the sale of these publications is deposited in the Treasury, and the
Secretary of that Department declines to receive bank checks, drafts, or postage stamps ; all remit-
tances, therefore, must be by money order, made payable to the Director of the United States
Geological Surs'ey, or in currency for the exact amount. Correspondence relating to the publica-
tions of the Survey should be adibessed

To THE Director of the
United States Geological Survey,

Washington, 1). C, Fihniary, 1S97. Wasulngton, D. C.
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|
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including
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