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The Geological Survey is making a geologic |
map of the United States, which necessitates the
preparation of a topographic base map. The
two are being issued together in the form of an
atlas, the parts of which are called folios. Each
folio consists of a topographic base map and
geologic maps of a small area of country, together
with explanatory and descriptive texts.

THE TOPOGRAPHIC MAP.

The features represented on the topographic
map are of three distinet kinds: (1) inequalities
of surface, called relicf, as plains, plateaus, valleys,
hills, and mountains; (2) distribution of water,
called drainage, as streams, lakes, and swamps;
(8) the works of man, called culture, as roads,
railroads, boundaries, villages, and cities.

Relief.—All elevations are measured from mean
sea-level. The heights of many points are accu-
rately determined, and those which are most
important are given on the map in figures. |
It is desirable, however, to give the elevation of
all parts of the area mapped, to delineate the
horizontal outline, or contour, of all slopes, and to
indicate their grade or degree of steepness. This
is done by lines connecting points of equal eleva-
tion above mean sea-level, the lines being drawn
at regular vertical intervals. These lines are

called contours, and the uniform vertical space
between each two contours is called the contour
interval.  Contours and elevations are printed in
brown.

The manner in which contours express eleva-
tion, form, and grade is shown in the following
sketch and corresponding contour map:

Fig. 1.—1deal sketch and corresponding contour map.

The sketch represents a river valley between
two hills. In the foreground is the sea, with a bay
which is partly closed by a hooked sand-bar. On |
each side of the valley is a terrace. From the
terrace on the right a hill rises gradually, while
from that on the left the ground ascends steeply
in a precipice. Contrasted with this precipice is
the gentle descent of the left-hand slope. In the
map each of these features is indicated, directly
beneath its position in the sketch, by contours.
The following explanation may make clearer the
manner in which contours delineate elevation,
form, and grade:

1. A contour indicates approximately a certain
height above sealevel. In this illustration the
contour interval is 50 feet; therefore the con-
tours are drawn at 50, 100, 150, 200 feet, and so on,
above sea-level. Along the contour at 250 feet lie
all points of the surface 250 feet above sea; and
similarly with any other contour. In the space
between any two contours are found all elevations
above the lower and below the higher contour.
Thus the contour at 150 feet falls just below the
edge of the terrace, while that at 200 feet lies
above the terrace; therefore all points on the
terrace are shown to be more than 150 but less
than 200 feet above sea. The summit of the
higher hill is stated to be 670 feet above sea;
accordingly the contour at 650 feet surrounds it.
[n this illustration nearly all the contours are
numbered. Where this is not possible, certain
contours —say every fifth one—are accentuated
and numbered; the heights of others may then
be ascertained by counting up or down from a
numbered contour.

| Geological Survey is 5 feet.
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EXPLANATION.

2. Contours define the forms of slopes.

Since | town or natural feature within its limits, and at ‘1

contours are continuous horizontal lines conform- | the sides and corners of each sheet the names of
ing to the surface of the ground, they wind | adjacent sheets, if published, are printed.

smoothly about smooth surfaces, recede into all
reentrant angles of ravines, and project in passing
about prominences. The relations of contour
curves and angles to forms of the landscape can
be traced in the map and sketch.

3. Contours show the approximate grade of
any slope. 'The vertical space between two con-
tours is the same, whether they lie along a cliff
or on a gentle slope; but to rise a given height
on a gentle slope one must go farther than on a
steep slope, and therefore contours are far apart

| on gentle slopes and near together on steep ones.

For a flat or gently undulating country a small
contour interval is used; for a steep or mountain-
ous country a large interval is necessary. The
smallest interval used on the atlas sheets of the
This is used for
regions like the Mississippi delta and the Dismal

Swamp. In mapping great mountain masses, like |
| those in Colorado, the interval may be 250 feet.

For intermediate relief contour intervals of 10,

20, 25, 50, and 100 feet are used.

Drainage—Watercourses are indicated by blue
lines. If the stream flows the year round the
line is drawn unbroken, but if the channel is dry
a part of the year the line is broken or dotted.
Where a stream sinks and reappears at the sur-
face, the supposed underground course is shown
by a broken blue line. Lakes, marshes, and other
bodies of water are also shown in blue, by appro-
priate conventional signs.

Culture—The works of man, such as roads,
railroads, and towns, together with boundaries of
townships, counties, and States, and artificial
details, are printed in black.

Seales—The area of the United States (exclud-
ing Alaska) is about 3,025,000 square miles. On
a map with the scale of 1 mile to the inch this
would cover 3,025,000 square inches, and to
accommodate it the paper dimensions would need
to be about 240 by 180 feet. Each square mile
of ground surface would be represented by a

| square inch of map surface, and one linear mile

on the ground would be represented by a linear
inch on the map. This relation between distance
in nature and corresponding distance on the map
is called the scale of the map. In this case it is “1
mile to an inch.” The scale may be expressed also
by a fraction, of which the numerator is a length
on the map and the denominator the correspond-
ing length in nature expressed in the same unit.
Thus, as there are 63,360 inches in a mile, the
scale “1 mile to an inch” is expressed by .
Both of these methods are used on the maps of
the Geological Survey.

Three scales are used on the atlas sheets of
the Geological Survey; the smallest is
intermediate gy, and the largest gl
correspond approximately to 4 miles, 2 miles,
and 1 mile on the ground to an inch on the map.
On the scale gty a square inch of map surface
represents and corresponds nearly to 1 square
mile; on the scale j', to about 4 square miles;
and on the scale y'w, to about 16 square miles.
At the bottom of each atlas sheet the scale is
expressed in three different ways, one being a
graduated line representing miles and parts of
miles in English inches, another indicating dis-
tance in the metric systen, and a third giving the
fractional scale.

Atlas sheets and quadrangles.— The map is
being published in atlas sheets of convenient size,
which are bounded by parallels and meridians.
The corresponding four-cornered portions of ter-
ritory are called quadrangles. Each sheet on
the scale of w5l contains one square degree, i. e., a
degree of latitude by a.degree of longitude; each
sheet on the scale of 5, contains one-quarter of
a square degree; each sheet on the scale of iy
contains onesixteenth of a square degree. The
areas of the corresponding quadrangles are about
4000, 1000, and 250 square miles, respectively.

The atlas sheets, being only parts of one map of
the United States, are laid out without regard to
the boundary lines of the States, counties, or town-
ships. To each sheet, and to the quadrangle it
represents, is given the name of some well-known

Uses of the topographic sheet.— Within the
limits of scale the topographic sheet is an accurate
and characteristic delineation of the relief, drain- |
age, and culture of the district represented. View-
ing the landscape, map in hand, every character-
istic feature of sufficient magnitude should be
recognizable. It should guide the traveler; serve
the investor or owner who desires to ascertain the
position and surroundings of property to be
bought or sold; save the engineer preliminary
surveys in locating roads, railways, and irrigation
ditches; provide educational material for schools
and homes; and serve many of the purposes of a
map for local reference.

THE GEOLOGIC MAP.

The maps representing areal geology show by
colors and conventional signs, on the topographic
base map, the distribution of rock formations on
the surface of the earth, and the structure-section
map shows their underground relations, as far as
known, and in such detail as the scale permits.

KINDS OF ROCKS.

Rocks are of many kinds. The original crust
of the earth was probably composed of igneous
rocks, and all other rocks have been derived from
them in one way or another.

Atmospheric agencies gradually break up igne-
ous rocks, forming superficial, or surficial, deposits
of clay, sand, and gravel. Deposits of this class
have been formed on land surfaces since the ear-
liest geologic time. Through the transporting
agencies of streams the surficial materials of all
ages and origins are carried to the sea, where,
along with material derived from the land by the
action of the waves on the coast, they form sedi-
mentary rocks. 'These are usually hardened into
conglomerate, sandstone, shale, and limestone, but
they may remain unconsolidated and still be
called “rocks” by the geologist, though popularly
known as gravel, sand, and clay.

From time to time in geologic history igne-
ous and sedimentary rocks have been deeply
buried, consolidated, and raised again above the
surface of the water. In these processes, through
the agencies of pressure, movement, and chemical
action, they are often greatly altered, and in this
condition they are called metamorphic rocks.

Igneous rocks—These are rocks which have
cooled and consolidated from a liquid state. As
has been explained, sedimentary rocks were
deposited on the original igneous rocks. Through
the igneous and sedimentary rocks of all ages
molten material has from time to time been forced
upward to or near the surface, and there con-
solidated. 'When the channels or vents into
which this molten material is forced do not
reach the surface, it either consolidates in cracks
or fissures crossing the bedding planes, thus form-
ing dikes, or else spreads out between the strata
in large bodies, called sills or laccoliths. Such
rocks are called entrusive. Within their rock
enclosures they cool slowly, and hence are gener-
ally of crystalline texture. When the channels
reach the surface the lavas often flow out and build
up volcanoes. These lavas cool rapidly in the air,
acquiring a glassy or, more often, a partially erys-
talline condition. They are usually more or less
porous. The igneous rocks thus formed upon the
surface are called ewtrusive. Explosive action
often accompanies volcanic eruptions, causing
ejections of dust or ash and larger fragments.
These materials when consolidated constitute
breceias, agglomerates, and tuffs. The ash when
carried into lakes or seas may become stratified,
50 as to have the structure of sedimentary rocks.

The age of an igneous rock is often difficult or
impossible to determine. 'When it cuts across a
sedimentary rock, it is younger than that rock,
and when a sedimentary rock is deposited over
it, the igneous rock is the older.

Under the influence of dynamic and chemical
forces an igneous rock may be metamorphosed.
The alteration may involve only a rearrangement
of its minute particles or it may be accompanied

by a change in chemical and mineralogic composi-
tion. Further, the structure of the rock may be

changed by the development of planes of divi-
sion, so that it splits in one direction more easily
than in others. Thus a granite may pass into a
gneiss, and from that into a mica-schist.
Sedimentary rocks.—These comprise all rocks
which have been deposited under water, whether
in sea, lake, or stream. They form a very large
part of the dry land.

‘When the materials of which sedimentary rocks
are composed are carried as solid particles by
water and deposited as gravel, sand, or mud, the
deposit is called a mechanical sediment. These
may become hardened into conglomerate, sand-
stone, or shale. 'When the material is carried in
solution by the water and is deposited without
the aid of life, it is called a chemical sediment;
if deposited with the aid of life, it is called an
organic sediment. The more important rocks
formed from chemical and organic deposits are
limestone, chert, gypsum, salt, iron ore, peat,
lignite, and coal. Any one of the above sedi-
mentary deposits may be separately formed, or
the different materials may be intermingled in
many ways, producing a great variety of rocks.

Sedimentary rocks are usually made up of
layers or beds which can be easily separated.
These layers are called strata. Rocks deposited
in successive layers are said to be stratified

The surface of the earth is not fixed, as it seems

to bej; it very slowly rises or sinks over wide

expanses, and as it rises or subsides the shore-lines
of the ocean are changed: areas of deposition may
rise above the water and become land areas, and
land areas may sink below the water and become
areas of deposition. If North America were
gradually to sink a thousand feet the sea would
flow over the Atlantic coast and the Mississippi
and Ohio valleys from the Gulf of Mexico to the
Great Lakes; the Appalachian Mountains would
become an archipelago, and the ocean’s shore
would traverse Wisconsin, Iowa, and Kansas, and
extend thence to Texas. More extensive changes
than this have repeatedly occurred in the past.

The character of the original sediments may be
changed by chemical and dynamic action so as to
produce metamorphic rocks. In the metamor-
phism of a sedimentary rock, just as in the meta-
morphism of an igneous rock, the substances of
which it is composed may enter into new com-
binations, or new substances may be added.
When these processes are complete the sedimen-
tary rock becomes crystalline. Such changes
transform sandstone to quartzite, limestone to
marble, and modify other rocks according to
their composition. A system of parallel division
planes is often produced, which may cross the
original beds or strata at any angle. Rocks
divided by such planes are called slates or schists.

Rocks of any period of the earth’s history may
be more or less altered, but the younger forma-
tions have generally escaped marked metamor-
phism, and the oldest sediments known, though
generally the most altered, in some localities
remain essentially unchanged.

Surficial rocks— These embrace the soils, clays,
sands, gravels, and howlders that cover the surface,
whether derived from the breaking up or disinte-
gration of the underlying rocks by atmospheric
agencies or from glacial action. Surficial rocks
that are due to disintegration are produced chiefly
by the action of air, water, frost, animals, and
plants. They consist mainly of the least soluble
parts of the rocks, which remain after the more
soluble parts have been leached out, and hence
are known as residual products. Soils and sub-
soils are the most important. Residual accumu-
lations are often washed or blown into valleys or
other~ depressions, where they lodge and form
deposits that grade into the sedimentary class.
Surficial rocks that are due to glacial action are
formed of the products of disintegration, together
with bowlders and fragments of rock rubbed from
the surface and ground together. These are
spread irregularly over the territory occupied by
the ice, and form a mixture of clay, pebbles, and
bowlders which is known as till. It may oceur
as a sheet or be bunched into hills and ridges,
forming moraines, drumlins, and other special
forms. Much of this mixed material was washed
away from the ice, assorted by water, and rede-
posited as beds or trains of sand and clay, thus



forming another gradation into sedimentary
deposits. Some of this glacial wash was deposited
in tunnels and channels in the ice, and forms char-
acteristic ridges and mounds of sand and gravel,
known as osars, or eskers, and kames. The
material deposited by the ice is called glacial
drift; that washed from the ice onto the adjacent
land is called modified drift. It is usual also to
class as surficial rocks the deposits of the sea and
of lakes and rivers that were made at the same |
time as the ice deposit.

AGES OF ROCKS.

Rocks are further distinguished according to
their relative ages, for they were not formed all
at one time, but from age to age in the earth’s
history. Classification by age is independent of
origin; igneous, sedimentary, and surficial rocks
may be of the same age.

‘When the predominant material of a rock mass
is essentially the same, and it is bounded by rocks
of different materials, it is convenient to call the
mass throughout its extent a formation, and such
a formation is the unit of geologic mapping.

Several formations considered together are
designated a system. The time taken for the
deposition of a formation is called an epock, and
the time taken for that of a system, or some
larger fraction of a system, a period. The rocks
are mapped by formations, and the formations are
classified into systems. The rocks composing a
system and the time taken for its deposition are
given the same name, as, for instance, Cambrian
system, Cambrian period.

As sedimentary deposits or strata accumulate
the younger rest on those that are older, and the
relative ages of the deposits may be discovered
by observing their relative positions. This rela-
tionship holds except in regions of intense dis-
turbance; sometimes in such regions the disturb-
ance of the beds has been so great that their
position is reversed, and it is often difficult to
determine the relative ages of the beds from their
positions; then fossils, or the remains of plants
and animals, are guides to show which of two
or more formations is the oldest.

Strata often contain the remains of plants and
animals which lived in the sea or were washed
from the land into lakes or seas or were buried in
surficial deposits on the land. Rocks that con-
tain the remains of life are called fossiliferous. |
By studying these remains, or fossils, it has been |
found that the species of each period of the earth’s
history have to a great extent differed from those
of other periods. Only the simpler kinds of
marine life existed when the oldest fossiliferous
rocks were deposited. From time to time more
complex kinds developed, and as the simpler ones
lived on in modified forms life became more
varied. But during each period there lived pecul-
iar forms, which did not exist in earlier times
and have not existed since; these are character-
istic types, and they define the age of any bed of
rock in which they are found. Other types
passed on from period to period, and thus linked
the systems together, forming a chain of life from
the time of the oldest fossiliferous rocks to the
present.

When two formations are remote one from the
other and it is impossible to observe their relative
positions, the characteristic fossil types found in
them may determine which was deposited first.

Fossil remains found in the rocks of different
areas, provinces, and continents, afford the most
important means for combining local histories
into a general earth history.

Colors and patterns—To show the relative ages
of strata, the history of the sedimentary rocks is
divided into periods. The names of the periods
in proper order (from new to old), with the color
or colors and symbol assigned to each, are given
in the table in the next column. The names of
certain subdivisions of the periods, frequently
used in geologic writings, are bracketed against
the appropriate period name,

To distinguish the sedimentary formations of
any one period from those of another the patterns
for the formations of each period are printed in
the appropriate period-color, with the exception
of the first (Pleistocene) and the last (Archean).
The formations of any one period, )

the Pleistocene and the Archean, are distin-
guished from one another by different patterns,
made of parallel straight lines. Two tints of the
period-color are used: a pale tint (the underprint)
is printed evenly over the whole surface represent-
ing the period; a dark tint (the overprint) brings
out the different patterns representing formations.

Perion. [swaumor.| CoLor.
Pleistocene P | Any colors.
| Neocens {Rlicsene} ... N | B
Eocene (including Oligocene) . . ’ E | Olive-browns.

Cretaceous

Juratrias §

LK
J | Blue-greens.

Olive-greens.

Jurassic
Triassic %

Carboniferous (including Permian) . .| C | Blues.
Devonian. . .. ... ... D | Blue-purples.
Silurian (including O S | Red-purples.
Cambrian . € |Pinks.
Algonkian . A |Orange-browns.
Archean . . . R | Any colors

'

Each formation is furthermore given a letter-
symbol of the period. In the case of a sedimen-
tary formation of uncertain age the pattern is
printed on white ground in the color of the period
to which the formation is supposed to belong,
the letter-symbol of the period heing omitted.
The number and extent of surficial formations
of the Pleistocene render them so important that,
to distinguish them from those of other periods

and from the igneous rocks, patterns of dots and | &

circles, printed in any colors, are used.

The origin of the Archean rocks is not fully
settled. Many of them are certainly igneous.
‘Whether sedimentary rocks are also included is
not determined. The Archean rocks, and all meta-
morphic rocks of unknown origin, of whatever age,
are represented on the maps by patterns consisting
of short dashes irregularly placed. These are
printed in any color, and may be darker or lighter
than the background. If the rock is a schist the
dashes or hachures may be arranged in wavy par-
allel lines. If the rock is known to be of sedi-
mentary origin the hachure patterns may be com-
bined with the parallelline patterns of sedi-
mentary formations. If the metamorphic rock is

recognized as having been originally igneous, the |

hachures may be combined with the igneous
pattern.

Known igneous formations are represented by
patterns of triangles or rhombs printed in any
brilliant color. If the formation is of known age
the letter-symbol of the formation is preceded by
the capital letter-symbol of the proper period.
If the age of the formation is unknown the letter-
symbol consists of small letters which suggest the
name of the rocks.

THE VARIOUS GEOLOGIC SHEETS.

Historical geology sheet.—This sheet shows the
areas occupied by the various formations. On the
margin is a legend, which is the key to the map.
To ascertain the meaning of any particular colored
pattern and its lettersymbol on the map the
reader should look for that color, pattern, and
symbol in the legend, where he will find the name
and description of the formation. If it is desired
to find any given formation, its name should be

sought in the legend and its color and pattern |

noted, when the areas on the map corresponding

|in color and pattern may be traced out.

The legend is also a partial statement of the
geologic history. Init the symbols and names are
arranged, in columnar form, according to the origin
of the formations—surficial, sedimentary, and
igneous —and within each group they are placed
in the order of age, so far as known, the youngest
at the top.

FEeonomic geology sheet.—This sheet represents
the distribution of useful minerals, the occurrence
of artesian water, or other facts of economic
interest, showing their relations to the features of
topography and to the geologic formations. All
the formations which appear on the historical
geology sheet are shown on this sheet by fainter
color-patterns. The areal geology, thus printed,
affords a subdued background upon which the
areas of productive formations may be emphasized
by strong colors. A symbol for mines is intro-
duced at each occurrence, accompanied by the
name of the principal mineral mined or of the
stone quarried.

Structure-section sheet—This sheet exhibits the

lations of the for beneath the surface.

PUlls

In cliffs, canyons, shafts, and other natural and
artificial cuttings, the relations of different beds
to one another may be seen. Any cutting which
exhibits those relations is called a section, and the
same name is applied to a diagram representing
the relations. The arrangement of rocks in the
earth is the earth’s structure, and a section exhibit-
ing this arrangement is called a structure section.

The geologist is not limited, however, to the
natural and artificial cuttings for his information
concerning the earth’s structure. Knowing the
manner of the formation of rocks, and having
traced out the relations among beds on the sur-
face, he can infer their relative positions after
they pass beneath the surface, draw sections
which represent the structure of the earth to a
considerable depth, and construct a diagram
exhibiting what would be seen in the side of a
cutting many miles long and several thousand feet
deep. This is illustrated in the following figure:

Fig. 2.—Sketch showing a vertical section in the front of the
picture, with a landscape beyond.

The figure represents a landscape which is cut
off sharply in the foreground by a vertical plane
that cuts a section so as to show the underground
relations of the rocks.

The kinds of rock are indicated in the section
by appropriate symbols of lines, dots, and dashes.
These symbols admit of much variation, but the
following are generally used in sections to repre-
sent the commoner kinds of rock-

SHALES
Argillaceous.

Caleareous. Arenaceous.

SANDSTONES

Argillaceous. Caleareous.

LIMESTONES

Thick and thin bedded.  Argillaceous. Arenaceous.

Lentils in strata. Tgneous rocks.

Fig. 8.—Symbols used to represent different kinds of rock.

The plateau in fig. 2 presents toward the lower
land an escarpment, or front, which is made up
of sandstones, forming the cliffs, and shales, con-
stituting the slopes, as shown at the extreme left
of the section.

The broad belt of lower land is traversed by
several ridges, which are seen in the section to
correspond to beds of sandstone that rise to the
surface. The upturned edges of these beds form
the ridges, and the intermediate valleys follow
the outerops of limestone and calcareous shales.

‘Where the edges of the strata appear at the
surface their thickness can be measured and the
angles at which they dip below the surface can be
observed. Thus their positions underground can
be inferred.

‘When strata which are thus inclined are traced
underground in mining, or by inference, it is fre-
quently observed that they form troughs or arches,
such as the section shows. But these sandstones,
shales, and limestones were deposited beneath the
sea in nearly flat sheets. That they are now bent
and folded is regarded as proof that forces exist
which have from time to time caused the earth’s
surface to wrinkle along certain zones.

On the right of the sketch the section is com-
posed of schists which are traversed by masses of
igneous rock. The schists are much contorted
and their arrangement underground can not be
inferred.  Hence that portion of the section
delineates what is probably true but is not
known by observation or well-founded inference.

In fig. 2 there are three sets of formations, dis-
tinguished by their underground relations. The
first of these, seen at the left of the section, is the
set of sandstones and shales, which lie in a hori-
zontal position. These sedimentary strata are
now high above the sea, forming a plateau, and
their change of elevation shows that a portion of
the earth’s mass has swelled upward from a
lower to a higher level. The strata of this set are
parallel, a relation which is called conformable.

The second set of formations consists of strata
which form arches and troughs. These strata
were once continuous, but the crests of the arches
have been removed by degradation. The beds,
like those of the first set, are conformable.

The horizontal strata of the plateau rest upon
the upturned, eroded edges of the beds of the
second set at the left of the section. The over-
lying deposits are, from their positions, evidently
younger than the underlying formations, and the
bending and degradation of the older strata must
have occurred between the deposition of the older
| beds and the accumulation of the younger. When
younger strata thus rest upon an eroded surface
of older strata the relation between the two is an
unconformable one, and their surface of contact is
an unconformity.

The third set of formations consists of crystal-
line schists and igneous rocks. At some period
of their history the schists were plicated by pres-
sure and traversed by eruptions of molten rock.
But this pressure and intrusion of igneous rocks
have not affected the overlying strata of the second
set. Thus it is evident that an interval of consid-
erable duration elapsed between the formation
of the schists and the beginning of deposition of
the strata of the second set. During this interval
the schists suffered metamorphism; they were the
scene of eruptive activity; and they were deeply
eroded. The contact between the second and
third sets, marking a time interval between two
periods of rock formation, is another uncon-
formity.

The section and landscape in fig. 2 are ideal,
but they illustrate relations which actually occur.
The sections in the structure-section sheet are
related to the maps as the section in the figure is
related to the landscape. The profiles of the sur-
face in the section correspond to the actual slopes
of the ground along the section line, and the
depth of any mineral-producing or water-bearing
stratum which appears in the section may be
measured from the surface by using the scale of
the map.

Columnar-section sheet—This sheet contains a
concise description of the rock formations which
occur in the quadrangle. The diagrams and
verbal statements form a summary of the facts
relating to the character of the rocks, to the thick-
nesses of the formations, and to the order of
accumulation of successive deposits.

The rocks are described under the correspond-
ing heading, and their characters are indicated in
the columnar diagrams by appropriate symbols.
The thicknesses of formations are given under
the heading “Thickness in feet,” in figures which
state the least and greatest measurements. The
average thickness of each formation is shown in
| the column, which is drawn to a scale—usually
11000 feet to 1 inch. The order of accumulation
of the sediments is shown in the columnar arrange-
ment: the oldest formation is placed at the
bottom of the column, the youngest at the top,
and igneous rocks or other formations, when
present, are indicated in their proper relations.

The formations are combined into systems
' which correspond with the periods of geologic
history. Thus the ages of the rocks are shown,
and also the total thickness of each system.

The intervals of time which correspond to
events of uplift and degradation and constitute
interruptions of deposition of sediments may be
indicated graphically or by the word “unconform-
ity,” printed in the columnar section.

Each formation shown in the columnar section
is accompanied by its name, a description of its
character, and its letter-symbol as used in the
maps and their legends.

CHARLES D. WALCOTT,
Director.

Revised June, 1897.



DESCRIPTION OF THE MENOMINEE QUADRANGLE.

INTRODUCTION.

This account of the geology of the Menominee iron-
bearing district of Michigan will be followed by a more
detailed report, to appear later as one of the set of mono-
graphs issued by the Survey on the iron-ore districts of
the Lake Superior region. This folio is based mainly
upon field work during 1896 and 1899, but before 1896
the senior author had devoted a considerable amount of
time to a general study of the structure of the district.
The reagon for presenting this account at the present
time, rather than later as an abstract of the completed
monograph, is the belief that it will be useful to the
explorer in developing the resources of the district.

The description here given centers about the accom-
panying geological map of the district. The only
detailed geol: 1 maps of the M distriet that
have heretofore been published are those of Brooks and
‘Wright, in the Geology of Wisconsin. Irving published
a generalized map of the district, with sections, in his

. introduction to Dr. George H. Williams’s bulletin on
the origin of the hists of M i River
(Bulletin No. 62, U. 8. Geological Survey, 1890).
‘Wright'’s map shows the distribution of the greenstone-
schists, some of the iron-bearing belts, and the pre-
Huronian rocks of the district; Brooks’s map shows,
in addition to these, the locations of all the ledges of
dolomite, slate, quartzite, and other sedimentary rocks
met with during his explorations. Brooks also presents
a structural sheet illustrating his views as to the sequence
of the rock series and the character of the folding. This
map was of much use to us in our field work, since it
enabled us to make systematic plans for the survey of the
district, and directed our attention to many rock ledges
that might otherwise have been overlooked.

Many of the large iron-producing companies and many
independent explorers are now actively engaged in a
search for new ore deposits. Every nook and corner of the
Menominee district is being carefully examined in the
hope of discovering ore bodies, Old drill holes are being
‘re-examined, abandoned mines are being unwatered, and
old ground is being more thoroughly explored. Unfor-
tunately, some of the explorers are apparently ignorant
of the results of work already done, and are duplicating
this work, thus wasting time and money that might be
usefully employed in other directions, while other
explorers are working at places which the geology of the
distriet indi to be to the d
of ore deposits. On the other hand, considerable belts
which our studies point out as favorable places for
exploration have been entirely neglected. In spite of the
fact, therefore, that the map here presented is not so com-
plete in details as it will be possible to make it, it is
thought wise to publish it, in order that the facts repre-
sented upon it may, at the very earliest moment, be avail-
able to those who are most interested in the development
of the district. A more detailed map will be published
later in the monographic report, but some time must
elapse before the elaborate studies necessary to the pro-
duction of such a map can be completed. Meanwhile,
the present report will suffice to give the main conclu-
sions already reached concerning the distriets. It will
serve at least to direct exploration toward certain parts
of the district that have not heretofore been investi-
gated and to warn against further waste of money in
certain other portions, where the conditions preclude
a reasonable probability of any return for the invest-
ment.

To the mining men of the district many thanks are
due for the uniformly courteous treatment that has been
accorded the authors. Mine plats and cross sections,
records of drill holes, and statements of the results of
test pitting have been placed at our disposal, and all
these sources have been drawn upon for facts. All
inquiries that have been made of mine superintendents
and engineers concerning the mines with which they are
connected have been carefully considered and, when
possible, fully answered by them. Not a single request
for information has been denied. To the energetic and
courteous mining men of the district, therefore, this
folio owes much of the value it may possess.

DESCRIPTIVE GEOLOGY.

Position and ewtent of the district—That por-
tion of the Menominee district covered by the
panying map is bounded on the west by
the Menominee River, on the south by the same
river and the south line of T. 89 N., Michigan, on
the north by the north line of T. 40 N., Michigan,
and on the east by the east line of secs. 10, 15, 22,
27, and 34, T. 39 N, R. 28 W., Michigan. The
area thus outlined and a small unmapped area to
the southeast, extending from the southern limit
of the area mapped southward to the Menominee
River, constitute a tongue of sedimentary deposit;

one another by areas of granite. The five tongues,
beginning with the northernmost, are the Mar-
quette, the Sagola, the Felch Mountain, the Calu-
met, and the Menominee. (See fig.1.) Each is
structurally a trough of sediments lying between
rims of Archean rocks. To the west each of these
troughs widens into the broad expanse of Huron-
ian sediments referred to above. To the east all
except the Marquette tongue plunge beneath
Paleozoic deposits.

At about the line between Rs. 27 and 28 W.,
the characteristic rocks of the Menominee trough
become so deeply buried under later sediments
that they can be traced no farther. Lines of
magnetic attraction, however, have been obtained
still farther east, and these are taken to mean
that the Huronian deposits continue for at least
a short distance beyond the places where they
are last seen on the surface.

The area underlain by the rocks belonging to
the Menominee trough is about 125 square miles,
entirely within the State of Michigan. In 1899
it ‘shipped 2,348,205 long tons of iron ore, and
since the first shipment of ore from the Quinnesec
mine, in 1878, the aggregate shipments from all
mines to the close of 1899 have amounted to the
large total of 20,857,609 tons. The total ship-
ments from the Marquette district to the end of
the same year are 56,135,271 long tons; those
from the Crystal Falls district, including the Iron
River, Felch Mountain, and Calumet areas in
Michigan, and the Florence area in Wisconsin,
have .amounted to 9,902,158 long tons; those
from the Gogebic range in Michigan and Wiscon-
sin, to 28,341,340 long tons; those from the Ver-
milion range in Minnesota, to 13,535,350 long
tons; and those from the Mesabi range in the
same State, to 23,595,606 long tons. In propor-
tion to its area the Menominee trough has yielded
as large a product as any other of the Lake
Superior districts with the exception of the Mar-
quette. Since the discovery and development of
the Mesabi district the demand for low phos-
phorus and high silica ores to serve as mixtures
for the Mesabi ores has so largely increased that
many lean, low phosphorus ore deposits, formerly
not marketable, now find a ready sale. The
Menominee district can furnish an abundance of
this grade of ore, so that it is probable that the
importance of the district as a mining center will
increase rather than diminish in the future.

The area of sedimentary rocks in the Menominee
trough is narrowest in the vicinity of Vulean,
where it measures about 4 miles in width from the
contact with the granite on the north to the con-
tact with the greenst; hists on the M i
River to the south. To the east the area widens
gradually, until in the eastern portion of R. 28
W. its width measures about 7 miles. To the
west it also widens gradually, and finally loses its
identity as a distinct trough at about the center
line of R. 30 W,, where it merges, with the
Calumet trough, into the wide area of Huronian
sediments to the west.

Classification of formations.—The rocks of the
Menominee district belong to the Archean, Algon-
kian, and Paleozoic systems. The oldest series of
rocks bordering the Menominee tongue comprises
greenstone-schists and granite. Theseare regarded
as Archean. Resting uncomformably upon the
Archean rocks are’ two series of Algonkian sedi-
ments, both of which are believed to belong to
the Huronian system. These are divisible into a
Lower Menominee and an Upper Menominee
series, and are separated by an unconformity.
The Paleozoic rocks comprise horizontal Cambrian
sandstones and Silurian limestones. These occur
in patches on the tops of the hills, capping the
closely folded and truncated Huronian rocks.
Both of the Menominee series are divisible into a
number of ti each repr ing a time
during which the conditions of deposition were
approximately uniform. Eachof the pre-Cambrian

r

£ tions has been given a name and is repre-

lying between a granite area to the north and a
greenstone-schist area to the south. This tongue
of sediments is the southernmost of five distinct
tongues which extend eastward from the great
central area of Huronian deposits in Wisconsin
and Michigan. The tongues are separated from

for
sented on the map by a distinctive color. The
following table gives the list of the formations
arranged in descending order according to age.
The fractional formations, or members of the Vul-
can formation, are distinguished in the descrip-
tion, but not on the map.

Table showing the of. i
district and their relations to general geolagical systems.

SYSTEMS. SERIES. FORMATIONS.

Chazy.
Calciferous.

Lower Silu- Hermansville lime-
rian. stone.
Paleozoie . .

Cambrian ... Potsdam. ....Lake Superior sand-
stone.

Unconformity.

Hanbury slate.

Vulean formation,
subdivided into
the Curry ore-
bearing member,
Brier slate, and

raders ore-bear-
ing member.

Upper Menominee........

Algonkian . Unconformity.

Negauneeformation.

Lower Menominee....... Randville dolomite.

Sturgeon quartzite.

Unconformity.

Granites and
gneisses, eut by
granite and dia-
base dikes.

Archean...{ .......coovviiiiiiiiiiie,

Quinnesec solnsts,
cut by acid and
basic dikes and
veins,

The names of the Upper Menominee forma-
tions and of the Archean schists are taken from
localities in the district. The names of the
Lower Menominee formations are those of forma-
tions in adjacent districts already reported upon,
with which the Menominee formations are believed
to be continuous. Beginning at the bottom, the
Quinnesec schists are so named because they are
typically developed at the Quinnesec Falls, on
the Menominee River. The Sturgeon quartzite is
so called because this formation in the Menominee
district has been traced almost continuously to a
like formation in the Crystal Falls district which
has been called the Sturgeon quartzite. The
dolomite in the Menominee district is called the
Randville dolomite because it has been practi-
cally connected with the Randville dolomite of
the Crystal Falls district.

The Lower Menominee iron formation is called
Negaunee because this is the chief Lower Huronian
iron-bearing formation of the Marquette district.
In the Menominee district, as will be seen, only
patches of this formation remain.

In the Upper Menominee series the Vulcan
formation is so named because the iron formation
occurs in typical development with full succession
and fine exposures in the vicinity of the town of
Vulcan. The Hanbury slates are thus named
because in the vicinity of Lake Hanbury this
formation is better exposed than anywhere else in
the district.

ARCHEAN SYSTEM.

General description.— Along the Menominee
River, to the south of the Huronian rocks, is
a complex of dark-green or black
basic schists, designated the Quinnesec Q:Innu:s:c s of
schists, cut by large dikes of gabbro,
diabase,  and granite and by smaller dikes and
veins of a schistose quartz-porphyry. This will
be called the southern area of Quinnesec schists.
A second area of Quinnesec schists occurs in the
central part of the western end of the trough, but
only the eastern end of this area comes within
the limits of the maps. It is wedge shaped,
widening toward the west. It is surrounded on
the north, east, and south sides by the Huronian
sediments.  To the west it crosses the Menominee
River into Wisconsin, where it has not yet been

g are placed in the Archean for the follow-
ing reasons: First, in lithology and = .
structure they have all the complex Archesn

characters which have been described by the
senior author in previous papers and in mono-
graphs as typical of the Archean. Moreover, this
complex of rocks along the northern side of the
Menominee trough underlies unconformably the
Lower Huronian series, as elsewhere in the Lake
Superior region. The Quinnesec schists underlie
the Huronian sediments, but whether they are
unconformable below them has not been posi-
tively det d, since no tacts have been
found. Furthermore, the Quinnesec schists are
in every respect identical with similar Archean
schists in the Marquette district of Michigan and
with the Archean schists in the Vermilion dis-
trict of Minnesota. Therefore, while it can not
be d trated beyond question that the Quin-
nesec schists are pre-Huronian and therefore
Archean, this is believed to be highly probable.

QUINNESEC SCHISTS.

Southern area—~The southern area of Quin-
nesec schists lies along and adjacent to the
Menominee River, from the sharp
northward bend in the river due west Hongthe |
of Iron Mountain to the eastern limit
of the mapped area. For this distance the river
is bordered by schistose greenstones and various
rocks that cut them, except at a few places where
rock ledges are absent. The Quinnesec Falls and
Sturgeon Falls are on some of the harder ledges
of these rocks. Near the Menominee River the
rocks of the complex are greenstone-schists,
gabbros, diabases, and diorites, cut by dikes of the
last three named rocks, by dikes of granite, and
by veins of quartz. South of the river, in Wis-
consin, at a distance of from half a mile to two
miles, is-the north side of a large area of granite.
This granite sends apophyses into the greenstone-
schists, and consequently is of later age. Only
the greenstone-schists with their intruded masses
come within the limits of the area mapped, there-
fore only these will be referred to here.

The greenstone-schists comprise chlorite-schists
and sericite-schists, schistose diabases, schistose
diorites, and schistose and massive gab-
bros. For the most part, these are
arranged in belts striking a little north
of west at the Sturgeon Falls, but trending more
northerly as one passes up the river, until at the
Upper Quinnesec Falls they strike about north-
west. In several places the schists are cut by
basic dikes whose material is saussuritized gabbro
or diorite. At the Horserace Rapids, in secs. 7
and 8, T. 39 N., R. 30 W., the predominant rocks
are coarse-grained diorites, some of which are
fairly massive and others rather gneissic. In the
neighborhood of the Horserace Rapids and of
the Upper Quinnesec Falls large quantities of acid
rocks are associated with the basic rocks. In
some places these are dikes and veins of nearly
massive granite, in others beds and dikes of
gneissoid granite, and in still other places finely
banded and schistose rocks, resembling the Saxon
granulites. The lastnamed rocks occur in bands
of different widths, nearly always striking con-
formably with the schistosity of the greenst
which is approximately east-west. Wherever the
bands exhibit any evidence of schistosity this is
always parallel to the foliation of the adjoining
greenstone-schist, irrespective of the direction of
the band itself. These bands were regarded by
Williams as apophyses from the great granite
mass of the south, which at the Horserace is only
about half a mile distant from the river.

From the field relations and microscopical study

Varieties
and relations
of schists.

studied in detail. The rocks are g
schists and spheroidal greenstones, cut here and
there by basic dikes. This area will be called
the western area of Quinnesec schists.

On the north the Huronian sediments are bor-
dered throughout nearly their entire extent by a
complex of granites, gneisses, horn-
blende-schists, and a few greenstone- compiex.
schists, all of which are cut by dikes of diabase
and dikes and veins of granite. This will be
called the northern complex.

The Quinnesec schists and the granites and

of the Qui schists and their associated rocks
we must conclude that all are igneous (..

in origin. Many of them were lava gerivedtrom
flows; some were beds of volcanic L

ashes, or tuffs; others were huge dikes cutting
through the bedded deposits. Where subjected
to great pressure, such as that which compressed
the iron-bearing series into folds, these rocks suf-
fered many changes. Their original constituents
were largely recrystallized. The finer-grained
rocks, under the influence of the stresses set up
in them, became schistose, partly through the



granulation of the original components and partly
through recrystallization. - The particles of some
of the newly formed minerals developed with a
parallel t, giving a schistosity. The
coarse-grained rocks were also made schistose by
the same processes, but the grains of these were
so much stronger than those of the finer-grained
rocks that they were able to resist the deforming
agencies more successfully, with the result that
their schistosity is much less marked than in the
cage of the finer-grained materials.

A few small dikes cutting the schists are
younger than the latter. They are normal dia-
bases and basalts, identical in composition with
some of the rocks cutting through the iron-bearing
series.

Western area.—The western area of Quinnesec
schists occupies about 5 square miles. It extends
from, about the center of sec. 15, T. 40 N., R. 30
‘W.; Michigan, to the Menominee River. The
normal schists are occasionally cut by altered
diabase dikes, but the gabbro dikes and the gran-
ite dikes so prominent in the southern schists are
entirely absent from them, at any rate so far as
they are exposed in Michigan. The Fourfoot
Falls are at the southern side of the area, where it
crosses the Menominee River, and the old Indian
village of Badwater is at its northern limit. The
Twin Falls plunge over ledges of the schists.

The schists are grayish-green, fine-grained green-
stones, in which schistosity is nearly everywhere
noticeable. In some places the rocks
are well-defined schists, with a cleavage and massive
almost as perfect as that in slates; but greenstones:
in other places they are nearly massive. On
many of the exposures a typical ellipsoidal struc-
ture is discernible. The ellipsoids vary in diam-
eter from a few inches to 8 or 4 feet. There is
no striking contrast between the material of the
ellipsoids and that of the matrix between them.
In both cases the rock is a dense grayish green-
stone without any distinet textural features. The
matrix is usually slightly more schistose than
the ellipsoids, but otherwise it is like them. At
the Fourfoot Falls the exposures consist of alter-
nating beds of massive, schistose, and slaty rocks,
striking about N. 80° W., almost at right angles
to the course of the river, and yet these rocks are
mostly schistose on the Wisconsin side of .the
river and mostly massive on the Michigan side.
In this respect as in others the western schist area
is similar to the southern schist area. The field
observations ‘indicate that the western area, like
the southern, contains a variety of strongly meta-
morphosed voleanic rocks.

The microscopical tion of thin secti
shows that some of the rocks in the western area
are altered diabases still preserving ...
their characteristic textures. Others {,".',‘,';‘,’,,,m,
. are so much changed that their original "**
nature can only be inferred from the character of
their alteration products. Some of these appear to
have been fine-grained diabases and others perhaps
glassy basalts. A few others were originally basic
tuffs. All are now aggregates of actinolite, uralite,
zoisite, epidote, quartz, and other wellknown
decomposmon products of basw igneous rocks.

Relations to Jformation—There are no
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grained gneissoid granites and finer-grained banded
gneisses. In addition to these there are also
present in subordinate quantity a few coarse-
grained gneisses, some hornblende-schists, and cer-
tain feldspathi t hists identical with
some of the mashed eruptives among the Quin-
nesec schists, Mica-schists also oceur, but they are
rare. They are found only in a few exposures
in the interior of the Archean area morth of
the limits of the map. The granites, gneisses, and
schists are cut by intrusive coarse-grained and fine-
grained basic rocks, by small dikes and veins of
pegmatite, and by numerous quartz veins, Some
of the hornblende-schists and some of the gneigses
appear to be older than most of the granites.
Others of the schists are unquestionably mashed
intrusives that are younger than some of the
granites. The aplites, pegmatites, and some of
the basic intrusives are the youngest rocks belong-
ing exclusively in the complex, but even these,
since they are not known to cut through the
Huronian deposits, are thought to have taken
their present position. before the sediments were
deposited. The latest of all the intrusives are
certain coarse-grained massive diabases and gab-
bros. These rocks not only occur as members of
the complex, but are found also in the lower
member of the Huronian series, overlying the
Archean complex. There is no reason to believe
that any of these rocks are metamorphosed sedi-
ments. Most of them are clearly igneous in origin.

The massive granites and the gneissoid granites
differ from each other in no essential respect.
The latter are merely schistose phases
of the former. They both embrace
medium-grained to fine-grained gray
and pink rocks with a granitic texture that some-
times approaches in appearance the texture of
some quartzites. The pink or red granites are
usually a little coarser grained than the gray
ones. In the hand specimen red orthoclase is
seen to be the principal constituent. In addition
to this there can also be detected a few grains of
white feldspar, a large number of quartz grains,
and an occasional flake of mica, The gray gran-
ites appear almost homogeneous. Here and there
through them are stringers and patches of pink
granite, but most of the hand specimens are of a
nearly uniform dark-gray tint. The gray rock
passes into the pink rock by almost imperceptible
stages, the differences in the tints of the two end
members of the gradation series being due mainly
to the color of their feldspathic component.

The banded gneisses consist of alternate bands
of pink and gray material, each band having the
look of granite. These bands, while appearing
to be approximately parallel in the ledges, are
found upon close inspection to run parallel to one
another for short distances only, and then to
anastomose or interlace. The red layers cut
across the gray gneiss as though they were veins
of granitic material. The only difference that
can be discerned between the banded. gneisses
and the fine-grained gray gneisses cut by red
granite veins is that the latter are irregularly
injected by the granitic material, while in the
former the injections are largély parallel.

The hornblende-schists are usually lustrous

Varieties of
the granites
and gneisses.

visible b the schists
and the adjacent Huronian sediments. Exposures
of the two series are found in closest proximity
on the Menominee River near the Fourfoot Falls.
The Chicago and Northwestern Railway bridge
crossing the river at this place is built on ledges
of the schist. Below the bridge is a long expos-
ure of black slate belonging to the Hanbury for-
mation of the Upper Menominee. The schists
and the slates are separated by a distance of
about 150 paces, and this interval is occupied by
sand and glacial drift. There are, then, no cer-
tain data for determining the age of the schists.
Since, however, the southern and western schist
areas are composed of the same kinds of rocks,
since they have the same relations to the Huronian
sediments, and since in both cases the rocks have
been subjected to approximately the same degree
of alteration, the Quinnesec schists of both areas
have been placed together in the Archean.

NORTHERN COMPLEX.

Granites, gneisses, and schists—The abundant
rocks in the northern complex are rather fine-

greenish-black schists with the normal charac-
teristics of such rocks. They are cut (.. ...
by the granites in some places. In yousger,.
other places large blocks are found *"**
included in granite. Plainly they are older than
the granites, and probably they are the oldest
rocks in the northern complex. A second kind
of hornblende-schist exists in which the rocks
are so related to the granites and gneisses that
they must be regarded as dikes. In some places
they appear as bands cutting across the banding
of the gneisses, and in others as bands conforming
in strike and dip with the lighter-colored bands
of these rocks. These schists are therefore
looked upon as mashed intrusives.

SUMMARY.

From the above brief outline of the Archean
rocks it is learned that they are all completely
crystalline. Some of them are undoubted igne-
ous masses; others are schists of such a nature
that their igneous origin is inferred with little,
if any, probability of error. No ordinary sedi-
mentary rocks are found among them. The

volcanic tuffs are indeed fragmental, and some
of them, possibly, were deposited under water,
but of this there is no evidence whatever. They
were not formed by the wearing away of a pre-
existing land surface by the joint action of the
air, rivers, and waves, and consequently they are
essentially different from the ordinary sediments
whose material was derived from land masses
through the operation of these agencies. The
Archean rocks of the district are thus strongly
contrasted with the Huronian rocks described in
the following pages.

ALGONKIAN SYSTEM.

General character and definition—The Algon-
kian rocks constituting the Menominee trough,
though strongly met: d as
mainly sediments. The greater mass of these
sediments is mechanical, clastic textures being
still plainly apparent. The iron formations are
largely mechanical, but with the mechanical
material an important amount of chemical and
organic material was deposited, and some of the
jaspers of the formation may be wholly chemical
or organic. The limestones are chemical or
organic sediments. The sedimentary rocks have
been intruded by a few coarse-grained and some
fine-grained igneous rocks. The latter are now
usually schistose. The lowest member of the
Algonkian system has at its bottom basal conglom-
erates, which rest unconformably upon the Archean
rocks of the northern complex. These conglom-
erates may be seen at a number of places along
the border of the trough, and notably at the falls
of the Sturgeon River.

The members of the system are likewise sepa-
rated from the overlying Cambrian sandstone by
a profound unconformity. The Algonkian rocks
are folded ; the sandstone is horizontal. The latter
thus lies across the truncated ends of the eroded
folds. Its lower layer is formed largely of the
débris of the more ancient rocks. Hence the
Algonkian rocks formed a land surface for a vast
period of time before the deposition of the Cam-
brian sandstones,

‘Within the Algonkian system there is also
an unconformity, corresponding to that in the
Marquette district between the Upper Marquette
and the Lower Marquette series. This uncon-
formity is not so plainly marked in the Menominee
as it is in the Marquette district, but it is never-
theless so plainly indicated that there can be little
doubt of its existence. In the Marquette district
the unconformity is indicated by a marked dis-
cordance between the upper members of the lower
series and the lowest members of the upper series,
and by the presence of a widespread basal con-
glomerate in the upper series. In the Menominee
district the direct evidence of the unconformity is
the presence of a conglomerate or of a coarse
quartzite at the base of the upper series contain-
ing undoubted fragments of some of the rocks of
the lower series. There is also, in addition, indi-
rect evidence of the unconformity in the absence
in parts of the district of the lowest and most
resistant members of the Algonkian series— the
Sturgeon quartzite and the Randville dolomite.
The non-existence of the Vulcan formation in
parts of the district adjacent to the Randville
dolomite and the overlapping of the Vulcan
formation by the Hanbury slate at some of these
places give further evidence of unconformity.
The Algonkian system is therefore divided into a

phosed, are r

Quinnesec schists; but it is thought to be more
probable that these formations are actually absent
from this portion of the district, since it is hardly
credible that two such resistant formations as the
Sturgeon quartzite and the Randville dolomite
could have been so completely planed down in
this particular portion of the area as to leave no
projecting ledges above the drift, whereas, in the
central and northern portions of the trough they
constitute the prominent elevations. If the
absence of these formations be confirmed by
future explorations, the fact may indicate that
they were never deposited on the areas from
which they are wanting, or that they were depos-
ited in whole or in part and eroded during
Huronian time.

STURGEON QUARTZITE.

Distribution, character, and position.—The Stur-
geon quartzite forms a continuous border of bare
hills on the southern side of the morthern com-
plex. The formation lies between the Archean
complex and the northern belt of dolomite.
Prominent bluffs of the typical quartzite may be
conveniently studied northeast of the Loretto
mine,

At many places at the base of the Sturgeon
quartzite there is a conglomerate made up of
bowlders and fragments of granites, Basal con-

isses, and hornblende-schists, identi-

cal with the corresponding tocks in the ad]acent
Archean complex to the north. The matrix in
which these areé embedded is in some places a
quartzite; in other places it is an arkose com-
posed of the fine-grained débris of granitic rocks.
In many places this matrix is schistose, and in
these cases a large quantity of a micaceous min-
eral has been produced by alteration of the
feldspar of the original sediment, so that the
matrix is now lithologically a sericite-schist.

The major portion of the formation consists of
massive beds of a very compact, vitreous quartzite,
usually white, but occasionally tinted )
with some shade of pink or green. In Vitreous
its upper portion the cement between auartatte:
the quartz grains is often calcareous. This cal-
careous constituent increases in quantity as the
overlying dolomite is approached, until the rock
becomes a calcareous quartzite and finally a
quartzose dolomite. The change from the quartzite
to the dolomite is thus a transition. This indi-
cates a gradual deepening of the waters during
the later part of the Sturgeon epoch.

The main belt of the Sturgeon quartzite is a
nearly vertical southward-dipping monocline.
The outerop of this monoeline varies in
strike, thus indicating that cross fold- s""'ngl""
ing has taken place to some extent. At =
the western end of the district the quartzite turns
northward, wrapping around the Archean com-
plex, and then passing eastward into the area of
the Calumet trough. (Fig. 1.) On the turn to

Lower Menominee and an Upper M
series, equivalent to the Lower Huronian and the
Upper Huronian elsewhere in the Lake Superior
region.

LOWER MENOMINEE SERIES.
S,

8 i and  distrib .—The Lower
Menominee series is divided into three forma-
tions. These are,in the order of upward succession,
the Sturgeon quartzite, the Randville dolomite, and
the Negaunee formation.

The formations belonging in the Lower Menom-
inee are observed only in the center and on
the northern side of the Menominee
trough. On the southern side of the b o-:
trough no evidence of the existence of
these formations is obtainable. This may possi-
bly be due to the thick covering of drift that
blankets the rocks north of the southern area of
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Fig. 1.—Map showing relation of the Menominee district to
the other iron-bearing distriets of Michigan and Wis-
consin. Scale: 1 inch — 60 miles
l Mar uemodlsk.rl 5. Calumet area.
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the north, several small folds are developed, the
synclines of which are now represented by embay-
ments extending eastward into the Archean.
(See Structure section BB.) The dips of the
quartzite beds may vary a few degrees—25° in
one case—from perpendicularity. There are
almost as many northern dips toward the granite-
gneiss complex as there are southern dips toward
the center of the trough.

Two difficulties stand in the way of determin-
ing the thickness of the Sturgeon quartzite. The



first is the impossibility of deciding how much of
the apparent thickness of the many rock layersin a
closely folded district, like the Menom-

mee, is due to the duphcahon of beds s ?ootn g0
in consequence of close folds. The

other difficulty is our inability to fix the upper
limit of the formation. There is everywhere
between the quartzites and the nearest ledges of
the overlying dolomite a belt of country without
exposures of any kind. If we assume that the
southward-facing cliffs which so frequently mark
the southern limit of the quartzites are cliffs of
differential degradation, that the low ground at
the base of the cliffs is underlain by the dolomite
formation, and that the exposures are monoclinal,
the thickness of the quartzite may be easily cal-
culated at a number of places. At the gorge
below the falls of the Sturgeon River is a contin-
uous exposure of conglomerate and quartzite beds
about 350 paces in width. For 800 paces the
walls of the gorge are in evenly bedded quartzite
striking N. 57° W. and dipping 75° to 83° N.
An ingpection of these beds reveals no indication
of folding. The formation in its entire width
appears to consist of consecutive beds. The
thickness corresponding to this width, calculated
at an average dip of 80° is 915 feet. Approxi-
mately the same result is reached from measure-
ments made on the east side of the river a few
hundred feet from the river bank. Here the
breadth of the formation is 400 paces and its dip
70° N. The corresponding thickness is about
1050 feet. A third calculation, made upon data
obtained farther west, gives 1250 feet. It is prob-
able that the Sturgeon quartzite, like sedimentary
formations elsewhere, varies in thickness at dif-
ferent places, but it seems safe to assume that the
above figures represent a fair average and that its
maximum thickness is between 1000 and 1250
feet.

The Sturgeon quartzite rests unconformably
upon the northern complex. This is shown by
the character of the lower horizon of
the quartzite, which, as already said, is
a basal conglomerate. This basal con-
glomerate contains almost every variety of frag-
ment derivable from the rocks of the northern
complex. Some of this material in its original
position must have been formed at great depth in
the earth. Therefore there was deep-seated denu-
dation of the Archean before the deposition of
the quartzite. Upward, the Sturgeon quartzite
grades into the Randville dolomite. The nature
of the gradation is discussed under the latter
heading.

Unconform-~
ity below.
transition
above.

RANDVILLE DOLOMITE.

Distribution, character, and position.—The
Randville dolomite occupies three separate belts,
whose positions and shapes are determined by the
folding to which the formation has been subjected.
These will be referred to as the northern, central,
and southern belts of dolomite.

The northern belt is south of the belt of Stur-
geon quartzite. Only a few exposures are found
in this area, but they are so uni-
formly distributed that the whole belt
has been colored for the formation. It
is quite possible that in some places erosion has
carried away the dolomite and that the Upper
Huronian rests immediately upon the quartzite,
but in the present state of our knowledge this
assumption does not seem justified. The country
underlain by the northern belt of dolomite is now
the valley of Pine Creek. It is a low plain, cov-
ered by sand, which has been partly deposited by
the creek and partly by glaciers. It was a valley
long before the advent of the glaciers, and there is
some evidence indicating that there was a valley
in this place even before the deposition of the
Cambrian sandstone. The long-continued erosion
produced by the Pine Creek drainage has reduced
the area to one of low relief. This topography is
very different in character from that of the other
dolomite areas, which correspond to divides, and
thus are elevations rather than depressions.

- The central belt of dolomite borders the north
side of Lake Antoine for a portion of its length,
passes eastward between the Cuff and
the Indiana mines, and ends at the
bluff known as Iron Hill in the east
half of sec. 82, T. 40 N, R. 29 W. This belt is well

Menominee.

Northern
dolomite
belt.

Central
dolomite

marked by numerous and often large exposures,
but, as in the area just described, the exposures
are not continuous. On the map the color of the
dolomite formation has, however, been made to
cover the area between sets of exposures, because
we have no evidence that the rock is not at
present beneath the soil.

The southern belt of dolomite extends all the
way from the western side of the sandstone bluft
west of Iron Mountain to the village
of Waucedah, at the eastern end of the Siomiis
mapped area. Where not exposed
at the surface the rock has been found in mines
and test shafts and pits, so that there is a reason-
able certainty that it exists throughout this dis-
tance of 16 miles. Where there is any doubt of
its existence this is due to a considerable thick-
ness of overlying Lake Superior sandstone.. From
Iron Mountain as far east as the Sturgeon River
the country underlain by the dolomite is a_range
of high hills broken only at a few points by
north-south gaps. On the southern slope of the
ridge are the principal producing iron mines of
the district. The northern boundary of the south-
ern belt is in general very indefinite. At several
places, especially near the transverse gaps referred
to above, the northern limit can be fairly well
determined by exposures, but elsewhere the
country in its neighborhood is so deeply drift
covered that the boundary can not be definitely
fixed without recourse to test pits and shafts.
The southern boundary, on the other hand, is
rather sharply delimited, not merely by exposures,
but also by the underground workings of many
of the mines.

Character andvariations.—The Randville dolo-
mite is composed of a heterogeneous set of beds
in which dolomite is dominant. With the pure
dolomites are siliceous dolomites, calcareous
quartzites, argillaceous rocks, and cherty quartz
rocks. The Randville dolomite, lying upon the
Sturgeon quartzite, grades downward into it.
The intermediate rock is a calcareous quartzite.

The predominant rock of the Randville dolo-
mite is an almest massive, apparently homo-
geneous, fine-grained, white, pmk blue,
or buff dolomite, occurring in beds hom M..eou.
from a few 1nches to many feet in
thickness. This is interstratified with beds of
siliceous dolomite in which are observable numer-
ous grains of quartz. In many cases on the
weathered surfaces of the dolomites are thin pro-
jecting bands parallel to the bedding, which the
microscope shows to be calcareous quartzite. In
other cases projecting bands anastomose or run
irregularly over the weathered surfaces, often
intersecting the bedding planes of the rock at
acute angles. These seams are plainly narrow
veins of quartz. Their abundance proves clearly
that the dolomites, in spite of their homogeneous
appearance, have been extensively fractured and
crushed, In many places the crushing has pro-
duced a breccia of dolomite fragments in a sili-
ceous matrix. In a few instances the fragments are
rounded, so that the rock is a pseudo-conglomerate.

The greater part of the argillaceous rocks inter-
stratified with the dolomite is soft, light-gray or
dark-gray slate. Another part is typical
black slate, still plainly marked by
bedding lines. Still other parts are
purplish-pink, schistose, argillaceous dolomite.
In many instances the thin layers of the purplish-
pink slatelike material between massive dolomite
beds appear to be largely the selvage of the
softer layers of dolomite, rendered schistose by
the movement of accommodation between the
stronger beds. The cherty quartz rocks are fine
grained, drusy in places, and in color
white, light red, or dark purple. The
darker-colored kinds look very much
like some varieties of jaspilite. Under the micro-
scope the cherty quartz rocks seem to be composed
almost exclusively of a fine-grained crystalline
aggregate of quartz which incloses a few grains
of hematite, magnetite, and other iron compounds.
Here and there a fragmental quartz grain may
be seen, but usually no trace of fragmental con-
stituents can be discerned. These rocks thus
appear to be gradation phases between the dolo-
mite and the jaspilites of the Negaunee formation.

So far as known, none of the beds above
described occupy continuously any given horizon
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in the formation. It appears, however, that the
quartzitic dolomites are more frequently near the
base of the formation than elsewhere, and that
the cherty quartz rocks are often at or near its
top. If the cherty quartz rock is a transition
between the dolomite and the non-fragmental iron
formation, as it is believed to be, its absence at
many places is easily accounted for by the erosion
that removed the greater part of the Negaunee
formation. The erosion at some places ceased at
the horizon of the cherty quartz rocks, but at
other places continued until it also was removed
and the dolomite was reached.

Structurally the northern belt of dolomite is a
southward-dipping monocline. The central and
southern belts are anticlines. Between
the three belts are two synclines. South anitwe "
of the southern belt is a syncline, on seicines.
the southern limb of which one might expect to
find a belt of dolomite. This belt might be
anticipated to appear above a belt of Sturgeon
quartzite, both overlying the Quinnesec schists of
the Menominee River. Apparently, however,
the quartzite and limestone were not deposited,
or both have been completely removed by erosion
during inter-Menominee time, so that the forma-
tions of the Upper Menominee series lie upon the
greenstone-schists. (See Structure section AA.)

In the anticlinal belts the beds at first sight
appear to be isoclinal, but a close examination of
the southern belt reveals the existence of a num-
ber of minor folds having almost vertical limbs.
In the western part of the district the folds are
overturned to the south, the axial planes dipping
north at high angles. In the central and eastern
parts of the district, east of Quinnesec, the minor
and major folds have their axial planes steeply
inclined to the south. 'While the minor folds are
fairly easily recognizable, it is only on .
the south side of the southern belt that s Tode.
they become prominent. Here the synclines open
out, forming basins in which the ore bodies lie.
The small folds, as a rule, pitch west in the
western portion of the range and east in the
eastern portion. There are exceptions to this
rule, but in the majority of instances observed
the pitches are as indicated.

The attitude of minor folds is, as is well known,
an indication of the attitude of the major folds
on which thej are superimposed. By using this
prmclple, it is concluded that the major anticlines
in this district disappear to the east and to the
west by plunging beneath the Upper M I
sediments. Detailed examination of the-ends of
the anticline north of Lakes Antoine and Fumee
seems to show that this belt does actually dis-
appear in this way. The behavior of the ends
of the southern anticline can not be described,
since both are covered with sandstone and drift.
But for this belt, the evidence of the minor folds
is fairly conclusive, so that it appears safe to
assume that this dolomite plunges below the
Upper Menominee rocks.

From the above statements it is clear that, in
addition to the major east-west anticlines and
synclines that are so prominent in the district,
the dolomite formation is also affected by a gentle
but large anticlinorium with axis running approxi-
mately north-south.

At no place within the area mapped is the
dolomite known to be exposed from the bottom
to the top. On the northern side of | ..
the trough the formation is bordered mfehr,,,,
by the Sturgeon quartzite on the north '***° ™
and the Vulcan formation on the south, but
exposures between these limits are so few that
we can not be sure that the dolomite occupies the
entire breadth.

If, however, we assume that in the wider por-
tions of the dolomite belts the entire formation
is exposed, we are still unable to estimate its
thickness accurately, since we know that it has
been subjected to subordinate folding, and we
can not determine the exact amount of duplication
of beds resulting therefrom.

In the center of sec. 12, T. 89 N., R. 20 W., we
find the most continuous set of dolomite exposures
in the district. Near the north-south quarter-line
the belt is about 8000 feet wide, and has an
average ‘dip of 55° 8. This corresponds to a
breadth of approximately 2450 feet, which must
be at least twice the thickness of the formation,

since this belt is an anticline. So far as we can
learn, there are no minor folds here, so that 1225
feet must be accepted as the greatest possible
thickness of the formation exposed at this place.
The entire formation, however, does not reach the
surface, for the beds in the center of the belt—
those at the apex of the anticline, and conse-
quently the lowest members exposed —are not
the basal ‘members of the formation. Moreover,
while the southern limit of the dolomite is well
established by exposures of the Vulean formation,
it is not known whether the contact is at the top
of the dolomite or whether some of this rock had
been removed by erosion hefore the deposition of
the iron- formation. Further, the northern limit
of the dolomite belt is not definitely known, for
north of the exposures of this dolomite the coun-
try is covered with swamps and sand plains.

An estimate of the thickness of the formation
based upon the above statement of facts would
appear to be too small, because the lower and
higher beds of the dolomite are not exposed.
However, superimposed upon the major folds, as
already pointed out, are many minor folds. To
what extent the beds are duplicated by this minor
folding it is practically impossible to determine.
If one should make calculations so as to obtain a
minimum figare, 1000 feet or less could be
obtained. If, on the other hand, one were to
make calculations on the supposition that all of
the isoclinal beds are different layers, an estimate
ag great as 5000 feet could be obtained. Prob-
ably the truth is much nearer the lower figure
than the higher. The original thickness of the
dolomite is probably somewhere between 1000
and 1500 feet.

The dolomite formation is nowhere seen in
actual contact with the Sturgeon quartzite, nor
are ledges of the two formations seen . .
in close proximity. It is known, how- gradstion
ever, that the upper layers of the 't
quartzite are calcareous and that the lower beds
of the dolomite are quartzose. The inference
seems to be safe that the two formations are con-
formable, and that they grade into each other
through caleareous quartzites.

Contacts between the dolomite and the over-
lying formation are found in many of the mines,
but they are nowhere discoverable
on the surface. In the little ravine
just east of the old Brier Hill mine
the dolomite and the lower members of
an iron formation are very close together, but
their actual - contact is covered. The space
between the ledges of the two formations is filled
with loose fragments, and among these fragments
are large pieces of quartzite holding pebbles of
jaspilite, quartzite, granite, and other members of
the Archean. The presence of the jaspilite frag-
ments in the conglomerate is proof that beneath
this rock layer there existed somewhere in the
Lower Menominee series an iron formation con-
taining considerable jasper. This formation has
now completely or almost completely disappeared,
so far as the surface indications show. It is
assumed that it has been cut away by erosion,
and that its débris furnished the jaspilite frag-
ments in the conglomerate.

In the mines and the open pits a similar con-
glomerate or a coarse quartzite is frequently found
lying upon the dolomite. Jaspilite fragments can
not in all places be detected in it, but they can
be observed in so many localities that the only
acceptable interpretation of the phenomena is
that the dolomite and the quartzite are separated
by an unconformity.. The contact between the
two rocks is sharp. There is no gradation of any
kind between them. The dolomite near the con-
tact is usually schistose, so much so . .~
that in most cases it is a pure tale. tale-schist.
schist. The calcium of the dolomite has been
removed and much of it has been deposited in
the ore bodies as calcite, while the magnesium
has remained in the tale. This tale-schist serves
as an impervious lining to many of the folds in
which the ore deposits lie, and afforded better
conditions for the concentration of the ore mate-
rial than were afforded by the massive and shat-
tered dolomite underlying the ore formation at
various places. The schist was probably formed
in connection with movement along the contact
plane after the Upper Huronian deposits were
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laid down, and contemporaneously with the fold-
ing and phism that affected both the
Lower Menominee and Upper Menominee series.
The contact between the schist and the super-
jacent quartzite is extremely sharp, and in many
places the plane of contact is slickensided.

NEGAUNEE FORMATION.

Occurrence and correlation.—The Negaunee
iron-bearing formation is believed to occur in
only one or two places within the limits of the
mapped area. Its identification as one of the for-
mations of the Lower Menominee in this district
is partly based upon the fact that the lower layers
of the Upper Menominee series are built up very
largely of the débris of an iron formation.
‘Whether this formation was exactly equivalent
to the Negaunee formation in the Marquette dis-
trict can not be definitely determined; but it
must have rested upon the Raudville dolomite
and occurred below the Upper Menominee Vulcan
formation, which in many places is immediately
above the dolomite. This corresponds exactly
with the position of the Negaunee formation in
the Marquette district. The exposures believed
to belong to the Negaunee formation are so few
and so small that this formation is not represented
on the maps by a separate color but is included
under the color for the Vulean iron-bearing for-
mation. Hence there is no necessity to describe
the Negaunee formation in detail in the present
paper. The formation is believed to be identical
in tial character with the Ni forma-
tion of the Marquette district. In Structure sec-
tion AA the formation is supposed to exist, but is
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The principal area of the Vulcan ' formation
extends as a belt from 900 to 1300 feet wide along
the south side of the southern belt of
dolomite for nearly its entire extent.
The belt follows the sinuosities of the
southern border of the dolomite area rather
closely, but it is much wider in the reentrants
caused by the pitching synclines of the dolomite
than elsewhere. The widening of the formation
at these places is of course due to the repetition
of beds in consequence of close folding. Along
only one stretch, about a mile in length, is the iron
formation known to be absent. This is in the
west half of sec. 1 and the east half of sec. 2, T.
39 N, R. 30 W., where the Hanbury slate lies
upon ledges of the typical dolomite.

On the north side of the southern dolomite
belt, in the central or western part of the district,
the iron formation has nowhere been
found nor has any indication of its
presence been detected. Magneticlines
are weak or absent altogether, and no
exposures of the Vulean or other formation have
been discovered near the dolomite west of the
Loretto mine, except a few slate exposures in pits
near the northwest corner of see. 10, T. 89 N,,
R. 29 W. Here the slate appears to be in con-
tact, or nearly in contact, with the dolomite, form-
ing the embayment extending into the dolomite
area east of Norway, shown on the map. Else-
where the country bordering the dolomite is
thickly drift covered, so that it is not known
whether or not it is underlain by a belt of the
iron-bearing formation. At the Loretto mine the

or:e Lformatlon exists in an eastward- | ..
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indefinitely repr d, above the anticline of
dolomite in the neighborhood of the Old Cornell
mine, in order to account for the huge deposits
of conglomerate ore found in the Traders and

Clifford pits.
UPPER MENOMINEE SERIES.

Component  formations.— All the formations
between the unconformity on the top of the
Lower Menominee series and the unconformity at
the base of the Lake Superior sandstone are
placed in the Upper Menominee series. For the
purpose of the present folio the series may be
divided into two formations: the lower, the
Vulean formation, includes all the known iron-
bearing members of the district except the con-
glomerate beds at the base of the Cambrian; the
upper, the Hanbury formation, comprises the
great upper slate member of the Menominee
series,

VULCAN FORMATION.

Subdivision into members—The Vulean iron-
bearing formation embraces three members; these
are, from the base up, the Traders iron-bearing
member, the Brier slate, and the Curry iron-
bearing member. In this folio the three members
are mapped as a single formation. This is done
because the individual members of the formation
are not so well exposed that they can everywhere
be separately outlined. However, at various
places the three members are known to exist and
locally they can be separately mapped. It will
be necessary briefly to describe each member,
since they are lithologically very different. The
Traders member is so named because of its
typical occurrence at the Traders mine, north of
Iron Mountain. The Brier slate is so named
because these slates are well exhibited at Brier
Hill. The Curry member is so called because
the Curry mine is located in this horizon.

Stratigraphic position and distribution—From
the position of the Vulean formation immediately
upon the Lower Menominee beds we ..
would naturally expect the distribution Razdyite,
of the ore-bearing formation to be deter- ™"
mined by the distribution of the lower series, and
as a matter of fact, wherever the Vulcan formation
exists it is found immediately above the Rand-
ville dolomite member of the Lower Menominee
series and below the Hanbury slate. But at some
places within the district where we would naturally
expect to find the Vulean formation the dolomite
is in immediate contact with the Hanbury slate,
or is separated from exposures of the latter forma-
tion by intervals so narrow as to show that the
Vulean beds are lacking.

pitching syncline. From this place it ™ine-
extends eastward along the northern side of the
dolomite, as shown by a line of magnetic attrac-
tions, to within a short distance of the east end of
the area mapped, where the thick deposits of
Paleozoic beds prevent further tracing.

The second important area of the Vulcan for-
mation is that in which the Traders and the Cuff
mines are situated. It stretches for
about 5 miles along the south side of
the central' dolomite belt, running north
of Lakes Antoine and Fumee, and ending, so far
as present information indicates, somewhere about
the east line of R. 30 W. Beyond this point for
a mile and a half there are no outerops near the
southern boundary of the dolomite, nor have any
test pits, so far as our present knowledge goes,
uncovered the underlying rock. We are there-
fore ignorant as to whether or not the ore-bearing
formation continues this far. At the east end of
the dolomite belt, however, the country has been
very thoroughly explored and the underlying
rocks have been exposed by pits and trenches.
Lean iron-bearing slates are so abundant that the
locality is known locally as Iron Hill, | .
but the slates are different from those * iron -
of the Vuléan formation. These slates are similar
to the lean iron-bearing slates discovered at several
localities in the Hanbury slate areas. Moreover,
-a diamond-drill hole recently put down under the
pits to within a short distance of the dolomite
reveals the existence only of gray slates like
those of the Hanbury formation. The contact
of the two formations has not been reached by
this drill hole, but the interval between the last
known position of the slate and the nearest
exposure of the dolomite is so narrow that there
seems to be no room there for the Vulean forma-
tion. Further, a line of auger borings has been
carried from the northernmost exposures of the
Hanbury slate north across the swamp to within
a few feet of the base of the dolomite cliff, and
these revealed only slate. While little confidence
should perhaps be placed in the results of these
borings, the evidence of the absence of the Vulcan
formation and the presence of the Hanbury slate
at this place seems so strong that on the map the
color of the latter formation has been carried to
the very edge of the dolomite area. On the north
side of this same dolomite belt the iron
formation is known to extend for only
a short distance on both sides of the Cuff mine,
in the southern portion of sec. 22, T. 40 N, R.
80 W. To the east and the west the country is
thickly covered by drift and sandstone, and noth-
ing has been learned of the nature of the under-
lying rock.
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Cuff mine.

The third strip of country in which the iron-
bearing beds are to be expected is that which
borders the northern dolomite belt.

This area, however, is in the valley of E.%E{'E,‘:
Pine Creek. The surface is thickly §ormee
1t.

covered with sand. There is no indi-
cation of the character of the underlying rock
anywhere west of the Loretto mine except that
afforded by a group of pits near the center of sec.
14, T. 40 N, R. 30 W, at the western extremity
of the belt. These pits have shown the presence
of lean ore associated with cherts, jaspilites, and
black slates. The cherts are filled with the “shots
and bands” of ore characteristic of the cherts in
the Hanbury slate and present to some extent in
the jaspilites of the Curry member. In this case
the rocks are believed to belong to the Curry
horizon.

In the neighborhood of the Loretto mine the
Vulean formation appears to occupy the entire
breadth between the north side of the southern-
most belt of dolomite and the south side of the
northernmost belt of this rock. A short portion
of this distance has not yet been
explored, but all that portion which Xien"
has been opened up by the Loretto and
Appleton workings reveals the presence of one or
the other members of the Vulcan formation. Of
the area east of the Appleton mine nothing is
known. The country is here covered with thick
deposits of sand and sandstone.

The other areas in which the Vulean formation
may occur are those bordering the Quinnesec
schists. From the order of succession Vatean for.
on the northern side of the Menominee mation may
trough, one would expect on the south-
ern side of the trough to find in passing
north from the Quinnesec schists of the Menomi-
nee River, the following formations: (1) the
Sturgeon quartzite, (2) the Randville dolomite,
(8) the Vulcan formation, and (4) the Hanbury
slate. As a matter of fact, the only rocks
exposed near the Quinnesec schists are the Han-
bury slates. However, for a belt about a quarter
of a mile wide north of the northernmost expo-
sures of the schists no outerops of any formation
have been found. This belt -is left doubtful on
the map. ~Since the Sturgeon qmu'tmte and the
Randville dolomite are hard, resistant formati
probably much more resistant than the Quinnesec
schist, it is thought to be highly probable that
these formations do not rest upon the schist.
Therefore, if the Hanbury slate does not occupy
the doubtful belt, this area is probably underlain
by the Vulcan iron-bearing formation. The direc-
tion of movement of the glacial drift was from the
northeast toward the southwest. The Quinnesec
schists occupy high ground, and - therefore heavy
masses of drift were banked against the northern
border of this schist. This is believed to be the
explanation of the absence of exposures in this
belt. No opinion is expressed as to whether or
not the Vulean formation occupies this belt or
a portion of it. Before publishing our final report
it is our intention to make a careful magnetic
survey of the area of the belt in question, in
order, if possible, to ascertain whether this strip
of country is probably underlain by the Vulean
formation or the Hanbury slate.

The situation is nearly similar about the western
area of Quinnesec schists. Only two exposures
are known as close as 600 feet from the schist
ledges. One of these is unquestionably an
exposure of Hanbury slate. The other is a fer-
ruginous slate that resembles very closely some
of the ferruginous slates of the Hanbury forma-
tion. These exposures are both on the southern
side of the schist area, and are more than 4 miles
apart. Absolutely nothing is known of the
geology of the intervening strip of country. Nor
is anything known of the belt of country bor-
dering the western schist area on the north.
This area is so deeply buried under sand and
gravel that we are not even certain that the
northern limit of the schists has been correctly
outlined. The probabilities are more favorable
to the belief that the Quinnesec schists are sur-
rounded by the Hanbury slate than that they are
surrounded by a belt of the Vulean formation.
Since, however, there is considerable room for
doubt as to the correctness of this view, the belt
bordering this area is colored as doubtful on the
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map, except at the point where it crosses the
Menominee River. Here the undoubted Han-
bury slate is so near exposures of the schists that
there is no room for the Vulcan formation between
them.

From the foregoing account of the distribution
of the Vulean formation it will be noticed that
the belts of iron-bearing rocks are not o ...
continuous. From the stratigraphical giyulcan
relations of the iron-bearing formation, *“™™*e*
one would expect it to occur as continuous belts
surrounding the dolomite anticlines, bordering
the south side of the northern dolomite monocline,
and bordering the areas of Quinnesec schist. In
several places, however, it is seen that these rela-
tions do mnot exist. Itis known that in various
parts of the district the iron-bearing formation is
absent from the position it would naturally be
expected to occupy, and that the Hanbury slates,
which stratigraphically overlie the ore-bearing
strata, are in immediate contact with the dolomite
that underlies the Vulean formation. Further-
more, at least at one place it is known that the
slates are exposed in natural ledges at so short a
distance from the western area of Quinnesec
schists that there would seem to be no possibil-
ity of the-occurrence of the iron-bearing forma-
tion between them. It is probable that the
larger parts of the belts mapped as doubtful —
the areas in which the underlying rock is
unknown —are underlain by the Hanbury slate
rather than the Vulean formation, but it is certain
that the Vulean formation underlies a portion of
these areas.

Traders member—The Traders member of the
Vulean formation consists of a conformable set of
beds composed of ferruginous conglom-
erates, ferruginous quartzites, heavxly Bty
ferruginous quartzose slates, and iron-ore deposits.
On the sections of mine workings these are desig-
nated the Traders quartzite, Traders slate, and
Traders ore-bearing bed. The conglomerates and
quartzites are usually at the base of the member
resting upon the Randville dolomite. These vary
in thickness from a few inches to 20 feet or more.
They contain fragments, usually small but ocea-
sionally large, of quartzite, jaspilite, white quartz,
and rocks that make up the Archean complex. In
many cases, however, the conglomerate contains
so much ore and jasper that it is an ore and
jasper conglomerate or quartzite, which in some
instances is 8o rich that it is mined. In these
cases the matrix is a mass of small grains of
hematite, embedded in which are bowlders and
pebbles of ore and of jaspilite. The conglomer-
ates and quartzites of this kind are usually
schistose. The ore and jaspilite fragments are
mashed into lenticular bodies, and the matrix into
a mass of thin scales like those characterizing
the specular ores of the Marquette district.
Typical occurrences of the ore-bearing quartzites
and conglomerates may be seen at the open pits
of the Traders mine and at the bottom and along
the west side of No. 8 pit of the Penn Iron Co.,in
the SW. 1 of the NE. L sec. 9, T. 839 N, R. 29 W.

The conglomerates and quartzites pass upward
into the ferruginous quartzose slates. These con-
sist of alternating layers of heavily ferruginous
quartzites, iron oxides, and in some cases jaspilites.
The quartzose layers are dark red or purple
jasper-like beds, from a fraction of an inch to 18
inches or 2 feet in thickness. Some of them on
fresh fractures exhibit the quartzitic texture very
plainly. The coarser of them approach ferru-
ginous quartzites, Others, however, resemble
very closely a typical jaspilite, which in some
cages they are believed to be. These varieties
are often mottled by red and purple blotches that
appear to be due to the presence of red jaspilite
grains in a ferruginous quartzose matrix. In the
greater number of instances the mottling is in
small elongated areas and the rock possesses an
incipient schistosity in the direction of the longer
axes of the areas. This phenomenon is the result
of mashing, which flattened the jaspilite grains
and the smaller components of the quartzose .
matrix, producing a parallel ar t of the
particles. It is difficult to determine with cer-
tainty the relative amounts of the detrital mate-
rial and true jaspilite which is non-fragmental,
but apparently the former is more abundant, and
it may be dominant,




The associated iron oxides usually occur in
beds no thicker than the quartzose layers. At
various places, however, especially in
the basins produced by the folding of
the dolomites, they rapidly thicken and
replace the quartzose slate along its strike, form-
ing ore deposits, which may be sufficiently large
to warrant mining.

The thin-bedded ores are usually gray specular
varieties, strongly resembling the Marquette specu-
lar ores from the Ishpeming formation. They are
schistose rocks, made up of thin plates of hem-
atite d in parallel positi On fractured
surfaces along schistose planes, especially when
these surfaces have been slightly weathered, there
is noticeable a peculiar texture that possesses
considerable significance. On such surfaces a
distinetion can be made out between a fine-
grained matrix and numerous comparatively large
oval or lenticular areas. The latter give uniform
reflection from their entire surfaces, while the
- matrix reflects from many small surfaces. The
appearance thus produced is that of a number of
large flattened grains in a gr composed
of small grains. This texture is characteristic of
fragmental sediments.

‘Where the ore layers thicken they usually take
on a different character. They lose their marked
specular habit and become more granu-
lar. At the same time their color
changes to a dark blue or black. The
changes from thin beds to thick deposits, and
from a gray specular ore to a dark granular one,
are noticed to occur particularly in areas of dis-
turbance, such as the ends and troughs of folds,
the places where the rocks have been crushed or
jointed, etc. In these places the water that is
constantly circulating through the rocks has
removed silica and deposited hematite. New
hematite has built out the plates of the original
ore into grains. At the same time it has filled or
partly filled with ore the openings that have been
produced during the crushing and jointing of the
rock. Where the crushing was considerable the
ore may present a porous aspect and all joint
cracks may be lined with druses of hematite
crystals. In other instances the thickening of the
ore beds is, in part at least, an original effect and
not one due to secondary causes. Some places
along the original shore lines were more favorably
situated for the accumulation of the ferruginous
sediments than others. ' Here the hematite sands
settled in greater abundance than elsewhere and
made thick beds. The ore bodies thus produced
may pass gradually along the strike into ferru-
ginous quartzose slates, whereas when the change
is due to dary enrichment the p is
comparatively sudden. The ore deposits are
thus exceedingly variable in thickness, in some
places measuring only a few inches, in others
reaching 200 feet or more.

Like all other fragmental sediments the ores
contain a variable quantity of impurities. Much
of this impurity consists of quartz errutnous
grains and of the constituents that are slates
usually found in slates. Sometimes the propor-
tion of such substances is so great that the ores
are not marketable. They are then known as
slates. The blue or dark-gray slates occurring
under the ore at the Clifford pit of the Traders
mine are of this character. They are ferruginous
sediments in which the proportion of ore grains
is not sufficiently great to warrant working.

Brier slate—The Brier slate lies i di
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! The jaspilite bands in many cases are in the
center of the quartzose slate layers, but occasion-
ally are along one side, and are always

parallel to the bedding planes. Both ""i"‘“‘“‘
the jaspilites and the ferruginous quartz P
ose slates are dark red or purple. The two can
usually, however, be distinguished. The jaspilites
are homogeneous rocks, with a flinty fracture and
luster. They consist usually of very finely crys-
talline quartz and hematite, in which much of the
iron oxide has a remarkable concretionary struc-
ture. Examined under the microscope, some thin
sections are found to contain siderite; some, red
hematite which has the forms of siderite and is
probably secondary to that carbonate. In other
cases actinolite occurs in subordinate amount.
These jaspilites are very similar to the concretion-
ary ferruginous cherts of the Penokee and Animikie
districts, described in Monograph XIX of the
United States Geological Survey. The chief dif-
ference is that the iron oxide is red hematite
rather than brown or somewhat hydrated hema-
tite. They are almost identical with the jaspilite
of the Marquette district, described in Monograph
XXVIII of the United States Geological Survey,
except that the concretionary or oolitic structure
is more prevalent in the Curry member than in
the similar rocks of the Marquette district.

The ferruginous quartzose slates consist largely

of plainly fragmental quartz. The coarser varie-
ties approach quartzites. Between the
grains of fragmental quartz there is q-'.:&'z'f;'-':' !
finely crystalline quartz and iron oxide.
‘What part of the matrix is truly detrital and
what part, like the jaspilite, is non-fragmental in
origin it is difficult to say. Between the bands
which are plainly true jaspilites and non-detrital
and those which are plainly detrital there are all
gradations. It is difficult to ascertain whether
the fragmental or the non-fragmental material is
the more abundant for the entire Curry member,
since it is so poorly exposed.

In other districts of the Lake Superior region,
as has been shown, the jaspilites have developed
from an originally cherty iron-bearing |,
carbonate, and there is little doubt that esgiie!
the jaspilites of the Menominee district have the
same origin. Independent of the analogy fur-
nished by other districts, the siderite in some of
the slides, and pseudomorphs of hematite after
siderite in these and other slides, give very
strong evidence of their derivation from an
oolitic iron-bearing carbonate. The ferruginous
quartzose slates are believed to have
been derived largely from the erosion
of the Lower Menominee series, includ-
ing the Negaunee formation. But mingled with
this detrital material in many cases was appar-
ently a considerable amount of non-fragmental
material. There are, therefore, in the Curry
member all gradations between clastic and non-
clastic sedimentation.

The iron ore of the Curry member is of two
kinds. Generally both kinds are less micaceous
than the Traders ore. The first kind
of ore is hard, dense, and very flinty.
It occurs in very thin layers, separated
by equally thin layers of jaspilite. The layers,
moreover, do not continue for any great distance
with an even thickness; but fray out into thinner,
veinlike seams, which run for short distances
approximately parallel and then again unite to
form a single band. Between the seams of the
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above the Traders member. The slates are heavy,
black, ferruginous, and quartzose, often present-
ing a very even and fine banding, due sometimes
to the presence of layers richer than the average
in iron oxides and sometimes merely to the pres-
ence of small quantities of pigments. On exposed
surfaces the banding is emphasized by slight
weathering. Where the weathering has pro-
gressed very far, however, red ocher is formed
and the slates are stained an almost uniform color.
They open along the bedding planes and become
very shaly. In this form they yield an abundant
talus at the base of all cliff faces in which they
are exposed.

Curry member.—The Curry iron-bearing mem-
ber consists of interbedded jaspilites and ferru-
ginous quartzose slates, with various mixtures of
‘theé two, and ore deposits.

Menominee.

layers 1 haped jaspilite occurs:

The second kind of ore is very different. This
often possesses a sandy appearance, as though
the ore had mixed with it an apprecia-
ble quantity of sand grains, or were
itself a mass of small fragments. The beds of
this ore are generally thicker than those of the
first kind and are much more continuous. The
thicker beds dre frequently very evenly laminated
in dark-gray or black and light-gray bands. The
color of the lighter bands is due to the presence
of numerous elongated flakes of a nearly white
micaceous mineral that may be muscovite or some
hydrated decomposition product of this mica.

The ores and siliceous layers in the Curry
member of the Vulean formation are .. -
thus divisible into two classes. Into ehositof
one class fall the dense, black ores and "
the jaspilites, and into the other the evenly banded
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‘sandy ores and ferruginous quartzose slates. The
materials of the former appear to have been
formed largely by metasomatic changes from an
iron-bearing carbonate; those of the latter consist
largely of detrital material derived from some
older formation. The explanation of the intimate
relations of these two kinds of sediments is proba-
bly somewhat as follows: The formation origi-
nally consisted of ferruginous quartzose sand
derived from some older ore-bearing formation
(the Negaunee formation) interbedded with cherty
iron carbonate and shale, with various mixtures
of two or all.

In the course of time the cherty carbonate was
changed to hematite, the silica was rearranged
(see p. 9), and jaspilite was formed. Where
the iron carbonate was in beds of notable thick-
ness the resultant jaspilite is important, Jaspilites
also formed in cracks traversing the ferruginous
quartzose slates. Some of the new hematite was
deposited in thin layers along the bedding planes.
Another portion of the newly formed hematite
remained or was deposited among the grains of
the detrital ores, thus enriching them in the same
manner that the Traders ores were enriched, espe-
cially in the bottom of the folds and in areas of
disturbance. In spite of the enrichment of the
Curry member in iron oxide, its ores are not
profitably worked at as many places as are those
of the Traders member. The ferruginous detritus
in the Curry beds is usually not so rich in iron
oxide as that found at the Traders horizon. Tt is
more intricately mixed with siliceous sands and
ig in thinner layers. Where folds exist in the
members, furnishing favorable situations for rich
deposits, the ore bodies may be large enough and
rich enough to warrant mining, but for the greater
part of its extent the member yields only lean
ores.

Relations between the members of the Vulcan
formation.—Where no marked disturbances exist
between the Traders member and the
Brier slates the first grades into the
second by diminution of the amount of
ferruginous material and by increase in the num-
ber and thickness of the quartzose beds. At the
same time there is an increase in the proportion
of slaty material. 'When the ferruginous material
is much reduced in quantity the Traders ore-bear-
ing bed becomes the Brier slate. This gradation
occupies only a very short vertical range, so that
the line between the Traders member and the
Brier slate is usually determinable within a few
feet.

Where marked disturbances have occurred, as
in the vicinity of Norway and eastward for several
miles, the relations between the two members
are very different. 'Wherever it can be seen the
contact between the Traders and Brier members
is sharp. In many places the contact seems to be
slickensided and often to be a plane of differen-
tial movement. At the open pits of the Norway
mine and those north of the Curry mine, and
between this mine and the West Vulcan, the
Traders rocks are in places pseudo-conglomeratic.
The Brier slates also may be brecciated. More-
over, the brecciation is not confined to
these two members, but the underlying Sesesand'
dolomite is at some places likewise
brecciated for a short distance beneath its upper
surface. The phenomena wherever studied appear
to indicate that the relations between the dolo-
mite, the Traders member, and the Brier slates
were originally normal —1i. e., that the ore-bearing
bed is principally detrital material lying upon the
dolomite, and that upon the ferruginous material
the Brier slates were conformably deposited. At
the time of folding slipping occurred along the
contact between the Upper Menominee series and
the Lower Menominee series and between the
Traders and Brier members. The dolomite was
brecciated to some extent, the Traders detrital
ores were crushed and brecciated, and in several
instances the lower portions of the Brier slates
were likewise included within the zone of move-
ment and were fractured and brecciated. Later
the breccias were enriched by the deposition of
hematite and other iron compounds, and both
the Traders member and the lower part of the
brecciated Brier slates became sufficiently ferru-
ginous to warrant mining. Thus this line of con-
tact is marked by large open pits in the NE. }
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sec. 9, T. 39 N, R. 29 W.  The ore belonging to
the Traders member was taken from them some
years ago.  But it was not until the summer of
1899 that the demand for lean ores was so great
that the ferruginous quartzose slates could be
mined with profit. In this year, however, some
of the Norway mine product consisted of this
material.

The Brier slates pass upward into the Curry
member by the diminution of argillaceous mate-
rial and the introduction of ferruginous
material, especially bands of jaspilite. s:::’:::.';: o
At the same time, the somewhat ferru-
ginous quartzose Brier slates become heavily fer-
ruginous. At one place this transition is seen to
occur laterally as well as vertically. No strati-
graphic break has been discovered anywhere
within the Vulean formation. ’

ZFolds of several orders.—The Vulean formation,
where it is known to exist, occupies a position on
the upper sides of the dolomite anti-
clines. Its major folds, or folds of the f.‘:'?:eﬁﬁﬁ' t
first order, correspond exactly to the "
major folds of the Randville dolomite. The
folds of the second order correspond also with
those of the dolomite. The troughs on the
southern side of the southern dolomite area are
occupied by the members of the iron-bearing
formation. Moreover, within the Vulean forma.
tion are numerous still smaller folds of _ .
the third order, which, because of the thirdorder.
hardness of the rocks and the perfection of the
banding, are well exhibited. These small folds
may be observed at nearly every place where
mining has progressed to any considerable extent
and at many other places where only lean ores
have been developed. The folds of the third
order pitch in the same direction as those of the
second order, on which they are superimposed,
but the strikes of their axes may diverge slightly.
The minor folds are extremely important guides
to the discovery of ore bodies. The folds of the
second order determine the general position of
the ore bodies, while the folds of the third order
determine in many cases their more exact posi-
tions within the larger folds. The folded slates
of the formation are relatively impervious, and
where not shattered often furnished troughs into
which the circulating waters were conveyed and
the ore deposits formed. In exploring operations
it is important to determine the strikes and dips
of the axes of the minor folds, not only because
they indicate the direction of the pitch and strike
of the larger folds, but also because they direct
attention to those places at which ore bodies are
most apt to exist. This subject is more fully
covered in a later section, on the iron-ore deposits.

In addition to the three orders of folds above
referred to, there may in many places be dis-
covered still smaller folds. These are
superimposed on the folds of the third
order in the same way in which the latter are
superimposed on the folds of the second order.
On exposed surfaces the folds of the higher
orders appear as a series of crinklings or flutings,
with heights of from one-quarter inch to 5-or 6
inches from trough to crest. Even in the troughs
of these minute folds, under favorable circum-
stances, iron ore was deposited, especially where
crushing and brecciating took place in connection
with the folding.

‘Wherever folding is observed within the iron-
bearing formation it is noticeable that it is best
preserved in the siliceous bands. The iron-ore
layers between the siliceous layers, while yielding
to the stresses that produced the folding, were
mashed and sheared and became schistose. Where
the compressing forces were very powerful a slaty
cleavage developed in both the iron-ore and the
siliceous layers. In the siliceous layers this is
the only secondary structure observed, while in
the ores there is present in addition a schistose
structure nearly parallel to the bedding plane,
unless this has been obliterated by the deposition
of new ore material.

Determinations of thickness.— A number of
sections offer opportunities for determining the
thickness of the separate members of the Vulcan
formation, but only a few present opportunities
for determining its total thickness. All along
the south side of the southern dolomite belt, from
the Aragon mine eastward to the Sturgeon River,
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the iron-bearing formation stretches as a narrow
belt which for much of the distance appears to
be without important folds. At several places
mining operations have afforded excellent sections
from the base of the productive portion of the
Traders member to the top of the Curry member,
and at a few places the sections extend downward
to the top of the Randville dolomite. At Brier
Hill, where practically the whole for-

mation can be seen on the surface, its nes csocpeo
thickness is about 600 feet. At the

Curry shaft No. 2 it is 700 feet thick, and at the
Aragon mine its thickness is about 675 feet.

At a number of sections the thickness of the

individual members comprising the formation is
easily measured. The Brier slates have
been measured at seven places, yield- ol-:mr-u
ing results between 100 and 360 feet.
Five of these measurements fall between 320
and 860 feet.
member have given results varying between 100
and 226 feet. Six of these fall between 160 and
225 feet. Measurements of the Traders member
have yielded no such concordant results. In the
first place, its thickness probably varies widely,
as_should be expected of a formation composed
largely of detrital deposits formed near a shore
line. Moreover, only a few sections reach as low
as the dolomite, Hence, the exact position of
the contact between this rock and the iron-bearing
formation must be guessed at. Only three meas-
urements have been made from the known top of
the dolomite to the known top of the Traders
member. These give 170 feet, 85 feet, and 155
feet.

The opportunities for accurate determinations

of the thickness of the Vulcan formation in the
southern iron-bearing belt west of Nor-
way and in the central iron-bearing belt Iﬂ:ﬂ'r‘-:'.‘n'h
north of Lake Antoine are very poor.
In both of these areas folding is 'more prominent
than it is in the southern belt east of Norway,
and where folding is not prominent exposures are
lacking. In the Pewabic mine a measured section
along a drift in the first level under shaft No. 1
gave 232 feet for the Traders member and 265
feet for the Brier slates. At the Traders mine
195 feet of the Traders member are exposed, and
the interval between the top of this member and
the supposed position of the base of the Han-
bury slate corresponds to a thickness of 480 feet
for the Brier and Curry members. At the Indiana
mine the measured thickness of the entire Vulcan
formation is about 550 feet.

An interesting feature of these figures appears
when we compare the estimated thickness of the
Brier and the Curry members with the
total thickness of the two. In almost 3.ra-uon- of
every case where the estimated thick-
ness of either of these members falls below the
average of all the measurements for that member
the thickness of the other formation exceeds the
average, and the total of the two is fairly con-
stant. Thus, whereas seven estimates of the thick-
ness of the Brier slates vary between 240 feet
and 860 feet, and eight estimates for the Curry
member vary between 112 feet and 225 feet,
measurements of the total thickness of the two
vary only between 400 and 530 feet. The
apparent greater variation in thickness of each of
the members than the two combined may be
partly explained as due to the gradation between
the two and the consequent difficulty of fixing
upon the exact place at which one ends and the
other begins.

From a careful consideration of the figures
given above’'and a few others that are not here
recorded, it is estimated that the average thick-
ness of the Vulean formation is approximately
650 feet, divided as follows: Traders member,
150 feet; Brier slates, 330 feet; Curry mem-
ber, 170 feet: i. e, the two ore-bearing bers
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formation. If the Vulecan formation exists in the
doubtful areas adjacent to the Quinnesec schist,
it there rests upon that schist.

‘Where the Vulcan formation rests upon the
Randville dolomite the lower layers of the upper
formation appear to lie conformably . .
upon the older one, with an extremely $twess, o
sharp line of definition between them, ®*"*"*:
In some places the upper part of the Randville
formation is a dolomite. In other places itisa
tale-schist derived from the dolomite. Where
the Vulean formation rests on the dolomite or
talc-schist its basal member is either a quartzite
which often contains ore and jaspilite fragments,
or an ore and jasper conglomerate containing large
and small pebbles of ore. These fragments must
have been derived from an older iron formation
that originally rested upon the dolomite, but
which was eroded at the time the Traders mem-
ber was laid down. In one case, at least, the
dolomite itself yielded bowlders to the overlying
beds, for on the seventh and eighth levels of the
Chapin mine, at a point just south of the “C”
shaft, several large rounded fragments of the
dolomite were found embedded in the iron-bearing
formation. If there was originally a slight dis-
cordance in bedding between the two formations
it has been obliterated by the movements along
the contact plane that took place during the fold-
ing of the district and the production of the tale-
schist. The Traders member thus appears to be
conformable in attitude, though not continuous
in time, with the underlying dolomite, which
remained practically undisturbed during the
long interval which succeeded its deposition
and preceded the deposition of the Traders
member.

‘Where the Vulcan formation rests upon the
Negaunee formation discrimination between the
two is difficult. However, close obser-
vation shows that at the contact plane Negeunee.

CONS .y . ,. distinguished
the non-clastic jaspilite characteristic win dii-
of the Negaunee formation disappears
and the red or purple quartzose slates character-
istic of the Traders member of the Vulean forma-
tion appear. Furthermore, the hard, dense ores
of the Negaunee formation are different from the
fragmental and micaceous ores of the Traders
member. The exact boundaries between the two
can be determined only after a careful micro-
scopical examination has been made of thin
sections cut from specimens taken at shortintervals
across the strike.

The relations between the Vulcan formation
and the overlying Hanbury slates are those of
conformity. The contact is usually
very sharp. No difficulty is experi-
enced in defining the upper limit of the
iron-bearing formation. The slates, however, are
often so very schistose on the upper side of the
contact that their bedding planes can not be
recognized. The bedding of the ironbearing
formation, on the other hand, is still almost per-
fectly preserved, and is parallel to the contact.

The relations between the Hanbury slate and
the subjacent formations other than the Vulcan
formation should perhaps logically be idered
under the Hanbury slate rather than in this con-
nection. H , these relations are 8o cc ted
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fragments of the dolomite, and are badly shat-
tered. A slate breccia is thus formed, which
might be a fault breccia or a brecciated conglom-
erate. There can be no doubt that there has been

t along the contact zone, for the bed-
ding of the slate has been much disturbed for
a distance of 8 feet or more from the dolomite.
‘Whether or not the movement was along a fault
plane which cut out the Vulcan formation was
not determinable from the exposures. The dolo-
mite along the contact plane is not slickensided,
nor is the rock near the contact greatly mashed,
so far as could be observed. This may be thought
to indicate that the movement was of slight mag-
nitude, and that it was more in the nature of a
differential movement of the slates near the con-
tact than of faulting across the beds. If the
absence of the iron-bearing beds between the
Hanbury slate and the dolomite is due to over-
lapping of the slates rather than to faulting, the
lower layers of the slate should be coarse detritus,
since the relation of the slates to the underlymg
rocks are those of a younger sedimentary series
to an older series, upon which the younger series
is unconformable. The breccia between the slate
and the dolomite referred to above may be a
mashed conglomerate of this kind, but of this we
can not be sure.

At Iron Hill, in sec. 32, T. 40 N, R. 29 W. the
Hanbury slate is believed to lie immediately
upon the Randville dolomite. No con-
tact between the two is seen. The
dolomite ends in a number of small
knobs having steep faces toward the south. At the
bases of the little cliffs is a swamp about 300 feet
wide, and on the opposite side of the swamp, on
the north slope of a slight elevation, are several
exposures of slate. The intervening swamp area
has been tested at a number of places by auger
borings, as has already been related, and has been
found to be underlain by slates.

The uppermost layers of the dolomite forma-
tion consist of white cherts, and these are beauti-
fully brecciated. Above these in some places lies
a conglomerate containing numerous large rounded
bowlders of dolomite, subangular fragments of
chert, and an occasional pebble of quartzite, in a
matrix composed mainly of dolomite and chert
débris. Many of the pebbles are mashed and
faulted, thus showing that the district was
deformed after the conglomerate was laid down.

Hanbury and
Randyille at
Iron Hitl.

and the character of their basal members — fault-
ing and unconformity.

For a time it was thought that faulting near
the contact plane between the Hanbury slate
and the older rocks might explain the
phenomena. Thus the absence of the !Haph
Vulcan formation east of Quinnesec ﬂ’in’.?."g".fﬁn
could be explained by the hypothesis m?-bly
that the Hanbury slates had been
thrust over the lower formation of the Upper
Menominee series so as to rest upon the Rand-
ville dolomite. The absence of the Vulcan forma-
tion between the Hanbury slate and the dolomite
at Iron Hill might be similarly explained, only
here it would be necessary to believe that after
the faulting occurred close folding took place,
else the manner in which the Hanbury slate wraps
around the eastern end of the central belt of
dolomite would be inexplicable.

There are undoubted minor faults in the
Menominee district, but most of them are
extremely small, that in the Pewabic mine being -
the only one of sufficient magnitude to be mapped
on the mine plats (see fig. 8). Moreover, it is
clear that certain crushed zones of the Traders
and Brier beds near Vulean are due to faulting.
Further, there have been marked movements of
accommodation between the different formations
at their contacts, which might be called faulting.
In all of these instances, however, the faults are
local, and in none of them is the displacement of
the faulted beds great. These few minor faults,
which are easily recognized, certainly would not
warrant the assumption of such numerous and
extraordinary faults as would be mnecessary to
explain the relations above described. Further-
more, the faulting theory does not explain the
conglomeratic and quartzitic character of the
Vulean formation where it is in contact with
the Randville dolomite and the Negaunee forma-
tion, nor does it explain the apparent conglom-
erates at the base of the Hanbury slate.

The second explanation which suggested itself '
to us is that there is an unconformity between
the Lower Menominee and the Upper
Menominee, such as obtains elsewhere
between the Upper Huronian and the X
Lower Huronian in the Lake Superior ai
region. The order of events producing
the unconformity must have been somewhat as
follows: After the deposition of the Lower
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‘When the te is traced vard to the
end of the set of dolomite ledges the relations
between this rock and the chert are found to be
very complicated. The conglomerate apparently
grades into a breccia, and this in places is between
beds of dolomite or layers of the chert. At one
place the conglomerate looks as though it were a
breccia formed by crushing of the chert and dolo-
mite; at other places it appears to be a layer of
true conglomerate between layers of massive
dolomite; and in other places it strongly resem-
Dbles a conglomerate composed of fragments of the
dolomite and chert lying above the dolomite.
The conglomerate may be an intraformational
conglomerate (one originally produced during the
deposition of the formation, and therefore an
integral part of it), whose complex relations to
the inder of the Randville dolomite are due

with the relations of the Vulcan formation that
the subject is here introduced. A further reason
for this treatment is that the relations of the
Hanbury slate have an important bearing upon
the possible distribution of the beds of the Vul-
can formation, which carry the iron ores.

At only one point has the actual contact between
the Randville dolomite and Hanbury slate been
seen. This is in a trench about 10 feet .
long near the east line of sec. 2, T. 89 Ranfyife
N, R. 80 W, a few rods west of the 5"
Brynge]son shaft in graphiteslates. A careful

tion of the relations bet the dolo-

combined about equal in thickness the intervening
slates. It is conceded, however, that the Traders
member departs considerably from this average
and that the total thickness of the formation
varies accordingly.

Relations between the Vulcan formation and
the adjacent formations—The Vulean iron-bear-
ing formation, except in very limited areas, rests
upon the Randville dolomite. In a few places it
appears to rest upon the Negaunee iron-bearing

mite and slate was made with special reference to
their bearing upon unconformity and faulting.
‘We found that the dolomite projects slightly into
the slates half way up the exposed portion of the
contact, and recedes from them both above and
below this point. The surface of the dolomite is
minutely irregular, small projections and reentrants
occurring throughout the entire line of contact.
The slates, which are strongly graphitic, are inter-
laminated with cherty bands. They contain small

to erushing and close folding; or, on the other
hand, it may be a true conglomerate at the base of
the Hanbury slabe made to appear like an intra-
for ate by repeated close fold-
ing at the end of an "eastward pltchmg anticline
on which are superposed several minor folds.
The latter is thought to be the probable explana-
tion. If this be correct, the difference in compo-
sition of the conglomerate from the normal slates
is explamed by its bemg the first deposit along a

of dolomites and cherts. But
the relations of the various rocks ab this place are
s0 dingly licated that no unprejudiced
observer would be willing to declare without
reservation that the conglomerate is not a member
of the dolomite formation, rather than the basal
member of the Hanbury slate.

Faplanation of the distribution and relations of
the Vulean and Hanbury formations to the under-
lying formations.—Two possible explanations
have occurred to us to account for the facts of
distribution of the Vulcan and Ianbury forma-
tions, their relations to the adjacent formations,

H series, g of the Sturgeon
quartzite, the Randville dolomite, and the Negau-
nee iron formation, the area was raised above the
sea, Denudation continued for a long time.
Upon the southern side of the Menominee trough
these formations, if deposited, were entirely
removed. In the central and northern portion of
the district denudation extended to a sufficient
depth to remove the Negaunee formation in the
larger part of the area, and to cut into the Rand-
ville dolomite over much of the area. Probably
the folding accompanying this uplift and erosion
was very moderate.

After erosion had long continued, there was
slow subsidence of the Lower Menominee land.
During the early stages of the encroachment of
the sea upon the land the Vulcan formation was
laid down. As shown by the character of this
formation, it consists largely of detrital ore-
formation material. This was derived from the
Lower M Neg: formation, which has
nearly all dxsappeared However, at the end of
Vulean time the sea had not yet wholly overridden
the land, for at some places certainly, and perhaps
for extensive areas, the Vulcan formation is not
present. After Vulcan time the Hanbury slate
was deposited. In places where the Lower
Menominee series was not below the sea at the
beginning of Hanbury time the Hanbury slate
rests directly upon the lower series, as, for instance,
east of Quinnesec and at Iron Hill.

The theory of unconformity thus fully and
satisfactory explains every fact of distribution
and every known relation between the Upper
M Lower M , and Archean.
The presence of a great quantity of detrital ores
and the quartzites and ore and jasper conglomer-
ates near the base of the Vulean formation is
fully explained. The absence of the Vulcan
formation in various parts of the district also
presents no difficulty, ‘these being areas which




were still above the sea during Vulean time. The
gradual approach of the base of the Hanbury
slates to the lower formation at such places and
the presence of conglomerates at the base of the
Hanbury slates are likewise made clear. There-
fore, with great confidence, we hold to the second
explanation —that of unconformity between the
Lower Menominee and the Upper Menominee
series, with a gradual advance of the Upper

i sea, the deposits; of which slowly
overlapped the earlier deposits and gradually
buried the higher lands of the Lower Menominee
series. There are therefore in this district all the
evidences of a great unconformity between the
Upper Menominee and Lower Menominee found
in the Huronian of the Marquette district and
other districts of the Lake Superior region,
except that of marked discordance in strike and
dip between the upper and lower series. This
lack of discordance does not in the least invalidate
the conclusion that a great time gap separates
the two series. It has been shown by the senior
author that an apparently minor unconformity
may mark as great a time interval as the most
startling discordance. The relations of the two
series in the Menominee district are very similar
to those existing in the Penokee district between
the cherty limestone of the Lower Huronian and
the Upper Huronian quartzslate member.

THE IRON-ORE DEPOSITS.

General relations.—The iron ores of the Menom-
inee district occur in two members, from the base
upward as follows: (1) The Traders . . e
member of the Vulcan formation, and herizens.
(2) the Curry member of the Vulcan formation.
The iron ores may occur at any horizon within
these members. However, other things being
equal, they are more likely to occur at lower and
higher horizons than at middle horizons in each
of the members, but a number of the large ore
bodies extend entirely across the members in
which they occur.

It will be explained that the iron-ore deposits
occur at places where downward-moving waters
are converged. Of these places, pitch-
ing troughs with impervious basements Iieshii.
are the most important. Therefore, the “**¥"*
iron-ore deposits of large size rest upon relatively
impervious formations, which are in such positions
as to constitute pitching troughs. A pitching
trough may be made (@) by the dolomite forma-
tion underlying the Traders member of the Vul-
can formations, (§) by a slate constituting the
lower part of the Traders member, and (¢c) by
the Brier slate between the Traders and Curry
members of the Vulcan formation. The dolomite
formation is especially likely to furnish an imper-
vious basement where its upper horizon has been
transformed into a taleschist, as a consequence of
folding and shearing between the formations,

‘While all the larger iron-ore bodies are confined
to the pitching troughs with impervious base-
ments of dolomite or slate, smaller ore
deposits occur at contacts between the
different members. These contacts are
favorable places for the concentration of ore,
because they are horizons along which important
slipping or differential movement has occurred
during the folding of the district. Wherever a
set of beds are folded there must be differential
movement among them. This is well illustrated
by the slipping of the leaves of a flexible book
over one another when the book is bent. In
nature the contact planes between formations of
different characters are always planes of weakness,
hence at such places the major movements take
place. These movements are sure to make the

- formations porous and thus produce main chan-
nels of percolating water; hence the frequent
presence of ore bodies at the contact planes. Still
smaller ore deposits are found where
faulting has occurred or where close
plication has brecciated the Vulcan
f tion. Such me ts furnish zones or
areas where percolating waters are converged into
trunk channels and thus favor the concentration
of the iron oxide.

The combination of two or all of these condi-
tions is more favorable than any one of them.
‘Where the conditions are such as to combine
pitching troughs with impervious basements, con-
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tact planes between formations, and faulting or
brecciation, ore deposits of the first magnitude may
be expected. Such are the conditions
at the great mines in the district. How-
ever, in the search for an ore deposit,
the first of the favorable conditions—a pitching
trough with an impervious basement—is the
dominant consideration. It can not be too strongly
insisted that the essential condition for the devel-
opment of a large iron-ore body in the Lake
Superior region is the production in some way of
a pitching trough whichiis relatively impervious.
‘Where the pitching, impervious troughs are large
and continuous, as at the Chapin, Pewabic, and
Aragon mines (see figs. 3 to 7), the ore deposits
are almost sure to be large. "Where the pitching
troughs are small, irregular, or broken, the ore
deposits are likely to be small.
" At first sight the forms of the ore deposits
might be thought to be exceedingly irregular, but
when the above relations are understood they
seem to have orderly forms. A main mass of
ore is likely to be at the bottom of a trough, but
from this main mass a considerable belt of ore
may follow along the limbs of the trough to a
much higher altitude than in the center of the
trough. - The ore bodies in cross sections thus
frequently constitute a U which is very thick at
the bottom, the center of the U being occupied
by the iron formation which has not been trans-
formed to ore.

Details of occurrence—In this folio it is not
our intention to discuss each mine in detail. Indi-
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Vulcan formation, each bay being surrounded on
the north, south, and east by the dolomite.
Beginning at the west, the first and most impor-
tant set of folds of the second order are those
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order, beginning at the west, the Chapin mine
should be first tioned, but the interp i

of the occurrence of the ore at the Chapin depends
upon the facts furnished by the Walpole and

ﬁg. 2.—Horizontal section of the Walpole mine at the third level. Secale: 1 inch = 250 feet.

adjacent to Iron Mountain. Here are

two important folds, superimposed upon M wat.
which are folds of the third order. The E’:e’ e
western produces the troughs in which
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Fig. 8.—Horizontal section of the Pewabic mine at the third level. Seale: 1 inch = 250 feet.

vidual mines are considered only so far as they
illustrate the manner of occurrence of the ores.
The present purpose is briefly to discuss the dif-
ferent forms and relations of the ores, in order to
determine the principles controlling their depo-
sition and to guide future prospecting. The
selection of mines for figures is based upon the
excellence with which they illustrate the princi-
ples of oceurrence, rather than upon their relative
importance.

The iron ores now being exploited are confined
to three belts: (1) The more numerous and
important deposits are found in the .. .
belt of iron-bearing formation extend. threebelts-
ing from Iron Mountain to Waucedah, south of
the southern belt of dolomite; (2) iron ores are
being or have been worked north, south, and
west of the central belt of dolomite; (8) iron
ores are being mined east of the locality where
the northern and southern belts of dolomite unite.

1. Tt has already been explained that the south-
ern belt of dolomite is an anticlinorium. Further, it
has been pointed out that superimposed
upon this major fold are folds of

Ore d
and folds in

its

thletwnthern
higher orders. The occurrences of the **
ore deposits in the Vulean formation south of

this belt of dolomite are closely related to the
subordinate folds in the dolomite. The folds of
the second order superimposed upon the major
fold are a series of very close plications, which,
for the western part of the district, plunge steeply
to the west. The result of these plications is to
produce a number of westward-pitching synclinal
troughs directly underlain by the dolomite or by
the slates of the Traders member. As the result
of this folding, the surface outcrop of the southern
boundary of the dolomite has a notched-like dis-
tribution, producing bays in the dolonite. The
iron-bearing formation occupies the bays which
open out to the west into the main belt of the

the Chapin, Millie, and Walpole mines are located.
The eastern fold produces the trough in which
the Pewabic mine is located. The western trough
is especially complicated, it being really composed
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Fig. 4.—Vertical north-south cross section of the Chapin

of two minor troughs or folds of the third order,
with an intervening anticline, and even these folds
have folds of a higher order superimposed upon
them. If one were to follow a geographical
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Pewabic. They are therefore first considered.
The Walpole has a north and a south ore
deposit (fig. 2). These ore bodies occur in subor-
dinate synclines, separated by an intermediate
anticline.” These syn-
clines and the anti-
cline together consti-
tute the east end of
the western important
fold of the second
. order. The northern
deposit of the Wal-
pole is an excellent
illustration of a steep,
pitching trough,
which is bottomed by
slate and limestone
and is bounded to the
north, east, and south
by the same - rocks.
The fold is here so
close that the iron-
bearing member on
the south limb has all but been pinched out.
The southern ore body is just as clearly a west-
ward-pitching syncline. The workings of the
Walpole mine beautifully illustrate the relation
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and of f tions from the limest,
to the Brier slate in places where the folding is of
a very complicated character.
The Pewabic mine is a single, closely appressed,




synclinal fold (fig. 3). The slate and dolomite
are here again found on the north, east, south,
and bottom of the ore body. Here, however,
on the south limb of the fold the ore-bearing
member does not appear between the dolomite
and the Brier slate. It has therefore been
squeezed out by the very great pressure, or else
slight faulting has taken place. A crosscut north
in the first level from the Traders ore-bearing bed
to the limestone shows several repetitions of the
foot-wall slates, the quartzite, and the iron-bearing
members, these being found in narrow belts.
The reduplications are regarded as due to very
close subordinate folding,

At the present time the workings of the
Chapin mine have not extended sufficiently far
to show beyond question the relations of the ore
bodies (fig. 4). As yet they have not been con-
nected with the ore deposits of the Walpole in
such a manner as to show the continuity of the
Walpole folds with those of the Chapin. How-
ever, two main belts of ore have been developed
at the Chapin, and it is believed that these two
belts will be found to correspond with the two
closely appressed, westward-pitching folds of the
‘Walpole. North of the northern ore body is a
succession of slates, quartzites, and thin belts of
iron-bearing formation similar to that south of the
Pewabic mine. Immediately north of this ore
body is a slate similar to that of the Walpole and
Pewabic. Slate also occurs between the two ore
bodies. Further, slate bounds the southern lens
of ore on the south, South of this slate is iron-
bearing formation, and south of this are slates
-and quartzites. There is every reason to believe
that when the workings extend sufficiently deep
the ore bodies will be found to be underlain by
slate also, as well as bounded by slate on the
north and south. The south ore lens at the cross
section given is bounded by slate above as well
as below. The explanation of this anomaly is
probably that the compression was so severe that
the center of the soft syncline of ore at the top
was actually pinched out, the slate on each side
of the ore coming together.

It is impossible at present to be absolutely sure
as to the horizon at which the great lenses of ore
of the Chapin belong. Since, however, the rela-
tions of the ore bodies to the surrounding rocks at
the Chapin are parallel in many particulars to the
occurrences at the Walpole mine, it is thought
that the two ore belts belong to the Traders
member of the iron-bearing formation, that mem-
ber being repeated by close folding. According
to this explanation, each of the two ore lenses
would constitute an isoclinal syncline, and the
slates between them would be anticlines; also
the slate between the southern lens of ore and
the southern belt of iron-bearing formations would
be an anticline. This would fix the southern
iron-bearing belt, in which no ore bodies have
been found, as Traders. The slates and quartz-
ites south of this would be Brier. Therefore, the
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southern belt of iron-bearing formation is regarded
as a monocline rather than a syncline. Thus is
explained the apparent absence of ore bodies in
it. Where Iron Mountain belongs, which gives
its name to the locality, is somewhat uncertain,
but in all probability a portion of it is a continu-
ation of the southern belt of iron-bearing forma-
tion found underground. .

If the above be the correct explanation of the
structure, the Chapin mine presents a case of
isoclinal folding, the strata of which are redupli-
cated three times, not to mention the minor
duplications north of the northern lens of ore.

‘While it is freely admitted that as yet this inter-
pretation is not proved, it is the one which upon
the whole appears to correspond most closely
with the facts. The two lenses of ore would
correspond to the two embayments in the out-
crop of dolomite east of the Walpole mine. The
isoclinal folds at the Chapin mine are overturned,
the axial planes dip to the north, and the dolo-
mite belonging structurally below the Vulean
formation really rests upon it with a steep dip,
about 80° at the surface, but bending so as to be
as low as 70° deep in the mine. For a long time
it was a question with the miners which of the
two formations was geologically the higher. How-
ever, the occurrence of undoubted dolomite bowl-
ders in the Traders member, and the continuity
of the dolomite from the vicinity of Iron Moun-
tain to the east end of the district, have shown
beyond question that the dolomite is the lower
formation. With the possible exception of the
Quinnesec, the Chapin mine shows the most
in ense folding known in the districts, the strue-
ture being, in short, a set of isoclinal overturned
folds.

The Millie mine is not sufficiently developed to
enable us to make definite statements as to the
relations of this ore deposit, but the probability
is strong that it belongs to the Traders member
of the Vulcan formation.

The next important point to the east of the
Pewabic mine where ore is produced is at Quin-
nesec. The Quinnesec ore body is
probably a somewhat narrow, closely ‘.::'.:i'gmz
appressed fold. The dolomite and the :
tale-schists at this locality apparently overlie the
ore, the dip being about 70° to the north. The
ore is bounded by the talc-schists on the north
and by slates on the south. South of these
slates is iron-bearing formation. The ore in
longitudinal section passes into iron-bearing
formation both to the east and to the west, and
if there is a pitching trough here it does not
clearly appear. However, the sharp embayment
in the dolomite immediately adjacent renders it
highly probable that a pitching trough really
exists. South of the old Quinnesec is the Cundy
mine, but as yet developments have not gone far
enough to show the relations of the ore body.

Another very important producing ore center
is at Norway, where are found the Norway and
Aragon mines. Here are two impor-
tant folds in the dolomite, both opening
out to the west as at Iron Mountain,
The first gives the Norway mine and the second
the Aragon mine. The relations may be particu-
larly well seen at the open pits and the drifts of
the Norway. Here is a pitching trough which is
being mined for ore, bounded on both the north
and the south by the limestone. The fold is so
important as to bring the dolomite very near the

Norway and
Aragon
mines.

surface (fig. 5). Between the dolomite and the ore’

is a certain amount of ferruginous and siliceous
slate, which, until the demands for low grade,

ARAGON MINE

—Vertical north-south cross section of the Norway and

non-phosphoric ores arose, could not be mined,
but during the last summer a large amount of
this lean material was exploited.

The Aragon mine gives, perhaps, the clearest
illustration of the principle of the formation of ore
in pitching troughs on impervious basements fur-
nished by the district. Just east of the Aragon
mine is a sharp embayment in the dolomite, which
may be beautifully seen above ground, an amphi-
theater of limestone entirely surrounding the low
land occupied by the iron-bearing formation. A
short distance to the west of this embayment the
Aragon body was discovered.! Where first found
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it was at the top of the Traders member of the
ore formation, just below the bottom of the Brier
slate (see fig. 6). At this time no one could have
predicted that this ore body is really related to
the impervious tale-schists of the dolomite below.
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gradually and irregularly widened, and at the
fitth level assumed definite relations to the dolo-
mite. From the fifth level downward this relation
has continued, the main mass of the ore body
being found at the apex of the trough, and long

Aragon mines. Scale: 1 inch = 250 feet.

relations to the underlying pitching trough. At
the high levels, where it did not have a definite
impervious basement furnished by the dolomite
formation, it was comparatively small. As soon
as it had assumed, at lower levels, definite rela-
tions to that trough it became a large ore body,
and has continued to increase in size to the present
depth, now reached at the eighth level, where the
relations of the ore to the pitching trough are
perfectly illustrated (see figs. 7 and 8).

The next important group of mines along the
southern belt are those adjacent to Vulcan, includ-
ing the Vulcan, East Vulean, West Vulcan, and
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Fig. 8.—Horizontal section of the Aragon mine at the first level.

Curry. Here important plication of the dolomite
is not noted, and the occurrence of the ore is some-
what different from the deposits in the ... ...

vicinity of Norway and Iron Mountain, Currymines.
Ore has been mined in both the Traders and the

However, as mining continued, the ore deposit | Curry member of the Vulean formation. Indeed,

it is from the Curry
mine that the term
Curry member is
taken. The ore of
the lower horizon
now being ex-
ploited occurs im-
mediately below
the Brier slates, at
the top of the
Traders member.
The ore of the
higher horizon oc-
curs in the Curry
member - between
the Brier slates and
the Hanbury slate,
extending from one
to the other (see
" figs. 9 and 10).
Development  has

Y

Seale: 1 inch = 250 feet. whether minor
folds occur in these slates, as the result of which
pitching troughs will be found. However, the
three contacts of the two iron-bearing horizons
with the Brier and Hanbury slates are planes
along which movement and brecciation have

U3

Fig. 7.—Horizontal section of the Aragon mine at the cighth level. Soalo: 1 inch — 350 foct.
arms of ore extending up along both limbs of the
fold, but especially along the main dolomite wall
to the north (see fig. 7). This occurrence is espe-
cially interesting, since the ore deposit was found
steadily to increase in size as it assumed definite

occurred, and therefore where percolating waters
have been active. These ore bodies have a con-
siderable longitudinal extent, but as yet have not
shown great width. The southern deposit of the
‘West Vulean shows very well the relation between
sharp folding, and
” therefore breccia-
tion, and differ-
ential movement
between the iron-
bearing member
and Brier and Han-
bury slates. Here,
at the east end of
the mine, is a very
sharp fold in the
slate and iron-bear-
ing member (seefig.
9). The Traders
member, where ore
was first mined in
this vicinity, shows
beautifully the effect of sharp plication and brec-
ciation of the ore-bearing formation. Here wasa
continuous zone of movement. As a result, an
almost continuous narrow belt of ore was con-
centrated, which has been mined for some distance
along the strike of the rocks, the position of the
removed ore being marked by a long row of open
pits. The positions of the ore deposits in the
vicinity of Vulean, therefore, fully correspond to
the general principles laid down. They occur at
places of differential movement between different
formations or members, where, therefore, circulat-
ing, downward-moving waters were effective; but




wide ore bodies have not yet been developed,
apparently because impervious basements are still
lacking.

East of the East Vulecan mine the dolomite
formation appears to extend as a continuous
straight belt to the eastern end of the . . ...
district, no subordinate folds being mine
indicated by reentrants in the southern border
of the dolomite. Corresponding with this, no

West

Fig. 8.— Vertical east-west longitudinal section of the Aragon mine, north fold. Scale: 1 inch — 250 feet.

ore bodies have yet been discovered except at
‘Waucedah, where a comparatively small deposit
of ore has been found. It is by no means certain
that plications of the dolomite between East
Vulean and Waucedah, furnishing pitching
troughs, do not oceur, but if they exist the out-
crops are not sufficient to indicate them.

2. Passing now to the second belt of the Vulean
formation, that adjacent to the central belt of
dolomite, the only mines which are at . .. o
present worked are the Traders and Cuffmines
Cuff. The Traders mine is near the west end of
the ore-bearing formatlon, whlch in tlns vxclmty
constitutes a plunging i
However, there is a subordinate
synclinorium in the anticline, as a
result of which the Hanbury slate
makes a plicated eastward reentrant
angle. It isin this westward, pltchmg
synclinorium that the of
the Traders ore has taken place. The
foot wall is a heavily ferruginous slate,
which, however, differs sufficiently
from the profitable ore to present a
relatively impervious basement. But
this syncline is not nearly so sharply
defined as are the synclinoria which
contain the larger ore deposits on the
southern belt of the Vulcan formation. As a
consequence of this, probably, the ore is rather
high in silica. The percolating waters have not
been sufficiently converged to remove this constit-
uent to the extent to which it was dissolved in

fum.
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Fig. 10— Vertical nortlisouth cross section of ﬂm West
Vulean mine. Scale: 1 inch — 250 feef

_the better-defined troughs (see pp. 7—8). The
special causes which have produced a concen-
tration of ore at the Cuff mine have not been
ascertained, but there is probably here also a fold
in the dolomite. .

3. The only remaining important ore-producing

Menominee,

Fig. 9.—Horizontal section of the West Vulcan mine at the eighth level.
e
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locality is that adjacent to Loretto, where are
found the Loretto mine and the Appleton shaft.
Here the northern and central belts of

dolomite probably join (see map), giv- AYm'e‘z?m"d
ing continuous dolomite from the Stur-

geon quartzite on the north to the southern iron-
bearing belt on the south. East of this bridge
of dolomite, beween the northern and southern
belts of dolomite, is the Vulcan iron formation.

No.3 SHAFT NoJ SHAFT

East

To the west of the bridge are possibly the Vulcan
iron formation and certainly the Hanbury slates.
It is therefore clear that a cross anticline here
exists which brings to or near the surface the
dolomite that to the east and west is buried
beneath the surface. Hence it follows that the
structure adjacent to the Loretto is that of an
eastward-plunging syncline, the dolomite being to
the north, to the sauth, and to the west. Inevery
essential respect the structure is therefore the
same as that where the large ore bodies occur in
the sguthern iron belt, except that the fold at the
Loretto is much open. The character of this
syneline is beautifully shown by the horizontal

Irad:
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outline of the ore body (see fig. 11). The outer
limit of the ore makes a broad U which opens
out to the east, the bottom of the U being to the
west. The cross section of the main ore deposit
also makes a wide U, the southern limb of which
passes into asharp
subordinate anti-
cline (fig. 12). In
the center of the
synclineslate caps
the ore.  More-
over, the longi-
tudinal section of
the mine a0 e 1Mt i o
syncline (fig. 13).  Secale: 1 inch — 250 fee
As a consequence lean material is iound east of
this slate. This material passes into ore under
the slate capping and is found under the drift
west of the slate. The failure of the rock to
change to ore is apparently due to a subordinate
cross .anticline, which has suu
prevented the convergence
of downward-moving cur-
rents of water, and there-
fore the transformation of
the rock into ore has not
taken place. No better
illustration of an ore body
in a trough on an imper-’
vious basement could be
desired than that furnished by the Loretto mine.
Development of ore deposits—We are now pre-
pared to consider briefly the process by which
the ore bodies developed. It has been seen that
without exception the large ore deposits of the
district have the following characters: (1) They

North

Fig. 12. —Ver\‘.ical north-
south cross section of the
Loretto mine. Scale: 1
inch = 250 feet.

impervious basement is in a pitching trough; and
(3) the ore formation in the pitching trough is
much broken. Smaller. deposits occur without
pitching troughs at contacts, fault planes, and at
sharp folds, where the iron formation is broken.

These relations of the ore deposits to the troughs
(see figs. 2 to 8 and 11 to 13) are such as to show
clearly that the iron ores must have been
deposited in their present posxtlon after o
the troughs were formed. No igneous g ﬂemndlnt
or-sedimentary rock as originally pro-
duced has such forms as those exhibited by most
of the ore bodies. They clearly are not alto-
gether original sedimentary rocks, such as the
iron-bearing formation as a whole is, but the iron-
ore deposits grade
into the other rocks §
of the Vulean for- }
mation. The ore
bodies clearly are
not igneous rocks.
No igneous rocks
ever grade by - B 4 Yo it ongl
perceptible stages ineh = 250 feet.
into sedimentary rocks such as t.he various mem-
bers of the iron-bearing formation, nor do igneous
rocks ever have such uniformly definite relations
to troughs. If the iron ores were deposited in
their present position after the troughs were
formed, as the foregoing facts seem to show
beyond question, they must have been produced
by the work of underground circulating waters.

The question next arises as to whether these
waters were ascending or descending. The posi-
tions of the ores in pitching troughs bottomed by
impervious basements rather than in pitching
arches topped by impervious cover are conclusive
evidence that the ores were concentrated by
descending rather than by ascending water.
Descending waters would be converged by pitch-
ing troughs with impervious basements, whereas
ascending waters would be converged in pitching
arches having impervious roofs.

In this connection it is also to be noted that
the ores are usually a more or less hydrated hema-
tite — that is, they belong to the class of hydrated
and oxidized ores. The products therefore accu-
mulated under conditions favorable to oxidation
and hydration, and if secondary concentrates,
must have been precipitated by water bearing
oxygen. Such waters are usually descending,
hence the character of the deposits makes it
probable that the waters producing the ores were
descending rather than ascending.

The next question to be considered is the
chemical process of concentration of the ores at
places where waters from different , .
sources are converged. This process ",”'m‘",{"’“
has been fully described by the senior “**
author in Monographs XIX and XXVIII of the
United States Geological Survey In this folio
the stats t will be

A part of the iron oxide of the ore bodies was
deposited in its present position as an original
sediment, which may since have been
chemically changed; that is to say, owwesies

carbonate.

some of it may have been deposited as

iron carbonate and later transformed to iron oxide
in situ. Another part is iron oxide secondarily
deposited, by which the originally lean mate-
rial has been enriched, forming an ore body.
The process of enrichment involved concentration
of the iron from a source capable of yielding it,
convergence of solutions carrying it into trunk
channels, and conditions favorable to its chenfical
precipitation. The source of the iron for the
enrichment of the ores is believed to have been
mainly iron carbonate. In spite of the fact that
the iron-bearing members of the Vulecan forma-
tion are largely fragmental and contain but an
insignificant amount of residual iron carbonate, it
is probable that originally mingled with this
material was much iron-bearing carbonate. The
jaspilites which constitute a considerable portion
of the formation have elsewhere in the Lake
Superior region been genetically connected with
iron-bearing carbonates, and there is every reason
for believing that they have had a similar origin
in the Menominee district. Indeed, the pro-
cesses of change are shown to some extent in
the few specimens where iron carbonate is still
found. The iron carbonate within the Vulean

Ores deposited

mine. Secale:

are above an impervicus L t; (2) this

f tion was - originally, therefore, probably

somewhat abundant. If ironbearing carbonate
was plentiful, the concentration of the ores at the
particular places where they occur may be fully
explained. However, we are not restricted to the
iron carbonate of this formation as a source of
the iron for the solutions. The Hanbury slate
still contains a considerable amount of iron car-
bonate, from which there have been developed
within the slates small bodies of chert, jasper, and
iron ore. 'While no workable ore deposits have
been found in the Hanbury slate, the siderite there
present may have played an important role in the
production of the iron-ore deposits in the Vulcan
formation.

The iron carbonates in the Hanbury formation
are more abundant at low horizons than at high
horizons — that is, are more plentiful adjacent to
the Vulean formation. The foregoing facts ren-
der it highly probable that percolating waters
within the Hanbury formation took up iron car-
bonate, passed down into the Vulean formation,
and ‘thus contributed iron-bearing solutions for
the enrichment of the ore bodies.

The chemical reactions depend upon the min-
gling of waters containing oxygen with those
containing iron carbonate. The waters
following circuitous routes, and especi-
ally those passing through the Hanbury
slate, had their oxygen abstracted by the iron
carbonate in an early stage of their journey. In
this way the limonite and hematite of the Han-
bury slate developed. The waters from which
the oxygen was taken took into solution unaltered
iron carbonates and finally were converged in the
Vulean formation along the sides and the bottoms
of the pitching troughs, or in other places where
there were trunk channels. Water more directly
from the surface, and especially that passing only
through the Vulcan formation, which contained
little iron carbonate, at least in the later stages of
the process, retained its oxygen. The waters
bearing iron carbonate and oxygen were thus
commingled. The result was the precipitation of
iron oxide. Furthermore, the great quantity of
downward-moving water, converged into the
troughs, took silica into solution and transported
it elsewhere, and thus abstracted this deleterious
element, its place being taken by the deposited
iron oxide.

Theréfore the iron oxide of an ore body con-
sists in part of iron compounds originally
deposited in situ and in part of iron brought in by
underground waters. Which of the two constitu-
ents of the iron ore, the original material or that
added by underground water, upon the average
is more abundant itis impossible to say. In some
cases it is almost certain that the original detrital
iron oxide is the more abundant, and in other
cases that the material added by underground
water is more abundant; but in all cases it may
be said that were it not for the secondary enrich-
ment by underground waters through the addition
of iron oxide and the abstraction of silica the
material would not be iron ore. The evidence of
this lies in the fact that the ore bodies are uni-
versally confined to the places where underground
waters have been converged into trunk channels.
In order that this process should have produced
the large ore bodies, it is necessary that it should
have continued for a long period during progres-
sive denudation. Many of the large ore bodies
known in the district somewhere reach the sur-
face. The secondary material now found near
the surface is largely derived from the Vulcan
and Hanbury formations, which were once at
higher levels, but which since have been removed
by erosion.

Puture prospecting—Upon the maps the area
given as iron-bearing formation is very con-
servatively represented. The area
mapped asVulean formation is certainly %"}:‘::::
underlain by rocks there belonging. formationis
The long belts of doubtful material
adjacent to the northern and central belts of
dolomite -and along the northern side of the
southern belt of dolomite may be underlain
in whole or in part by the Vulcan formation.
These belts are not given the color of any of the
rock formations because the glacial deposits com-
pletely cover the subjacent rocks. The same i3
true in reference to the doubtful belts adjacent to
the Quinnesec schist areas. The iron-bearing for-
mation is known to exist south of the west end of

precipitation.



northern dolomite. It is highly probable that

the iron formation extends for some distance to

the east and west of the area which is definitely
known to belong to the Vulecan formation, but
how far it is impossible to state.

The belts in which the Vulcan formation may
poss}bly exist should all be subjected to a close

. magnetic survey with dial compass and dip needle.

For the most part, the iron-bearing formation of
the Menominee district is not strongly magnetic,
but it is generally somewhat so, and it is thought
to be probable that a sufficiently close magnetic
survey will determine whether or not the iron-
bearing formation has any considerable extent in
these areas. After magnetic surveys have been
made, if indications of ore-bearing formations are
found in various areas, these should be further
examined by judicious test pitting.

‘Where the iron formation is known to exist,
the rules for explorations are very clear. All, or
nearly all, of the ore deposits yet dis-
covered somew]lere approach very close b polltlonl to
to thé surface. Moreover, at the sur- 'm%';;;n
face these are found at the contacts of
the different formations or at the contact of the
members of the Vulean formation. Hence it
is clear that explorations should follow very
closely the contact lines of the various lithological
units. There are, therefore, five horizons along
which search ought to be made: (&) the top of
the Randville dolomite; (8) the top of the Quin-
nesec schists, provided an iron formation is found
adjacent to those schists; (¢) the contact of the
Traders member with the Brier slates; (4) the
contact of the Curry member with the Brier
slates; and (¢) the contact of the Curry member
with the Hanbury slate,. "Where the contacts are
plicated, giving embayments, these are especially
good places fo look for ore, for here pitching
troughs may be expected. The reentrant embay-
ments of the Randville dolomite have already
been sufficiently emphasized and, above all, in and
adjacent to such embayments along the strike are
the most favorable places for prospecting; but it
should be noted that an ore body, the main-part
of which rests upon the dolomite, may be first
discovered along the contact between the Traders
member and the Brier slates, as in the case of the
Aragon mine (see figs. 6 and 7). The iron-bearing
formatmn adjacent to plications of the bounding

or the intermediate belt of slate
should be very closely examined, whether the
plications seem to mark anticlines or synclines,
for where subordinate anticlines are found syn-
clines are likely to be adjacent. This again is
weéll illustrated by the Aragon, which was found
just below a little anticline of the Brier slate.

As a specific instance where exploration is war-
ranted, we may consider the southern iron-bearing
belt between Vulean and Waucedah. Here the
southern outline of the Randville dolomite
should be represented on a large-scale map with
the utmost care. If natural exposures are not
adequate for this, the first step in exploration is
to determine this outline by pits through the
drift, which need not extend into the rock.
‘When the dolomite is outlined, if embayments
are found these are places for elaborate explora-
tion. The embayments may open out to the
east or to the west. The areas for exploration are
along the strikes of the rocks in the directions in
which the embayments open. The distance from
the head of an embayment to which explora-
tions ought to extend should be deterniined by
studying the relations of the ore deposits of the
Chapin, Walpole, Pewabic, Norway, and Aragon
mines to the associated limestone embayments.

Explorations along the contacts of other belts
of the iron-bearing members with the adjacent
formations should follow a similar course.

If the foregoing directions are followed it is
believed that the explorer will not unnecessarily
waste money in exploring unfavorable localities,
and will be more likely to have his labor rewarded
than by any other method of procedure.

THE HANBURY SLATE.

'Distribution and character.—The Hanbury
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plain broken only by heaps of glacial material
deposited upon it, by the protrusions of a few
hillocks composed of the harder slates,

or by equally resistant greenstones. g':o..n:.:‘?ﬂ:'"
Since the main part of the Menominee

trough is a westward-pitching synclinorium the
slate areas are narrowest at the east, and gradually
widen toward the west. The northern belt is
divided into two portions by the western area of
Quinnesec schists, The northern part turns north-
west and leaves the Menominee district at the
northern limit of the mapped area, while the
southern portion coalesces with the middle belt
and crosses the Menominee River into Wisconsin.
East of Iron Hill the two northern belts again
coalesce and extend as a single belt to the Sturgeon
River. Near the longitude of Waucedah all the
slates disappear to the east beneath the Paleozoic
beds.

The formation comprises black and gray clay
slates, gray calcareous slates, graphite slates,
graywackes, thin beds of quartzite, o .
occasional beds of ferruginous dolo. character.
mite, and rarer bodies of ferruginous chert and
iron oxide. The formation is cut by dikes of
schistose greenstones, and in one or two places
sheets of the same rock have been intruded
between the sedimentary beds. The predominant
rocks of the formation are the gray ... .
clay slates and the calcareous slates, claysiate:
The latter are more abundant in the lower por-
tions of the formation and the former in the
upper portions. The exact vertical relations of
the two rocks have not been made out, because
of the scarcity of exposures and the very intricate
folding to which they have been subjected. The
clay slates are normal argillaceous slates, in which
there is always more or less ferruginous matter.
‘Where exposed to the weather they are light in
color and have a shaly character. Muscovite
then becomes prominent. Their iron components
are decomposed to red ocherous compounds.
‘Where most altered the rocks are light-red sericite-
slates or shales. 'Where the slates contain small
quantities of calcareous components their weather-
ing is somewhat different. They tend to bleach
to a very pale-green or white color and to become
porous through the loss of their calcareous cement.
The ferruginous components oxidize, forming red
ocher, and this lies in an irregular pattern on the
light-colored background. The result of these
changes is a red and white, or pale-green, mottled,
friable slate, known locally as “calico slate.”

By the addition of cal terial the
argillaceous slates pass into the calcareous slates.
These sometimes contain as much as
50 per cent of calcite or other carbonate (nrmxlnolu
as a cement. With an increase in the
carbonate the slates lose their slaty character,
become more massive, and finally pass into beds
of dolomite measuring from a few inches to 20
feet in thickness, Upon weathered surfaces
both the dolomite and the calcareous slates are
often coated with a skin of brown ocherous
limonite, which in the case of some of the massive
dolomites reaches a thickness of an inch or more.
Much of the limonite is pseudomorphous after
siderite. These facts show that the dolomites are
sideritic, and that the siderite has partly decom-
posed, producing limonite.

The ferruginous cherts and iron oxides are not
known to be present in the Hanbury slate
in large quantity. Indeed, they are
usually only locally developed in asso-
ciation with the sideritic dolomites and
calcareous slates where these have been severely
crushed or folded. The source of the iron oxides
is clearly iron-bearing carbonate in the calcareous
slates and the dolomites. The cherts are white or
yellow massive rocks with finely granular texture.
They occur as thin seams and veins traversing the
slates and dolomites, and as thin beds interlami-
nated with the thicker beds of the last-named
rocks.

‘Wherever the cherts occur there is usually
found also a greater or less quantity of some iron
oxide. Sometimes this occurs as small veins of
pure hematite cutting througb the cherts, some-

Ferruginous
chert and
iron-oxide.

slate occurs mainly in three large belts c
ing valleys which correspond with synclines
between the older rocks. It occupies nearly all the
low ground in the Menominee trough, forming a

times as tings of hematite on the walls of
cracks traversing the slates, sometimes as small
vugs inclosed in shattered cherts, sometimes as
druses covering the walls of the cavities in an

. fications.

extremely porous chert, sometimes in distinct
bands interlaminated with bands of graywacke or
quartzite, and sometimes in the form of a mixture
of oxides and hydroxides impregnating slaty
material. In short, the iron-oxides occur in all
forms characteristic of deposits precipitated from
percolating waters. The slates impregnated with
ferruginous matter are naturally dark red. ‘Where
but slightly ferruginous they still plainly exhibit
their true character. When, however, the pro-
portion of the iron oxides is large, but few traces
of the original slate remain and the rock resem-
bles a slaty ocher.

At one place in the slate area near the south
quarter post of sec. 21, T. 39 N, R. 28 W., the
banding of the material obtained from . ...
a deep shaft appears on the weathered bendios.
surfaces to be as even and as well defined as the
banding of the ores and ferruginous quartzose
slates of the Curry member. Close inspection
of the hand specimens, however, especially where
made on fresh fracture surfaces, shows that the
resemblance to the Curry rock is illusory. The
banded rock is mainly a graywacke interlaminated
here and there with layers of slate. A set of
cracks cuts the graywacke parallel to its bedding
planes, and along these the percolating waters
found ready passage. An earthy heumtite was
deposited in the cracks and in the rock mass
adjacent to them, thus producing bands of ore
material separated by belts of the graywacke in
which there was little deposition of ore.

The graphite slates are black, very fissile,
thinly laminated rocks. . They appear to be
limited to the lower portions of the

Hanbury slate. At any rate, they :;"::;'
and ray-

have been seen only in association with
the underlying Curry member, and at
horizons a few hundred feet above the base of
the slate formation, but they do not everywhere
occur ab the base of the formation. The graphite
slates appear to grade laterally into the normal
gray slates, of which they seem to be local modi-
The graywackes and quartzites of the
Hanbury slate are normal rocks of their kind,
requiring no special description. They both
occur in comparatively thin beds, more fre-
quently in the lower part of the formation than
in the upper portion. The quartzites are more
abundant than the graywackes, but neither are
common.

Folding and secondary structure—The major
folding of the Hanbury slate corresponds with
that of the underlying formations. Along a
north-south cross section there are three .,
major synclines, the major anticlines syneiines-
having been eroded save at the ends of the cen-
tral dolomite belt and at the east end of the
western area of Quinnesec ‘schist. At these
places the slates should present plunging anti-
clines. The exposures are not sufficiently good
to confirm this inference.

‘Within the major synclines the slates are
crowded together in many close folds, here pitch-
ing in one direction and there in
another. No system has been dis-
covered in the minor folds, chiefly per-
haps because outcrops are so scarce. On one or
two of the hillocks on which exposures are fairly
plentiful it was observed that, as a rule, the little
folds at the east ends of the hillocks piteh to the
east and those on the west ends to the west, at
angles varying between 20° and 45°. These hil-
locks thus constitute open cross anticlines with
approximately north-south axes. The east-west
folds, on the other hand, are extremely close folds.
Frequently on ledges that show cross sections 10
or 12 feet across, several small anticlines or syn-
clines may be plainly seen, so closely appresed
that the dips of their opposite limbs vary-but a
few degrees. Frequently, too, the folds are over-
turned so that the dips of the limbs are in the
same direction. On horizontal exposures these
close folds are very difficult, if not impossible, to
detect, so that in many cases the closely folded
beds appear to be consecutive. The strikes of
the folds are usually a little north of west, and
consequently the strike of the bedding is approxi-
mately in the same direction, and this is also the
direction of trend of the Menominee trough.
Departures from this strike are noticeable in many
instances, but the variations are not great except

Strikes and
pitches of
‘minor folds.

in a few restricted areas where the pitch due to
cross folding is marked. Small folds with dimen-
sions of an inch or two are present everywhere.
These often cause flutings and puckerings of the
strata to such an extent that even approximate
strikes and dips can not be obtained. In some
places lensshaped deposits of quartz have been
found between the layers of the slate at the apices
of the little anticlines and in the troughs of the
little synclines.

The strong north-south compression of the slate
beds, producing the close east-west folds, also
impressed upon all the weaker mem- .0 .ng
bers of the slate formations a perfect ety
slaty cleavage with a nearly east-west strike and
a dip that varies but a few degrees on either side
of the vertical. In addition to this cleavage _
there was also often produced a set of fracture
planes or joints at right angles to the cleavage.
These latter intersect the rocks at approximately
equal intervals of several inches. In some places
they are bordered by narrow shear zones in which
the. total displacement of the slate beds is an inch
or more. On flat horizontal surfaces two sets of
these joints are sometimes seen cutting each other
at acute angles, and about each slight faulting has
occurred. All of the phenomena presented by
the slates indicate that they were sub- | = =
jected to powerful north-south stresses stresses:
acting nearly at right angles to the axis of the
Menominee trough and prodncing the close east-
west folds, the cleavage, and the jointing; and
that at the same time they were influenced by
less powerful east-west stresses acting along the
axis of the troughs, and producing the open north-
south cross folds.

Thickness—No approximately correct estimate
of the thickness of the Hanbury slate is at
present possible. The similarity of the bedsand
their reduplication in consequence of the close
folding render it impossible to determine what
proportion of the apparent thickness of the
formation is due to folding and what proportion
is due to successive deposits. There can be no
doubt that the Hanbury slate is much thicker
than any of the other formations in the district,
but that it is as thick as the corresponding forma-
tion in the Penokee district—12,000 feet—is
not probable. Indeed, it is extremely doubtful
whether its maximum thickness is more than 2000
or 8000 feet.

Relations to Paleozoic strata.—The relations of
the Hanbury slate to the underlying Vulean for-
mation, the Randville dolomite, and the Archean
schists have already been fully discussed. The
relations of the formation to the oyerlying Paleo-’
zoic sédiments are those of a much deformed,
closely folded, highly tilted set of beds to a set
of undisturbed horizontal deposits laid ‘down
upon them. No actual contacts of the two have
been seen, but from the nature of the structural
differences exhibited by them there is no doubt
as to the existence of a profound unconformity
between the two. During the interval repre-
sented by the break the Upper Huronian beds
were raised above the sea, closely folded, deeply
eroded, and again lowered beneath the water’s
surface. R

Possible iron-ore deposits— From very early
times in the exploration of the Menominee district,
speculation has been rife as to the possibility of
discovering workable ore deposits in the great
slate area between the Chicago and Northwestern
Railway and the southern area of Quinnesec
schists. The discovery of valuable ore beds at
Commonwealth and Florence, in Wisconsin, in'
slates resembling those of the Hanbury formation, -
has given rise to the belief in many minds that
similar ores will sometime be found in the slates
east of the Menominee River. That so few
explorations have been made in this area is
explained by the fact that few clues have been -
available to guide the explorer in locating drills
and test pits. Exposures are scarce, and the
mantle of drift is so thick that explorations can
not be intelligently undertaken ; even if ore bodies
exist they would be very difficult to find. At
seven or eight places within the slate
area, however, groups of test pits have 31 f.'.ff."r?"'
been sunk, and from these lean ores oo
have been obtained. (See .map for locations.)
In some cases the material is only ferruginous




slate, and in other instances it appears to be red
ocher. In a few cases, howéver, mixtures of chert
and iron oxide have been found that resemble
some of the mixed cherts and ores from the
Michigamme slates of the Marquette district.
Thus far nothing has been discovered that would
lead to the belief that large ore bodies exist at
any of these places. But, notwithstanding the
unfavorable results reached by explorations, the
conclusion that no ore bodies exist in the slate
areas should not be assumed. The slates have
been pierced at only a few places, and at these
places there has unquestionably been deposited
some ore material. That ore bodies of workable
size have not been discovered may be due to
the fact that the explorations were not made
in situations that presented conditions favor-
able to the deposition of the ores, or it may
be due to the absence of sufficient ferruginous
material in the slates to furnish large quantities
of iron ore.

Under the lithology of the Hanbury slate
reference was made to the presence of iron
carbonates in the calcareous slates and dolo-
mites in the lower portion of the formation and
to their alteration products. Under favorable
conditions this carbonate has partially or com-
pletely changed into oxide. That this change
has taken place is proved by pseudomorphs of
limonite after siderite and by heavily ferruginous
slates uncovered by the test pits. The gradation
of ferruginous dolomite into ferruginous chert in
an exposure on the north face of the hillock in
the SE. § sec. 7, T. 39 N,, R. 29 W.,is suggestive
that ore deposits also may possibly have devel-
oped. In the Penokee and Crystal Falls districts
lean iron-bearing carbonates in slates are known
to have been the source of materials constituting
the ore-bearing formations.

Before locating exploring plants the ground
should be closely examined with a view to secur-
ing the most favorable sites. If pos-
sible, the following conditions should !'.a"a;é“..‘.’m
be met by the sites selected. First, =
since the ore material is derived from iron car-
bonates, and these are known to exist only in the
dolomites, cherts, and calcareous slates, the
explorations should be confined to areas known
to be underlain by these rocks, which when
exposed to the weather may be identified by the
coating of limonite that covers their weathered
surface. Second, the most favorable situations
for ore concentration are the troughs of pitching
synclines with impervious bottoms. Hence search
should be made for pitching folds. If such folds
can be found, and it can further be determined
that the folding involves beds of argillaceous
slates or other impervious rocks, these furnish
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are known in the region as the Lake Superior
sandstone. The upper beds are porous arenaceous
limestone, identified by Rominger as correspond-
ing to the Chazy and Calciferous formations of the
Eastern States. This is designated the Hermans-
ville limestone on the accompanying map. The
sandstones and limestones were at one time spread
continuously over the entire Menominee district.
To the east of the district they still cover all the
older rocks. West of Waucedah, however, they
have been generally eroded from the valleys,
leaving r ts as isolated patches o the tops
of the higher hills.

LAKE SUPERIOR SANDSTONE.

Character and relations—The Lake Superior
sandstone, according to Rominger, consists of a
lower portion partly cemented by an iron oxide
and consequently red in color, and an upper por-
tion in which the cement is partly calcareous and
the color white. -The total thickness is estimated
at 800 feet. Although Rominger states that
there is no record of any recognizable fossils from
the sandstone, he mnevertheless, because of its
position beneath the limestones, correlates it with
the Potsdam of New York. Since the publica-
tion of Rominger’s report several pieces of the
sandstone have been obtained, which according to
reliable authority came from the ledge through
which one of the Pewabic mine shafts, near Iron
Mountain, was driven. These contain numerous
fragments of fossils, some of which were deter-
mined by Walcott as “the heads of small trilo-
bites, probably Dicellocephalus misa; also frag-
ments of a large species of Dicellocephalus.”
According to Walcott, “These indicate the upper
<Cambrian horizon of the Mississippi Valley sec-
tion.”

The relations of the sandstone to the under-
lying formations are always practically the same.
‘Whether on the tops of hills or in the depressions

between the hills, the horizontal beds of the’

younger rock always rest unconformably upon
the upturned and truncated layers of the older
series. Moreover, the basal layers of the sand-
stone always contain a great deal of material
derived from the immediately subjacent forma-
tions. 'Where the underlying rocks are those
belonging to the Vulecan formation the basal
member of the sandsfone is an ore and jasper
congl b posed of huge ded bowlders
of ore and large sharp-edged fragments of ferru-
ginous quartzose slate and jasper in a matrix
consisting of quartzose sand, numerous small
pebbles and fragments of ore-formation materials,
quartzite, and occasional pebbles of white quartz,
of granite, or of other members of the Archean.
Some of these conglomerates are exceedingly

conditions favorable for ore tration. Third,
in the Crystal Falls district carbonaceous shales
are often associated with the ore bodies, and in
the Menominee district graphitic slates are often
associated with the Curry ores, some of the mate:
rial of which is almost certainly original. There-
fore, if situations can be found where carbonaceous
slates occur in pitching synclines below rocks
containing iron carbonate the conditions may
be regarded as exceptionally favorable for the
accumulation of ore deposits. Fourth, percolating
waters are the agents of the process of concentra-
tion; consequently localities at which the rock
masses have been shattered, thus affording easy
passage to the water, are places particularly desir-

able for testing. In a set of slates as closely |

folded as are the Hanbury there may somewhere
be found places where the conditions outlined are
fulfilled, and in such places ore bodies will be
found, if they exist anywhere in the slate area.

Thus it appears that although no ore bodies
of value have thus far been discovered in the
slates, the possibilities of the formation have not
by any means been exhausted. A more extensive
exploration of the slate formation is perhaps
warranted before the field is finally abandoned
as worthless,

PALEOZOIC SYSTEM.

Limited areas of Paleozoic sediments in hori-
zontal sheets are found to lie on the eroded edges
of the Huronian and Archean rocks. The Paleo-
zoic rocks may be divided into two formations.

The lower beds are mainly red sandstone, which |

Menominee,

hand In a few i the proportion of
ferruginous material is so great that they have
been utilized as sources of iron ore. A deposit
of ‘this kind was formerly worked by the. opera-
tors of the Quinnesec mine, and another has
recently been worked by the Pewabic company.
The latter was reached by the open pit in the
SE. 1 sec. 82, T. 40 N, R. 30 W, known as the
Pewabic pit. Although the immediately under-
lying rock here is dolomite, the amount of iron
ore is so great that the company operating the
pit felt warranted in erecting concentrating works
on the property for the separation of the ore from
the sandstone. In the summer of 1898 the yield
of ore from the concentrator was 5000 tons.

LOWER SILURIAN LIMESTONE.

The general character of the Hermansville lime-
stone “is that of a coarse-grained sandstone, with
abundant calcareous cement, in alternation with
pure dolomite or sometimes oolitic beds.” The
limestone may be seen near the top of the hill
east of Iron Mountain, on the bluff northeast of
Norway, and at several places on the hills north
of Waucedah, Its maximum thickness, according
to Rominger, is about 100 feet, but this maximum
is rarely reached in the Menominee district.
Only a few fossils have been reported from it.
Rominger states that it has yielded a few frag-
ments of molluscan shells. To these may now
be added a broken Orthoceras, a fragment resem-
bling a piece of a Cyrtoceras, a gasteropod, and
several other fragmentary forms found in the top

layer on the bluff northeast of Norway.

"OUTLINE OF GEOLOGIC HISTORY.
RESUME OF FORMATIONS,

Before giving a brief outline of the history of
the district, it may be well to recall the general
succession of formations and their distribution.
The district is bordered by areas of Archean
schists and granites. The Huronian sediments of
the district are in a trough between these older
rocks. Structurally this trough is a synclinorium,
composed of several important anticlines and
synclines. The Lower Menominee series com-
prises 1050 to 1250 feet of quartzites and con-
glomerates that have been called the Sturgeon
quartzite, 1000 to 1500 feet of dolomites, with
subordinate amounts of caleareous slate and chert,
designated the Randville dolomite, and small

_patches of the Negaunee iron-bearing formation.

The Upper Menominee series comprises the
Vulcan formation, 650 feet thick, and the Han-
bury slate. The Vulcan formation includes three
members, the Traders iron-bearing member, con-
sisting largely of detrital ores, but having basal
members of quartzite and conglomerate; the
Brier member, composed of ferruginous and sili-
ceous slates; and the Curry member, consisting of
quartzites, ferruginous quartzose slates, jaspilites,
and ores. The Hanbury slate is mainly argilla-
ceous, but in places is calcareous and includes
small beds of dolomite and ferruginous chert.

SUCCESSION OF EVENTS,

Archean.—The history of the Archean rocks is
an extraordinary complex one, which will not
here be analyzed. It is sufficient to say that the
ancient Quinnesec schist, wholly of igneous and
largely of voleanic origin, was intruded in a most
complex fashion by various igneous rocks, of
which granite was the most abundant. This
complex of rocks went through a long series of
epeirogenic and orogenic movements, with
ttendant metamorphosis and deep denudati
before Algonkian time. * '

Lower Menominee deposition.—By transgression
of the sea, due to subsidence of the land or rise of
the sea, or both, the Menominee district was

entire absence of the Lower Menominee forma-
tions about the western area of Quinnesec schist
is difficult to understand. The most plausible
explanation for this area, and possibly for the
southern area, is that the Lower Menominee for-
mations were there deposited and were subse-
quently removed by erosion. These formations,
resting upon the Quinnesec schists, might have
been composed of softer material than the
resistant formations adjacent to the granite area
on the north side of the trough, and therefore
may have been more easily erodible.

In any case it is highly probably that the dif-
ferent formations were not deposited in uniformly
thick layers throughout the district. If all the
formations, or the lower ones, were not deposited
upon the Quinnesec schist, each higher stratum
overlapped the one next below it in passing
toward the land areas of Quinnesec rocks.

Inter-Menominee unconformity.—Following the
long-continued deposition of Lower Menominee
time the district was raised above the sea.
Apparently this uplift was accompanied by only
very gentle folding.  The reason for this belief
lies in the apparent conformity of strike and dip
of the Upper and Lower Menominee series. How-
ever, it is explained in another connection that
such an erosion interval, with no great discord-
ance in strike and dip, may mark a very great
hiatus, and such is believed to have been the case
in the Menominee district. The evidence is not
found in the Menominee area, but in other areas
south of Lake Superior; for instance, the Mar-
quette district, where the inter-Huronian orogenic
movements and denudation were of a most pro-
found character. Assoon as the Menominee area
rose above the water erosion began, and continued
until all but remnants of the Negaunee formation
was removed through the central and northern
parts of the district, and probably also all of the
Lower Menominee formations which existed were
eroded from the part of the district adjacent to
the Quinnesec schist. However, as has already
been said, these schist areas may have been
above water during much of Lower Menominee
time, in which case it would not be necessary to

finally covered by water, and Lower M
Algonkian deposition began.  Originally the
sediments were laid down as a set of approxi-
mately horizontal beds on a basement composed of
Archean rocks similar to, if not identical with,
the material constituting the rims of the trough.
The first deposit of the advancing sea was the
basal conglomerate of the Sturgeon quartzite.
Following this conglomerate was a thick layer of
sandstone, which later was consolidated into
quartzite. 'The deposition of a considerable
thickness of sand shows that the district must
have continued to subside during Sturgeon time.
Apparently toward the end of the Sturgeon
epoch the water became too deep for sandstone
formation, and the non-clastic sediments of the
Randville dolomite were deposited. - These are
now cherty crystalline dolomites and marbles, but
there is every reason to believe that the original
form of the material was an ordinary siliceous
limestone. The time represemted by the Rand-
ville dolomite was probably long, for the thick-
ness of limestones deposited was 1000 feet or
more. Possibly as a result of upbuilding with
shallowing of the sea, or other unknown condi-
tions, the carbonates being deposited changed in

pp that denudation removed the Lower
Menominee formations.

Upper Menominee deposition.— During the
later stages of the inter-Menominee denudation
the sea again gradually overrode the district.
Evidently at this time the area was uneven,
though not mountainous, for the first formation
laid down by the Upper Menominee sea does not
extend over the entire district. These first
deposits constitute the Traders iron-bearing mem-
ber of the Vulcan formation. The material of
which this member is composed was largely
derived from the Negaunee iron-bearing forma-
tion, although material was furnished by other
formations. Therefore the basal layers are com-
posed of quartzites and conglomerates, the
bowlders and smaller detritus of which consist
largely of iron oxide and jasper, with some
quartzite and dolomite. Since these bowlders
could have come only from a land mass, it is cer-
tain that the Lower Menominee beds at this time
had already been consolidated and were at least
partly above the sea. Following the deposition
of the basal, somewhat coarse clastic member of
the Vulcan formation, there came a time of rela-

character and bore a large amount of iron. At
this time the cherty iron-bearing carbonates were
produced. Later these were transformed*into the
ferruginous cherts and jaspilites of the Negaunee
formation. Whether or not later formations were
deposited during Lower Menominee time upon
the Negaunee formation is uncertain.

The formations of the Lower Menominee series
were certainly deposited over a iderable area
in the Menominee district, and the equivalents of
these formations were deposited north of the
Menominee district in the Crystal Falls and Mar-
quette districts. Whether or not the Lower
Menominee formations were deposited upon the
Quinnesec schists is uncertain. It is possible that
the Quinnesec schists were land areas during a
large part of Lower Menominee time, and that
the iron for the Negaunee formation was derived
from these heavily ferruginous rocks within and
bordering the district mapped. The apparent

tive q during which the muds that
afterward solidified into the Brier slate were
laid down. Following the deposition of the
Brier slate the mingled fragmental and non-frag-
mental sediments of the Curry member were
deposited, the latter consisting largely of iron-
bearing carbonate. At the end of the time of
the deposition of the Vulcan formation— that is,
at the close of the deposition of the Curry iron-
bearing member — the sea had not as yet spread
over all of the district. The area covered has
not been accurately determined, and the Vulean
formation may have a wider distribution than
that shown upon the map, but it is certain that
the sea had not covered the entire district, and
that some areas were still land, especially those
occupied by the hard, resistant dolomite. This is
shown by the fact that the Hanbury slate, the
next deposit of the advancing - sea, at various
places rests directly upon the Randville dolomite,
there being no intermediate belt of Vulcan



formation. The deposition of the Hanbury slate
required a long time, during which the physical
conditions varied, for mingled with the ordinary
slates are subordinate amounts of calcareous slate,
dolomite, and chert, marking brief stages of par-
tial or complete non-fragmental sedimentation.

Folding and metamorphism.
deposition of Upper Menominee time the district
was again raised above the sea and was subjected
to very great orogenic forces. The major com-
pressing force was nearly north-south. As a result
of compression in this direction the areal extent of
the mass of Menominee sediments was shortened
considerably, probably as much as one-half. Con-
sequent on this folding two great anticlinoria
formed, bordering the northern and southern sides
of the area, and a great central synclinorium con-
stituting the Menominee trough proper. The
northern and southern anticlinoria naturally
expose the oldest, or Archean, rocks. The inter-
mediate synclinorium is occupied by the Huronian
sediments. This central synclinorium consists of
three synclines and two anticlines, Superimposed
on these folds of the first order is a set of folds of
the second order, on these a set of folds of the
third order, and on these folds of higher orders, to
those of microscopic dimensions. The major folds
of the Menominee synclinorium are illustrated by
the anticlines of dolomite; the folds of the second
order by the synclines of the Vulcan formation,
in which such mines as the Walpole, Pewabic,
and Aragon occur;- the folds of the third order
by the two separate ore deposits of the Walpole.
From an economic point of view, therefore, it is
necessary to take into account at least the three
major orders of folds.

In addition to the intense north-south com--

pression there was very strong compression in an
approximately east-west direction, or, to speak
more exactly, parallel to the direction of the
trough. This compression produced folds at
right angles to the longitudinal folds, so that the
east-west folds of the various orders have a pitch.
In some cases this pitch is comparatively slight,
but in other cases it is very steep, as high as
40°, 50°, 60°, or even 70° or more. It is there-
fore clear that the east-west compression was of
great importance. While the north-south com-
pression produced the subordinate synclines hold-
ing the ore bodies, the east-west compression
gives these folds a pitch and thus supplies the
chief final condition for the production of the
ore deposits.

During the uplifting and folding of the rocks
of the Menominee series the harder formations
were fractured in a most complicated fashion and
all were profoundly metamorphosed. The sand-
stones were transformed to quartzites, the lime-
stones to crystalline dolomite or marble, the iron-
bearing formation to ferruginous slates, jaspilites,
and ores, the muds to slates.

Post- Huronian unconformity.—Contemporary
with the uplifting and folding of the district,
which must have produced mountain masses,
denudation was steadily going on. It was during
this complex series of transformations that iron
oxide was concentrated in the pitching troughs
and the ore deposits were produced.. The period
of post-Huronian folding and erosion occupied
the great length of time represented in other
parts of the Lake Superior region by the uncon-
formity between the Upper Huronian and the
Keweenawan, the formation of the entire Kewee-
nawan series, and the great unconformity between
the Keweenawan and the Cambrian.

The Paleozoic deposition.—During the later
stages of this great period of denudation the
Cambrian transgression was slowly making its
way in North America from the southeast toward
the northwest. Finally the Cambrian sea reached
the Menominee district, but not until upper Cam-
brian time. At this time the topography of the
Menominee area was rough, even bluffy. The
Cambrian deposits filled the depressions in the
pre-existing rocks and capped even the highest
hills of the district. Where the sandstone lies
adjacent to or upon the Vulean formation the
basal member of the Cambrian contains quanti-
ties of iron-ore pebbles, and where the topog-
raphy furnished depressions for concentration of

-the heavy material these beds are so strongly
ferruginous as to furnish detrital iron ores.
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Sandstone deposition continued to the end of the
Cambrian period, at which time the water had
become sufficiently deep for limestones to be
deposited, and at this stage of the history the
Hermansville limestone was laid down, Whether
Paleozoic rocks later than the Hermansville lime-
stone were deposited in the Lake Superior region
is uncertain.

Post-Paleozoic history—Following the Paleo-
zoic period of deposition the area was again
elevated above the sea, and then another long
period of denudation began. So far as known,
this erosion period continued until late in Cre-
taceous time. Possibly later Cretaceous sedi-
ments were laid down over the Menominee areas;
but in any case, following Cretaceous time the
region was again raised above the sea, and so far
as we know, denudation has since continued.
Nearly all of the Silurian limestone has now been
removed from the district, and only a subordinate
amount of the Cambrian sandstone remains cap-
ping the higher hills and filling the depressions
in some of the subordinate valleys. During this
period of erosion the present topography of the
district was largely produced. To what extent
this topography follows the pre-Cambrian topog-
raphy can not be determined, but apparently the
pre-Cambrian topography has had an important
influence upon present topography. As the

column given for the Crystal Falls district with
that contained in Monograph XXXVI of the
United States Geological Survey, that the succes-
sion has been somewhat changed. When the
monograph was published it was supposed that
the Groveland iron formation and the Mansfield
slate of the southern part of the district belong
in the Lower Huronian; but the work in the
Menominee district shows beyond reasonable
question that these formations, which have a com-
paratively small areal extent in the Crystal Falls
district, really belong in the Upper Huronian.

Discrepancies in columns.—In the four districts
the correlation of the series placed opposite one
another and separated by the unconformities, and
the correlation of the unconformities, may be
regarded as practically certain; also the correla-
tion of individual members within the parallel
series has in many cases a very high degree of
probability. However, an examination of the
table shows various discrepancies. These dis-
crepancies are due in a given case to one or more
of the Yollowing causes:

During the time a series or formation was being
deposited throughout all or a part of one district,
all or a part of another district was still undergo-
ing erosion. As the sea advanced overlap
resulted. The extreme illustration of this case
is furnished by the great Keweenawan series in

result of the removal of the greater part of the

the Penokee district, which is entirely absent in

Descending succession in the Penokee, Marquette, Orystal Falls, and Menominee districts.

PENOKEE DISTRICT. MARQUETTE DISTRICT.

Lake Superior sandstone.
(ncontoruity.)

eweenaw series.
(Unconformity.)

Lake Superior sandstone.
% (Unconformity.)

Upper Huronian. Upper Huronian.

CrYSTAL FALLS DISTRICT. MENOMINEE DISTRICT.

TLake Superior Lake Superior

(Unconformity.) (Unconformity.)

Upper Huronian. Upper Huronian.

1. Michigamm i
(locally rep by
Clarksburg R sieantc fof
mation;

).
One might divide the
Michigamme sediment
formation into threemem-
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n eas
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)
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oA A thin belt of quartz-
A mam belt ot slate bo-

low ores, and the Bijiki P

@4 thm belt of quartz, in western part of dis-

its bottom trict.
va.nous 1ocahhes

2. Tshpeming formation of
quartzites and detri

(Unconformity.) (Unconformity.)

Lower Huronian. Lower Huronian.

(Evidence Ot t-he former 1. Negaunee iron-bearing
f an i

ing Tmember bove. the

cherty limestones is seen 2. Siamo slates, containing

in the presence of ore and interstratified amygda-

jaspilite grains in basal loids.

portlon of Quartzslate 3. Ajibik quartzite.

ember. 4. Wewe 3

1. Cherty limestone mem- 5. Konadolomite.

ber.

6. Mesnard quartzite.

(Unconformity.) (Unconformity.)

Archean. Archean.

Paleozoic rocks, the Huronian and Archean rocks
were again brought to the surface. The final
important episodes in the history of the Menominee
district were the successive adyances of the North
American ice sheet, which modified the topog-
raphy of the district by erosion and by deposi-
tion. The glacial deposns constitute a mantle
which s'ubsequent river erosion has only partially
succeeded in removing, and which has prevented
tully satisfactory determination of the distribu-
tion of the Vulean and other formations.

OORELLATION WITH OTHER DISTRICTS.

In the table above, the successions of the
Penokee, Marquette, and Crystal Falls districts
south of Lake Superior are compared with the
succession in the Menominee district. . Forma-
tions or sets of formations which are believed to
be equivalent in age are placed opposite one
another. The table does not include the iron-
bearing districts north of Lake Superior, since it
is not thought advisable in this folio to take up
the discussion of the correlation of the various
formations of the Menominee with those of the
more remote iron-bearing districts of the Lake
Superior region.

In the table it will be noted, by comparing the

Michi ions
consists of three members
equivalent to those of the
uette district, but 2
and 3 given below can be
separated in mapping
only in the southern part ;o4

of the district. ry slate, bear.

ing in lower portion
caf leareous slut‘e)g ete.,
L containing siderite.

2. Vulean formation,
consisting in descend"
ing order of—

(@ Curry iron-bear-
ing member.

2. Groveland iron-bearing
formation in southern

]
(¢) Lower slate member.

part of district.
‘ (b) Brier slate.

3. Mansfield slate. (©) Traders iron-bear-
1  ing member.

(Unconformity.) (Unconformity.)

Lower Huronian. Lower Huronian.

1. Negaunee bearing 1. iron-b
ing i

part of district.

?. Hemlock voleanic forma-
tion.
{ 2. Randville dolomite.
3. Randville dolomite.

4. if 3.

quartzite.
(Unconformity.) (Unconformity.)

Archean. Archean.

the Marquette, Crystal Falls, and Menominee dis-
tricts. It appears that the unconformity at the
base of the Cambrian in these three districts
stands as the time equivalent of the Keweenawan
series and the two great unconformities above and
below this series. The Penokee district fur-
nishes an illustration of an absent member in the
Huronian series, due to the fact that the district
was a land area, while the other districts were at
least partly under water. In the Penokee district;
below the Cherty limestone member of the Lower
Huronian no thick quartzite formation is found
equivalent to the quartzites below the dolomites
in the other districts. Therefore the limestone in
the Penokee district overlaps the lower quartzite.
A case of overlap within a district is furnished
by the Hanbury slate of the Menominee district,
which overlaps the Vulean formation at various
places.

The inter-Huronian erosion cut to different
depths in the different districts, as a consequence
of which formations of the Lower Huronian may
have been largely removed in one district and
may have been comparatively untouched in
another. This case is well illustrated by the
Penokee district, where all the Lower Huronian
formations above the Cherty limestone were

removed before the Upper Huronian transgres-
sion. To some extent the case is also illustrated
by the Menominee district, where only remnants
of the Negaunee iron-bearing formation remain.

A formation may have a greater vertical range
in one district than in another; the conditions
may have remained uniform in one district, and
therefore deposits of the same kind continued,
while the conditions changed in another district,
and therefore more than one formation was depos-
ited. This case is illustrated by the Randville dol-
omite of the Menominee district, which appears
to occupy the time required for the deposition of
the dolomite in the Crystal Falls and Marquette
districts, and also that required for the deposition
of the volcanic and fr tal formations bet
the dolomite and the Negaunee iron formations.
The order of formations in the Upper Huronian
might at first thought be regarded as very differ-
ent in the various districts. However, if one
reduces the order of succession to a general state-
ment it is as follows: (1) an upper fragmental
slate, member; (2) an iron-bearing member,
largely non-detrital; and (3) a lower fragmental
member which consists of quartzites, slates, and,
at its base in some districts, large quantities of
fragmental iron-formation material.

In all the districts the upper fragmental mem-
ber is represented; in the Penokee by the great

upper slate member, in the Marquette by an =

equally great upper slate member, in the Crystal
Falls by the entire Michigamme formation, and
in the Menominee by the Hanbury slate.

The largely non-detrital, iron-bearing member
is also represented in all of the four districts. In
the Penokee district it is a continuous, almost

-| completely . non-fragmental formation, which

extends from the western part of the district
nearly to the eastern end. In the extreme eastern
part of the district the formation is broken up
by a great volume of contemporaneous volcanic
rocks. In the Marquette district the non-detrital
iron-bearing member is not found as a continuous
formation, but is represented by subordinate
belts of iron-bearing formation which, here and
there, bear ore bodies. These are plainly at a
persistent horizon corresponding very nearly in
position . to the iron-bearing member of the
Penokee district. In the Crystal Falls district
the iron-bearing member is represented by the
Groveland iron-bearing formation, which in the
Felch Mountain tongue is only partly .non-
clastic, but which in the Mansfield and Amasa
areas appears to be wholly non-clastic. In the
Menominee district this iron-bearing horizon is
represented by the Curry member, which is appar-
ently largely non-clastic, but which has with it a
considerable amount of non-clastic material.

The lower fragmental member of the Upper
Huronian, as one would suppose, is the most varia-
ble in the different districts, since this is the basal
formation. In the Penokee district it consists of
three different belts—a thin quartzite on top,
a main slate belt in the middle, and a thin
quartzite and conglomerate at the bottom. Thé
upper and lower of these belts are so. thin that
they have been placed with the slate in mapping.
At the bottom of this member no detrital iron
ores are found. This is due to the complete
removal of the Negaunee formation by erosion
before the encroachment of the Upper Huronian
sea. In other words, the Penokee district was a
land area until the Negaunee formation was
wholly removed. In the Marquette district the
lower detrital member is represented by the lower

part of the Michigamme slate, by the Ishpeming

quartzite with detrital ores at its base, and, in the
western part of the distriet, by the Bijiki schist.
In the Crystal Falls district the lower formation
is represented by the Mansfield slate. This does
not show detrital ores at its base, nor does it have
a quartzite at its base, as in the Penokee and
Marquette districts. The absence of the detrital
ores in the district is due to the same cause as in
the Penokee district, viz., it was a land area until
the Negaunee formation was entirely removed.
The absence of a quartzite at the base of the
section was doubtless due to the fact that it rests
upon a dolomite rather than upon hard siliceous
formations, as does the lower member in the
Penokee and Marquette districts. In the Menemi-
nee district the lower member is represented by

Seide



‘the Brier slate and the Traders iron-bearing
member. Here the detrital ores appear because
of the encroachment of the sea before the
Negaunee iron-bearing formation was removed.
However, thick beds of quartzite are generally
absent, and this is'explained in the same manner
as in the Crystal Falls district— that is, the
formation was deposited upon a dolomite rather
than upon siliceous formations.

If it were possible to map in each of the four
districts each member which is recognized, the
apparent discrepancies in the succession of the
Upper Huronian would be much less prominent.
Indeed, where voleanic rocks are absent the suc-
cession would be found to correspond almost
exactly. However, a given formation would be
very important in one district and comparatively
unimportant in another. Moreover, where vul-
canism" has disturbed the succession, as in the
eastern end of the Penokee district and in the
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limestone were removed during the time of inter-
Huronian erosion. In the Menominee district the
Negaunee formation was all but removed at
the erosion period. In the Menominee district
only one formation, the Randville dolomite, has
been discriminated between the Negaunee for-
mation and the Sturgeon quartzite; whereas
in the Marquette district four formations, the
Siamo slate, Ajibik quartzite, Wewe slate, and
Kona dolomite, are found; and in the Crystal
Falls district two, the Hemlock volcanic forma-

\

\
|

dolomite is a thick formation, and there no vol-
canies are found, whereas in the western part of
the district the limestone deposit is very thin and
there is a great voleanic formation standing in an
equivalent position. In the Marquette district,
also, changing physical conditions combined with
volcanism explain the deposition of the clastic
sediments and volcanic formations between the
Kona dolomite and the Negaunee iron formation.

The attempt to correlate the various formations
of the two Huronians series in the four different

tion and the Randville dolomite. The formations | iron-bearing districts south of Lake Superior
which are present in the Marquette and Crystal ] shows very significantly that the geologic history
Falls districts and are not found in the Menomi- | of pre-Cambrian time was extraordinarily com-
nee district are all clastic and volcanic formations. )plex. From Archean to Cambrian time, in the

canism. The great events of Keweenawan time
are only mentioned, since they do not particularly
concern the Menominee district. The erosive
forces at periods when the districts were land
areas found rocks of very different characters.
Here they were resi there easily denuded
As a consequence, when the sea encroached at
the close of Archean, Lower Huronian, and Upper
Huronian times, the country in detail was very
irregular—was in fact bluffy, but not moun-
tainous. Therefore certain areas were covered
by the sea, while other immediately adjacent
areas were above the water and were being
actively eroded. As a consequence of all these
complex conditions we have unconformity, over-

The inference is that in the Menominee district | Marquette, Crystal Falls, and M dis-
quiescent physical conditions favorable to lime- | tricts, the areas three times emerged from the
stone deposition were long continued. The sea and were three times overridden by the sea.
Randville dolomite was there laid down during | In the Penokee district there was a fourth emer-
the time of the deposition of the limestone for- | gence and transgression of the sea. The epeiro-

Crystal Falls district, the orderly is not
readily recognized.

tions and the fragmental and volcanic sedi- | genic or land-making movements were accom-
ments between the limestone and the Negaunee | panied by orogenic movements, or mountain

The discref of the in the
Lower Huronian series are greater than those in
the Upper Huronian. As already noted, in the
Penokee district all the members above the Cherty

Menominee.

f tions in the Crystal Falls and Marquette | growths, of varying power, but some of them

districts. This is shown to be highly probable | exceedingly intense. In Huronian time, in all

by the relations within the Crystal Falls district.
In the eastern part of that district the Randville

the districts except the Menominee, there were
important and long-continued periods of vol-

lap, ch in the characters of contemp
sediments along the strike and across the strike,
disturbances in the due to vol
close folding and attendant metamorphism, and
all of these phenomena in a region which is
largely covered by glacial drift.
CHARLES RICHARD VAN HISE,
WILLIAM SHIRLEY BAYLEY,

Greologists.

March, 1900.
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