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CHAPTERV.
STRATIFIED AND SEDIMENTARY
ROCKS.

Classification of the sedimentary rocks.—
Conglomerate.—External characters.—Imbedded
fragments of a jaspery rock.—Range and extent.—
Keweenaw Point—Veins.—Attempts at mining.—
Porcupine mountains.—Montreal river.—Section of the
rocks.—Mining in Conglomerate.—Divisional planes.—
Sandstone.—Range and extent.—Compact or lower

magnesian limestone.—Range and extent.—Organic
remains.—Resume.

Having attempted, with, some degree of minuteness, in
the preceding chapter; to set forth the boundaries,
range, extent, and peculiarities of the igneous rocks of
the copper region, it now remains to describe the
associated sedimentary rocks, which may be regarded
as nearly contemporaneous.

These may be comprised under three divisions, to which
are appended the equivalents in the New York
classification:

I. Conglomerate.—Not strictly a sedimentary rock, but a
volcanic tuff.

Il. Inferior sandstone.—Potsdam sandstone.

[ll. Compact or lower magnesian limestone.—
Calciferous sandstone, Chazy limestone, Bird's-eye and
Black river limestone.

I. Conglomerate—external characters.—The
conglomerate of Keweenaw Point and Isle Royale
consists of rounded pebbles of trap, almost invariably of
the variety known as amygdaloid, derived probably from
the contemporaneous lavas, ao.4 rounded fragments of
a jaspery rock which may have been a metamorphosed
sandstone, the whole cemented by a dark-red iron sand.
This cement may be regarded as a mixture of volcanic
ash. and arenaceous patrticles, the latter having been
derived from the sandstone then in the progress of
accumulation. It is not unusual to meet with strata
composed, entirely of arenaceous particles associated
with the conglomerate beds; and where these expand, to
a considerable thickness, the associated sandstone
appears in alternating bands of white and red, and
exhibits few traces of metamorphism; but where the
belts of sedimentary rock are thin, and come in contact
with the trappean rocks, the sandstone is converted into
a jaspery rock, traversed by divisional planes, and
breaking with a conchoidal fracture

The trappean pebbles often attain a magnitude of
eighteen inches in diameter. Their surfaces do not
present that smooth, polished appearance which results
from the attrition of water; in fact, a close observer can
readily distinguish between those which have been,
recently detatched from the rock and those winch have
been for a time exposed to the recent action of the surf.

The conglomerate appears to have been formed too
rapidly to suppose that the masses were detached and
rounded by the action of waves and currents, and
deposited with silt and sand on the floor of the ancient
ocean; for, while the contemporaneous sandstone
remote from the line of volcanic foci does not exceed
three hundred or four hundred feet in thick ness, the
united thickness of the conglomerate bands in the
vicinity of the trappean range on Keweenaw Point
exceeds five thousand feet. As we recede for a few
miles from the line of the volcanic fissure, these
amygdaloid pebbles disappear, and are replaced by
arenaceous and argillaceous particles. We are,
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therefore, disposed to adopt the theory, as to the origin
of such masses, first suggested by Von Buch:* "When
basaltic islands and trachytic rocks rise on fissures,
friction of the elevated rock against the walls of the
fissures causes the elevated rock to be enclosed by
conglomerates composed of its own matter. The
granules composing the sandstones of many formations
have been separated rather by friction against the
erupted volcanic rock than destroyed by the erosive
force of a neighboring sea. The existence of these
friction conglomerates, which are met with in enormous
masses in both hemispheres, testifies the intensity of the
force with which the erupted rocks have been propelled
from the interior through the earth's crust. The detritus
has suddenly been taken up by the waters, which have
then deposited it in the strata which it still covers."

Those pebbles having a highly vesicular structure may
have been ejected through the fissures, in the form of
scoriee, while in a plastic state, and have received their
rounded shape from having been projected through
water—on the same principle as melted lead, when
dropped from an elevation, assumes a globular form.t

In the jaspery fragments included in the conglomerate,
we often observe a structure analogous to the woody
fibre of trees. These fragments (plate, fig. 2) are
composed of laminae, more or less contorted, and
furrowed longitudinally, like the markings in the extinct
plants of the genus sigillaria. A series of strige, as fine
as the engraver's lines, run parallel with the larger ones.
These can be traced on some of the specimens, and
generally extend through the different folds; while others
possess a structure like-the cellular tissue of wood. We
have no confidence in the vegetable origin of these
markings; nor have we any theory to offer in explanation.

While there are no beds of calcareous rocks associated
with this group, we have evidence that the waters during
this epoch were abundantly charged with lime; for we
find, this substance, in the form of calc-spar, filling the
vesicles of the amygdaloid and the fissures and pores in
the conglomerate. It did not result from deposition, but
appears to have been forced into the interstices while in
a heated condition, and perhaps in a state of gaseous
sublimation.

We know that modern volcanoes evolve vast quantities
of gases which are capable of dissolving various earthy
substances; and is it not reasonable to suppose that the
same phenomena were exhibited in the early history of
our planet, and on a grander scale, when the
communications, with the interior were more numerous
and extended, and when the recurrence of earthquake
shocks and volcanic eruptions was more frequent. We
ought, therefore, & priori, to expect to find the products of
these gaseous emanations in the vicinity of the volcanic
foci.

and, on cooling in the air, assumed the form of drops or elongated
spheroids.

*Geognost. Briefe, s. 75—82.

TThe extinct volcanoes of Auvergne afford numerous specimens of
volcanic bombs, which appear to have been ejected in a soft state,

Range and extent—mineral contents.—In describing the
trappean rocks, we necessarily spoke of the associated
bands of conglomerate, and the influence they exerted
on the productiveness of veins. We deem it
unnecessary to enumerate all of the bands, inasmuch as
they are indicated on the accompanying maps.

They are lentiform masses, variable in number and
thickness. On Keweenaw Point they are numerous, and
possess much regularity, ranging with the trap, and
dipping to the N. and NW. at angles varying from 20° to
50°. In the Ontonagon district they are less numerous,
but near the Montreal river they expand to an enormous
thickness.

On Isle Royale they occur under similar conditions with
those observed on Keweenaw Point, with this exception,
that the dip is reversed—varying from 20° to 40° to the
SE. and SSE.

Manitou island is composed of conglomerate, except a
few jutting points on the southern coast, which belong to
the northern band of trap. Crossing the channel, which
is about three miles in width, we meet with this belt on
the northeastern extremity of Keweenaw Point, and
thence it is protracted west for about sixteen miles, when
it becomes lost in the lake. For a greater portion of this
distance it serves as a sea-wall; but in a few places the
water has broken through and excavated long and
narrow harbors in the more yielding trap. The appended
sketch of Horseshoe Harbor will serve to convey an idea
of the appearance of this rock. It occurs in long lines,
with rounded contours, and is traversed by heavy
fissures, filled with calc-spar.

A short distance west of Horse-shoe Harbor a spar vein
intersects the shore, which in places is nine feet in width,
and bears N. 5° E. It affords an excellent material for
lime, and has been calcined for that purpose. On this a
shaft was sunk near the junction of the trap and
conglomerate, but no indications of copper were
disclosed.

On Hays's Point another spar vein, four feet in thickness,
and bearing N. 9° E., is seen. The matrix is more or less
colored with green and blue silicate of copper, forming
the "green rock" of the old voyageurs. Several shafts
were sunk upon it in the early days of copper-mining, but
the ore was too meagre to be profitable. This vein
undoubtedly extends through the intervening trap, and is
developed in the second belt of conglomerate near Fort
Wilkins, forming what is known as the Black Oxide Tern.

The junction between the trap and conglomerate is well
displayed in the vicinity of Copper Harbor. The rocks
bear nearly clue west, with a northerly dip of 35°. The
trap on the upper surface resembles pumice, the
vesicles frequently .empty, but oftener filled with calc-
spar, agates, chlorite, &c. Other portions are wrinkled,
as though arrested while flowing. The lower portion of
the conglomerate does not exhibit a clear and well-
defined line of demarcation, but encloses angular
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masses of amygdaloid, as though the materials had
been thrown down while the trap was in a viscid state.
This appearance was particularly noticed a few hundred
yards above Porter's island, where the pebbles, for the
distance of twenty feet perpendicular, are enclosed in a
scoriaceous mass.

Between Copper Harbor and Agate Harbor numerous
veins, cutting the formation at nearly right angles, are
observed. The matrix for the most part consists of calc-
spar, but occasionally sulphate of baryta is present.
Many of them have been explored, and from one, on the
southwest quarter of section'28, township 59, range 29,
a mass of native copper weighing about 600 Ibs. was
taken.

At Agate Harbor the New York and Lake Superior
Company sank two shafts to the respective depths of 70
and 90 feet, and nearly completed the communication
between them by a gallery. The matrix of the vein
consisted of calc-spar and sulphate of baryta, with black
sulphuret of copper, but not in sufficient abundance to
authorize further operations.

This belt forms the outer reef at Agate Harbor, and does
not again approach the shore.

Another belt of conglomerate starts from the extremity of
Keweenaw Point, opposite Manitou island, and conforms
in direction to the one last described, from which it is
separated by a sheet of igneous rock about 1,800 feet,

in thickness. This is known as the main conglomerate
range. In places it rises to the height of 650 feet, and
expands to a thickness of 4,000 feet. The culminating
points in the range are back of Horse-shoe Harbor and
Grand Marais. It intersects the coast at Sand bay and
prescribes its form as far as the Lake-shore location,
section 33, township 58, range 32, when it bends inland
and is prolonged towards Portage lake in a narrow band,
which is obscurely traced. It does not differ in lithological
character from, the belt previously described.

The appended sketch, taken from Fort Wilkins, looking
eastward, will convey a correct idea of the contour of the
hills. The gentle slope towards the lake corresponds
very nearly with the line of inclination, while the
precipitous escarpments on the south may have resulted
from powerful fissures, which destroyed the continuity of
the strata.

This belt, like the former one, contains numerous traces
of copper. In preparing the ground where Fort Wilkins
now stands, the soldiers came across numerous
boulders of black oxide of copper, varying in weight from
an ounce to several hundred pounds. Subsequently a
vein was dicovered a few rods east of the font, from
fifteen to twenty inches in width, bearing N. 7° E., and
corresponding very nearly in direction and position to
that before described as occurring in the northern belt on
Hays's Point. The gangue consisted of calc-spar,
analcime, laumonite, and occasional crystals of fluor-
spar, associated with which were the green and blue
silicates and the black oxide of copper. This tract had
been located by the Pittsburg and Boston Company, and

was the first location made after the extinguishment of
the Indian title in 1843. They may, therefore, be
regarded as the pioneers in mining enterprise.

A part of their mining force was directed to the
exploration of this vein. It was found, near the surface,
to consist of the black oxide of copper of surpassing
richness, yielding from 60 to 70 per cent. Two shafts
were sunk about 100 feet apart, and the black oxide
found in both. but, at the depth of fifteen feet, it became
exhausted. The fissure and veinstone continued, which
induced the company to prosecute further workings, in
the hope that the mineral would reappear. Accordingly,
the main shaft was extended to the depth-of 120 feet,
and levels driven in either direction, on the course of the
vein, until it became manifest that it was unwise to
proceed further.* The aggregate expenditures at this
place and on Hays's Point were $25,000. The nett
proceeds of the copper raised, $2,968 70. This is the
only occurrence of these varieties of copper ore in the
district.

*Report of the trustees, (1849.)

At Eagle Harbor a narrow vein of black sulphuret of
copper was explored to some extent.

Thin veins of this ore were also observed on the Hitz
location, a few miles above the mouth of Eagle river, by
the lake shore.

In this range of conglomerate, a few rods from the outlet
of Manganese lake, (section 5, township 58, range 28,)
occurs a vein of black oxide of manganese, associated
with calc-spar. The vein is about 3 feet wide, 15 inches
of which is occupied by the ore. It is so highly silicious
as to Impair its value for working. The inclination of the
strata at this point is 25° to the NW., which corresponds
with the course of the vein. The following section
represents the position of the vein, and the manner of
association. The shaded portions are manganese; the
light, calc-spar. The inclination is so great that it soon
passes beneath the surface.

Between Portage lake and the Ontanagon river, the
conglomerate does not expand to the enormous
thickness observed on Keweenaw Point. Limited belts
are occasionally seen, but cannot be traced continuously
for any considerable distance. We observed quite a
mass flanking the trap on section 14, township 51, range
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38, bearing north 78° east, and dipping north 50°. A
belt, which continues for some miles, is observed south
of the Algonquin and Douglass Houghton Company's
works, and another occupies the northern flank of the
trap in the vicinity of the Ontonagon river, and can be
traced for many miles on either side. Lenticular beds are
also of frequent occurrence in the trappean rocks, some
of which attain a thickness of one hundred feet.
Examples of this kind are seen at the Minnesota works,
and to the east and west of the river.

At the base of the Porcupine mountains, the
conglomerate and associated sandstone expand to a
great thickness, and, in the character of the pebbles,
afford evidence of having been made up of the ruins of
the adjacent igneous rocks. Numerous intercalations of
this rock are observed in the trap, differing in no respects
from those described as occurring on, Keweenaw Point.

In following up the Presqu'isle river, the black slaty
sandstone is observed to be replaced by conglomerate,
expanding to a thickness of several hundred feet. To
this succeeds the bedded trap, followed by other bands
of conglomerate.

In the region of the Montreal river, however, the
conglomerate expands to a great width, attaining a
thickness of nearly 2,000 feet. The boulders are, in
some cases, fully three feet in diameter, consisting
mostly of porphyritic trappean rocks and hornblende,
cemented by a calcareous paste. This conglomerate
bed rises, at its highest point 536 feet.

The annexed is a section of the rocks from the mouth of
Montreal river across to the trappean pocks, a distance
of about three miles. There are several alternations here
of amygdaloidal trap and sandstone. The latter is
generally shaly, and soon crumbles by the influence of
atmospheric agencies. These alternations are finely
exposed in the bed of the river, which cut a deep gorge
for some distance nearly parallel with the course of the
beds. The falls of this river, which have been before
noticed, are caused by the unequal wearing of the beds
of trap and sandstone, and are highly picturesque. The
width of the intercalated beds of shaly sandstone varies
from fifteen to nearly one hundred feet. They alternate
with beds of trap of nearly equal thickness. The depth of
the gorge from one hundred to one hundred and fifty
feet.

Soction from the month of Montreal river fo the trap.

An attempt at mining was made in the conglomerate on
section 18, township 50; range 40, a few miles west of
the Ontonagon, by the Mendenhall Mining Company;
and we are informed that not less than $10,000 were
expended on the undertaking. At the time of our visit, it
was abandoned. Several shafts, one of which reached

to the depth of 100 feet, had been sunk, and galleries
run from one to the other; the whole of which were filled
with water. The bearing of the vein is north 17° west and
may be observed cropping out in the bed of a small
stream called Mineral creek, which crosses the location.
The gangue is calcareous spar and sulphate of baryta, in
which the gray sulphuret of copper occurs in very
variable quantities, intermixed with silica. The vein
varies in width; sometimes it is split into numerous
threads, and again it disappears altogether. Some of the
specimens of solid ore were from four to live inches in
width, and we were informed that but a few barrels of
this had been obtained. That lying about the shafts was
very meagre, being mostly spar, mixed with
conglomerate, and containing a small per centage of
copper. We were informed that the deepest shaft had
been carried down below where the ore was found in the
vein. Here the vein pitched to the west, with a gradually
increased angle, and was underlaid by sandstone.
Proceeding southwardly, it became poorer, and the shaft
sunk a few rods south of the main one, after having
reached a few feet, was in barren rock. The veinstone
was, at this point, composed of a curious mixture of
imperfect agate and calc-spar, in altered sandstone.
Efforts were made to trace the vein into the trap, which is
contiguous, but without success. Both carbonate of lime
and sulphate of baryta are here found in finely
crystallized specimens. The former occurs in hemitropic
crystals of considerable interest to the crystallographer.
They are a combination of the scalene triangular
dodecahedron, of a form hitherto found at only one
locality in Siberia; also, in six-sided prisms. Some of the
varieties of agate were very beautiful, and it is to be
regretted that good suites could not have been secured
for the government collection.

The mining operations here have thrown considerable
light on the occurrence of copper in the detrital rocks,
and demonstrated that these veins are not reliable ones.

We have, in another chapter, described the numerous
alternations of trap and conglomerate which occur along
the northern slope of the trappean range. Along the
southern slope these belts are very rare. Where the
Bohemian range breaks through the incumbent rocks at
Lac la Belle, a thin band of conglomerate, not exceeding
30 feet in thickness, is observed, which has been traced,
at intervals, for two or three miles. Its inclination is 80°
to the south and southeast. Regarding these
conglomerates, lying north of the anticlinal axis, as
composed, in the main, of igneous products, and the
sandstones, on the south, as purely detrital
accumulations, we are led to infer that, while the region
north of the anticlinal axis was subject to a series of
volcanic outbreaks, that to the south remained
comparatively tranquil.

Divisional planes.—The conglomerate rocks—and the
same remarks are applicable to the sandstones—are
traversed by different systems of divisional planes, which
are found to preserve a remarkable degree of uniformity,
giving to the mass a crystalliform appearance. They
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pursue straight lines, without any deviation, and extend
to unknown depths; and so sudden was the shock by
which these fissures were formed, that the intervening
pebbles are cut in twain. The main fissures pursue a
course varying but a few degrees from the true magnetic
meridian, which is to be the case in other countries. The
rocks traversed by these fissures often exhibit not only a
vertical, but horizontal dislocation. To convey an idea of
their direction and uniformity, we submit the following
observations taken with great care by Mr. Hill:

MAIN FISSURES,

Commencing at the western extremity of the point north of Agate Harbor,
and thence running east.

....| North, 12 degrees east
20.... North, 10 degrees east........
North, 8 degrees east...

32....| North, 10 degrees ensti..ove..
65, ... North, 10 degrees east. ..
8l....| North, 13 degrees cast...
90....| North, 18 degrees east....

:...| Enst 74 degrees.
............. | East.
| East.

182....| North, 12 degrees east.
250....| North, 8 degrees cast.
300....| North,sou.uiiaaes
310,...| North, 8degrees e
420.... North.......
525, .. Northausieasenans
720....| Northeast......cvvesnns
820....| North, 10 degrees east.
| North, 5 degrecs east

Last.

Last 80 degrees.
East.

E

- North, 45 degrees 6aste v vrevvrennenns ........-.::I.; Southeast.
of NNomth isusussserssnrarsarccrserneinntatsanasaatans | East.

CROS3-FRACTURES.

Course. ! Dip.

Easl.eusesssanrnrancraressnsnsnsnsnsanranas South 70 degreea.
Easticeaiiuiiiiaiiiinaiinans sianaiiaianas South 72 degreea.
South, 80 degrees easl. . vovevenninvnnann.ns South.

South, 20 degrees east.

South, 20 degrees east.

Near Salmon Trout river, the sandstone exhibited
several sets of fractures—one set bearing north, another
north 60° east, another north 60° west, and another
north 40° east. Several of the blocks formed by the lines
of division were measured. The following figures
represent their forms:

Fig. 14,

S.100 W S, 280 W, S, 40°W. 8. 60 W
';_ - \____. _\ \ — ._._.__.._: \—_s
[ AN \ l

120°. 60°. 1000, 80°. 930, 85%.

At Siskawit bay, Isle Royale, two sets of fissures were
observed in the sandstone—one bearing south and
southeast, the other south 40° and 60° west.

A further detail of observations on this head is deemed
unnecessary, as they all go to prove the general
principles before announced.

Although the conglomerate attains a thickness of live
thousand feet, yet it by no means follows that the ancient
sea in which it was deposited extended to that depth.
Ripple-marks and clay-cracks have been observed in the

upper portions of this group; the one indicates
comparatively shoal water,* and the other the ebbing
and flowing of a tide, or a change in the level of the
water.

The inference, therefore, is, that during the deposition of
the conglomerate, the bed of the sea was subject to
repeated elevations and depressions, caused by
volcanic action, and that its waters obeyed the same
tidal, laws which govern the existing oceans.

These conglomerates, then, may be regarded as local
deposites, formed along the courses of the volcanic
fissures by the joint agency of fire and water. When the
former causes operated with intensity, the materials
consisted of spherical masses of lava and scorize.

When they acted feebly, or were quiescent, the materials
became argillaceous or arenaceous.

Sandstone.—It is not our purpose in this report to set
forth the boundaries of the sandstone, much less to
describe its characters, where it comes in contact with
the pre-existing rocks. These descriptions will be
reserved for the general report on the palseozoic rocks of
this district. We propose simply, at this time, to show its
connexion with the cupriferous rocks before described.

In order that this connexion may be better understood,

we introduce the following diagram:
Fig. 15.

Isle Royale. Kewezenaw Ioint.
Lake Superior.

tw

a. a Crystalline trap.
b. b. Bedded trap.

¢. ¢. Conglomerae.
d. d. SBandstone.

*De la Beche states that the surface-action of the ocean does not
affect the bottom beyond the depth of ninety feet. Divers are said to
find the water still at that depth dining a tempest. Stevenson, however,
asserts that the agitations of the sea reach to the depth of two hundred
feet.

We have seen that, during the deposition of the
sandstone, numerous sheets of trap were ejected, and
flowed like lava-streams; and that the igneous and
aqueous products were so intermingled as to present the
appearance of having been derived from a common
origin; and that subsequently the imbedded trap broke
through these parallel fissures, lifting up the sandstones,
conglomerates, and bedded traps, and causing the
whole mass to dip at high angles. Thus, this portion of
the bed of Lake Superior is due to these two lines of
upheaval. The sandstone between the two lines
performs an immense curve, portions of which are at
least 800 feet below the chord formed by the surface of
the water. The sandstone is seen on Isle Royale,
forming the outer reefs of Siskawit bay. It is of a dark-
red color, somewhat fissile, and traversed by numerous
divisional planes. Thin beds of conglomerate, composed
of trappean pebbles, are seen, the whole dipping to the
southeast about 8°. This is not a purely silicious rock,
but takes into its composition argillaceous particles, with
an admixture of oxide of iron. Passing over to the
southern shore, the sandstone is first seen on
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Keweenaw Point, in low reefs, near the Lake-shore
location, (section 1, township 57, range 33,) beyond
which point, proceeding eastward, it is succeeded by the
conglomerate, which rests beneath it. Proceeding
westerly, the trap recedes from the shore, and the
intervening space is occupied by the sandstone, forming
a belt about ten miles in width.

About a mile above the Portage, a good opportunity is
afforded for examination. Here commence a series of
bold cliffs, which line the coast for several miles. They
are composed of strata of unequal thickness and
induration. Some of the strata consist of silex, with thin
plates of mica interspersed, while others contain portions
of alumine, colored red by oxide of iron. The silicious
strata afford excellent building materials, and the supply
is inexhaustible. Slabs varying from two inches to two
feet in thickness, and exposing perfectly level surfaces
of forty or fifty superficial feet, can readily be procured.
The rock is sufficiently indurated to give it strength, and
is little affected by atmospheric agents. The water is of
sufficient depth to permit vessels to approach within a
few rods of the shore.

The unequal resistance which the strata oppose to the
action of the surf has caused the cliffs to assume various
fantastic shapes. The harder beds project like cornices,
and can be traced almost as far the eye can reach. In
the softer materials, the waves have scooped out
numerous caverns, resembling gothic door ways. The
nearly horizontal stratification of the rocks, their brick-red
color, with occasional bands of a lighter tint, and the
numerous vertical fissures by which they are intersected,
cause them to resemble immense walls of masonry piled
up by the hand of man.

These cliffs do not range in continuous lines, but exhibit
numerous projections and recessions. Peaks shoot up
above the mass, like towers, connected by walls, which
at the base are excavated into arches and gateways.
The whole is crowned by a dense mass of foliage of the
birch, the mountain ash, the fir, and the spruce. From
this mass issue numerous fountains, which precipitate
themselves for fifty or sixty feet before they mingle with
the lake. These cliffs may be regarded as a miniature
representation of the Pictured Rocks.

As we recede from the trap, the clip of the sandstone
diminishes rapidly, and, at the distance of a few miles,
the stratification becomes horizontal. The following
observations are adduced:

Section 11 Township 57 Range 33 Bearing N. 307 E. Dip 320 NNW.
¢33 By “ a3y * T N.15°E ©oage o
G " 56 “ o33 6 N1 “ 100 T
Hit e 34 33 o N. 2 E. e
« Ty “ 54 “ o3y “«  NNE. “ 5o

The average width of this belt from this last-mentioned
point westward is nearly ten miles, and continues to
range 42, where it is intersected by the Porcupine
mountains. Its junction with the trap on the north is
rarely seen, in consequence of the drift which reposes
on it. It nowhere rises into ridges, but slopes gradually
from the trappean chain, and appears to have remained
undisturbed since the upheaval of the trap, if we except

that general elevatory movement by which the whole
district has been raised above the ocean-level.

By the lake shore, (section 33, township 57, range 33,) a
singular bed of sandstone is exposed for a distance of
eighty rods; and the same has been recognised inland.
It is composed of sub-crystalline particles of quartz and
feldspar, but the original granular structure, on close
inspection, can be recognised. Its bearing and inclination
are conformable to the adjacent beds, being north 22%5°
east, dip 26° north-northwest. From the Portage to the
Montreal river, the sandstone is exposed along the lake
shore at short intervals. The further it is observed from
the trappean rocks, not only does its inclination become
less, but the strata are less colored, and the cohesion
between the particles is slighter.

Between Salmon Trout and Misery rivers the inclination
is very slight, not exceeding 5° to the northwest. The
trap range between these two livers is about six miles
inland, and consists of low dome-shaped knobs. To the
west it is more prominently developed, and the
sandstone in the vicinity acquires a sharper dip, which
gradually increases until, at the base of the Porcupine
mountains, where the trap approaches within a mile of
the lake shore, rising up in a lofty ridge more than a
thousand feet in height, the sandstone is tilted up at an
angle of 30° or 40°. The intercalated beds in this vicinity
are found to present a nearly uniform dip, showing that
their elevation is due to a single upheaval.

At Iron river, and at several other points, the sandstone
is very fissile and of a dark-brown color, resembling a
slaty rock. This rock is observed to dip in a direction
different from the general dip of the sandstone which
lines the coast. This diversity has been, occasioned by
the upheaval of the Porcupine mountains, whose
prolongation is at nearly right angles with the general
direction of the trap range. The bearing of the
sandstone exposed in the bed of the stream varies from
north and south to north 40° east and south 40° west.

The Presqu'isle river, a short distance above its mouth,
is precipitated 40 feet over the dark-colored slaty
sandstone. It here dips 10° northwardly, the bearing
being south 61° west. About one-half of a mile from its
junction with the trap, it hears north 8° west, and dips
north-northwest 30°. At the mouth of Black river the
same form of sandstone appears, and may be regarded,
as an accidental .variety of the rock which lines nearly
the entire coast.

Advancing along the coast towards the Montreal river,
the inclination of the sandstone gradually increases, and
at the latter point it is observed in a nearly vertical
position. It is here about two miles removed from the
trap, and has the same inclination as at the point of
contact. These dips have been taken on the northern
slope of the trap range by the lake shore, or in the beds
of streams where there was a good exposure of the
rock. South of the trap range, the sandstone is almost
invariably horizontally stratified, except in the immediate
vicinity of the trap, where, for the most part, it dips at a
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high angle to the south. Judge Burt, however; found the
sandstone south of Porcupine mountains dipping to the
north. The general relations of the sandstone and trap
will be better understood by referring to the subjoined
section from Lake Superior, in township 51, range 43, to
the Ontonagon river, in township 49, range 41.—(see
opposite page.)

Passing over the trappean ranges, we find the sands
tone occupying the southern slope, and bearing the
same relation to the trap as the northern belt, with this
exception, that the intervening masses of conglomerate
are, in the main, wanting. On the south side of
Keweenaw Point, (section 27, township 58, range 28,)
above Béte Gris bay, the sandstone is seen bearing
north 22%2° east, and dipping southeast, or away from
the- trap, at an angle of 78°, and can be traced along the
lake shore for three-fourths of a mile. It is nearly white in
color, composed almost entirely of silicious particles, and
would form an excellent firestone. On section 36,
township 58, range 29, it is again exposed, flanking a
thin band of conglomerate. It here consists of alternating
bands of a white and red color, having a high inclination.
In the bottom of the bay, when the lake is tranquil, these
bands can be seen describing immense curves,
conforming in direction to the course of the Bohemian
range. This is a point of much interest, as it enables us
to solve the problem of the relative ages of the imbedded
and sheet trap, and of the associated sandstone and
conglomerate. Their order of succession is here
distinctly traced.

On the east side of section 14, township 57, range 29,
the sandstone is observed in low ledges, forming the
southern coast of Béte Gris bay. Although but a few
miles removed from the igneous rocks, it reposes in a
nearly horizontal position. The rock is very fissile, of a
deep-red color, and contains patches of dove-colored
clay and ochre, or hydrous peroxide of iron. There arc
also numerous concretions, resembling, at first sight; the
vertebrae or joints of crinoids, the mould being filled with
pure white silex, while in the centre it is not unusual to
see a dark speck corresponding with the alimentary
cavity or internal canal. These concretions are so
curious that we append a figure. Cutting through one of
them at right angles with the planes of stratification, it is
found to be a sphere or ball enveloping the black speck
which served as a nucleus. This peculiarity in the
sandstone has been noticed at frequent intervals as far
east as the Pictured Rocks, and even at the outlet of the
lake, though at the latter place less perfectly developed.

Soction from Lake Superior fo the Onfonngon ricer acrnss the Porcupine mountains.

At Tobacco river the sandstone is finely displayed in
alternating bands of white and reel, forming cliffs fifty or
sixty feet in height. Just before its entrance into the lake,
the stream is precipitated over a ledge of this rock from a
height often feet. The aboriginal name of the river is
Wasakodewabikag-sepi, or Burnt Stone river, from the
prevailing tint of the rock. The present name applies to
the dark color of the water furnished by the cedar
swamps which skirt the base of the Bohemian
mountains. Along the shore the sandstone is beautifully
variegated—parallel bands of a flesh-red color crossing
the mass without reference to stratification, and forming
a striking contrast with the buff color which constitutes
the prevailing tint. (Plate XII, fig. 1, retro.)

Proceeding up Keweenaw bay, we find the sandstone
lining the shores in bold cliffs, with occasional entering
bays; but there are places where for miles it is
impossible to find a boat-harbor. The stratification is
horizontal, or rather consists of numerous gentle
undulations. The waves have excavated caverns in the
cliffs, and fashioned them into many grotesque forms.
The prevailing dip of the sandstone, we inferred, was
about 5° to the northwest. At one or two points we
noticed that the strata had undergone slight vertical
dislocations. As we approach L'Anse, the dip to the
northwest becomes apparent, and a change in the
external characters is noted. The grains become
coarser, and pebbles of white quartz are disseminated
through the mass. We rarely met with a pebble of
greenstone or amygdaloid. At Crebbesa's (section 25,
township 51, range 33) it bears northeast, with a very
perceptible dip to the northwest.

We have thus traced it to the limits of the metamorphic
rocks. To describe its relations to this system, although
it forms one of the most interesting features in the
geology of the region, does not come within the purview
of this report.

The Sturgeon river was explored by Mr. Hill. For twenty
miles no rock was exposed in place, and its banks are
bordered with stratified deposites of clay, sand, and
gravel. On section 8, township 51, range 34, angular
blocks of sandstone are observed, and in the southwest
quarter of the section the white and red variety is
exposed in the bed of a small stream. It is extremely
friable, and in other respects resembles that which is
exposed at the White rapids on the Menomonee river,
south of the great anticlinal axis between the waters of
Michigan and Superior.

Near the south boundary of township 51, range 34, the
river flows over a rocky bottom composed of sandstone,
dipping north west from 2° to 2%2°. The rapids continue
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for three miles over this rock. The local disturbances in
this vicinity by reason of the proximity of the igneous
rocks have been elsewhere described. The sandstone
rarely emerges to the surface, but is covered with heavy
accumulations of clay. The Sturgeon river at the time of
our ascent was at high flood, a condition by no means
favorable to geological explorations.

On Torch river the sandstone is exposed in the bed of
the stream for the distance of more than a mile. It
consists of yellow or red grains, without any visible
cement, enclosing quartzose pebbles and patches of
dove-colored clay similar to that which occurs at Béte
Gris bay.

As this sandstone possesses no economical value, it is
deemed unnecessary to incorporate further local details.
Its boundaries are defined, to the best of our information,
on the accompanying maps.

The sandstone extends uninterruptedly from Béte Gris
bay to Black river, a distance of 120 miles. On the west
and north it is bounded by the trappean ranges, and on
the south by the granite and metamorphic rocks. On
Keweenaw Point it is about ten miles in width, but
between the head of the bay and Agogebic lake it
expands to twice that width. It forms a longitudinal
valley, through which sweep the Sturgeon, the
Ontonagon, and Black rivers, in a transverse direction.
The general appearance of this valley is that of a nearly
level plain, covered to a great depth by stratified
deposites of reddish-colored clay, in which the streams
have excavated deep and narrow ravines. It is thickly
wooded, and the soil well adapted to agricultural
purposes.

This sandstone has been examined from Pond du Lac to
Grand Sable, a distance of more than 300 miles. While
the beds, in the main, have been so little changed in the
process of consolidation as to preserve on their surfaces
the forms of ripple-marks and clay-cracks as perfectly as
we behold them at this day on the borders of the lake,
and while even the indentations of the rain-drops which
pattered upon that ancient shore are well preserved, we
search in vain for any traces of animal or vegetable life
which flourished during this epoch.* From their entire
absence we are led to infer that, during the deposition of
the sandstone, the waters of the sea, either from their
high temperature or by reason of their impregnation with
noxious gases, or both causes combined, were rendered
incapable of sustaining vegetable or animal life.

We have adduced abundant evidence to show that
during this epoch the igneous causes were in a state of
intense activity—that numerous lava-currents issued
from the volcanic fissures, and flowed among the silts
and sediments of the ancient sea. Modem volcanoes
emit carbonic acid gas, sulphuretted hydrogen and
muriatic acid. These products must have been evolved
much more copiously during this epoch, when the
exterior surface of the earth communicated with the
interior by numerous and far-reaching fissures, at that
time unfilled.

Humboldt supposes that the abundance of limestone
which characterizes the Silurian epoch resulted from the
decreasing heat of the superficial waters, allowing them
to absorb carbonic acid from the air, at that time
overcharged with that element.

Before the sandstone was entirely deposited, the
igneous causes had almost ceased to operate. We may
suppose that, as the waters parted with their heat, the
limestone absorbed carbonic acid, and was thrown down
as a precipitate on the floor of the ocean.

In these precipitates, forming the lower magnesian
limestone, we detect in the rocks of this region the first
traces of organic life. The position of this member of the
series, and the entombed remains, we shall now
proceed to describe.

*We might perhaps except the obscure traces of fucoids described by
Dr. Locke as occurring at the Pictured Rocks. One or two specimens
of lingulae have been found in Tequamenen bay; and on the St. Croix,
according to Dr. Owen, where the evidences of volcanic paroxysms
are less marked, the sandstone is highly fossiliferous.

COMPACT, OR LOWER MAGNESIAN LIMESTONE.

The sandstone; as we ascend from the lower strata to
the higher, is found to be less colored by the oxides of
iron, and to take into its composition particles of lime,
until finally it passes into-well-characterized; compact,
magnesian limestone. The upper portions of the
sandstone effervesce with acids, where a granular
structure only is recognisable by the eye. We apply the
term magnesian to this belt to define its lithological
characters, although the associated organic remains
would seem to indicate the presence of several of the
lower Silurian groups, which cannot be recognised by
lithological differences.

The whole of the northern slope of the anticlinal axis
bears evident marks of having been subjected to
extensive denudation; and hence over the greater
portion of this region we look in vain for traces of
limestone rocks. If they existed, they have been swept
away; and wherever we penetrate through the thick
deposite of clay and sand, we find the rock in place to be
sandstone. A limited patch of limestone, however, yet
remains west of L'Anse, forming the highest elevation in
that direction till we reach the trap range. Itisin
township 51, range 35, and occupies a portion of four
sections. It was first discovered, by Mr. C. C. Douglass,
in the summer of 1846, but nothing farther was known
until the township was subdivided in 1848, when its
extent and exact locality were determined.

Near the quarter-post, between sections 13 and 14,
township 51, range 35, the limestone is seen in place,
forming a bluff, about 50 feet above a small stream at its
base. Here the strata are nearly horizontal, though large
blocks have sudden down the side of the hill, and thus
appear to dip towards the east. The limestone rests
upon a white sandstone, which belongs to the upper part
of the formation which we have described as underlying
the whole of this valley.
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A little to the west of the line, between sections 23 and
24, and extending for a little more than a mile, the
limestone is seen in. a high cliff which runs south and
gradually bends to the eastward, crossing the line, in
several ridges, near the southern limit of these sections,
when it disappears beneath the drift materials. Ledges
of rock are occasionally exposed, from 20 to 50 feet in
thickness. The height of the bluff above the surrounding
country is fully 200 feet; and about 600 feet above Lake
Superior. The limestone is distinctly stratified, in layers
from an inch to a foot in thickness, which dip, according
to measurements taken along the lower edge of the
precipitous portion, from 25° to 30°; and the direction of
the dip is always to the eastward, varying at different
points from N. 50° E. to S. 20° E.

It is of a buff color—in some places silicious, with
guartzose nodules; but in others, highly magnesian,
containing about 45 per cent. of carbonate of magnesia.

From the horizontally of the first described deposite,
which occurs about a quarter of a mile to the north, it
seems evident that the limestone overlies the sandstone,
although the position of the inclined beds of the more
southerly portion of the limestone is at first difficult to
explain, since the surrounding country is low and level,
and underlaid by sandstone in horizontal beds. It seems
evident that at this point the country has been disturbed
and upheaved by igneous action beneath which has
raised the strata, without any appearance of trappean
rocks on the surface. This view of the case is
corroborated, by the fact that at no great distance from
this point an elevation occurs from which the strata of
sandstone dip on all sides, and although there is no
igneous rock visible, yet it is evident that the sandstone
has been raised in a dome-like protuberance by a mass
of igneous rock pressing upon it from below. The same
cause is also indicated by the irregular variation of the
magnetic needle in the vicinity observed by the linear
surveyors, which is unusual except when caused by the
proximity of the trappean rocks.

The isolated knob of trap called Silver mountain, which
has been before described, is an example in point—
where, however, the elevating force has not only been
sufficient to raise and shatter the strata of sandstone,
but, at the same time, to protrude a mass of molten
igneous matter above the surface.

Geological position.—As to the geological position of this
limestone, there can be little doubt that it is superior to
the sandstone. Mr. Whitney and Mr. Hill have both
explored it with care, and both Rave arrived at the same
conclusion. The sandstone, wherever observed in this
region, rests unconformably on the argillaceous schists.
It is seen in this position ten miles east of this deposite,
and is found in the beds of the streams in this vicinity.
On the southern side of the axis, Messrs. Foster and Hill,
found these two groups occupying the same relative
position.

Organic remains.—The fossil remains entombed in this
deposite are by no means abundant, and are so

imperfect, consisting for the most part of casts, that it is
impossible to identify species. We have submitted such
as were collected by us to Mr. James Ball, the
accomplished paleeontologist of the New York survey,
and herewith append his report:

"l have examined the fossils submitted to me from the
limestone west of Keweenaw bay. The specimens,
unfortunately, are all in the condition of casts of the
interior, and therefore the evidence is less satisfactory
than if the shells had been preserved. The evidence
from the whole together goes to prove that the rocks
from which they were obtained belong to the older
Silurian period.

"This evidence | will give in detail, so that you may judge
of its value, as well as myself; and you may give what
weight you think proper to it in your generalizations.

"One of the most conspicuous fossils (No. 1) is a species
of maclurea, not unlike the species from the Chazy
limestone. All the species of this genus yet known have
been found in the rocks of the lower Silurian period; and
although many hundreds of gasteropodous molluscs are
known in the higher rocks, there is not one of this genus,
nor any form approaching it. | feel inclined, therefore, to
regard this genus as a lower Silurian type.

“No. 2 is a fragment of a spiral gasteropod, either
murchisonia or loxonoma the surface markings being
obliterated, it is not easy to determine to which of these
genera it belongs. Its association with maclurea
presumptive evidence that it is a murchisonia, the
species of which in this country are restricted to the
lower Silurian rocks.

"Among the acephalous molluscs, the casts of a species
of ambonychia (No. 3) are very conspicuous. The
species are near A. orbiculata of the Trenton limestone,
but are somewhat more elongated, and approach A.
amygdalina.

“A considerable number of specimens are of species
belonging to genus modiolopsis, (No. 4,) among which
are several bearing a close resemblance to M. truncatus.
Other specimens (No. 5) bear a very resemblance to
edmondia subtruncata and E. subangulata of the
limestone, (Pal. N. Y., vol. 1, p. 156, pl. 35, figs. 2 and
3;) but these specimens, which are casts, show a
greater affinity to modiolopsis in having the strong
anterior muscular impression so characteristic of genus.

"The specimens No. 6 are casts bearing a very close
similarity to edmondia ventricosa. (Pal. N. Y., vol. 1, p.
155, pl. 35, fig. 1.) These specimens cannot but be
regarded as identical or closely allied to the species
cited.

"The cast bears no strong anterior muscular impression,
but the laminar-between the beaks are impressed on
both sides by prominent teeth, furnish sufficient marks to
identify the species in this condition.
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"No. 7 is another species of the same genus as the last,
and is closely allied, if not identical with a species from
the Trenton limestone of New York.

"The lepteenee (No. 8) have the characters of L. sericea,
which highest range does not extend above the Clinton
group of New York, and is more characteristic of the
limestone from the base of the Trenton upward to the top
of the Hudson river group, or blue limestone of Ohio.

"The species of orthis (No. 9) is too obscure to be
identified, but it presents the characters known to me
only in the lower Silurian rocks.

"The crinoid joints on specimen No. 10 belong to the
genus glyptocrinus. The species is hot more recent than
the Hudson river group.

"The fragments of orthoceratites are too obscure to form
any reliable opinions concerning them. The other fossils
belong to bodies unknown to me at the present time."

From all of the facts, these fossils may be regarded as
belonging to the earlier types of organic life. From the
limited scale on which these deposits are developed,
and the imperfect character of the organic remains, it is
impossible to fix their precise equivalents in the New
York classification. The sandstones and limestones
which we have described be regarded as the equivalents
of the Potsdam and Calciferous stones, the Chazy,
Bird's-eye, and Black river limestones, and of the
Trenton and even the Hudson river groups.

We have designedly omitted many facts with regard to
the rocks of this region; but in a subsequent report we
purpose to their range and extent, and also their fossil
contents. In the execution, of this task we shall be aided
by Mr. James Hall, who has investigated the Silurian
rocks more thoroughly perhaps than any other American
geologist.

RESUME.

Having thus, in several of the preceding chapters,
delineated the boundaries and described the lithological
characters and mineral associations of the different
systems of rocks embraced within the copper region, it
will not be deemed inappropriate to advert to the varying
conditions of the earth during the period of their
formation.

We may suppose that at one time all of this district
formed a part of the bed of the primeval ocean.
Adopting the theory of a cooling globe, we may further
suppose that the waters were in a heated condition, and
differed essentially in chemical composition from those
of the present oceans. The earth's crust was intersected
by numerous, powerful fissures, and the communication
between the exterior and interior was unobstructed.
Volcanic phenomena were much more frequent, and
exerted on a grander scale. Each volcanic paroxysm
would give rise to powerful currents and agitations of the
water, and their abrading action in detaching portions of
the pre-existing rocks, and depositing them in beds and

layers on the floor of the ocean, would operate with
greater intensity than at the present time. We can trace
the remains of one volcanic fissure extending from the
head of Keweenaw Point, in a southwesterly direction, to
the western limits of the district; and of another, in a
parallel direction, from the head of Neepigon bay to the
western limits of Isle Royale. Along the lines of these
fissures existed numerous volcanic vents, like those
observed at this day in Peru, Guatemala, and Java,
which were characterized by periods of activity and
repose. From these vents were poured forth numerous
sheets of trap, which flowed over the sands and clays
then in the progress of accumulation. During the throes
and convulsions of the mass, portions of rock would
become detached, and rounded simply by the effects of
attrition, and jets of melted matter be projected as
volcanic bombs through the air or water, which, on
cooling, would assume spheroidal forms; while other
portions of the rock, in a state of minute mechanical
division, would be ejected in the form of ashes and sand,
which, mingling with the water, would be deposited, as
the oscillations subsided, among the sands and pebbles
at the bottom of the sea. During the whole of this period
of volcanic activity, the sands which now form the base
of the Silurian system were in the progress of
accumulation, and became mingled with these igneous
products. The level of the sea, as evidenced by the
ripple-marks, was subject to repeated alterations:
sometimes it rose so shoal that the marks of the rippling
waves were impressed on the sands; at others, it sank to
unfathomable depths.

In the process of consolidation, the rocks became
traversed by numerous fissures, and the water, charged
with lime, was forced in like jets of steam, filling them
with materials different from the enclosing mass. In this
way the pores in the conglomerate and the vesicles of
the amygdaloid were filled.

Thus alternating bands of igneous and aqueous rocks
were formed,* until finally the great crystalline masses of
greenstone were protruded through the fissures, not in a
liquid, but in a plastic state, lifting up the bedded trap
and conglomerate, and causing them to dip at high
angles from the axis of elevation. As the volcanic action
diminished in energy, the detrital rocks enclosed fewer
igneous products; and, when it ceased altogether, sand
and clay, derived from regions remote from the lines of
disturbance, were the only materials which, for a time,
were deposited on the floor of the ocean.

*Consult, passim, De la Beche, (Survey of Cornwall,) Murchison,
(Silurian System,) and Professor Edward Hitchcock, (—vol. American
Journal of Science,) as to the mode of formation of the bedded trap.

These belts have often been described as dikes, into which the molten
matter has been injected along the lines of least resistance. If this
were the case, we ought to find them, like the dikes of greenstone in
the granite, cutting across the formation, for that would be the line of
least resistance, and penetrating the mass in numerous ramifying
veins. We should expect to find the junction between the igneous and
aqueous rocks clear and well defined, and no marked characteristics
between the upper and lower portions of the erupted matter.

This, however, is far from being the case. The upper portion of the
trap belts is highly vesicular, resembling pumice. Frequently we find
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angular blocks of trap included in this paste, like ice which has been
broken into fragments and afterwards reunited. We find sandstone de
posited in the fissures of the amygdaloid, and angular fragments of the
latter included in the sandstone. Between the two rocks there is no
well-defined line of junction. The sand and pebbles appear to have
been thrown down while the latter rock was in a viscid state. On the
other hand, where the trap is exposed reposing on the sandstone, the
line of demarcation is clearly defined, the trap is less vesicular, and the
sandstone more changed. These appearances clearly Indicate to our
minds that the bedded trap flowed like lava-streams among the sands
while in the progress of accumulation, instead of having been injected
in the form of dikes after the consolidation of the strata had been
effected.

*This incident is cited by Murchison in his Silurian System, and applied
in illustration of the formation of the bedded trap.

To illustrate the nature of volcanic action, we need only
to revert to Instances which have happened within the
present century.* So recently as 1831, a mass of rock
rose up from the sea near the coast of Sicily, where
soundings had previously been made to the depth of six
hundred feet. This mass, which was subsequently
known as Graham's island, rose gradually from the
water, until it attained an elevation of two hundred feet
above the surface, and a circumference of three miles.
It slowly diminished to the circumference of three
hundred yards, and in the course of three months sank
eleven feet below the water, leaving a dangerous reef.

The formation of this island was attended with
earthquakes and waterspouts, and the effusion of vast
guantities of steam and vapor. The surrounding water
was covered with scoriee and the bodies of fishes.
Fragments of rock were detached by the waves and
currents, and deposited in the bottom of the sea.

Now, if its bed were laid bare, it would probably be found
to exhibit a section somewhat like the following:

1. A mass of volcanic rock, forming an axis or cone,
crystalline or granular in proportion to the rapidity or
slowness with which it parted with its heat; and the
degree of pressure to which it had been subjected.

2. Volcanic breccia, consisting of fragments which had
become detached and afterwards reunited with the fluid
mass.

3. Coarse conglomerate, composed for the most part of
pebbles derived from the upheaved mass.

4. Beds of arenaceous and calcareous patrticles,
brought down by the rivers of the adjacent coast, and
enveloping the remains of fishes, if not too perishable in
their nature, and of shells, inhabiting the surrounding
sea.

The conglomerates and trap tuffs would rapidly thin out
as we receded from the volcanic focus, and be replaced
by the silts and sediments derived from the rivers flowing
into the sea.

Such, we conceive, was the process by which the rocks
embraced in this report were formed. The heated
condition of the fluids, as well as the gaseous
exhalations constantly escaping through the open
fissures, would prevent the development of animal and
vegetable life.

When the igneous action became dormant, the water,
having with a portion of its heat, would absorb carbonic
acid from the atmosphere, which, uniting with the lime
held in solution, would be precipitated in beds and layers
at the bottom of the sea. This Humboldt conjectures to
have been the origin of the vast deposites forming the
Silurian limestones. As the condition of the water
changed, numerous types of animal life sprang into
being, whose remains are so profusely scattered
throughout the strata of that era.

NoTe—Since the foregoing chapter was written we have examined
Dana's Geology of the Exploring Expedition, and find that his
description of the volcanic belts of the Pacific islands corresponds in
many respects with those of the region under consideration.

Thus, Mani, one of the Sandwich islands, is composed of compact and
cellular basalt, and compact clinkstone; but at the northeastern
extremity there is a cliff of conglomerate 300 or 400 feet high. In a
pass through the mountains, Dr. Pickering observed it 2000 feet above
the level of the sea, consisting of half rounded fragments of volcanic
rocks.

"On Oahu, the compact basaltic lava alternates at times with
conglomerate and tufas. Many of the conglomerates are beds of
rounded stones and gravel, of the same material as the mountains.
Others are compacted beds of basaltic earth, and have a tufa
character. The material in many places consists of true volcanic
scoriee and cinders; the former twisted and ropy, and the latter looking
like cemented pitchstone, and the whole is so loosely aggregated as to
crumble in the hands. The alternation of the solid and conglomerate
layers may be seen at many places. The latter are very irregular;
graduating: frequently into the finer kinds, and forming irregular beds."

In describing the geological features of Kawai, another of this group,
he remarks: "The conglomerates are very various in structure. Some
are a coarse tufa; others consist of large rounded masses—many thirty
cubic feet in size, lying together, with earth and pebbles filling up the
interstices. They contain all the rocks of the mountains, the most
cellular, as well as the most compact. Near the descent into the
Harapepe valley, not far from the bottom, there were masses of scorige
in the conglomerate, looking as if there had been ejections of scoriee in
the vicinity while the island structure was in progress, and before the
superincumbent two hundred feet of layers had been formed."

Similar conglomerates occur at the Society islands, and the Samoan
islands. "At the Fejee islands the coarse conglomerates pass
gradually into a basaltic sandstone, consisting of fine grains of a very
uniform texture. A still finer variety of compact structure resembles an
argillaceous rock, and might be mistaken for it from hand specimens.

* Kk Kk

"At the Mali cliffs the conglomerate differs in hardness; but in most
instances bears evidence of the action of heat in the firmness with
which the fragments are cemented together. They are sometimes
found in close contact with the solid basalt, at first seeming to be
embedded in it. At many localities the rock will as readily break across
the fragments of basalt as along the material which unites them.

These rocks are generally stratified; though the stratified structure is
often more distinctly seen in the distant view than on the spot. In some
instances it is minutely distinct. The strata are generally horizontal, but
along the shores it is not unusual to find a large inclination towards the
sea. Some of the higher elevations of Vanua Lebu, (Fejee islands,)
consist of these conglomerates. The little village of Mathuata is over-
looked by a frowning bluff 3,000 feet in height.”
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CHAPTERIV.
MINES AND MINING.

The extent mid depth of the principal mines.—The
effects of a knowledge of metals on civilization.—
England, her minerals.—The invention of gunpowder.—
The steam engine.—The method of proving veins.—
Stopeing.—Timbering.—Machinery for raising the
ores.—Detailed description of the Lake Superior
mines.—Their present produce and prospect of future
increase.—Statistics with regard to the mineral wealth of
different countries.—The consumption of copper by
different nations.

The exploitation of mines affords some of the most
splendid examples of human contrivance and ingenuity.
In extent these underground workings surpass the
proudest monuments of architecture, and, with their
various shafts, adits, and galleries, constitute a labyrinth
as inextricable as that of Crete. The largest architectural
structures are erected to gratify the public taste, or
commemorate some signal achievement in arts or in
arms; but these subterranean structures exhibit proofs of
elaborate and persevering effort scientifically directed to
what is practical and useful.

To show the extent to which they have been carried, a
few prominent examples will be cited. The engine-shaft
of the United and Consolidated mines in Cornwall
reaches to the depth of 1,650 feet; and the length of the
various shafts, adits, and galleries exceeds 63 miles.
The great adit for the discharge of the waters of the
Gwennap mines, Cornwall, exceeds thirty miles.* The
depth of the famous silver mine of Valenciana, Mexico,
is 1,860 feet. The workings of the Sarnson mine at
Andreasberg, in the Harz, have been prosecuted to the
depth of 2,197 feet. The depth of the mines in the
Saxon Erzebirge, near Freiburg, are, in Thurmhofer
mines 1,944 feet; in Honenbirker mines 1,827 feet. The
depth of the celebrated mine of Joachimsthal, in
Bohemia, is 2,120 feet. The Eselschacht, at Kuttenberg,
in Bohemia, a mine which is now abandoned, reaches
the enormous depth of 3,778 feet. At Rérerbihel there
were, in the sixteenth century, excavations to the depth
of 3,107 feet, and the plans of the works are yet
preserved.t These excavations appear the more
wonderful when it is considered that they were made
before the introduction of gunpowder. The old
Kuttenberger mine is an example of the greatest depth
to which human labor has been able to penetrate; and if,
to use the language of Humboldt, we compare its depth
(a depth greater than the height of the Brocken, and only
200 feet less than that of Vesuvius) with the loftiest
structures that the hands of man have erected, (with the
Pyramid of Cheops, and with the Cathedral of
Strasburg,) we find that they stand in the ratio of eight to
one.

The products of mines have contributed in a marked
degree to the advancement of the human race. Without
a knowledge of their application to the useful arts, the
human family would have remained in the rudest and

most simple state of society, dependent on the chase or
the spontaneous fruits of the earth for the means of
subsistence; or certain tribes, under favorable
circumstances, might have become nomadic herdsmen.
This knowledge rests at the foundation of the three great
objects of human pursuit—agriculture, commerce, and
manufactures.

*De la Beche and Burr.
Humboldt, Cosmos, volume 1.

To show how intimately the metals are connected with
the comforts and conveniences of life, we need only to
refer to our daily observation. They afford to man the
means of rapid communication between distant points;
they are essential in the construction of the roof that
shelters him, in the preparation of the food that
nourishes him. and of the raiment wherewith he is
clothed.

It will be found, too. that the greatness of a nation is as
dependent upon the geological structure of the country
as upon any peculiarity of its laws and institutions.
England owes her pre-eminence among European
nations as much to her mineral wealth as to the
principles of her free constitution. It is probable that she
would have been as powerful as we now behold her, had
she never been successively invaded by Roman, Dane,
and Norman. Long before the Christian era, her shores
were visited by the Tyrian fleet, in search of tin to convey
to the then emporium of the world. Her mineral wealth
has been the main-spring of her prosperity; and were
this exhausted, she would sink to a second-rate power.
It is this which has built her workshops and factories,
and filled them with colossal machinery; it is this which
has equipped her fleets, and made her the carrier of the
world on the great highway of nations. Her exhaustless
supply of fossil fuel has made Swansea the smelting-
house for the copper of both hemispheres. It is this
which moves her 20,600 steam-engines, supplanting the
labor of at least five millions of men, and performing it
with a precision and certainty which human hands could
not attain.

There are two inventions which have given the moderns
infinitely greater facilities in the exploration of mines than
were enjoyed by the ancients. These are the inventions
of gunpowder and the steam-engine.

The invention of the former has been ascribed to the
Arabian alchymists, but M. Reinaud has shown that their
claim is without foundation. It was first used for blasting
rocks in the Rammelsberg mines, in the Harz mountains,
in the twelfth century. It was first introduced into
England, according to Mr. Watson, early in the
seventeenth century, by Prince Rupert, who brought
over a gang of German miners and employed them in
the copper mines of Staffordshire. It was not known in
Somersetshire until 1620, after which it became
introduced into Cornwall. It has been supposed that it
was first used in the districts of Lelant, Zennor, and St.
Ives, by two men, named Bell and Case, who came from
the East. They kept their operations a profound secret,
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suffering no one to see them charge the holes; but a
man of Zennor concealed himself behind a bolt, and
discovered and revealed the mystery.

The-steam-engine has proved as efficient an auxiliary in
the working of mines as gunpowder, and without its aid,
many of the mines of Europe, now profitable, would be
rendered worthless.

The advantages of this agent have been graphically
described by Mr. Webster:* “It is on the rivers, and the
boatman may repose on his oars; it is in highways, and
begins to exert itself along the courses of land
conveyances; it is at the bottom of mines, a thousand
feet below the earth's surface; it is in the mill, and in the
workshops of the trades; it rows, it pumps, it excavates,
it carries, it draws, it lifts, it hammers, it spins, it weaves,
it prints."

The first steam-engine employed in mining in Great
Britain was erected in Cornwall, between the years 1710
and 1714; now, the steam-power thus employed for
these purposes, according to Mr. Watson, may be
estimated as amounting to the labor of 150,000 horses,
or that of 750,000 men.

In the Lake Superior copper region the position of the
mines is generally exceedingly favorable for exploration;
they are mostly situated in the lofty trappean cliffs, which
afford great facilities for raising the ore and for draining
the water.

The usual method resorted to for the purpose of mining
a vein, the position, underlie, and bearing of which have
been determined, is to sink shafts on the lode where it is
nearly vertical, or away from it where it is inclined, so as
to intersect it at a given depth. In the latter case, it is
necessary to excavate much unprofitable ground in
order that the working shaft may be perpendicular.
Simultaneously with these operations, it is advisable to
commence the construction of an adit-level—a work
requiring the exercise of the highest judgment and skill
on the part of the mining engineer, not only to select the
most advantageous site, but to intersect the shaft at a
given point. The adit-level often serves the double
purpose of draining the mine and of exploring the
country through which it passes. Where a lode is
profitable, the adventurers often expend large sums to
get rid of a few inches of water. Professor Ansted states
that he has often known £20,000 or of £30,000
expended in this way for-the purpose of saving a single
foot of water. We have before adverted to the immense
sums expended at the Consolidated mines on these
objects.

The contents of the lode are attacked by means of
horizontal galleries extending between the shafts.
These are ordinarily driven at the depth of 50 or 60 feet.
Winces or vertical shafts are often started from the
extremities of the galleries, for the purposes of
ventilation and laying bare the lode. In this way the
metallic contents of a vein are cut into a series of oblong
blocks, the removal of which is called stopeing. This is
accomplished in two ways—either from above or below.

In either case the excavations are disposed in steps, like
a stair. One miner cuts out a rectangular mass from 4 to
6 yards in length and 2 yards high. While he is carrying
forward this work, another miner commences two yards
beneath the first, and in the same manner excavates the
rock beneath his feet. In this manner as many miners
operate simultaneously as there are steps between the
two horizontal galleries. As they advance, wooden floors
are constructed for the purpose of sustaining the attle or
rubbish. Such portions of the lode only are taken down
as are supposed to be sufficiently rich to pay for the
extraction of the metal. This method of working will be
readily understood from an inspection of the sections of
the mines attached to the descriptions in this chapter.

The ascent and descent of the miners is effected by
means of ladders placed against the shaft, interrupted at
every ten fathoms by floors. Inventions for ascending
and descending by machinery have been put in practice
in the deep mines of the Harz, and other districts where
the mines have been worked to a great depth, by which
a great saving of time is effected.

*Address before the Boston Lyceum.

The timbering of the shafts and adits forms in many
mines a very considerable item of expense. In Cornwall,
the timber mostly employed is Norwegian pine; in
Germany, on the contrary, oak is chiefly used. Such
kinds of wood as can be had at the least cost are
generally used, though the importance of sound
timbering in extensive mines is very great, and the
condition of this portion of the work forms a considerable
item in estimating the value of a mine which has been
long worked. The quantity of timber in the Cornish
mines is so great that it has been estimated that it would
require one hundred and forty square miles of
Norwegian forest to supply it.

The quantity of timbering required in the Lake Superior
mines is comparatively small, since the walls of the
shafts are of firm and unyielding rock; but near the
surface, where the rock is broken and disintegrated,
strong supports are requisite.

The annexed sketch (fig. 18) will explain the method of
timbering a horizontal excavation through which a train-
road is laid for conveying the ores to the surface:
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In the Lake Superior land district, the resinous trees
afford the best material for timbering; and the tamarack,
in strength and durability, will probably be found superior
to all others. The spars should be deprived of their bark,
as, by retaining the moisture, it accelerates
decomposition.

The pumping of the water from the mines, and the
raising of the ore, in this district, have been thus far
effected principally by horse-whims. At the Cliff mine it
was the intention of the proprietors to put up steam
machinery for this purpose during the past winter, which
we presume is now in successful operation.

This agency will ultimately be employed at all the mines,
even where water-power can be made available; for, in a
region where the climate is so rigorous as on the borders
of Lake Superior, and where for months in succession
the thermometer does not range above the freezing
point, there is too much uncertainty connected with the
use of the latter. In the stamping-mills, during the
intensely cold weather, it becomes necessary to resort to
fires to prevent the steam from congealing on the
engine, in long icicles, and the ice from forming on the
stamp-heads. In an extensively opened mine, giving
employment to many hundred people, uncertainties of
this kind must be avoided. The work must progress from
day to day; the stopers following fast on the drivers.

The usual whim employed in the mines is exhibited in
the annexed cut:

Fig. 19.

A vertical axis supports a drum on which a rope is
wound and unwound the rope passing over fixed pulleys,
called poppet-heads, and being attached to the two

kibbles or buckets, one of which descends as the other
ascends. In raising the heavy masses of copper at the
Cliff mine, a powerful capstan is used, in connexion with
suitable tackle, by which a weight of several tons can be
raised.

Having thus briefly noticed the general nature of the
exploration, we will now proceed to describe the
principal mines in this district; and to illustrate the
method of working, and the progress of the under-
ground operations, we have prepared several sections,
taken principally from surveys and measurements of Mr.
Hill.

CLIFF MINE.

The Cliff mine is situated on Keweenaw Point, about
three miles from the lake shore, in the southwest quarter
section 38, township 58 north, range 32 west. A range
of elevated hills sweeps round in a crescent form,
trending in a south westerly direction, and forming the
western boundary of the valley of Eagle river. In places
these bills attain an elevation of 800 feet, and towards
the valley present bold mural escapments, while on the
side exposed to the lake the slope is gradual. This
range is composed of trappean rocks. The summit is
capped by a hard crystalline greenstone, as at the Cliff
mine, passing into a feldspathic porphyry, as at the
Albion. Below, and forming the base of the ridge, is a
belt of granular trap, occasionally amygdaloidal.
Between the two there is a thin belt of slaty chlorite
about twelve feet in thickness. These belts dip to the
north at an angle of 45°, conforming in this respect to the
inclination of the detrital rocks which flank the range on
the north. Wherever veins are observed in the
greenstone, they are found to be pinched and barren;
but where they enter the compact or granular trap they
expand in width, and become charged with metal. This
trap has a good degree of firmness, and consists of
labrador feldspar, and chlorite. It has been remarked
that the best rock in this region for productive veins is
neither a crystalline greenstone nor a soft porous
amygdaloid, but a granular trap, with occasional
amygdules scattered through it, and possessing a good
degree of consistency. Where veins enter the
greenstone, as before remarked, they become pinched;
where they penetrate the soft amygdaloid, they become
scattered and lose themselves.

The lode of the Cliff mine is seen to occupy a break or
depression in the hill, and thence can be traced to its
base. It was discovered in the summer of 1845, and
during the succeeding fall a drift was carried into the
greenstone about one hundred feet, (see plan, A,) and
between that point and the summit several others were
opened. When first discovered, the vein could only be
seen in the upper belt of greenstone, the metalliferous
zone being concealed by detritus. No one could have
inferred from its appearance at that time that the
enormous masses of copper existed but a short distance
below which subsequent explorations revealed. It was
examined by Dr. Jackson and Mr. Whitney conjointly,
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about the time of its discovery, who reported that the
surface indications were not highly favorable at the
points where the vein was exposed; but that, as it
became wider and richer in its downward course, the
company should by all means make a thorough
examination by uncovering and examining the vein at
the base of the cliff. At the summit it appeared hardly
more than an inch or two in width; the gangue was
mostly prehnite, with copper associated with silver,
incrusted with beautiful capillary crystals of red oxide.
Further down the vein was again exposed; here it had
expanded to the width of nearly two feet, the veinstone
consisting of a series of reticulations of laumonite.

Up to this period the sandstone and conglomerate were
supposed by many to afford the best mining-ground, and
that to this source they were to look for permanent
supplies of the sulphurets of copper.

During the winter of 1845-'46, some German miners, in
clearing away the talus near the base of the cliff,
discovered a small loose specimen of mass copper.

This stimulated them in their researches, which resulted
in the discovery of the vein in the belt of granular trap (b)
about twelve feet to the east, showing that it had been
subjected to that amount of heave or dislocation. From
that point a level was carried into the hill seventy feet
before anything valuable was developed, when the great
mass, so called, was struck—a fortunate circumstance,
not only to the company, but to the whole mining interest
on Lake Superior, it gave encouragement to those
engaged in these pursuits, and induced them to
persevere. It also demonstrated the true source from
which the loose masses occasionally found on the lake
shore had been derived. It demolished the fanciful
theory advanced by at least one geologist as to the
transport of the Ontonagon mass from Isle Royale, and
showed that it was not necessary to resort to icebergs
and changes in the relative level of land and water to
account satisfactorily for its position. From that time to
the present day, hardly a month has elapsed without
developing new masses; and their occurrence; so far
from creating wonder, is regarded as a matter of course.
The largest single mass hitherto exposed weighed about
fifty tons. The position of the mass copper in the vein is
indicated by the spaces between the dotted lines marked
M, while the intervening spaces, marked S, afford
stamp-work.

It will be seen, by reference to the plan, that the levels 1,
2, and 3 have been extended northwardly into the
greenstone before described, but in no instance has the
vein been found after having pierced that rock. This
arises probably from the lateral dislocation before
referred to, the true position of the vein being twelve feet
to the west. As a matter of curiosity even, it would be
desirable to cross-cut to determine the extent of this
fault, and the character of the vein where it enters the
greenstone. It will, without doubt, be found less
metalliferous at that point than in the granular trap which
contains the present workings.

The deepest shaft in this mine has been sunk 270 feet
below the surface. The other two are little less in depth.
The adit, which drains the mine to the depth of 100 feet
below the first gallery, has been extended 750 feet. The
amount of stopeing and timbering, and the disposition of
the attle. Or rubbish, will be seen by inspecting the plan.

The force employed in this mine at the present time
consists of 160 men. The mine is under the
management of Capt. Jennings, who has displayed
much energy and judgment in developing it. If any
criticism may be allowed, it would be to the effect that
there has been no increase in the force for the last
eighteen months. The openings in the mine should be in
advance of the stope-work. By pushing these forward
the country is explored, ample space is given to the
miners to work, and opportunities from time to time
afforded to increase the force.

The machinery employed for raising the ore and freeing
the mine from water is admirably contrived; but the mine
is now so thoroughly opened that the company will soon
substitute a steam-engine in the place of horse-power.
The stamps erected here were the first which operated
successfully, and have served as a model for the mines
in other parts of the district.

The connexion between the different parts of the mine is
exhibited in Plate VIII, which is to be regarded as a plan,
rather than a landscape. The cliff in the back ground
consists of the crystalline greenstone before described.
The vein traverses it in a nearly perpendicular direction,
pierced by several galleries which extend no great
distance, as will be seen by reference to the section,
Plate VIl—the vein here proving to be contracted and
meagre in metal. The mining ground, represented in
Plate VII occurs below the cliff of greenstone in a belt of
amygdaloidal trap, and the relations of the two rocks are
exhibited in the plan last referred to. The poppet-heads
and whims for raising the ore and water are seen at the
entrance of the shafts. The building near the centre is
used for calcining the rock preparatory to stamping it,
assorting the ore, and cutting the mass copper. The
building on the extreme right contains the stamps and
washing apparatus, which will be described in detail in
another chapter. The productiveness of this vein may be
inferred from the amount of stopeing which has been
done, which is represented by the dark portions in the
section, Plate VII. The disposition of the attle is also
there represented.

Prom the reports of the trustees rendered in 1849 and
1850 we gather the following information:

The amount of capital stock paid in by the stockholders
=$110,000. The personal effects of the company on the
1st of December, 1848, were $140,982, leaving a
surplus of $111,105—a sum a little more than equivalent
to the entire capital stock. This statement does not
include the mine, with its fixtures and improvements,
such as the stamping-mill, furnace, &c.
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The net products of the mine, and the expenses of
mining proper, from the commencement; are given
below:

Produets.

1846 - . - - - &8,870 95
1847 - . . - - T00TT 32 R
1848 - - - - - 166,407 02 67,667 58

1849 - . - - - 244,237 54 106, 968 77

This embraces such expenses only as were incurred at
the mine; those of insurance, commissions, freights, &c.,
are excluded. The cost of transportation to Boston is
$15 per ton; to Pittsburg, $7 50. The incidental
expenses amount to about 20 per cent., in addition to
those of mining.

The company have erected the necessary works at
Pittsburg for smelting and refining the copper, and they
estimate that the shipments for the year ending
December, 1849, will amount to 660 tons of refined
copper.

The product of silver for the year 1849 was $2,365 30.

The following table exhibits the monthly products of the
mine for the two years ending December 1, and the
character of the ore. It will be seen that, while the
amount of the barrel and stamp-work has increased, the
amount of mass copper has slightly diminished.

Statement of the wwnthly yield of copper during the years 1518 and 1549,

Ep@ErrErEYSY |

North American mine.—This mine is situated in the NW.
guarter of section 2, township 57 N., range 32 W. Its
geological position is similar to that of the Cliff mine
before described, both being in the same range of cliffs,
and occupying adjoining quarter sections. The veins,
however, are distinct. From the surface to the point B, in
the smaller shaft, the lode dips 23° below the horizon,
where it is intersected by a small vein or feeder, beyond
which, in its downward course, it dips but one foot in six.
The following sketch represents a cross-section above
the point B. Here, the lode was found to be of little
value, contracting to a foot or eighteen inches in width,
and affording stamp work of an inferior quality. Below, it
increases in width, and becomes highly metalliferous. At
the point C, another feeder comes in, which, like the
former, enriches and expands the lode still further. The
walls are very variable. In some places, they contract to
a mere fissure; again they expand to seven feet. This
expansion is observed where the vein C comes into the
main lode. Through the entire length of the lower level, it
has been found good, containing in some places mass
copper. From an examination at the depth of ninety-five
feet, it is inferred that the veinstone is 3 or 3% per cent.
richer than that taken from the second level. The stamp-
work, at present, yields about 7 per cent. This estimate,

we are aware, is 3 per cent. lower than the agent rates it.
From every bunch of ore containing 30 tons there are
taken 4 tons of what is called barrel work, yielding 40 per
cent. of copper, and the addition of the masses at 60 per
cent. will make the average yield of the contents entire
not far from 9% per cent.

Fig. 20.

The gross amount of copper taken from the mine during
the past year is not far from 1,400 tons, which will yield
129% tons of pure copper.

The mine has not been opened sufficiently, except within
the last seven months, to admit workmen to advantage.
Thirty-five tons of copper have been sent to market
during the past season, and the product for the next
season may be safely rated at 200 tons. When fairly
opened, it will annually yield fro 400 to 600 tons of pure
copper.

The stamps connected with this mine are the best
hitherto erected in this region. They are driven by a
steam-engine, and with eight stampers are capable of
turning out 80 or 90 tons per week.

Appended to the section is a view of the vein as it
appeared at the point A, in the lower level, 180 feet
below the surface. A sheet of native copper, one foot in
diameter, was seen to occupy the foot-wall, and to
extend from the bottom to the top of the gallery. The
other portion of the vein, one foot in thickness, was
composed of calc-spar, quartz, chlorite, and epidote,
filled with small spangles of copper. Its course is N. 58°
W.—cutting across the formation.

This mine at the present time gives employment to 61
miners and 24 surface-men. The monthly pay of the
former amounts in each case to $24; of the latter, $20.

These workings have been prosecuted under many
disadvantages and discouragements; but through the
energy of Mr. John Bacon, the agent, they have been
overcome, and the company are in the possession of
one of the most valuable mines in this region.

Minnesota mine.—This mine is situated about two miles
east of the Ontonagon river, and fifteen miles from its
mouth, (NW. quarter section 15, township 50 N., range
39 W.) The trap ranges here run in a NE .and SW.
direction; and attain an elevation of about 700 feet above
the lake. Like the range of Keweenaw Point, they are
flanked by sandstone and conglomerate, dipping
northerly, besides containing intercalated beds of these
detrital rocks. The section of the adit appended to the
plan of this mine shows the relation of one of these
sedimentary beds to the igneous formation.

31st Congress, 1st Session. -- Ex. Doc. No. 69. — Page 16 of 66



This vein belongs to a system totally distinct from that of
Keweenaw Point. While the latter system crosses the
formation at nearly right angles, the former has a course
and inclination nearly conformable to those of the
accompanying sedimentary rocks.

The inclination of this vein is north 52°, which is parallel
with the sandstone seen at the base of the hill. (Vide
section of the adit before referred to.) The veinstone
consists of epidote, chlorite, quartz, and calc-spar,
distinct in character from the wall-rock. The walls of the
vein are, for the most part, well defined, exhibiting the
grooved and polished appearance, termed by the
Germans slickensides. Throughout the gangue, copper
exists in masses, bunches, and spangles. Silver occurs
in places in connexion with calc-spar and chlorite, one
specimen of which weighed eight ounces. In the spring
of 1849, we examined this mine before any stopeing had
been done. The drift had been extended between the
two shafts, 156 feet apart. At the point of intersection
between shaft No. 1 and the drift, a mass of nearly pure
copper five feet in thickness was exposed, occupying the
hanging-wall. A few feet east, it was observed to
change its position and occupy the foot-wall. The sheet
copper appeared to be nearly continuous between the
two shafts. The width of the vein at the point where the
level intersects the shaft No. 1 was found to be eight
feet, but at shaft No. 2 contracted to three feet. This
increased width is due to a feeder or branch which
intersects the main lode and becomes merged with it,
where shaft No. 1 is sunk. To the west of this point, a
drift has since been extended eighteen feet in length and
thirty-eight feet below the surface. Here, the vein
expands to eight feet, and is almost entirely filled in with
sheets of native copper. Shoots branch off from the
main mass, occupying the fissures, so as to interpose a
brazen barrier to further driving in that direction. These
masses can only be reached by stopeing from the adit-
level upward until they are intersected, and then driving
along their sides. By means of powerful sand-blasts
placed between the sheets and the hanging-wall, they
can be thrown down; after which, a great amount of
labor remains to be performed, in cutting them into
blocks, so that they may be removed to the surface,
where they must undergo still another subdivision into
blocks of one or two tons weight, that they may be
transported to the river. The sheets between shafts Nos.
1 and 2, where the vein was stoped, yielded no masses
of any great thickness. At shaft No. 2, 42 feet below the
surface, a mass of copper was struck, and the sinking
continued beside it to the depth of 55 feet, which was
found extending into the level westerly. The portions of
this mass were taken down, while other portions remain
on the hanging-wall. These points are indicated by the
letters M, M. Here, the vein is five feet in width,
composed not entirely of materials distinct from the wall-
rock, but of intercalated portions of trap. This was the
character of the vein between shafts Nos. 1 and 2. In
shaft No. 3, 180 feet west, the vein is 28 inches in
thickness, including the rocky portion, and presents the
following section:

1. Quartz and chlorite, with copper in strings and
bunches.

2, 3. Beds of rock, similar to the wall-rock, with thin
sheets of copper filling the seams, in sufficient
abundance to pay for working this portion of the vein.

4. Quartz, chlorite, calc-spar, and epidote, containing a
large per centage of copper, in masses, bunches, and
disseminated.

In certain portions of the lode, these beds of rock
disappear, the whole matrix being filled with materials
distinct from the walls. According to the statement of Mr.
Knapp, the agent of this mine, whose energy and zeal in
exploring this tract we have noticed under another head,
there were taken from this mine, last year, (1848,)
eleven tons of copper, seven and a half of which were
included in the mass raised by the ancient miners, the
position of which is indicated in the plan. (See shaft No.
1)

This was sent to market before the company had fairly
commenced operations. During the past season, there
have been taken from the mine 57 tons of copper, in
masses, estimated at 75 per cent., and 700 tons of
stamp-work, estimated at 6 per cent., making in the
aggregate 84% tons of pure copper—the mass of the
veinstone yielding nearly 11% per cent. There are now
exposed, in the shafts and levels, about 30 tons in
masses, besides a considerable quantity of stamp-work.

A year has not elapsed since this mine was opened, and
none of the shafts have been extended to a greater
depth than 57 feet. No mine in the country has
produced so great an amount of copper, with the same
amount of labor and capital expended. We cannot find
its parallel in the whole history of copper-mining,
wherever prosecuted.

Plan of the mine.—An adit-level is now being driven from
the base of the hill to intersect the vein, at nearly right
angles with its course, at shaft No. 3. Its length, when
completed, will be 375 feet. Thence, it will be extended
along the course of the vein so as to strike the several
shafts. Shaft No. 1 will be intersected 77 feet below the
surface; shaft No. 2, at 87 feet; and shaft No. 3, at 86
feet. The shaded portions represent the present
workings, while the light portions show what remains to
be accomplished. The ancient workings are indicated by
a series of oblique lines.
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The Minnesota vein can be traced along the surface for
the distance of a mile or more, and in this respect it
admits of the employment of a greater number of miners
than any vein yet discovered in the copper region. The
containing rock is a dark-gray, mottled trap, of a granular
texture, with occasional almond-shaped cavities through
it. It breaks into rhomboidal blocks, and readily yields
under the drill. Its constituents are hornblende, feldspar,
and chlorite.

The section of the adit protracted 300 yards north cuts
no less than six veins, some of which conform in dip to
the vein now Wrought, while others intersect the rocky
planes perpendicularly.

The company now employ 84 men, about one-half of
whom are assigned to the mine, while the other half are
employed in erecting the necessary buildings. These
will consist of a whim-house, a house for calcining and
assorting the ore, a stamping and washing-mill, with a
saw-mill attached. They have already erected five
dwelling houses, two smitheries, two barns and other
out-buildings, and a commodious warehouse, on the
right bank of the Ontonagon. They have constructed an
excellent road to the river, 2% miles distant, and cleared
and cultivated about 45 acres of land. They raised
during the past year 500 bushels of potatoes, 300
bushels of turnips, and other vegetables. This work
seems almost incredible, when it is considered that, a
year ago, there was hardly a tree felled on the location,
hardly a cubic foot of rack excavated from the vein.

Northwest mine.—This mine is situated on Keweenaw
Point, (section 15, township 58 N., range 30 W.,) in the
same belt of trap in which are contained the Cliff and
North American mines. It occurs on the .southern slope
of the northern trap range, and overlooks the valley of
the Little Montreal river.
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The above sketch will convey an idea of the nature and
extent of the workings. The rock is a dark gray compact
trap, occasionally amygdaloidal. To the north of shaft
No. 4, occurs a belt of conglomerate about 12 feet in
thickness, with a northerly inclination of 40°, reposing on
a brecciated trap. Within a space of 300 yards are three
distinct and well-defined veins, whose bearing and
underlie are as follows:

Fast vein, bearing north 161° east, underlie 8° east.
Middle vein, ¢ 19° west, ¢ B2 west.
West vein, ¢ €179 west, ¢ 129 west.

It is not improbable that all may ultimately be found to
converge and form a single lode of great power. The
main workings have been prosecuted on the eastern

vein. An adit-level has been driven 500 feet; when
extended 136 feet farther, it will intersect shaft No. 4, at
the depth of 73 feet. Another gallery has been opened,
60 feet below, and a portion of the lode removed, the
stopeing being represented by the shaded lines. The
vein, along the course of the adit, is well defined, and
varies in width from a few inches to two feet. In the
northern part, where the present workings are
prosecuted, it expands to 2% feet, and is highly charged
with copper.

At the northern extremity of the second level, the vein is
31 inches in width. At the bottom of shaft No. 3, 90 feet
from the surface, the vein is observed to have a greater
expansion than at any intermediate point. Its
impregnation appears to have taken place at two
different periods. The western seam is composed of
chlorite and calc spar, with but little quartz; the copper
occuring disseminated and in thin plates. The eastern
seam is composed of quartz and calc-spar, with but little
chlorite—the copper occurring in masses, bunches, and
strings.

Where the fissure was observed to be subsident, the
walls came almost In contact. Where, on the other
hand, the fissure was nearly perpendicular, the vein had
the widest expansion.

Two shafts have been sunk on the west vein, each to the
depth of 50 feet. From one of these a level has been
extended 80 feet, and a portion of the lode removed, and
masses weighing a ton and upwards have been taken
down. This vein promises to be of great value. The
product of this mine, according to the best information,
up to the present time, has been 50 tons of mass
copper, yielding 50 per cent., and 500 tons of 8 per cent.
stamp-work. The present force employed consists of 53
miners and 42 surface men.

Copper Falls’ mine.—The old mine is situated on the
northern slope of the trap range, about two miles from
the lake shore. Within that space there are four
alternations of trap and conglomerate. The belt in which
the lode is situated is only a hundred and fifty feet in
thickness, and dips northerly at an angle of 33°. A belt
of conglomerate reposes upon it, forming the northern
slope of the hill; while a belt of metamorphosed
sandstone, fifty feet or more in thickness, occurs below.
The annexed sketch illustrates the relative position of the
igneous and aqueous rocks.

So long as the workings were confined to the belt of trap,
the vein was productive—yielding stamp-work and
masses, the largest of which weighed 12 tons. On
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striking the sandstone, however, it was observed to
change in its mineral contents and richness. The shaft
E, has been extended through the sandstone into the
belt of trap below, and the fissure appeared to be
continuous through the different formations; but at the
depth of 6 feet in the sandstone, the vein had contracted
to four inches. Shortly after the intersection it was
observed to branch—one branch dipping rapidly to the
west, and the other to the east. The shaft was continued
perpendicularly through the sandstone, thus losing sight
of both branches. On reaching the lower belt of trap, a
drift was extended to the right and left, to the distance of
18 feet, without intersecting either branch. In this stage
the workings were suspended. It is desirable to have
these workings continued still further, as they will solve
one of the most interesting problems in the mineral
region—i. e., the changes which veins undergo in their
passage through different mineral planes.

The company are now developing a vein between
sections 11 and 12, known as the Childs vein. Its
geological position is the same in reference to the
sandstone as the one before described. It bears east of
south, and dips westerly. A few feet to the west, another
vein can be traced along the surface, in which may be
seen pits which were sunk by the ancient miners. An
adit has been commenced; which will be extended 256
feet, when it will intersect the shaft on the Childs vein at
the depth of 64 feet, and in its progress develop the
other vein.

The belt of trap is much wider at this point than at the
abandoned mine. In sinking the shaft, some masses of
copper were found weighing from thirty to fifty pounds;
but the disseminated copper was inconsiderable.

Near the centre of section 12 is another vein, on which a
shaft has been sunk to the depth of thirty-seven feet,
without having developed much copper. The vein is
about a foot in width, the gangue of which consists of
calcareous spar, with tracers of chlorite. The shaftis in
the upper portion of the trap belt which underlies the
sandstone at the old works, and takes into its
composition a large proportion of chlorite.

Thirty rods to the south-southwest is another vein of
much greater promise. The course is nearly north and
south, and the matrix consists of prehnite, highly
charged with particles of copper.

The total product of this mine up to the present time is as
follows:

Copper masses and barrel-work, averaging 70 pel cent. - 90, 959 1bs.
Stamp-work, averaging 10 pex cent. - 497,500 «
Total - 588,459 <«

The Northwestern mine is situated in the same trap belt
as the Northwest—the same stratum of conglomerate
showing itself near the brow of the hill. It is in section
24, township 58 north, range 58 west. The vein crosses
the formation, bearing northerly. Two trial shafts have
been sunk to the depth of twenty four and thirty-six feet
respectively, which yielded copper, in masses and

disseminated, in considerable abundance. The
indications are that this is a vein of much power, and the
company in possession ought to test it thoroughly.

Pheenix, formerly Lake Superior, mine occurs in the bed
of Eagle river, about a mile above its embouchure. This
tract was among the first located in this legion, and this
company among the first to embark in mining
adventures. In the early days of copper-mining, this lode
was represented as possessing unparalleled richness—
the silver far exceeding the copper in value; and these
representations contributed powerfully towards the
creation and maintenance of the copper mania which
prevailed for a time throughout the eastern cities. The
most extravagant expectations were formed, and the
most exaggerated statements* made, as to the mineral
wealth of the country. Many were doomed to a speedy
and bitter disappointment; but the ultimate effects have
been to divert capital into a new and untried channel,
and develop the mineral wealth of a region which, but for
these representations, might have remained for a long
time unexplored.

*The first report of the trustees contains a statement of the result of an
assay as follows:
In a ton of rock—

Silver, 152.56 pounds, valued at - - - - - $3,053 20
Copper, 203.57 pounds, valuedat - - - - - 83 57

$3,136 77

This vein, as before remarked, is situated about a mile
from the lake shore; and between, these two points there
are no less than seventeen alternations of trap and
conglomerate. From the fact that veins exhibit great
disturbance and great variableness in their metallic
contents in their passage through different belts of rock,
it is evident that the best mining-ground lies south of
these alternations. In that direction, however, it is
circumscribed by a belt of hard, crystalline greenstone,
in which the veins are seldom well developed.

The lode is seen in the bed of the stream about a
thousand feet above the main shaft, where it is distinctly
marked. The matrix consists of calc-spar, prehnite, and
radiated quartz, containing native copper in strings and
disseminated. It is from one to two feet in width, and
bears north 17° east, with a slight dip to the east.
Thence it is to be traced down the stream, occasionally
concealed by loose rocks and gravel. In the winter of
1844, a trial shaft was commenced at this point, on the
left bank, of the stream. This, however, had been
prosecuted only to the depth of twenty feet, when it was,
under the direction of the mining engineer, abandoned,
and another shaft commenced further down the stream.
Here there was no appearance of a vein; no gangue
distinct from the wall-rock; no powerful fissure to indicate
the dislocation of the mass; no polished surfaces on the
face of the cliff. The true position of the vein was several
feet to the east, in the bed of the stream; but it was not
apparent, from the accumulation of water-worn
materials. The shaft was sunk through a dark-brown
amygdaloid, with little adhesion between the particles—
the amygdules being filled in places with native copper,
exhibiting occasional points of silver. This peculiarity
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could be traced for a distance of eleven feet from the
stream, becoming less apparent as it receded from the
bank. On the immediate bank, however, the rock was
less amygdaloidal, and took in a larger proportion of
chlorite. The change in the location of the shaft was
injudicious in two respects: 1. The old shaft was on the
vein, and, had it been prosecuted, would have proved it,
while the new shaft was not on the vein, but to the west
of it. 2. It was located so near the river bank, that the
water percolating through the fissures proved a constant
source of annoyance, in the progress of the work.

In his report to the company, the mining engineer
represents the vein as eleven feet in width—a vein of
greater power than any three thus far discovered in this
region—eighteen hundred feet in length, as far as
known, and containing an amount of ore, already
exposed, which could not be exhausted within the
present generation.* Its richness was unparalleled. As
the shaft was continued downward, the indications of
copper became less apparent, until finally they
disappeared altogether, and nothing was brought up but
barren rock.

*We quote from the report: "The whole known length of the vein is
about eighteen hundred feet. Its width is satisfactorily proved to be
eleven feet for the distance of two hundred feet; and it is probable that
it will hold a workable width throughout the eighteen hundred feet. Itis
obvious that there is an adequate quantity of rich ore in this vein to
render the work very profitable, and that there is no danger of
exhausting the ore, even should it give out at the depth of one hundred
feet, of which there is no probability. * * * If the ore runs out at a
considerable depth, say two hundred feet, it will be a matter of little
importance to the present generation, though it might be to posterity."

At the depth of 60 feet, if we mistake not, the miners
came to a pocket in the rock filled with gravel and water-
worn accumulations. They then drifted under the bed of
the stream in pursuit of the vein, but were unsuccessful.
In removing the water-worn materials, they found
numerous boulders of copper, varying in weight from half
an ounce to 600 pounds—so numerous, indeed, that
portions of the gravel were profitably washed for the
metallic contents. In this connexion was also found a
mass of native silver weighing eight pounds—the largest
yet discovered in this region. The main shaft was
carried to the depth of 75 feet, when the workings were
suspended; nor have they since been resumed.

That there is a vein of great richness on that location,
and in the vicinity of the present workings, is evidenced
by the numerous water worn masses of copper found in
the bed of the stream. They have not come from far. As
the matrix of the vein is more yielding than the
associated rocks, it frequently prescribes the direction of
a stream and forms its bed. That will probably be found
the case here. The pocket before described was
excavated by the agency of the stream in the gangue of
the vein.

The west vein on this location, known as Sheffield &

Nott's, is about 11 inches in width, and bears north 19°
west. The veinstone consists of chlorite and calc-spar,
traversing greenstone, resting on a porous amygdaloid.

A trial shaft has been sunk, which afforded indications of
considerable value.

Lac la Belle mine—Bohemian mine.—The workings of
these companies have been prosecuted on the same
vein—those of the former in the base of the Bohemian
mountain, those of the latter on its summit.

This mountain rises to the height of 864 feet above Lac
la Belle, and from its summit is afforded a view of great
extent and beauty. The rock consists of chlorite and
feldspar of a highly crystalline texture, and appears to be
of an age posterior to the bedded trap in which the
mines before described are situated, since these beds
are found dipping from it like the strata of detrital rocks.
It was protruded in vast irregular masses, forming a
continuous line of elevation. The metallic contents of
this rock are entirely distinct from those of the bedded
trap. White the latter is characterized by veins of native
copper, the former abounds in the sulphurets of copper,
such as the gray and black sulphuret and copper-pyrites.

Two sets of veins have been observed—one bearing
north 26%2° west, which appear to be the main ones, and
another bearing north 80° east. The gangue consists of
calc-spar, chlorite, and quartz. Two shafts have been
sunk near the summit of the hill—one to the depth of 106
feet, the other to the depth of 75 feet—without
developing a rich vein.

The Lac la Belle Company extended a drift into the hill,
309 feet above the lake-level, to the distance of nearly
400 feet. They found the vein 18 inches in width, and
rich in the sulphurets. Their main efforts, however, have
been concentrated on an adit which starts 25 feet above
the level of the lake, and has been driven 900 feet. As
they have [?] ob-ably left the main vein in the
prosecution of the work, its value cannot be determined
at this depth without a cross-cut.

No place on Lake Superior affords greater facilities for
mining; and the efforts of the company deserve to be
crowned with success.

Quincy mine is situated near Portage lake, on Section
26, township 55, range 34. The surface of the country
rises somewhat abruptly from the water, not in broken
cliffs; but rounded hills. The elevation of this mine is, by
estimation, 400 feet. The rock is a dark-brown trap,
composed of hornblende, feldspar; and chlorite. The
vein bears north 43° east; and dips rapidly to the north,
corresponding with the course of the formation—the only
instance of the kind observed on Keweenaw Point. A
string or branch was observed in a ravine near by,
bearing north 45° west, which yielded native copper in
sheets of considerable size. This mine, at the time of
our visit, had not been sufficiently developed to enable
us to form an opinion as to its value.

Forsyth mine occurs in the southeast quarter of section
33, township 57, range 32. The vein, which bears north
9%%° west, is distinctly seen cutting a hill, which rises a
hundred feet above the surrounding plain. Two years
ago, a shaft was sunk to the depth of 70 feet, and two
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others to an inconsiderable depth, since which time the
work has been abandoned. As the water had filled these
excavations, it was impossible for us to examine the vein
critically. From the veinstone brought to-day, copper in
sheets and disseminated was found in considerable
abundance. Native silver was also found in this
association to an extent thus far unobserved in any other
mine on Lake Superior. The external indications here
are favorable but we are not advised whether the
company purpose resuming operations.

Albion mine is situated in the same bluffs as the Cliff and
North American, on section 11, township 57, range 32.
The cliff, which attains an elevation of nearly 800 feet
above the lake, is composed of a hard crystalline
greenstone, passing into a porphyry, where the crystals
of feldspar are imbedded in a matrix of hornblende. On
the western slope, a thin but well-marked vein, filled with
arsenical, pyritous copper, is observed occupying a
depression in the soil for a distance of 80 rods. Mr.
Stevens, the agent of the company, informs us that at
either end it branches into numerous strings and
becomes lost.

On the southeast side of the bluff, a shaft has been sunk
to the depth of one hundred feet, striking the amygdaloid
at the depth of 97 feet, from the bottom of which a drift
was extended into the hill along the course of the vein.
Tile workings have not been prosecuted sufficiently to
determine its value. This vein bears north 46° west. Its
matrix consists of calc-spar and chlorite, with thin scales
of native copper, and is about 18 inches in width.

Forest mine.—This mine is situated on the northeast
guarter of section 36, township 50, range 40, within the
limits of what is known as the "Cushman location," on
the left bank of the Ontonagon river. The old workings,
under the direction of Cushman, on the north half of
section 36, do not appear to have developed veins of
much value. They have been described in a preceding
part of this report.

"The Dutch vein," on the northeast quarter of section 31,
has been explored to the depth of about fifty feet. Its
course is north 70° east, ranging with the formation; its
inclination, 40° below the horizon. The veinstone is
composed of epidote and quartz, twelve feet in
thickness, with thin plates of copper disseminated
through the mass, affording indications of considerable
promise.

In the chapter on ancient mining we have described with
some minuteness the pits and excavations found on the
southwest quarter of section 30, and on section 31. The
following sketch may be regarded as an approximative
representation of the contour of the cliff, and of the
position of the veins on the latter tract. The inclination of
the main lode is 78°. The ancient miners had excavated
to the depth of 19 feet, and this has been continued by
the adventurers to the depth of 23 feet. The two veins to
the south, from their inclination, probably intersect the
main one at points below the 23-foot excavation. Should
the inclination be found to continue cutting the strata or

bands in the same plane, it will present the same
phenomena as the main veins in Cornwall. A section of
the vein, as it appears in the shaft, is appended. The
wall-rocks are composed of amygdaloid and granular
trap, with a large admixture of chlorite. The vein, which
is about three feet in width, is composed of the following
materials, and arranged in this order:

1. A seam of laumonite an inch in width.

2. Calc-spar, quartz, chlorite, and epidote, with copper
in bunches and disseminated.

3. Carbonate of copper, probably the result of
atmospheric changes.

4. Epidote, chlorite, and amygdaloidal trap.

5. Masses of copper associated with spar, quartz, and
epidote.

To the east of this shaft another has been commenced,
at the bottom of one of the ancient excavations. At this
point the vein exhibits very much the same appearance,
having the same inclination, and yielding copper in
considerable abundance. Few veins in the mineral
region have been opened which, on the surface,
afforded indications of greater promise.

Ohio Trap Rock mine.—The workings at this point have
been described with some minuteness in a preceding
part of this report, and it would be superfluous to repeat
the information there given.

Adventure mine—southwest quarter of section 36, and
southeast quarter of section 35, township 51, range 33,
in the Algonquin mountains. A cliff rises to the height of
more than 150 feet above the surrounding country, and
to the south presents a bold mural escarpment, while to
the north it slopes gradually towards the lake. The rock
is a hard, crystalline greenstone, somewhat porphyritic,
traversed by occasional strings or seams, filled in with
calc-spar and epidote, associated with native copper.
We saw no well-developed vein—nothing to indicate a
permanent supply of metal. A shaft has been sunk on
one of these strings to the depth of 20 feet, near the
brow of the cliff.

The Ridge mine is situated on the southwest quarter of
section 35, township 51, range 38, and is in the same
axis of upheaval. Workings have been prosecuted only
to a limited extent. The ground in the vicinity exhibits
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numerous pits—the work of a former generation. At one
point a vein is exposed, included within a feldspar and
hornblende rock, dipping to the north, which affords
copper in strings and disseminated. This vein, like most
of the veins in the region between Portage lake and the
Ontonagon river, has a bearing and dip corresponding
with the adjacent stratified rocks.

The Aztec Mining Company occupy the northeast
guarter of section 36; township 51, range 38; and the
northwest quarter of section 31, and the southwest
quarter of section 30, township 51, range 37. The point
where mining operations have been commenced is on
the northeast quarter of section 31. A vein is seen near
the brow of a cliff, bearing west-southwest, and dipping
to the north at an angle of 46°. It has not been
sufficiently opened to enable one to form an opinion of
its value.

The Douglass Houghton mine is on the northeast quarter
of section 15, township 51, range 37. Two years ago the
vein was opened to the depth of 40 feet, when further
operations were abandoned, but the work has been
resumed, under the direction of Mr. C. C. Douglass, one
of the most efficient mining engineers in the region. The
vein, which traverses a compact chlorite trap, is about
three, feet in width, running nearly north and south,
conforming to the general direction of the ridge at this
place, and dipping west 60°. They have driven a level
about 25 feet along its course, and a considerable
guantity of copper has been obtained. The veinstone
removed was rich in disseminated and string copper,
and will yield from 8 to 12 per cent. of metal. Quartz,
much of which is colored red with the sub-oxide of
copper, forms the principal portion of the matrix, which is
traversed by numerous seams of chlorite. The vein is
well defined, and affords indications of proving highly
valuable.

The Algonquin mine is on section 36, township 52, range
37. It has been temporarily abandoned for the last two
years, and no work worthy of description has been done
here. All of the information in our possession will be
found under the head of "Geology of the trap region."

The Pittsburg and Isle Royale Company are developing
a vein on the northwest quarter of section 12, township
65, range 36, near Todd's Harbor, Isle Royale. The
following diagram will represent the present condition of
the work:
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The vein traverses a hard, crystalline greenstone,
bearing N. 20° E., with an underlie of 12° to the east.
Shaft No. 1, has been sunk upon it to the depth of 63
feet. Shaft No. 2, reaches to the depth of 67 feet. Adit
No. 1, starts from the water's edge, and intersects the
shaft at the distance of 42 feet. The second level
connecting the two shafts is 113 feet in length. Near the
surface the vein appears pinched—attaining a width of
only a few inches; but at the extremity of the 113 foot
adit, and 50 feet below the surface, it expands to a width
of 18 inches, and presents the following section:

1. Sheet of native copper, varying from one-half to one
and a half inches in width, and nearly continuous,
occupying the foot-wall.

2. Veinstone of calc-spar, quartz, prehnite, and
laumonite, with diffused copper.

At the entrance of the drift the sheet copper is observed
to occupy the hanging-wall, but it very soon crosses the
vein and continues in contact with the foot-wall so far as
it is explored.

This is the best-developed vein we have observed in the
hard rock. At the entrance of Todd's Harbor a belt of
amygdaloid of a reddish-brown color is observed dipping
under the greenstone at an angle of 45°; and if the
shafts are protracted to a sufficient depth, they will
intersect it, when the vein will probably be found to
undergo some modification.

The company have sent to market 4,483 pounds of
copper, which yielded 75 per cent. of pure copper. The
mass of the veinstone, however, will not yield 10 per
cent.

The largest mass of native copper taken from this lode
weighed about 700 pounds.

The company now employ in and about the mine 26
men, who are pressing on the work vigorously, and with
very fair prospects of success.

Siskawit mine adjoins Rock Harbor, Isle Royale, and
occurs on the southwest quarter of section 13, township
66, range 34. The vein bears nearly east and west, with
an inclination of 75° to the north. For forty feet in its
downward course it cuts a belt of dark, granular trap,
composed of hornblende, chlorite, and feldspar, after
which it intersects a belt of columnar trap. While
confined to the granular trap, the vein was well
developed, and yielded considerable copper in masses
and stamp-work; but having entered the columnar trap, it
contracted to a mere fissure, the veinstone and metallic
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contents disappearing. The subjoined sketch represents
the workings. Two shafts have been sunk through the
chlorite trap, intersecting the columnar trap in one
instance at the depth of 35 feet, and in the other at 40
feet. West from shaft No. 2, 1,800 feet, another shaft
has been commenced. The veinstone consists of calc-
spar, chlorite, and epidote, with copper disseminated in
small scales and points; also in masses, the largest of
which observed by us weighed 350 pounds.

Z

This company have other tracts on the northern side of
Isle Royale which contain veins, but, as they have been
only partially explored, we will not pause to describe
them.

Ohio and Isle Royale Company.—The operations of -the
company are at present confined to testing a vein on the
southeast quarter of section 34, township 66, range 34,
about two miles south of Rock Harbor, by the lake shore.
Its course is northeast; its inclination, 68° to the
northwest. Thus, although its course is conformable to
the axis of elevation, its inclination cuts across the beds
of rock. The vein is thirteen inches in width, composed
of calc-spar, quartz, and epidote, with native copper in
thin sheets adhering to the hanging-wall, and
disseminated through the gangue. An adit has been
started near the water-level to intersect a shaft 25 feet
deep, a short distance from the shore. The rock in which
it is excavated is a dark-gray, granular trap. The walls
are well defined, and the character of the rock is
favorable. This belt, it was feared, would not prove
sufficiently thick to afford ample room for working the
vein. The veinstone contains from 8 to 12 per cent. of
copper, which is sufficiently rich to pay for mining.

A small feeder comes into the vein on the left, about 15
feet from the entrance to the adit, at which point it
presents the following section:

1. Laumonte, 1 inch.

2. Epidote and quartz, with brecciated wall-rock
containing copper in bunches and disseminated, 13
inches.

3. Fragments of wall-rock, with strings of copper in the
fissures, associated with the laumonite and epidote, 4
feet 3 inches.

A few rods to the south is seen another vein about eight
inches in width. The matrix consists of datholite, heavily
charged with native copper. Itis in a rock similar in
character to that above described, resting on which is a
hard, crystalline greenstone. The vein, in its upward
course, becomes contracted to a mere fissure,
containing little copper, where it enters the incumbent
greenstone.

The following shafts have been sunk by this company,
under the direction of Mr. Douglass:

One on the southeast quarter of section 22, township
665 range 34. At the depth of 20 feet, they intersected
the columnar trap, a continuation of the belt described as
occurring at the Siskawit mine. The vein in the upper
belt was three feet wide, but after entering the columnar
trap it rapidly contracted, and at the depth of 35 feet
exhibited a mere seam a few lines in width.

On section 2, township 65, range 34, a shaft was sunk
40 feet; at the depth of 10 feet a belt of sandstone was
struck, which continued as far as the shaft was
prosecuted, forming the foot-wall of the vein.

On section 35, in the same township and range, a shaft
was sunk to the depth of 90 feet. The formation dips to
the southeast, while the vein inclines to the northwest.

On section 10, township 65, range 34, a shaft was sunk
to the depth of 40 feet on a vein of epidote and datholite
two feet in width.

These shafts, at the time of our visit, were filled with
water, and we were unable to gather exact information
as to the character and productiveness of the several
veins.
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TABULAR STATEMENT the Lake Superior land district.
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STATEMENT~

Name of mine.

Siation.

Eevation nbove
lake

Nature of the rock. Phenomena of the lode.
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STATEMENT—

Name of mine.

Nature of the rock. | Phenomena of the lode.

SRitnation.

,r“E'ev'a-r.i(-lr_l_ubE\'e i
lake.

Quiney «ovvsnens

Forestovivn....

Chio Trap Rock .

Pittsburg and Isle
Royale.

Siskewit.......

Ohio  and  lsle
Royale,

.|Town’p 57, range | 672 | Geological  position | Lode composed of chlorite,
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-
3

eel. | |
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southwest quar- dipping with the | nutivecopper disseminated.
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39° north.
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northwestquar- to the general direc- | of 602 to the west.  Vein-
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tion. and in bunches.
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northwest quar- width in places. Course
north 20° east. Dip 780
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We have thus attempted to give, somewhat in detail, a
description of the several mines now wrought in the Lake
Superior land district. We have endeavored to exhibit
the principal phenomena of the veins, their range,
extent, and metallic contents.

When it is considered that nearly the entire copper
region is an unreclaimed wilderness, the miners'
settlements appearing like mere dots on its surface,
covered with a dense growth of trees, through which the
explorer with difficulty forces a path; and that, except
where the streams have worn their beds in the rock, or
the hills terminate in bold and craggy ledges, the ground
is covered with a thick carpet of mosses and lichens,
effectually concealing every trace of veins,—it is
surprising that such an amount of mineral wealth has
been revealed within so short a period. This region had
occasionally been traversed by the trapper, and the
white man had coasted along its rock-bound shores, at
intervals, for nearly two hundred years; but up to the
year 1841, when Houghton made his reconnaissance,
we have no evidence that a really productive vein had
been observed. To him is to be ascribed the credit of
having first pronounced on the value of this region for
mining purposes, and delineated, with a graphic pen, its
geological outlines.
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It is only about a year since the Minnesota mine, which
is surpassed by none in the region either in extent or
productiveness, was developed. The same is true, to a
great extent, of the North American.

As the country becomes opened, and the means for
exploration become increased, new sources of mineral
wealth will undoubtedly be revealed. There will be an
increase in the products of these mines from year to
year, until the national supply will exceed the national
consumption.

For certain purposes in the arts this copper stands
unrivalled; in density and tenacity it surpasses all the
ores of copper. Hence, in the manufacture of wire,
where extreme ductility is required—in the manufacture
of ordnance, where tenacity is the chief requisite—this
copper should be employed. It would be proper for the
government, in contracting for ordnance, with the double
view of encouraging this branch, of industry and
securing an article made of the best material, to insert a
stipulation that they be cast from this copper. The same
encouragement might be given in sheathing the national
ships.

This copper contains a small per centage of silver—too
inconsiderable in most cases to justify separation, but
the presence of which enhances the value of the copper,
protecting it, in a considerable degree, from the
corrosive action of salt water. These qualities, when
known, will give it a preference in market over copper
reduced from the ores.

We have estimated the product of the copper mines for
the year 1849 at 1,200 tons. For the ensuing year it may
be safely rated at 2,000 tons; and a proportionate
increase may be anticipated for several years to come.

How far the product of these mines will go towards
supplying the home demand may be inferred from the
following table, which exhibits pretty accurately (at least
as much so as any statistics which are available) the
extent of that demand:

Statement, furnished by the Register of the Treasury, cxhibiting the value

of copper unmanufactured annuvally imported during the ten years
ending June 30, 1549,

] i | |
Years. | In pies, bars, | In plates suited | Old copper fit | Ore. Total value.
| de. | to sheathing. only for re- | |

! manufacture. | |

21,100,664 | 411,567 870,405 .......... §1,582 636
1,054,469 535,473 91,869 |oiiieiiian 1,681,811

821,109 | 381,197 82,195 iiviinn... 1,284,501
69,076 | 244,050 47,641 | §64,148 | 724,915
488,981 | 658,610 79,805 | 56,485 | 1,313,881
1,095,230 | 81,264 | 48,807 | 1,964,237
1,038, 461 14,833 | 95,156 | 2,092,245
1,491,209 2| (R 9, 534, 781
702,907 831,848 | * 158,302 7| 1,693,057

983, 6583 1,044,755 * 177,736 | 2,211,174

By this statement it will be seen that the average value
of copper annually imported into the United States
slightly exceeds $1,708,000. Assuming the price of pig
copper to be 18 cents per pound, and sheathings to be
22 cents, the annual consumption would be less than
5,000 tons. The product of the Lake Superior mines for
the year 1851 will probably reach one-half of this

amount, or 2,500 tons. There is a limit to the
productiveness of all mines; for, when once fairly
opened, their exploitation becomes more expensive the
farther it is prosecuted. That limit has not been attained
by any of the mines of Lake Superior.

We have endeavored in the subsequent pages of this
chapter to bring together a mass of statistical information
with regard to the products of mines in different
countries, which may be useful for reference to those
engaged in public pursuits, as well as the general
reader.

*Old copper included with copper in pigs.

The following table of the metals annually raised in Great
Britain and Ireland is taken from De la Beche's Survey of
Cornwall, (1836,) but is probably too low for the present
time:

Iron - - - - - *.£8,000, 000
Copper - - - - - 1,200, 000
lead - - - - - 920, 000
Tin - - - - - 390, 000
Mangauese - - - - 50, 000
Silver - - - . - 30,000
Zinc - - - - - 7,000

£10, 597,000

M. Verlet (Gen. and Stat. Rev., 1837) furnishes the
following comparative statement of the yield of the
different mines of Europe, taking Great Britain for a

unity:

Great Britain - - - - - 1
Russia and Poland - - - - %
France - - - - - - 1
Austria - - - - - - .
Spain - - - - . - i
Prussia - - - - - - 1
Sweden - - - - - .
Harz - - - - - .
Tuscany - - - - - - gy
]%avarla - - - - - -y
Saxony - - - - - S
Piedmont and Savoy - - - -
Denmark - - - - - - 4
Norway - - - - - -

It will thus be seen how largely the mining interest of
Great Britain preponderates over that of any other nation
of Europe.* Russia, the principal seat of whose mining
operations is in the Ural mountains, ranks next in the
scale. The productiveness of these mines is yearly
increasing, and the relative preponderance of Great
Britain is yearly diminishing. France, whose mines are
conducted with the most consummate skill, occupies the
next place on the list.

Our own country abounds in mineral wealth. Our coal-
fields, occupying portions of fourteen States,
comprehend an area of 130,000 square miles.
Associated with them are extensive beds of iron, rivalling
in richness those of Shropshire and Wales. Numerous
furnaces and foundries have already sprung up along
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the lines of their out-crop, giving employment to a large
number of operatives. The high price of labor and the
remoteness of the beds from the seaboard have
operated to depress this branch of business, which
employs a capital of more than $20,000,000.

The Silurian limestones of the West, while they support a
soil of great fertility, yield an amount of lead beyond the
national consumption. The value of the copper mines
and their influence on the national wealth, we have
attempted to set forth.

undoubtedly great; but it is all consumed within her own
borders, and has, therefore, no effect upon the market.
The same remark is applicable to other Asiatic countries.

*|t is said that the quicksilver mines of California are now yielding a
profit of $3,000 daily; but we apprehend that this statement must be
received with many grains of allowance.

*The number of persons directly dependent on mining operations in
Great Britain is estimated at 1,000,000: 193,000 are actually
employed in the mines.

The richness and extent of the gold tracts of California
surpass all of our previous knowledge of this class of
deposites, and seem fabulous rather than real. It is to
this region, also, that we can confidently look for a
supply of quicksilver.

The zinc ores of New Jersey are beginning to be
advantageously wrought. It is extremely difficult to
obtain a correct statement of the mining interest of the
United States, as there is no statistical bureau to which
those interested in this branch of industry are required to
make returns. The census returns hitherto have been
very imperfect. The following table can be regarded only
as an approximation to the value of metals annually
raised in the United States:

Gold - - - - - %40,000, 000
Iron - - - - - 16,500,000
Lead - - - - - 2,400,000
Copper - - - - - 750,000
Mercury* - - - - 500, 0007

%60, 150, 000

The mining interest of this country is in its infancy. If the
products of the California mines are as great as has
been represented by those who have had the best
opportunities for acquiring information, the United States
at the present time is the most prolific in metallic wealth
of any of the nations of the earth. The great chain of the
Andes is protracted beyond the northern limits of
Oregon, though on a scale less magnificent than in
South America. It is composed essentially of the same
rocks; and we may therefore confidently expect to find a
recurrence of the same mineral products which
characterize it in Peru and Chili. Thus far, in regard to
its mineral wealth, it may be regarded as comparatively
unexplored.

To show the products of the mines in different countries,
we have prepared the annexed table, from the most
authentic sources within our reach. With regard to the
South American mines, our materials are very deficient.
The unstable character of the governments, the
imperfection of the custom-house returns, and the
amount of precious metals annually smuggled out of
those countries, all render these statistics little better
than estimates. The mineral produce of China is

Tuble showing the product of mines throughout the world, so far as known.

150,000
416,200
110,000
0
00
115,000

00
180,000
00

7,000

According to the estimates of M. Leplay, secretary of the
Commission of Mining Statistics in France, the whole
amount of copper produced in the world is equal to
52,400 tons. This, however, does not include portions of
the Asiatic continent—with regard to which we have no
statistical knowledge, but of which the mineral produce is
entirely consumed within its own borders. According to
the same authority, this amount of copper is consumed
in the following manner:

Tons.

Great Britain - - - - 10, 600
France - - - - - 9, 200
German Customs Union - - - 5,400
Austrian Empire - - - - 2,600
Russian Empire - - - - 2, 000
Sweden and Norway - - - 400
Other States of Furope - - - 6, 600
America [United States 5,000] - - 6,100
Asiatic continent (India and Oceanica) - 8, 300
Japan - - E - - 1,200

Total - - - - - 52,400

CHAPTERYV.
ANCIENT MINING.

Evidence of ancient mining, excavations, implements.—
High antiquity to be ascribed to them.—Whether they
can he traced to the mound-builders.—Ancient works at
the Minnesota mines.—At the Forest mine.—Nature of
the materials found in the pits.—Bones.—Evidences of
tumuli.—Extent of these workings in the Ontonagon
region.—On Keweenaw Point.—On Isle Royale.—May
they not be traced to the aborigines?

That this region was resorted to by a barbaric race for
the purpose of procuring copper, long before it became
known to the white man, is evident from numerous
memorials scattered throughout its entire extent.
Whether these ancient miners belonged to the race who
built the mounds found so abundantly on the Upper
Mississippi and its affluents, or were the progenitors of
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the Indians now inhabiting the country, is a matter of
conjecture.

When all of the facts shall have been collected, the
guestion may be satisfactorily determined. The
evidence of the early mining consists in the existence of
numerous excavations in the solid rock; of heaps of
rubble and earth along the courses of the veins; of the
remains of copper utensils fashioned into the form of
knives and chisels; of stone hammers, some of which
are of immense size and weight; of wooden bowls for
bailing water from the mines; and numerous levers of
wood used in raising the mass copper to the surface.

The high antiquity of this rude mining is inferred from the
fact that the existing race of Indians have no tradition, by
what people or at what period it was done. The places,
even, were unknown to the oldest of the band until
pointed out by the white man. Itis inferred from the
character of the trees growing upon the piles of
rubbish—between which and those, forming the
surrounding forest no perceptible difference can be
detected—-from the mouldering state of the wooden
billets and levers, and from the nature of the materials
with which these excavations are filled, consisting of fine
clay, enveloping half-decayed leaves, and the bones of
the bear, the deer, and the caribou. This filling up
resulted, not from the action of temporary streamlets, but
from the slow accumulations of years.

Traces of tumuli, constructed in the form of mathematical
figures, have been observed, but not sufficiently
explored to determine absolutely whether they be the
work of art, and, if so, for what purposes they were
intended.

It is well known that copper rings, designed for bracelets,
are frequently met with in the western mounds. We
have several of these relics in our possession. There is
no evidence that the race by whom those structures
were built possessed sufficient knowledge of the
metallurgic art to reduce and purify the ores of copper.
Admitting that they did, should we not naturally refer to
this region, instead of seeking a more remote one, as
the source from which these materials were derived?
Are not these copper rings a strong link in the chain of
evidence to connect the ancient mining of this region
with the earth-works of the Mississippi valley?

We will now proceed to the details of the discoveries
thus far made. The most extended excavations are
found in the vicinity of the Ontonagon river; and to Mr.
Samuel O. Knapp, the intelligent agent of the Minnesota
Company, belongs the credit of having first laid before
the public an account of their nature and extent.

In the winter of 1847-'48, while passing over a portion of
the location now occupied by the Minnesota Mining
Company, he observed a continuous depression in the
soil, which he rightly conjectured was caused by the
disentegration of a vein. There was abed of snow on the
ground three feet in depth, but it had been so little
disturbed-by the wind that it conformed to the
inequalities of the surface. Following up these

indications along the southern escarpment of the hill,
where the company's works are now erected, he came
to a longitudinal cavern, into which he crept, after having
dispossessed several porcupines which had selected it
as a place of hibernation. He saw numerous evidences
to convince him that this was an artificial excavation, and
at a subsequent day, with the assistance of two or three
men, proceeded to explore it. In clearing out the rubbish
they found numerous stone hammers, showing plainly
that they were the mining implements of a rude race. At
the bottom of the excavation they found a vein with
ragged projections of copper, which the ancient miners
had not detached. This point is east of the present
works.

The following spring he explored some of the
excavations to the west, where one of the shafts of the
mine is now sunk. The depression was twenty-six feet
deep, filled with clay and a matted mass of mouldering
vegetable matter. When he had penetrated to the depth
of eighteen feet, he came to a. mass of native copper
ten feet long, three feet wide, and nearly two feet thick,
and weighing over six tons. On digging around it the
mass was found to rest on billets of oak, supported by
sleepers of the same material. This wood, specimens of
which we have preserved, by its long exposure to
moisture, is dark-colored, and has lost ail of its
consistency. A knife-blade may be thrust into it as easily
as into a peat-bog. The earth was so packed around the
copper as to give it a firm support. The ancient miners
had evidently raised it about five feet and then
abandoned the work as too laborious. They had taken
off every projecting point which was accessible, so that
the exposed surface was smooth. Below this the vein
was subsequently found filled with a sheet of copper five
feet thick, and of an undetermined extent vertically and
longitudinally. The position of the copper block, and the
extent of the exploitations along a portion of the lode,
may be seen by reference to the plan of the Minnesota
mine, on page 133. The vein was wrought in the form of
an open trench; and where the copper was the most
abundant, there the excavations extended the deepest.
The trench is generally filled to within a foot of the
surface, with the wash from the surrounding surface
intermingled with leaves nearly decayed. The rubbish
taken from the mine is piled up in mounds, which can
readily be distinguished from the former contour of the
ground. A few rods to the west is another specimen of
ancient mining, where they have left a portion of the
veinstone standing, in the form of a pillar, in order to
support the hanging wall. The rubbish in this excavation
has not been cleared away, so that its extent is
unknown.

These evidences are observed on this location for a
distance of two and a half miles. Upon a mound of earth
we saw a pine stump, broken fifteen feet from the
ground, ten feet in circumference, which must have
grown, flourished, and died since the earth in which it
had taken root was thrown out. Mr. Knapp counted
three hundred and ninety-five annular rings on a
hemlock, growing under similar circumstances, whch he

31st Congress, 1st Session. -- Ex. Doc. No. 69. — Page 29 of 66



felled near one of his shafts. Thus it would appear that
these exploitations were made before Columbus started
on his voyage of discovery.

Fig. 90.

The amount of ancient hammers found in this vicinity
exceeded ten cart-loads, and Mr. K., with little reverence
for the past, employed a portion of them in walling up a
spring. They are made of greenstone or porphyry
pebbles, with a groove, single or double, cut around, by
which a withe was attached. The following is a sketch of
one of the larger class, the dimensions of which were
12x5Y%2x4 inches, and the weight 39% pounds. The
smaller class, weighing five or six pounds, were probably
wielded in one hand. The annexed sketch will convey
an idea of their form.

Fig. 31.

In addition to these relics, a copper gad, with the head
much battered, and a copper chisel, with a socket for the
reception of a handle, were brought to light. It contained
the fragment of a wooden handle, when discovered,
which crumbled very soon after being exposed. The
timber in the excavation before described showed the
marks of an axe, the bit of which must have been about
two inches in width.

Mr. Wm. H. Stevens, the agent of the Forest mine, has
discovered other workings on the southwest quarter of
section 30, township 50, range 39, almost of equal
extent and interest. They occur on the southern slope of
a hill, arid consist of a series of pits, some of which, on
being opened, are found to lie fourteen feet deep. They

are arranged in four lines, following the courses of four
veins or feeders.

In cleaning out one of these pits, at the depth often feet
the workmen came across a fragment of a wooden bowl,
which, from the splintry pieces of rock and gravel
imbedded in its rim, must have been employed in bailing
water.

Remnants of charcoal were found, not only there, but at
numerous places, lying on the surface of the rock.
Some have supposed that fires were kindled for the
purpose of melting the copper, but the more reasonable
supposition is that heat was employed to destroy the
cohesion between the copper and the rock. Before the
introduction of gunpowder, fire was the great agent in
excavating rock; and even now, in the Harz and at
Altenberg, two of the old mining districts of Europe, this
agent is employed to break down rocks of extreme
hardness. Itis quite as economical where fuel abounds
as gunpowder in destroying silicious rocks.

We can hardly conceive it possible for them to have
made such extensive excavations with such implements
simply as they have left behind, without availing
themselves of the aid of fire.

In one of these pits—southwest-quarter of section 35,
township 51, range 38—were found the bones of a deer,
in a pretty good state of preservation . Fragments of the
cranium, humerus, and of one horn (which, to use the
language of sportsmen, was in the "velvet" at the time of
the destruction of the animal) were, taken out. The
smaller bones had mouldered away. They reposed on
clay, a foot above the surface of the pit, and were
covered with accumulations of clay, leaves, gravel, and
sand to the depth of nineteen feet. It would appear that
the animal either fell into the pit or ventured in to
procure-water, and, unable to extricate himself,
perished.

These pits, filled as they were with water, would not
become the dens of carniverous animals, and to no
agency of theirs are we to attribute the position of these
bones.

In the northeast quarter of section 16, township 50,
range 39, near a small stream, there is a mound which
has the appearance of having been the work of art. Mr.
Hill, from whose notes much of the above information
has been derived, states that from the want of tools he
was unable to penetrate it, to determine whether it was
stratified or not. It is about ten feet high, in the form of a
square, the sides of which are fifteen feet in length, flat
on the top, and slope regularly to the base.

There is another tumulus on the right bank of the
Ontonagon river, six miles above its month, forty feet
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high, and nearly circular, which has-been supposed to
be artificial, but has not been explored with a view to
determine the point.

From the northeast quarter of section 31, township 51,
range 37, to section 5, township 49, range 40, a distance
of nearly thirty miles, there is almost a continuous line of
ancient pits along the middle range of trap, though they
are not exclusively confined to it.

Upon Keweenaw Point they have been found extending
from Eagle river eastward to range 28, a distance of
twelve miles, along the base of the trap range. A great
number of hammers were discovered on the present site
of the Northwest Company's works, which first led the
explorers to suspect the existence of a valuable lode of
copper. They have also been found at the Copper Falls
mine, and at the Phoenix formerly the Lake Superior,
mine. At the latter place a copper knife was discovered,
in the early explorations of that tract.

Mr. C. G. Shaw pointed out to us similar evidences of
mining on Isle Royale. They occur on what is known as
the Middle Finger, and can be traced lengthwise for the
distance of a mile. Mr. Shaw remarks that, on opening
one of these pits, which had become filled up with the
surrounding earth, he found the mine had been worked
through the solid jock to the depth of nine feet, the walls
being perfectly smooth. At the bottom he found a vein of
native copper eighteen inches thick, including a sheet of
pure copper lying against the foot-wall.

The workings appear to have been effected simply by
stone hammers and wedges, specimens of which were
found in great abundance at the bottom of the pits. He
found no metallic implements of any description, and is
convinced, from the appearance of the wall-rocks, the
substances removed, and the multitude of hammers
found, that the labor of excavating the rock must have
been performed only with the instruments above named,
with the aid perhaps of fire. From the appearance of the
vein and the extent of the workings, he conjectures that
an immense amount of labor had been expended. He
endeavored to find some evidences-of the antiquity of
these workings, but could discover nothing very
satisfactory to his own mind, except that they were made
at a remote epoch. The vegetable matter had
accumulated and filled up the entire opening to a level
with the surrounding surface; and, in a region where it
accumulates as slowly as it does on the barren and
rocky parts of Isle Royale, this filling up would have been
the work of centuries. Upon this vegetable accumulation
he found trees growing equal in size to any in the
vicinity.

All will admit that the facts above set forth assign to
these excavations a high antiquity; but whether they
were made by a race distinct from the Indians now
inhabiting the region, is a matter of extreme doubt,
although all traditions with regard to their origin have
perished.

A race like the Indians, dependent principally on hunting
and fishing for the means of subsistence, would employ

copper, where it was accessible, in the construction of
their weapons of capture, in preference to stone, it being
more easily fashioned and less destructible. This would
.naturally be expected in the rudest and most simple
state of society.

Among the earliest benefits derived from their contact
with the whites would be the introduction of iron
implements, which would soon supersede those of
copper. They then would have no interest in maintaining
a communication with the copper region, which
abounded in few animals of the chase, or in preserving
among their tribe a knowledge of the places from which
the metal was obtained. The lapse of a century or two
would obliterate all traditions. We have seen that the
first missionaries arrived on the borders of Lake Superior
as. early as 1641, and it is probable that the tribes which
they there found had established an intercourse with the
whites at Quebec and Montreal years before. If, from
the scanty records of the Jesuits, we could gather what
amount of skill was displayed by the savages in the art
of making metallic implements, and the kind of material
used, it would throw much light upon this point.

Skulls form the most distinguishing feature between the
several tribes of the human family; and hence their
discovery—which may be looked for among these
excavations—will afford authentic testimony of the
character of the race by which they were made.

NoTeE.—According to Kaim, (Reise, th. 3, s. 416,) M. de Verandrier,
who in 1746 was sent upon an overland expedition intended to reach
the Pacific, by Chevalier de Beauharnois, then governor-general of
Canada. In the prairies 900 miles west of Montreal, found enormous
masses of stone, placed in an upright position by the hand of man, and
on one of them was something which was taken to be a Tartar
inscription. It was engraved on a small tablet which had been let into a
pillar of cut stone. In which position it was found. Some of the Jesuits
in the city of Quebec assured Kaim that they had seen and handled the
supposed inscription. It was afterwards transmitted to Count
Maurepas, in France. Humboldt, from whom we derive this
information, (Aspects of Nature, title Steppes and Annotations,) adds:
"I have asked several of my friends in France to search out this
monument, in case it should really be in existence, and in the collection
of Count Maurepas, but without success.” May not this carved stone
have been the work of the old copper-miners? Verandrier further
affirmed that, throughout entire days' Journeys, traces of the
ploughshare were discernible; but Humboldt remarks that “the total
ignorance of the primitive nations of America with regard to this
agricultural implement, the want of draught cattle, and the great extent
of ground over which the supposed furrows are found, all lead to the
conjecture that the singular appearance has been produced by some
effects of water on the surface.”

The surface of the island of Mackinac, which lay in their route, presents
the appearance of a ploughed field. It arises from the removal of
blocks of stone from their place of bedding in the strata by the agency
of water, during the drift epoch. The earth is not evenly distributed, but
lies in ridges like graves, and well might be mistaken, for the remains
of aboriginal tillage.

31st Congress, 1st Session. -- Ex. Doc. No. 69. — Page 31 of 66



CHAPTER VL
VEINS AND VEINSTONES.

The occurrence of copper in different parts of the
earth.—Geological association.—Definition of veins.—
Different systems.—Length, width, and underlie.—Their
gangues and the changes which they undergo in their
passage through different mineral planes.—Formation of
veins.—Materials composing their gangues, and the
order of arrangement.—Comby structure.—Position of
the silver and of the moss copper.—Veins of native
copper, on anomaly.—Various hypotheses as to the
mode of filling.—Injection.—Sublimation.—Electro-
chemical agency.—Universal diffusion of magnetism,
and its influence on the combinations of matter.

Before entering upon the detailed description of the
phenomena of the veins of the Lake Superior district, it
would be proper to consider the conditions under which
copper occurs in other portions of the earth, and thus
afford the means of comparing this newly-discovered
district with those, in which veins have been wrought for
centuries. We shall then be able to appreciate the
peculiar, and we may say unique, character of the Lake
Superior district, and arrive at some general conclusions
as to the degree of importance to be attached, to the
facts developed in the progress of the explorations.

It must not be forgotten how short a time has elapsed
since the first attempts at mining were made, and the
physical obstacles which had to be overcome before the
business was established on a firm basis. Although on
the eastern, continent mines have been wrought from
time immemorial, and every year has added some new
facts to the mass already collected, yet the theory of
veins, their detailed structure, and the relation of the
various ores to their gangues and the enclosing walls
can only be said to be imperfectly understood in those
districts where the most skill and science have been,
devoted to their investigation. It cannot, then, be
expected that we shall be able to solve the various
problems presented in the investigation of so complex a
subject in a district where mining explorations have been
carried on only a few years, and where a small portion of
our time only could be devoted to the collection of the
facts brought to light.

The occurrence in this district of powerful veins of native
copper in igneous rocks is a deviation from the general
rules found to prevail elsewhere. They are confined, as
we have seen from the detailed geology, to the bedded
trap, while the rocks of the preceding epoch—for
instance, as at the Prince mine, Mamainse, and other
places on the Canada shore, where the greenstones
have flowed over the slates—are characterized by the
presence of veins of the sulphurets.

In referring to the conditions under which copper occurs
in other regions, we will commence with Cornwall—a
district best known to the American miner. This district
furnishes all of the tin and seven-eighths of the copper
mined in Great Britain. There are about 112 veins

wrought, at an annual expense of £900,000. The rock in
which they are principally developed is clay slate, or
killas, as it is termed by the Cornish miners, constituting
the base of the Silurian system, among which the
granites and elvans have been protruded. The ores are
the yellow sulphuret of copper and iron, with which are
associated, in the undecomposed part of the vein, black
sulphuret, red oxide, and native copper. The gangue of
the cupriferous veins is almost exclusively quartz. The
average of the ore raised does not probably exceed two
and one-half per cent. but by dressing it is brought up to
eight per cent.

France at present affords but one workable mine of
copper. Numerous mines have been wrought at various
periods, but at this time they are abandoned. In the
Vosges, the copper veins are associated with the
argillaceous slates of the carboniferous era, among
which porphyritic rocks have been protruded.

The celebrated mines of Chessy, in central France, are
at the junction of the granite and lias.

Germany.—In the Harz mountains, the copper veins,
with quartzose gangues, occur in gran-wacke slate, with
intercalated belts of trappean rocks. The product of
these mines does not exceed 300 tons. The mines of
Rheinbreitenbach, in the same formation, are productive
in pyritous and variegated copper, accompanied by a
gangue entirely quartzose.

In the vicinity of Mansfeld, in Prussia, occurs the
interesting deposits known as the "kupferschiefer," or
copper slate—a thin layer in the zechstein, throughout
the whole thickness of which is disseminated gray
argentiferous copper ore, yielding about 2.1 per cent.

Near Schemnitz, in Hungary, is an interesting
metalliferous region, which produces about 5,000 tons of
copper annually, together with gold, silver, antimony,
and other metals. The veins are included in porphyritic
rocks, which are connected with sienites, passing into
granites. The predominating gangues are quartz and
sulphate of baryta; the ores, pyritous and gray copper.

Spain.—The general character of the deposites of the
metals in Spain is similar to those of the Harz. The
amount of copper raised is trifling, compared with that of
lead and mercury.

Norway and Sweden.—The sulphuret of copper and iron
is almost the only ore obtained from the Scandinavian
mines, and is very meagre, rarely exceeding 3 or 4 per
cent. The Norwegian copper is highly esteemed, in
consequence of its freedom from arsenic and other
metals.

The veins are principally confined to the gneiss and mica
slate. The famous mine of Fahuln, now nearly
exhausted, occurs in the latter rock. From 1838 to 1843,
the Norwegian and Swedish mines did not yield over
1,500 tons of pure copper.
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Russia.—The Russian copper deposites in the Ural
mountains are remarkable for the purity and richness of
the ores, with which is associated considerable native
copper. They have been compared to the veins of Lake
Superior, but between the two districts there are few
points of analogy. The most productive mines are those
of Tourinsk and Nijnytagilsk.

The chief mining-ground at the last-named places is a
broken and unconsolidated mass of detritus, containing
thin veins and nests of malachite, lilies in the
depressions worn in the surface of the upturned edges
of the limestone strata belonging to the upper portion of
the Silurian rocks, among which are intermixed broken
ridges of amphibole rock. The malachite is
unquestionably a secondary product, resulting from a
cupriferous solution, deposited in a stalagmite form.
Such is the character of the Russian deposites.

Cuba.—The average product imported to England from
1843 to 1847 was 5,400 tons of pure copper—the
average yield of the ore being a little over 16 per cent.
The copper deposites of Santiago are highly productive.
The ores are not in regular veins, but in beds and
masses, subordinate to the igneous rocks, especially
greenstone and serpentine. The gangues are quartz,
dolomite, and carbonate of lime. The yellow sulphurets
are associated with the hydrated oxide of iron. Native
copper is also observed in this connexion. The
presence of native silver in the blue carbonate of copper
is by no means rare.

Chili.—The average quantity of copper smelted in
Wales, from the ores and black metal from this source,
from 1843 to 1847, was 4,400 tons. The average yield
of the ore and black metal was 31.15 per cent.

The copper veins are exceedingly numerous and
powerful; and exist in the granite. The gangues are
guartzose and jaspery.

Australia.—These mines, though worked but a few
years, are daily rising in importance. The geological
association of the rocks is similar to those of Cornwall.
Hills of mica slate compose the Bartossa district; and
distorted clay slate, like the killas of Cornwall, is seen in
the Adaline district. Through these the granites and
sienites have protruded. The ores of copper are
abundant, consisting of the red oxide and sulphurets.

From the verbal communications of Sir John Richardson,
we infer that the analogy between the Lake Superior
deposites and those of the Copper-mine river is very
marked. The rocks consist of bedded trap and
sandstone, with occasional layers of limestone,
traversed by veins containing native copper and
malachite.

It will thus be seen that the ores of copper are confined
to no particular position in the geological column, but
range from the has to the granite. Veins are the
principal repositories of most of the valuable metals
employed in the arts, and, whether observed in the Ural
or the Harz, in Cornwall or on the borders of Lake

Superior, exhibit certain features hi common—showing
that their formation is due to the operation of general
laws.

They are almost always found associated with the
igneous and rnetamorphic rocks; but where they occur in
rocks purely detrital, the igneous rocks are generally
found not far removed. It is, therefore, to igneous
agency that we are to attribute the formation of fissures
and the seggregation of their metallic products.

Mr. Carne remarks: "By a true vein, | understand the
mineral contents of a vertical or inclined fissure, nearly
straight, and of indefinite length and depth.”

Werner, the great Saxon geologist, denned veins as a
mineral repositories, of a flat or tubular shape, which
traversed the strata without regard to stratification,
having the appearance of rents or fissures formed in the
rocks, and afterwards filled up with mineral matter which
differed more or less from the rocks themselves."

A true vein, therefore, may be defined as a fissure in the
solid crust of the earth, of indefinite length and depth,
which has been filled more or less perfectly with mineral
substances, introduced by various agencies, subsequent
to the formation of the fissure. They differ essentially
from beds, which are generally contemporaneous with
the formation in which they are enclosed, and range and
dip with the associated rocks. This distinction cannot in
all cases be recognised, since mineral deposites
sometimes present characteristics common to both.

Every mining district exhibits certain systems of veins,
which differ from each other in age, and often in their
mineral contents.

In Cornwall, three sets have been observed, which have
been designated by certain provincial appellations well
understood: 1st. The system of right-running veins,
which traverse the country in a direction nearly east and
west. Mr. Henwood found, as the mean of 300
observations, that the right-running veins containing
metalliferous ores, bore 4° north of east and south of
west.

Another set, called contras, intersect the main veins at
an angle of 45°; and still another set, called cross-
courses, intersect the right-running veins at nearly right
angles. The first system is the most ancient, because it
is always traversed by the other two; they are the older
tin veins. The next are those which contain tin and
copper. The third are the east-and-west veins, which
are the most recent and the most productive of copper.*

These veins vary from one to four feet in width. They
ordinarily extend a few thousand feet, and some even a
mile; the great vein of the United mines has been,
however, traced to the distance of eight miles.

The direction of the principal veins in Mexico—for
instance, the Veta Grande and Veta Madre—is north
west and southeast, and they are exhibited on a scale of
grandeur unknown in the mining districts of Europe.
Thus the Veta Madre has been traced continuously on
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the surface for more than six miles, and expands in
places to the enormous width of ninety feet.

In the Cerro de Pasco, Peru, noted for its silver ores,
one set of veins, according to Tschudi, bears north and
south, which is intersected by another set bearing east
southeast and west-northwest. The Veta de Colquirica
has been traced to the distance of nine thousand six
hundred feet, and it expands to the width of four hundred
and twelve feet. This belongs to the first-mentioned
class. The Veta de Pariarirca, which belongs to the
second class, is known to extend six thousand four
hundred feet in length, and three hundred and eighty
feet in breadth. From these large veins, numerous small
ones branch off in various directions, forming a complete
network of silver beneath the surface.

A vein of two or three feet in width can probably be as
economically wrought as one of much greater
expansion; the ores are more concentrated, and the
expense of securing the work by timbers is
proportionately less.

*Anstead on Mining, Lecture XV.

Veins of Keweenaw Point.—On Keweenaw Point, one
system of veins is well defined. Their bearing is north of
west—the mean of several observations giving north
211° west. So true is this, that no permanently
productive vein has been discovered thus far which
varied 15° from this course, which is at nearly right
angles to the formation, or axis of upheaval. These
veins, in their downward course, deviate more or less
from a perpendicular, amounting to 8° or 10°, or even
12°. They also expand and contract at short intervals,
which results from the lateral and vertical dislocations to
which the walls have been subjected. The CIiff vein

Fie. 33. affords an illustration of this kind, a section of
4! which is subjoined:

a. Walls nearly in contact.

b. Vein nearly vertical, displaying two layers or
combs—seen in the fourth level north of the main
shaft.

c. Veinstone, brecciated ; east layer only seen;
vein pinched and much inclined.

d. Eastlayer now seen.

f. Vein perpendicular, and expanding in width.

Not more than one half of the east comb is
represented in the fissure. The miners call it a
"splice in the vein." These splices will be
found to occur wherever the vein becomes
nearly vertical. They fill the vein just above
the pomts where the walls nearly come in contact, and
run out on the overhanging wall, leaving the west comb
to occupy the more inclined and contracted parts of the
fissure. The brecciated veinstone is always found just
above the points where the walls nearly come in contact.
These expansions and contractions in the vein result
from a vertical dislocation of the enclosing walls. If
apiece of paper be cut in a waving, irregular line, and
one part slipped beyond the other, it will represent pretty
correctly the irregularities of a vein. The surfaces of the

fissure, or rather the walils, are polished and striated,
resulting from the repeated slippings of the mass.

Veins in the Ontonagon region.—A different system of
veins prevails here. The veins run with the formation,
instead of cutting it at right angles, like those of
Keweenaw Point. In the St. Agnes, Gwennap, Red-ruth,
and Camborne districts, in Cornwall, according to De la
Beche, the general coincidence of the lines of bearing of
the tin and copper lodes with the lines of elvans is
particularly remarkable.

In describing the peculiarities of the trappean rocks, we
stated that whenever they approached the detrital rocks,
as a general thing, they assumed a stratiform
appearance; and this remark is applicable to this region.
The fissures appear to have been formed along these
lines, and correspond in bearing and underlie to, the
bearing and dip of the associated sedimentary rocks.

Of this class of veins, the Douglass Houghton, the
Forest, and the Minnesota are marked examples. Some
have supposed, from the coincidence in the bearing and
underlie of these fissures with those of the sedimentary
rocks, that they were of contemporaneous origin—in
fact, that they were simply beds. We do not, however,
regard them in this light. Take, for example, the
Minnesota vein. The walls are polished and striated,
and the mineral matter corn posing the gangue is distinct
in character from the enclosing rock. The vein exhibits
numerous strings and feeders, and, wherever these
intersect it, marks of derangement are observable. The
veinstone is arranged in combs, like that of the vertical
fissures. These peculiarities are sufficiently marked to
justify us in regarding them as true veins.

There is another class of deposites whose course and
underlie correspond to the course and dip of the
adjacent sedimentary deposites. We regard them as
beds, contemporaneous with the associated rocks.

They differ from the fissures last described in these
particulars: They are imperfectly defined, there being no
clear lines of junction with the walls; are very irregular in
their course, exhibiting nothing like parallelism for a
considerable distance; and the mineral matter with which
the copper is associated is never arranged in combs or
lamellar plates. They are known as "epidote veins,” the
gangue consisting of epidote and quartz, with native
copper. They appear to be the result of seggregation,
rather than injection, and are as rich at the surface as at
any given depth. This class of beds is generally
associated with the quartzose porphyries of the region
west of the Ontonagon river and the Porcupine
mountains.

Numerous explorations of these beds have been made,
but in no instance successfully.

The quartzose porphyries are also traversed by a set of
narrow irregular fissures, nearly vertical, filled in with
guartz, and for the most part barren of copper.

In this connexion, we may mention still another class of
deposites. Between the trappean and detrital rocks is
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often interposed a bed of chlorite, three or four feet in
width, through which copper is found disseminated in
small bunches. The Union mine, now abandoned, on
the Little Iron river, at the base of the Porcupine
mountains, is an illustration of this kind.

Veins of Isle Royale.—The veins of Isle Royale are more
complicated than those of the districts we have before
described. There are several systems, but the
explorations have not been sufficient to enable us to
determine their relative ages.

One system of veins bears nearly east and west,
corresponding with the bearing of the associated
sedimentary rocks; but while the former dip to the
northwest at an angle of 75°, the latter dip to the south-
southeast at an angle of 12° or 14°. To this class belong
the Siskawit and Scovill vein and the Duncan vein, on
section 34, township 66, range 34, on the lease of the
Ohio and Isle Royale company.

Another class may be appropriately called beds, having
a bearing and dip conformable to those of the detrital
rocks. This class is seen near the head of Rock Harbor,
and at a place on the southern shore of the island which
bears the classical appellation of Epidote.

There is another system of fissures which run nearly
north and south, at right angles with the axis of
elevation, and dip from 10° to 20° to the east. To this
class may be referred the vein now wrought by the
Pittsburg and Isle Royale Company at Todd's Harbor,
and the powerful vein on. Phelps's island, at the outlet
of Washington Harbor. Numerous fissures holding the
same course may be seen between Siskawit bay and
Rock Harbor.

Few veins exhibit their true character on the surface,
which arises probably from the oxidation of the materials
composing the gangue. Owing to the nature of the
country, it is impossible to trace the veins continuously
for any considerable distance; but we have satisfied
ourselves that some continue six, and even eight miles.
They rarely exceed four feet in width. The average
width, of the best veins thus far developed does not
exceed two feet. Few faults have as yet been observed
to interrupt their continuity.

Having thus endeavored to define the different systems
of veins in this region, we will next consider their
gangues, or materials composing the veinstone, as well
as the changes which they undergo in their passage
through different rocks.

The gangues of veins deserve to be closely scrutinized
by the miner, since a knowledge of their peculiarities is
of great practical importance in enabling him to judge of
the probable productiveness of a vein. The gangues of
the most productive veins in this region consist of an
admixture of calc-spar, chlorite, epidote, laumonite, and
drusy quartz. Prehnite, fluor spar, analcime, datholite,
mesotype, apophyllite, and table-spar are occasionally
met with 5 but their presence may be regarded as
accidental. In no instance has a purely spar vein been

found productive. The same remark will apply to the
guartz veins.

In other countries, the miner judges of the character of
the lode by the character of the veinstone. Thus, in
Cornwall, above the veins where rich deposites of
copper occur is a mass of ferruginous matter, called by
the miners gossan.

In the Harz, a red oxide of iron, known as chapeau de
fer, caps the lead and silver ores, and when struck
affords the miner almost, unerring indications of the
proximity of rich deposites.

It is deemed unnecessary here to describe the character
of the veinstones with more minuteness, inasmuch as
detailed information will to found under the appropriate
head in the Table of Mines.

The productiveness of a vein is also influenced by the
character of the enclosing rock. Where it exists in the
greenstone or hard crystalline rock, it is pinched; where
it enters the soft porous amygdaloid, it becomes
scattered and ill defined; and in its passage through a
belt of conglomerate, it almost always ceases to be
metalliferous.

The most favorable rock—that in which a vein is best
developed—is a granular trap, with occasional
amygdules scattered through it of a lively color, and
possessing a good degree of firmness.

This kind of rock belongs to the bedded trap. No veins
of native copper have been found except in this
association.

The influence of the enclosing rock upon the
productiveness of a vein, and the change in its mineral
contents in passing through different belts of rock, have
been observed in other regions.

"Granite, or its modification, elvan," remarks De la
Beche, in his Survey of Cornwall, "is found near all the
localities where tin and copper ores so abound as to be
worked and produce good mines; while lead, antimony,
manganese, iron, and zinc are discovered in sufficient
guantities to be profitably raised at a distance from
granite or elvan. As far as the two counties of Cornwall
and Devon are concerned, the conditions favorable for
tin and copper ores seem unfavorable for those of lead.
Valuable mines in the granite become worthless when
they pass into the slates.”

In the Harz, according to M. Fournet, veins passing from
argillaceous slate into cherty slate lose their productive
character. Hard granites, as a general thing, are less
prolific than the soft decomposed kinds.

To show the changes which veins undergo in their
passage through different beds of rock in this district, a
few examples will be cited.

We have described the range of hills in which the Cliff
and North American mines are situated as composed of
crystalline greenstone at the summit, and a granular
trap, somewhat amygdaloidal, at the base. The same
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remark will apply to the Northwest and Northwestern
mines. In the greenstone the veins are contracted and
barren, but on entering the granular trap they become
expanded and give evidence at once of their true
character.

At the Copper Palls mine, the vein in the northern trap
belt was well defined and productive; but on entering the
belt of sandstone to the south, it contracted to a mere
fissure. This belt was perforated, but the miners did not
succeed in recovering the vein in the southern trap belt.
(Vide section of the works in the chapter on mines.)

Mr. Hill traced a vein which appears near the lake shore
by Copper Harbor through successive belts of
conglomerate and trap, and thus describes the changes:
This vein is on sections 25 and 36, township 59, range
29, and township 58, range 29. It is distinctly marked on
the surface through the above-named sections, and can
be examined every few yards on the line of bearing. It
varies but little in its general course from north to south,
and underlies slightly to the east. Its width in the first
belt of sandstone and conglomerate is two feet, and its
gangue consists of calc-spar, with some native copper.
Its width in the first trap belt is 14 inches, and its gangue
consists of calc-spar and laumonite, with native copper
disseminated. Inthe main range of conglomerate it
expands to two and a half feet, and is filled in with calc-
spar, and exhibits no trace of copper.

The large spar vein known as the "Green Rock" among
the early voyageurs, which strikes the shore at Hays's
Point, Copper Harber, is undoubtedly a continuation of
the black oxide vein a few rods east of Port Wilkins. In
the first conglomerate belt, the spar was associated with
the green and blue silicates of copper. In the second
conglomerate belt, it contained, in addition to the
silicates, large masses of black oxide of copper.

In the bottom of the harbor, when the water is tranquil, a
spat vein, destitute of copper, is seen in the included
trap, corresponding to the direction of the vein in the
conglomerate on either side.

Thus there can be little doubt that the veins of
Keweenaw Point traverse different mineral planes, and,
in their passage through them, undergo marked changes
in their gangues and metallic contents.

On Isle Royale, the veins exhibit the same changes. Mr.
Shaw sank a shaft on a vein, above Scovill's Point, to
the depth of ninety six feet. For thirty feet the rock was
soft, in which the vein was well developed, expanding in
places to four feet in width, and containing considerable
copper. At that depth a band of columnar trap was
struck and penetrated to the depth of sixty-six feet. The
vein contracted to a foot in width, and was nearly barren
and worthless.

Mr. Whittlesey, the former agent of the Siskawit mine,
informed us that, at their works, the columnar trap was
intersected at the depth of thirty-five feet; that the vein
was well exposed in the overlying amygdaloidal trap, but

that on entering the columnar trap it narrowed to a mere
fissure.

The same results followed the explorations on section
27, township 66, range 34, belonging to the Ohio and
Isle Royale Company.

On section 33, township 67, range 33, a vein bearing
north 50° east, the gangue of which consists of quartz,
chlorite, and calc-spar, with considerable native copper,
is seen traversing a trappean rock composed of
hornblende and feldspar, highly crystalline. Mr. Shaw
sank on this vein to the depth of fifteen feet, when he
intersected a dark hornblende trap, in which the vein lost
its character and became worthless.

The most striking illustration of the changes of a vein in
its passage through different mineral planes is to be
seen on the northwest coast of this island. The cliffs
consist of numerous alternations of greenstone and
porphyry, which are cut by a vein varying from a few
inches to two feet in width. The upper portion of the vein
at a, is made up of trappean matter; a few feet lower
down, at b, the gangue is entirely quartzose; still lower it
gives place to calc-spar. It may be seen in the annexed
figure; p, p, p, represent bands of porphyry; d, the
lowest band of porphyry seen, which is amygdaloidal,
the cavities being filled with calc-spar, below which point
this substance entirely fills the space betweeen the
walls, indicating a common origin of the calcareous
matter both of the vein and the porphyritic band. The
bands of phophyry are separated from the trap by thin
layers of laumonite.

Formation of veins.—The manner in which veins occur
would seem to indicate that they were rents or fissures
formed subsequently to the consolidation of the different
mineral planes. The parallelism exhibited in the same
system of veins would further indicate that their direction
had been determined, not by fortuitous circumstances,
but by the operation of general laws.

The materials composing the gangue of veins are often
arranged in parallel plates, constituting what the Cornish
miners call comby lodes. De la Beche supposes that
this arrangement resulted from successive openings of
the fissure.

The following is a section of the gangue of a vein on the
southeast quarter of section 10, township 60, range 39,
Isle Royale:
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1. Laumonite, half of an inch.
2. Prehnite, with native copper, two inches.
3. Clay, probably decomposed chlorite, one inch.

This vein appears to have been subject to three
successive openings.

The east vein of the Northwest Company exhibits two
combs: that attached to the foot-wall, six inches in
width, is composed of calc-spar with little copper; that
attached to the hanging-wall, twelve inches in width,
consists of chlorite, quartz, and calc-spar, investing
copper in spangles and masses.

We have given sections of several veins in the chapter
on mines, and they may be referred to in the further
illustration of the structure of the veins of this region.

In the CIiff vein, there are two combs—that attached to
the foot-wail containing most of the masses, while the
other carries disseminated copper.

The sheets of native copper, as a general thing, though
not invariably occupy the foot-wall of the vein.

Where crystals occur investing the walls, with their faces
opposite, whether separated or interlocked, they afford
strong presumptive evidence of the orginal width of the
fissure,

The Prince vein, Canada shore, affords a beautiful
illustration of this. The vein on Spar island is about
fourteen feet in width, the walls being invested with
amethystine quartz, with the faces turned outwards,
occupying two feet in width, while the intermediate space
is filled in for the most part with calc-spar and pyritous
copper.

It is difficult to determine the order in which the materials
composing the matrix of veins were deposited. In some
cases the earthy substances were deposited before the
metallic, and in others it is evident that copper existed in
the fissures before the process of filling was complete. It
is probable, however, that the copper was formed at
different times.

At the Copper Falls mine, for example, we find small
specks of copper enclosed in obtuse rhomboidal crystals
of calc-spar, variously modified; again, we find native
copper deposited around crystals of analcime and calc-
spar, taking the form of the faces of the crystals, every
line and wave being faithfully represented, as in the
electrotype process. The copper often appears in
arborescent forms, invested with calc-spar.

The Prince mine affords specimens of dog-tooth spar,
studded with minute crystals of bi-sulphuret of copper,
while the vitreous copper is often enclosed in a matrix of
carbonate of lime.

The silver in this vein is found in thin leaves, between
the laming or joints of the crytrallized spar, indicating that
it was deposited subsequent to the filling of the vein.

At the Minnesota mine it is not unusual to find
spongiform copper adhering to the walls, which would
seem to indicate that copper was the first substance
deposited in the fissure. Again we find it deposited in
thin plates between, the joints of the crystallized quartz,
which would indicate that the latter was deposited
subsequent to the former. We have before us a
specimen from this mine, consisting of native copper,
native silver, crystallized quartz, and carbonate of lime,
(calc-spar.) The copper and silver are distinct, and
appear to be chemically pure. The form of the crystals
of quartz is impressed on the silver and copper, and in
the body of the crystals there is no trace of a metallic
substance. The calc-spar, however, conforms to the
silver and copper, both of these metals being
disseminated through it. The silver occurs in imperfect
octohedra of the size of a pea.

This arrangement would seem to indicate the following
order in the deposition of the materials: 1. Quartz; 2.
Copper and silver; 3. Calc-spar.

At the CIiff and North American mines perfect crystals of
copper occur only in the cavities of the matrix; when in
contact with quartz, it takes the form of this substance.

The inference from these facts is, that some of the
earthy materials constituting the veinstone were
deposited prior to the copper and silver, while others
were subsequent in their deposition.

The silver is generally found to occupy a certain position
in the lode. Thus, at the Copper Fails mine, it is most
abundant near the junction of the trap and conglomerate
on the north; at the Cliff mine, near the junction of the
crystalline greenstone and granular trap. Although silver
is intimately associated with the copper, yet it does not
occur in sufficient quantity to justify the expense of
separating the two metals. The lodes are frequently
brecciated the angular fragments evidently having been
derived from the adjacent walls—and are most abundant
above the points where the fissure is nearly closed.

Mode of formation.—Having endeavored to set forth the
principal phenomena of the veins of the Lake Superior
district, we propose to advert to the principal theories
which have been advanced to explain the method by
which the process of filling has been accomplished.

Native copper is often found in veins abounding in
sulphurets, but under circumstances very different from
what are observed in the Lake Superior district. Its
presence is thus described and explained by De la
Beche.* Beneath the gossan, which results from
decomposition of the ore, we observe appearances
strongly reminding us of the common electrotype
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process for procuring copper from a solution of sulphate
of copper. The pure metal is gathered together in chinks
and cavities between the main mass of gossan and the
body of the undecomposed copper pyrites, mingling
perhaps with the lower part of the former. Sometimes
this native copper, as it is called, may retain its metallic
character; but at others it becomes converted into an
oxide, and this again into a carbonate, by the percolation
of waters containing common air and carbonic acid.

It is probable that the sulphur, by a union with the
needful oxygen, became sulphuric acid, and that, this
formed, the copper was attacked and removed, to be
dealt with like any other solution of the sulphate of
copper.

Three theories have been suggested to account for the
filling of veins:

1st. That the foreign matter has been injected in a
molten state, and afterwards slowly crystallized.

2d. That the volatile matters have been slowly sublimed
from below by heat, and condensed upon the walls of
the fissure.

3d. That the materials were once held in aqueous
solution, and precipitated by electro-chemical agency.t

Admirality Manual, title Mineralogy.

TIn those veins which are widest near the surface, and gradually
contract in their downward progress, the foreign matter has been
undoubtedly introduced from above; and even in those veins which
increase in width as they descend, occasional fragments derived from
the surface have been met with. Thus Carne states that, at the
Relistran mine, Cornwall, quartz pebbles, cemented by oxide of tin and
bisulphuret of copper, have been found at the depth of 600 feet in a tin
lode. The black oxide vein at Copper Harbor belongs to this class.

1. Injection.—We can hardly conceive it possible that
the copper, in a fluid state, has been forced up from
below like dikes of porphyry or greenstone. It is well
known that, in many of the loftiest volcanoes, the column
of lava does not rise to the lip of the crater, but breaks
through the sides of the mountain. An elastic force
sufficient to raise a fluid mass of three times the density
of lava would shatter the enclosing walls, and force the
copper into the fissures. If this were its origin, we ought
to find it occupying the depressions in the surface rocks
in the vicinity of the fissures, like modern lava currents.

We find the copper investing various crystallized
minerals, and every wave and stria of the pre-existing
crystals is faithfully represented. It is impossible, by any
artificial method, to cast any metal so as to exhibit such
minute lines. They are as delicate and faithful as could
be obtained by the electrotype.

Again, the associated minerals do not exhibit the effects
of a high temperature. These consist of zeolites, which
yield potash, soda, and lime, and hold a large
percentage of water of combination, and of carbonate of
lime, (calc spar and andalusite,) and earthy silicious
minerals, (quartz, agates, &c.)—all of which may be
supposed to have resulted from the precipitation of

aqueous solutions, rather than from fusion under
pressure.

Again, if the contents-of the veins were the result of
injection, their productiveness would be unaffected in
their passage through different mineral planes.

Lastly, copper and silver combine in indefinite
proportions, forming a homogeneous compound; and yet
we find them existing side by side almost chemically
pure. Admitting that they once formed a homogeneous
compound, it is reasonable to infer that they have been
separated by electro-chemical agency.

2. Sublimation.—This theory explains some of the
phenomena of mineral veins which the preceding theory
does not. Thus, in some veins, crystals of earthy
materials line the walls, whose under surfaces are
studded with minute metallic particles, while the upper
surfaces are quite smooth.

Iron glance is formed at this day in fissures on the
margins of the craters of Vesuvius and Stromboli. The
volatile particles are raised -by heat, and condensed on
the sides of the fissure in crystallized forms. The parallel
arrangement of the different materials on the sides of the
vein may also be explained by this hypothesis. The
artificial production of various crystals—such as feldspar,
hornblende, mica, and magnetic oxide of iron, found in
the slags of furnaces, and of garnets, rubies, idocrase,
and olivine, formed in the laboratory of the chemist—
have also been relied on as affording direct evidence of
sublimation.

The minerals thus artificially produced, however, belong
to a different class from those which accompany the
native copper.

This hypothesis does not explain the changes which are
exhibited by veins traversing different rocks, nor the
substitution of different metals In the same vein,
chemically distinct.

The fact that copper, silver, and lead have been found
deposited on timber and leaves in some of the long
abandoned mines of Europe proves that heat is not the
only solvent power by which these metals may be made
to assume new forms.

3. Electro-chemical agency.—There is but little doubt
that magnetic currents are in a continual state of slow
but regular change, sweeping round the two
hemispheres. Ampere was the first to announce that
these currents traversed the earth from east to west; and
others have applied them in explanation of the chemical
changes which have taken place in lodes during the
process of their formation.

The observations of Mr. Robert Were Fox, in the
Philosophical Transactions and the Proceedings of the
Geological Society of Cornwall, upon the electro-
magnetic properties of veins, and of Becquerel, in his
“Traite de I'Electricite," upon the artificial production of
crystallized insoluble compounds of copper, lead, and
lime, throw light upon one of the obscurest pages in the
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history of the earth; yet it must be confessed that these
experiments have not revealed all that was anticipated at
the time of their promulgation. M. Becquerel shows that,
by the long continued action of weak electrical currents,
many crystallized subtances hitherto found only in nature
may be artificially obtained.

Mr. Fox, by placing copper wires against two portions of
a lode, or of two lodes divided by a cross-course, and
connecting the wires with a galvanometer, was enabled
to detect a current of electricity. The needle was
observed to deviate in some cases to such an extent
that it was impossible to note the deflection. In nearly all
of the mineral veins of Cornwall he was enabled to
detect these currents, but in Teesdale the results of his
experiments were negative. He was successful in
procuring an electrotype copy of an engraved plate, by a
current collected from two lodes of iron and of copper
pyrites, and also in inducing magnetism in a bar of soft
iron.

Professor Reich detected very decided currents in the
lead and silver veins near Freyburg; but Von Strombeck
on the other hand, could obtain no results in the copper
and lead lodes of the Rhine.

Mr. Robert Hunt made also humerous experiments in the
mines of Cornwall, and almost invariably obtained
indications of electricity—in one case so powerful that
electro-chemical decomposition was produced. He also
examined these currents in reference to their connexion
with the general currents which traverse the earth,
according to the theory of Ampere, and was induced to
conclude that they were local, and due to the chemical
action going on in the lode itself. They were often found
to traverse the lode contrary to the general currents
which sweep round the earth, and often at right angles to
them.

He inferred that these local currents had had a powerful
effect upon the masses of matter exposed to their
influence, although the formation of veins might not
originally have been due to their agency.

The amount of muriate of soda (common salt) which he
had found in the waters of many of the deep mines of
Cornwall, equalling in some cases nine hundred and fifty
grains in a cubic foot, had, in his opinion, acted
powerfully in inducing chemical changes in the lode.*

The existence of two metals side by side, like copper
and silver, each chemically pure, and capable of being
alloyed in any proportions; the accumulation of the latter
near the cross-courses, or at the junction of two mineral
planes; the changes in the metallic contents of lodes in
their passage through different rocks; and the parallel
arrangement of the earthy gangues,—all seem to
indicate the existence of electrical currents during the
period of their formation.

It is to magnetism—an agency subtle, but universal and
all-powerful, pervading every particle of matter, and
operating unceasingly—that we are to look for an

interpretation of many of the obscurest passages in the
history of the earth.

To use the beautiful figure of Humboldt: "That which
forms the invisible but living weapon of .the electric eel,
that which, awakened by the contact of moist dissimilar
particles, circulates through all the organs of plants and
animals; that which, flashing from the thunder cloud,
illumines the broad canopy of the sky; that which draws
iron to iron, and directs the silently-recurring march of
the guiding-needle,—all, like the several hues of the
divided ray of light, flow from one source, and all blend
again together in one perpetual, every where diffused
force."t

*Lecture on the electricity of mineral veins, before the Royal Institution,
London.

tAspects of Nature, vol. 1, art. 1.

CHAPTER VIIL
METALLURGY

Purity of Lake Superior native copper compared with
refined copper from various smelting-works.—Specific
gravity.—Occurrence of silver in connexion with it.—
Method of separation.—Liquition.—Amalgamation.—
Mechanical separation.

The term metallurgy is applied to the art of extracting the
various useful metals from their ores, so as to furnish
them to the manufacturer and consumer in such a state
of purity as may be required in the various uses to which
they are applied in the arts.

The processes by which copper is reduced from its
combination with iron and sulphur in the ore, from which
the greater portion of that metal is extracted, are long
and tedious; nor is the skill of the smelter sufficient to
separate the copper in a perfect state of purity and
freedom from other metals which impair its value. On
the contrary, the copper of commerce contains
considerable quantities of iron, lead, nickel, arid other
metals, as is shown by the following analyses of refined
copper from various districts:

I. 1L 1L,

Copper - - - - 08.655 98.251

Iron - - - - 55 131 07
Nickel - B - - - 236

Lead - - - - 751 1.092

Silver - - - - 226 135

Potassium - - B - 116 - 0.38
Calcium - - - - 095 - e
Magnesinm - - - .033 107 0.33
Aluminium - - - 021 A48

Silicium - - - - 048

100.0¢ 100.00

No. | is Swedish copper,
No. Il is Mansfeld copper, analyzed by V. Kobell.

No. lll is Swiss copper, analyzed by Berthier.
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Native copper from Brazil, having a specific gravity of
8.962, contained iron, 0.17; calcium, 0.38; magnesium,
0.33.

Japanese copper is said to be perfectly pure; also the
native copper from the Siberian mines, according to G.
Rosé.

The native copper from the Lake Superior mines may be
considered to be chemically pure. It dissolves in pure
nitric acid without leaving a trace of residuum; it gives no
precipitate when the nitric-acid solution is heated with
ammonia; neither on the addition of chloro-hydric acid. It
dissolves to a clear solution in concentrated sulphuric
acid when heated; it contains no trace of arsenic or other
volatile metal. This is the result of the examination of
several specimens of copper from the Phcenix, Cliff, and
Minnesota mines. A piece of copper from the last-
named mine, sawn with care from a perfectly pure and
solid mass, was found to have the specific gravity of
8.838. The density of pure copper is given by different
authors as follows:

Peligot and Frémy, pure fused copper - - - - 878
Berzelius, L L - - - - 8.83
Scheerer and Marchand, ¢ c« - - - - 8,621
Schecrer and Marchand, copper in fine wire - - - 8,952

It has been asserted that some of the native copper
contains a small portion of silver alloyed with it. This
may be the case; but we have not found any silver in the
specimens which we have examined; when no particles
of that metal were visible in the mass.

The method of occurrence of the native silver in
connexion with the copper in the Lake Superior region is
one of the most novel and striking features in the
distribution of the metallic riches of that district. Native
silver occurs by no means unfrequently, at various points
of the trap range, from one extremity of the district to the
other. It has, however, been found in the greatest
quantity at the Phaenix, Cliff, Copper Falls, and
Minnesota mines; the largest specimen hitherto obtained
was taken from the workings of the Phcenix (formerly
Lake Superior) Company's mine. It was a rolled,
detached lump, perfectly pure, which weighed over six
pounds, and is now in the collection of the mint at
Philadelphia. This mass was found in a large excavation
or pot-hole worn by the action of the stream in passing
over the course of the vein, and filled with the debris of
the vein and the adjoining rocks, and numerous masses
of copper and silver derived from the ruins of the
veinstone. Several thousand dollars' worth of the latter
metal were taken from this hole. In the various
excavations on this location, numerous specimens of
silver associated with copper have been obtained both in
the vein, where they generally occur associated with
prehnite, and in the adjacent rock, either in bunches and
strings, or sometimes in almost invisible particles.

A specimen of native silver from the Minnesota mine
was found to contain no other, foreign substance than a
trace of copper. A specimen from the old Lake Superior
Company's mine contained no copper, but a small
guantity of iron.

The silver and copper do not, however, in general, occur
alloyed with each other, as would naturally be supposed
on the theory that they have been forced up together in a
state of fusion from the heated interior of the earth. The
silver is scattered through the metallic copper in such a
manner that each metal remains entirely free from alloy
with the other, although the junction of the two at their
edges is a perfect one. The silver is often interspersed
in the mass of copper, so as to form a species of
porphyry, the former metal occuring in small patches and
particles perfectly soldered to the enclosing mass of
copper, yet, chemically speaking, entirely distinct from it.
The native silver seems to occur especially in connexion
with a soft greenish magnesian mineral, also with calc-
spar and prehnite, and has never, so far as we know,
been found distinctly crystallized, as the copper often is.

The only question of any practical difficulty in regard to
the metallurgic treatment of the Lake Superior copper is
that of the occurrence of the native silver in connexion
with the copper.

If there should be a large amount of silver found finely
intermixed with the copper, so that it could not be
mechanically separated, it would be important to decide
how the two metals could be separated in the most
economical manner, and how small a percentage of
silver could be economically worked. If the percentage
of silver in the copper is large, a separation of the two
metals can be effected by the use of acids in the humid
way. The so-called "aqua regia" was many years since
used by Keir, in England, for separating metallic silver
from copper. It consists of a mixture of concentrated
sulphuric and nitric acids, or oil of vitriol, mixed with one-
tenth its weight of saltpetre. By this reagent the silver is
dissolved, and the copper only very slightly acted on.

In the separation of silver from copper, when both the
ores of these metals occur in combination, in the Harz,
the method called liquation is resorted to. In this
operation the argentiferous copper, which may contain
as low as 0.0016 per cent. of silver, is fused, in the state
of black copper, with between two and three times its
weight of lead and litharge, and cast into large flat disks,
which are then ready for the liquation furnace. In the
treatment by this furnace the lead containing the silver
flows off into the well in front of the hearth, whence it is
taken with ladles and cast into ingots. The silver is then
separated from the lead by cupellation.

At Tsiklova, in the Baneat, the silver contained in the
black copper is separated by amalgamation. The ores
are principally argentiferous mispickel mixed with copper
pyrites. The black copper obtained by three separate
processes of fusion, contains from 80 to 90 per cent. of
copper, with from 0.00125 to 0.00375 per cent. of silver.

This is heated to the highest point possible without its
fusing, and then pulverized by stamps. The pulverized
substance is then mixed with 10 per cent. of common
salt and a little sulphuret of iron, arid heated in the
reverberatory furnace. The resulting chloride of silver is
then amalgamated with mercury, by means of a suitable
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apparatus—the reduction of the silver being effected by
copper, which at the same time converts the small
portion of chloride of copper which had been formed in
the process of chloruration into bichloride of copper.
The amalgam is then distilled, so that no mercury is lost
in the operation, and the copper is fused and refined.

Up to the present time, the quantity of silver occurring
with the copper in the Lake Superior region has not been
sufficient to render it worth while to erect the furnaces
and make the required outlay for separating these two
metals; but, should the number of mines be much
increased, and the quantity of silver obtained be
considerable, it will be expedient to make suitable
preparation for separating this metal. At present, at the
Cliff mine, the particles of silver which are so fattened by
the stamps as to be easily seen, are separated by hand,
the coarse metal from the stamps being picked over with
care for that purpose. The silver occurring only
occasionally, and then often in masses of considerable
size, there can be no doubt that a very considerable
amount is purloined by the miners, who seem to
consider the silver found in the vein as their property.

The small quantity of silver which may remain with the
copper becomes, in the operation of smelting, alloyed
with it, and undoubtedly improves the quality of the
metal.

Taking into view what has already been said in the
preceding chapters on the occurrence of the copper in
the mines of Lake Superior, it is evident that the practical
guestions involved in the working of this region are
exceedingly simple, and that few mining districts occur
where mines can be opened with such facility, and their
products converted into money with so little outlay of
capital or skill in their metallurgic treatment.

The greater portion of the copper produced in the world
is obtained from the combinations of that metal with
sulphur, and principally from the ore commonly called
copper pyrites, or sulphuret of copper and iron. In
addition to the mechanical preparation of such ores, they
require a long and complicated process to free the
copper from the accompanying foreign substances, the
theory of which may be thus briefly summed up:

1. First roasting or calcination.—This process is
performed either in peculiar furnaces or in roasting pits
or heaps. By it the greater portion of the sulphur is
oxidized; the metals are converted into basic sulphates,
which remain mixed with the portions of the ore which
have escaped oxidation.

2. First fusion or malting for coarse metal.—Silicious
substances are added, if necessary, in sufficient quantity
to take up the iron, which combines it together, to form
silica of the protoxide of iron, making a fusible slag; the
sulphuric acid is reduced to sulphur, and the oxide of
copper to copper, and sulphuret of copper is formed.
The heavy combination of sulphur and copper sinks to
the bottom of the furnace, while the light slag floats on
the surface. This sulphuret of copper still contains
considerable sulphuret of iron.

3. Second roasting or calcination of coarse metal.—The
mass obtained by the last process is now broken up, and
again roasted for several weeks in peculiar furnaces.
The object of this operation is to oxidize the copper.

4. Second fusion.—The ore is again fused, with the
addition of silicious substances, if necessary—the object
of which treatment is to take up the portion of iron which
still remains. The copper obtained by this process still
contains many impurities: it is called black metal.

5. Refining.—The copper is fused and subjected to a
process by which the foreign metals present in it are
oxidized, and form a crust on the surface of the fused
mass, which is constantly skimmed off. The copper is
treated in this way till it acquires the properties of the
pure metal, when the operation is suspended. It is then
cast in ingots, or cooled upon the surface by throwing on
water, and removed in successive flat masses, called
rosettes.

This is the general description of the processes by which
the ores are treated, though the details vary much in
different countries and under different circumstances.
The number of distinct processes which the ore
undergoes in the great smelting establishments of
Swansea is at least ten, which are entirely distinct from
each other.

The sulphurets of copper there require a long arid
expensive process for smelting—a process which
demands the highest metallurgic skill, and a large
amount of capital. Eight companies have the control of
the great Welsh furnaces, where so large a portion of the
copper used throughout the world is smelted.

The question arises then, Are the sulphurets of copper
destined to form an important part of the production of
the Lake Superior mines?

The occurrence of the sulphurets of copper in the Lake
Superior region is by no means a very uncommon fact.
Two localities have furnished ground for mining
operations—one of which has been entirely abandoned,;
the other is temporarily suspended, though it is believed
that the mine is not considered by the proprietors as
entirely proved. The ore in each of these cases is
mostly the black sulphuret. The yellow ore is found in
comparatively small quantity, associated with the
variegated. We do not believe that appearances thus far
indicate that any ore of copper exists in the Lake
Superior region in sufficient quantity to be worthy of
being worked. We have, therefore, a comparatively
simple task to discuss the metallurgy proper of this
district, since nature furnishes us with the pure metal,
associated with easily-fused vein stones, from which it
can be separated by the simplest of processes—fusion.
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The native copper is considered by the miners as
coming under three distinct heads, according to its state
of subdivision in the rock, and the size of the pieces of
the metal. They are as follows:

1st. Mass.
2d. Barrel-work.
3d. Stamp-work.

1. Mass.—In stopeing, when a large sheet of copper
occurs in the vein, the rock is removed from one side of
it, and it is thrown down by means of a sand-blast, and
thus lies or stands upon the bottom of the level or drift.
Masses have been detached from the vein which were
estimated to weigh 60 or 70 tons, mostly of solid copper,
in an irregular, flattened, tabular shape, now expanding
to a width of from 2 to 3 feet, and then contracting to a
few inches, but firmly united. Of course, such a mass is
too large to be moved in the level or raised to the
surface, and it is of importance that as little of the
process of subdivision as possible should be done under
ground, since the operation, which must necessarily last
a long time, impedes the work in the mine, and is less
conveniently executed in a narrow, confined space,
where easy access cannot be had to the mass on all
sides, and where it cannot be readily moved. The use of
powerful machinery and tackle for elevating masses of
several tons’ weight will be gradually introduced, when
their occurrence may be reckoned upon as forming a
considerable, part of the value of the mine. The process
of dividing the masses, at present, is as follows, and is
the same whether above and below the surface: A
groove or channel is cut diagonally, at a convenient
point, where the copper is as pure as possible, and the
thickness comparatively small, which is carried through
the mass till it is separated into two parts. To effect this,
one person holds a chisel, the cutting-edge of which is
about three-fourths of an inch in width, and of varying
length, according to the thickness of the mass to be
divided; another person strikes with a heavy sledge, and
at each blow the chisel is sunk into the groove and
moved laterally so as to prevent its becoming wedged,
until at last a chip of copper is taken out several inches
in length. A repetition of this process at length
completely severs the metallic mass. If the copper be
perfectly pure, the operation proceeds rapidly and
regularly; but when quartzose matter is to be traversed
by the chisel, the labor is more tedious, and requires
greater care. The cost of this operation is from $6 to $7
per square foot of surface cut through. No other process
than this, tedious and expensive as it may seem to be,
has yet been resorted to for dividing the masses. If the
blocks were of pure copper, and not liable to contain
bands and nodules of silicious matter, it is probable that
a machine might be contrived for performing the
operation by a kind of saw, driven by steam-power,
somewhat similar to that used in dividing railroad bars.
Taking into consideration, how every the difficulty just
mentioned, it seems doubtful whether any more
economical or efficacious means can be contrived than
that which is already in use. It has been suggested that

fusion of the masses might be effected, so as to divide
them in that manner; but the fact that copper is so good
a conductor that it would be impossible to confine the
effect of the heat to a limited space and obtain a
temperature high enough to produce fusion at a
particular point seems to render any such method
inapplicable.

The greatest thickness of a solid mass of copper, without
seam or break, observed by us, was two feet four
inches. This was at the CIliff mine. At the Minnesota,
there appeared to be a solid mass in the vein, at least
five feet in thickness.

When the masses have been brought to the surface,
they are still further subdivided, if necessary, into blocks
varying from one to two tons in weight—such as maybe
conveniently transported to the lake, whence they are
shipped to market. The Boston and Pittsburg (ClIiff)
Company have-erected a furnace at Pittsburg for fusing
these masses—the details of which, however, the
trustees do not allow to be made public. There is no
practical difficulty whatever in the way of obtaining the
copper at once perfectly pure. The veinstone consists
generally of fusible minerals, such as prehnite and the
zeolitic minerals, or of quartz and calcareous spar, which
flow readily together. In the report of the trustees of the
Pittsburg Company the per centage of the mass is
estimated at 60 of pure copper in 100.

2. Barrel-work.—This is the name given at the Lake
Superior mines to the smaller masses of copper, which
are too large to go under the stamps, and too small to be
shipped separately. It includes masses of copper in
bunches and string-like forms, which are firmly bound
together with a greater or less amount of the veinstone,
and weighing from a few pounds up to several hundred.
These smaller masses are picked out from the matter
raised to the surface, and dressed by the hammer, so as
to free them, as much as possible, from the adhering
rock or veinstone.

They are then barrelled up in stout casks, which hold
from five to eight hundred pounds of metal and rock.
These are smelted by the Pittsburg; Company, with the
larger masses. The barrel-work at the Cliff mine is
estimated at 50 per cent of pure copper.

The proportion of barrel-work to stamp-work furnished by
the Cliff mine will be seen by reference to the table
appended to the account of that mine, under the head of
“Mines and Mining.”

3. Stamp-work.—This includes all the veinstone with
metallic copper in sufficient quantity to allow of its being
separated by the process of washing after the stamping.
The limit of the quantity of copper contained in the rock
which may be profitably stamped and washed, we
cannot yet fix with certainty. This depends on a variety
of circumstances: as, for instance, the price of labor, the
economical arrangement of the works above ground,
and, especially, the construction of the washing
apparatus. The great difference in the specific gravity of
the veinstone and the metallic copper—the former being
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from 2.1 to 3.5, the latter nearly 9—renders a perfect
separation of the two very easy, and requires a much
less complicated and scientific arrangement of the
machinery than in those cases where the ore is only a
little heavier than the gangue. Of course, as the country
becomes settled, and the price of labor falls, and greater
method is introduced into the works, a rock containing a
smaller percentage of copper may be profitably worked.

Before the rock is stamped, it is necessary that it should
be roasted, in order that the veinstone, especially the
guartz, may be rendered friable, so that it will readily
yield to the blows of the stamps. The roasting is effected
in the open air. The rock containing the copper is
arranged in alternate layers with billets of wood, and
then fired, and allowed to smoulder for forty-eight hours.
The heat should not be carried sufficiently far to cause
any portion of the copper to be fused. If necessary,
water may be dashed upon the heap while still hot, to aid
in destroying the cohesion between the particles of the
rock.

The price of fuel is so low that this method will
undobtedly be employed, although a more economical
one might probably be devised.

Fig. 36.
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After having been calcined, the ores are taken to the
stamping-mill. This consists of several pestles of wood
in a vertical position, to which heads of iron, weighing
200 pounds or more, are attached. A cylindrical axle
revolves horizontally, and is armed with cams, which,
acting successively, catch into the shoulders of the
pestles and raise them to the required height, when they
are disengaged and fall into an oblong cast iron trough,
which is fed with ore from a hopper above. Three or four
pestles compose a battery, and several batteries are
usually employed in a stamping-mill. Figures 36 and 37
represent the arrangement and form of the stamps used
at the Cliff mine—the former being a front view of a

single battery with four pestles, while figure 37 is a
section showing the manner in which the ore and water
are introduced.

An attempt was made at the Cliff mine to stamp the ore
dry, and also at the Lake Superior Company's works to
pulverize it by a pair of crushing-wheels; but it is
satisfactorily demonstrated that the Lake Superior ores
can be stamped only by the aid of water.

After stamping, comes the much more difficult process of
washing the metal from pulverized, rock, so that every
particle may be separated without loss. As the present
methods of washing practised on the lake are very
imperfect, we add an account of the most approved
machinery for that purpose used in the French and
German mines.

Fig. 37.

The most simple method of washing is by agitating the
metalliferous sand in a bucket, by hand, imparting to it a
rotatory motion, so that the lighter particles of earthy
matter may be thrown over the top, while the heavier
ones containing the valuable metal or ore sink to the
bottom of the vessel. Washing can be very perfectly
performed in this way with sufficient care; and, simple as
the method is, it is one which is extensively used in the
washing of auriferous sands. The same thing can,
however, be effected much more economically by
various mechanical contrivances, such as percussion
and sleeping-tables.

The water as it issues from under the stamps is made to
circulate through a system of canals called a labyrinth,
carrying with it the pulverized ore which is distributed at
points more or less remote, dependent on the size and
specific gravity of the particles. (See figure 38 which
represents the most approved form of this apparatus.)
In these troughs the metallic particles are deposited in
constantly decreasing quantity from the end nearest the
stamps; to the place of exit, where the earthy particles
are carried out deprived of all the ore with which they
had been previously intermixed.
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The same thing may be effected by the operation called
riddling, or jigging—an operation which is performed
principally on the rubbish produced in breaking the ores.
This may be done by hand employing a kind of sieve or
riddle, the bottom of which is covered by a plate of metal
pierced with holes, which is jerked up and down, with a
partially rotatory movement, in a cistern of water.

The water enters the orifices and holds the particles of
ore and gangue suspended for a moment, when they
arrange themselves in the order of their specific
gravities; and are thus deposited in the sieve, and
afterwards separated, the upper portion being removed
by a spatula and rejected. Figure 39 represents a
simple and effective instrument now used in the Harz for
this purpose. The sieves or riddles are in this machine
fixed, and the water is made to ascend and descend
through them by the alternate vertical motion of a solid
piston. By this arrangement the process of riddling can
be performed with great ease and perfection.

Fig. 33.
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Fig 40.

The copper can be perfectly separated from the gangue
in the Lake Superior ores by washing the deposits which
have accumulated in the labyrinth by means of what are
called sleeping-tables. Figure 40 represents a section of
the common sleeping-table. It consists, in general, of an
inclined board, at the elevated end of which a stream of
water is made to run upon the mixed mass of pulverized
metal and gangue. The water, as it descends the
inclined surface, carries with it the particles, which tend
constantly to deposite themselves in the order of their
specific gravity, the heaviest nearest the upper end of
the table. A workman, with a kind of rake, continually
pushes the descending materials upwards, till the
metallic portions have become sufficiently separated
from the particles of the gangue. The former are then
removed by opening a slide, through which they are
allowed to fall into a suitable receptacle beneath. The
same processes are repeated till a complete separation
has been effected. The washed metal is then packed in
strong casks and transported to the furnace, where the
smelting is performed, and the copper is cast into
suitable shape for the market.

CHAPTER VIII.
DRIFT OF THE LAKE SUPERIOR
LAND DISTRICT.

Introductory remarks.—Drift of the valley of the St.
Lawrence.—Of Lake Superior.—Division of the drifts.—
Peculiarities of the coarse drifts.—Names given to the
drift clay.—Thickness.—Composition.—Stratification.—
Extent.—Origin.—Drift sand and gravel.—
Composition.—Thickness.—Extent.—Stratification.—
Composition.—Origin.—Influence of the waves.—
Inference.—Boulders.—Their size and distribution and
mineral composition.—Origin.—Transportation.—
Limitation.—Their relation to the drift.

The region of the great lakes may be considered as the
headquarters of the North American drift. From the
mouth of the St. Lawrence to the borders of Lake
Superior there is hardly a spot where the drift deposites
are lost sight of. They generally form low, level plains,
but sometimes rise in high bluffs and terraces, and again
merely .cap the promontories of the bolder cliffs.

Throughout this long line of inland country there is,
however, no place where these formations are more
extensive than on the southern shore of Lake Superior—
more especially its southeastern coast. There, they not
only constitute the only visible formations for nearly one
hundred miles, but they also attain an astonishing
thickness, so as to form, by themselves, ridges and cliffs
which exceed in height even those of the Pictured
Rocks—being in some places (for example, at the Grand
Sable) not less than three hundred and sixty feet high. In
consequence of this preponderance of the drift deposite,
that portion of the shore of the great lake is the least
attractive in a picturesque point of view—it being in the
nature of the detrital deposites to soften down the
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contrasts, and to produce uniformity and monotony. The
drift is less conspicuous along the western portion of the
lake shore, although it is not wanting even among the
romantic and precipitous cliffs of the Pictured Rocks and
the Red Castles. The great difference which exists in
the orographical and geological structure of the eastern
and western portion of the southern shore has exercised
a powerful influence upon the drift. Since the peninsula
of Keweenaw Point, which projects so boldly into the
lake, divides the whole country into distinct regions, both
in a mineralogical and geological point of view, we may
as well consider it also as a dividing-point for the drift—
the more so, as it is now, arid long will be, the general
landing-place for all those who visit the shores of Lake
Superior. We shall therefore start from Keweenaw
Point, to examine first those drift deposites which extend
to the west of it along the copper region, and afterwards
those which line the coast as far as the Saut and the
Straits of Mackinac.

Before we proceed to the investigation of the
peculiarities and distribution of the drift masses in either
of these regions, it will be proper to give a brief account
of the different divisions which we have recognised. The
drift of Lake Superior may be divided into four different
deposites, which, in an ascending order, exhibit the
following characteristics:

1st. A layer of course materials, composed of pebbles
intermingled with loam, which we will designate as
coarse drift.

2d. A layer of clay resting either on the coarse drift, or,
where this wanting, on the rock. This is the drift clay of
Lake Superior.

3d. A deposite of sand, gravel, and pebbles, irregularly
stratified, resting upon the clay, or upon the rock itself.

4th. A considerable number of isolated boulders,
scattered over the whole region, forming the uppermost
portion of the drift deposites. The polished and grooved
surfaces which occur in connexion with the drift
constitute, likewise, a most important feature in its
history. Finally, there are the drift terraces and ridges,
which likewise deserve a close examination, in order to
ascertain their bearing in reference to the changes of
level which have taken place during and since the drift
epoch.

1. Coarse drift.—This deposite is the least conspicuous
of all. Itis found only in a few places along the southern
shore of Lake Superior, generally capping the high
towering cliffs of sandstone, (as, for example, at the Red
Castles, west of the Portage, and also at the top of the
Pictured Rocks.) Itis generally a mixture of loam and
fragments of rock of different size—sometimes worn, but
more generally angular. As a leading feature, we may
state that it is almost exclusively composed of fragments
of the rocks in situ, showing that, whatever may have
been its origin, it could not have been acted upon by
long-continued agencies. After a careful examination, |
found but few foreign pebbles, mostly of trap, scattered
through the mass, and evidently derived from the

neighborhood. The whole mass is. nowhere more than
thirty feet thick. We ought to add further, that in many
places the pebbles may be seen disappearing gradually,
and the whole passing into a regular drift clay.

This deposite might, perhaps, seem hardly worth
mentioning, were it not that its peculiar structure and its
position remind us of a similar deposite widely diffused
throughout New England, especially in the mountainous
districts of Vermont, where it forms the most
conspicuous feature of the drift.

2. Dirift clay, or red clay.—This deposite has been long
ago recognised as a peculiar one, distinct from the drift-
gravel and sand above it, and the coarse drift beneath it.
It has been described by the geologists of the Michigan
State survey as the tertiary clay of Lake Superior. From
its red color, which is one of its leading features, it is also
called by some red clay. It is difficult to determine its
average thickness, from the fact that, in many places
where it is highly developed, it sinks below the waters of
the lake, and in other cases, where its base is visible, its
top has been partly washed away. There are, however,
some places (for example, at the western portion of the
Grand Sable) where it maybe seen undisturbed in its
natural position, its base resting on the almost horizontal
strata of red sandstone, a few feet above the water,
whilst its top is covered by a considerable mass of drift
sand. | found the deposite in this place to be sixty feet in
thickness, exhibiting lines of stratification disposed with
much regularity. Its upper limit may be here seen
stretching in a horizontal line for along distance. We
may well consider this locality as indicating the average
thickness of the clay. However distinct the upper limit of
the clay may be in general, it is also seen in many
localities alternating with the sand above, or passing
gradually into it—thus showing that both deposites,
although of different materials, belong, nevertheless, to
the same formation, and therefore that there is no real
ground to consider the clay as being a part of the tertiary
formation. As far as its composition is concerned, it
appears to be a mixture of loam and clay, and its color is
owing to the decomposition of the red sandstone and
trap from which it has been derived. Though the main
mass of the clay stratum is composed of very finely
comminuted substances, and oftentimes reduced to an
almost impalpable powder, yet there are many pebbles
interspersed through it, and even boulders of
considerable size, generally rounded and smoothed.
Fragments of metallic ores and native copper occur
occasionally in it—the latter sometimes weighing several
hundred pounds. It was by means of the fragments of
copper scat-tiered through the clay that the attention of
the early travellers was first attracted to the copper
mines of that region, which are now so extensively
wrought.

As a whole, the great clay stratum of Lake Superior
cannot be considered as being regularly stratified,
though there may be seen in many places bands of
different color, and differing in the size of the materials,
resembling in their regularity a kind of stratification.
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Neither is there any striking variety to be observed
between the materials, either at the base or at the top;
so that the conditions under which the deposite was
formed must have been uniform, and rather quiet.

As to its extent, it appears, from what we know, to be
spread over an immense tract of country. Not only is it
found along the whole southern coast of Lake Superior
to Fond du Lac, and along the St. Louis river as far as
geologists have extended their investigations, but it
occurs also on the north shore, where it has been traced
for a considerable distance along several rivers which
empty into the lake. It was observed, however, by Mr.
Whittlesey, that to the northwest of Lake Superior the
drift assumes an ash-colored tint, which is owing, no
doubt, to the absence of red sandstone in these regions.

If we were to consider merely the position of this clay as
it appears on the southern border of Lake Superior,
forming, as it does, a regular stratum, resting upon the
red sandstone, and being limited to a certain height,
where it is followed by the drift sand, we might well
conclude that it was deposited in a circumscribed basin.
This is, indeed, the impression which a traveller might
receive if he were merely to coast around the lake. Such
an impression would be, however, entirely erroneous;
for, in ascending the highlands which rise behind those
cliffs, we meet again with the same clay at an elevation
of from six to eight hundred feet—as, for instance, near
the Jackson location on Carp river, and in several places
along the road leading to it. It also forms lofty cliffs on
the river Ontonagon, as high as five hundred feet. In all
these places its composition is the same as along the
lake shore, being quite as comminuted, and forming the
same sticky loam when wet. It ought to be observed,
however, that, on the whole, it seems to be limited
merely to the depressions of the soil, and never to cover
the culminating points.

3. Drift sand and gravel.—This is the most widely
diffused of all the drift deposites along the shore of Lake
Superior, as well as over the whole northern part of the
country. It not only covers the clay deposite in most of
the localities where the latter has been observed, but
also extends over many places where this does not
reach. We have stated that the clay, even at its highest
level, was generally limited to the depressions. The drift
sand and gravel have no such limitations. It is found on
the uplands and along the slopes of the hills, as well as
in the depressions. Although separated from the drift of
the western prairies by the dividing ridge between the
upper peninsula of Michigan and Wisconsin, yet in many
places, where the ridge is not of considerable elevation,
it may be seen passing directly from one slope to the
other, especially on the southeastern corner of the
lake—as we shall have occasion to show hereafter. Itis
likewise said to pass from one slope to the other at the
southwestern border between the lake and the
headwaters of the Mississippi. It is found on the highest
summits of the Pictured Rocks—nearly two hundred
feet. Its relation to the drift clay can be easily
ascertained merely from the state of the roads and trails,

which are generally dry and pleasant on the drift sand.
No rule obtains as to the composition of the drift sand
and gravel, either in reference to the size or the
mineralogical character of the materials.

Layers of fine sand alternate in every possible way with
layers of pebbles—sometimes by a gradual transition, at
others rather abruptly. The pebbles themselves are
composed of all kinds of stone—some from the
immediate neighborhood, others from places more
remote. They are generally rounded and smoothed,
showing that they must have undergone a prolonged
and violent motion, such as could have taken place only
in the water. The same is the case with the boulders
imbedded in the mass, of which there are many of
considerable size—from five to six feet through. Many of
the boulders are also covered with scratches, such as
could have been produced only by a violent and steady
rubbing. We would state, besides, as a further
peculiarity of the drift pebbles and boulders, that they are
generally clean, there being no loam or mud attached to
them—a peculiarity which is in itself sufficient to
distinguish the gravel drift from the loam deposites of
coarse drift before described. The thickness of the drift-
sand and gravel, like that of the clay, is best ascertained
along the shore of the lake. There seems to be a sort of
antagonism as to the relative thickness of both deposites
between the eastern and western portions of the lake
shore. Whilst the clay seems to assume its greatest
thickness west of Keweenaw Point, the sand and gravel
seem most developed to the east of that point. Its
greatest thickness we found to be at Grand Sable, where
the coast rises, according to Mr. Whitney's barometrical
measurement, 360 feet above the lake; and since the
clay stratum underneath is only sixty feet thick, it gives
an amount of three hundred feet for the sand and gravel
deposite. From that spot the same drift deposite may be
seen extending in the form of a high cliff to the
southeast, generally some miles distant from the lake
shore; until it reaches it again at Point Iroquois, where it
rises almost to the same height—345 feet; thence it
sinks gradually towards the Saut. A further peculiarity of
the drift-sand and gravel deposites. We would
mention—their irregular and undulating surface,
especially where they cover wide tracts of country: as,
for instance, in the plains of Wisconsin and lllinois,
which, from this feature, have been denominated rolling
prairies, in opposition to the level prairies, which are
mostly alluvial. The shores of Lake Superior are, in this
respect, less striking—owing, no doubt, to the fact that
the country is less level, and also in consequence of the
forests which cover the ground almost everywhere. The
summit of the Grand Sable; as will be noticed
subsequently, is the place where this undulating
appearance is most striking on the lake shore. There
can be no doubt that, as a whole, the drift sand and
gravel is a stratified deposite, although the stratification
is perhaps more imperfect than in any other sedimentary
formation. The strata are generally the most distinct
where the mass is composed of fine sand. They are
less conspicuous in the gravel, except where it
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alternates with layers of sand or clay, in which case the
separation into layers is sometimes very distinct. As a
frequent occurrence; we would especially mention those
irregular layers which have been designated under the
name of cross-stratification by some, and of discordant
stratification by others. There may be sometimes seen
in a single section three, four, five, and even more plans
of stratification, forming among themselves all sorts of
angles—some horizontal, some slightly inclined, and
others almost vertical. Instances of such stratification
are to be seen all along the coast of Lake Superior; in
the drift as well as in the alluvial sand. They are less
frequent where the deposites assume a more loamy
character. It is well known that this discordant
stratification is not limited to the quarternary deposites,
but occurs in sandstone of every age. Along Lake
Superior, where the drift-deposites rest immediately on
the Potsdam sandstone, it is a rather impressive sight for
a geologist to witness, side by side, this structure both in
the oldest and most recent of the sedimentary
formations, thus showing that the same laws of
deposition; even in minor details, have prevailed at all
times in the formation of the earth's crust. Some doubt
still exists as to the cause of these singular
stratifications. The attention of geologists was first
directed to them in the recent deposites of the valley of
Switzerland, where two rivers (the Rhone and Arve)
meet. They were ascribed by M. Necker to the
disturbance caused by the meeting of two currents of
variable strength; contending with each other in the
same bed, whence the strata resulting from this conflict
were called stratifications torrentielles. In this way the
Swiss geologists succeeded in explaining, not only the
variable inclination of the strata, but also their difference
of materials, when it happens that one of the currents
carries coarser substances than the other. It is evident,
however, that this explanation does not apply to the
similar structure of the sand deposites along the sea and
lake shore, where the conflict is no longer caused by
rivers, but by the contending forces of waves and
currents. We know, for instance, that in some shallow
harbors—that of Charlestown, for example—the pilots
have to make out the channel after every severe gale.
This shows that the waves exert a strong influence upon
the bottom, where it is shallow enough to come within
their reach; and since, from the nature of the waves, we
must suppose their action to be broken and unsteady,
we might well expect such irregular strata to be formed
wherever the waves and tides come in conflict. Along
Lake Superior there are no tidal, currents, as far as we
know; but the currents resulting from the changes of the
wind are strong enough to account for similar conflicts.
If this explanation be true, we might then expect such
discordant stratification wherever the water is shallow
enough to allow the bottom to be stirred up by the
waves. Indeed, there is every probability that all sand
and sandstone formations which exhibit a similar
structure have been formed, in shallow water—an
inference which, as far as the drift is concerned, is
confirmed by other considerations, which we shall
examine hereafter.

4. Boulders.—Of all the drift deposites, the boulders
have, from all times and in all countries; excited the
greatest interest, in consequence of their size, as well as
of their position. The mere view of a huge block of
granite, situated, as it often happens, on the summit of a
hill, whilst the rock on which it rests is of limestone or
sandstone, is sufficient to excite the curiosity of every
thinking man, as to the place from which this stranger
may have come, and as to the mode by which its
transportation was accomplished. We ought not to be
astonished, therefore, that most of the theories which
have been imagined to solve the problem of the drift
should refer chiefly, if not exclusively, to the boulders.
From looking at them in a too exclusive point of view,
most geologists have misunderstood their true
signification; they have overlooked the other more
regular deposites with which they are connected: thus
forgetting that the boulders form but a part of the drift
formation, and represent but one single though striking
event in a long period of the earth's history— that of the
guaternary epoch. This we consider the. chief cause of.
the insufficiency of most of the theories. Before we
attempt any explanation, our object will be first to
examine their peculiarities, as exemplified in the region
of Lake Superior—which we deem the more important,
as this region seems to have been the point of departure
for many of them, scattered far arid wide over the
country. Boulders of every size and description occur in
great numbers along the whole southern shore, and are
said to be as humerous along the north shore. As a
whole, they did not strike me by their dimensions. They
do not by any means equal those huge masses found in
Switzerland and in many parts of New England. The
largest boulder which | noticed was one of hornblende,
near Carp river, measuring 15 feet in length, 11 in width,
and 6% in height; another, near the Portage, measured
8Y% feet in length and 5 in width. On the borders of Lake
Superior, as in ail other countries where drift occurs, the
boulders are the most widely diffused. They are
scattered over the whole country, and may be seen at all
heights, where no other drift deposites reach. They are
truly the vanguard of the drift formation, in height as well
as space. Even the dividing ridge, where it rises the
highest, does not limit their extent; for they have been
found as high as one thousand feet above the lake south
of the Anse, and may be from thence traced
uninterruptedly along the southern slope of the ridge into
the prairies of Wisconsin and lllinois. As to their
mineralogical composition, there is every variety of rocks
to be found, and in many instances they may be traced
to their origin at no very great distance. We thus soon
accustomed ourselves not to look any longer upon them
as strangers, as we do where there is no analogy
whatever between them arid the rocks on which they
rest. Among the most numerous boulders along the lake
may be mentioned those of granite, trap, and hornblende
rocks, which are common to both shores. Boulders of
sandstone are less frequent, in spite of the great
predominance of this rock along the south shore—a
circumstance easily accounted for by its greater
softness, which renders it the more destructible. As a
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general rule, it may be stated that most of the boulders
scattered over the Lake Superior region have not come
from far. This is of the utmost importance, since it
actually enables us to trace the route which they have
followed; and as to their direction, | feel no hesitation in
affirming that most of the boulders within the region of
Lake Superior have been transported from north to
south. As instances of this southerly transportation, |
shall state the following facts. The iron region of Lake
Superior is situated near Carp river, east of Keweenaw
Point; and, although the ridges where the iron ore occurs
are only some ten miles from the shore, yet there is not
a single boulder, nor even pebble, of iron to be seen
north of the ridges. This ore, of which there are
innumerable fragments scattered at the foot and in the
immediate vicinity of the ridges, is so conspicuous, from
its banded structure, that it would undoubtedly have
been noticed, if it did occur at all north of its origin. In
going from the iron ridges towards the south, iron
pebbles and boulders occur in abundance, and may be
traced for some distance. Thus, in September last, Mr.
Whitney, starting from the ridges east of the Jackson
location, traced boulders of iron ore all along his route
towards the Escanaba river, some twelve miles off; and
they might probably be found still further south, were it
not for the swampy character of the country. This
southerly transportation is further confirmed by the
boulders of the beach itself, which point to the north
shore as their birth-place. This applies especially to the
copper region west of Keweenaw Point. There trap and
sandstone are the only rocks in place; and yet among
the boulders scattered over the surface there are many
of granite and hornblende, which have evidently their
origin on the opposite shore, where we know these rocks
to be very abundant. Thus it happens that, when
travelling from south to north, the appearance of a new
formation is always indicated by the occurrence of single
boulders of it, whilst nothing of the kind takes place
when travelling from north to south. This precession of
the boulders is especially striking among the ridges of
the iron region north of Carp river, where there is often a
great variety of structure in the rocks of the different
ridges. There the valleys between the different ridges
contain, for the most part, boulders from the next ridge to
the north. There are also instances where a ridge did
not allow the fragments of the preceding ridges to pass.
A striking instance of this has been observed by Mr. Hill
west of the Jackson location, where the slate and iron
boulders are heaped up in great quantities on the
northern slope of a greenstone dike, whilst there are
none on the granite slopes south of this dike, which has
therefore acted as a barrier, preventing their
transportation further south. This limitation prevails,
however, only within the hilly portion of the Lake
Superior region, between the lake shore and the dividing
ridge. South of the ridge nothing of the kind seems to
occur. There being no further barrier to check their
course towards the south, they have travelled even to
the very limit of the drift deposite; and thus it happens
that boulders of the Lake Superior region are found as
far south as the Ohio—that is to say, more than six

hundred miles from the dividing ridge, the nearest place
from which they could possibly be derived. We think,
therefore, that there is satisfactory reason to consider
the region of Lake Superior, and. especially the rim of
cliffs and hills which surrounds its basin, as the birth
place of the greatest quantity of boulders scattered over
the western States of the Union between the Alleghany
mountains and the Mississippi; and from, this
consideration, the region of Lake Superior, more than
any other, deserves a close attention on the part of the
geologist who attempts to solve the problem of the drift
of this country. By far the greatest quantity of boulders
on Lake Superior, as well as elsewhere, are situated on
the surface, above all other drift deposites. This, of
course, is in itself a proof that they have been deposited
posteriorly to these formations. But because they are of
a more recent origin, this does by no means prove that
they are disconnected from the other drift deposites. We
have seen that an abundance of boulders are to be
found both In the drift clay and sand of Lake Superior.
The only difference between them is, that whilst those of
the surface are often more or less angular, those
imbedded in the clay and sand are generally more
rounded, and often scratched and striated—a peculiarity
which we shall afterwards attempt to explain. Now, as
the boulders within the drift are of the same kind as
those of the surface, and have, like them,, a northern
origin, (though sometimes not a great way off, we are
naturally led to the inference that they were transported
by the same agencies, which must, therefore, have been
at work during the deposition of the drift period.
Moreover, this agency must have been as powerful at
the time of the drift and clay deposites as afterwards,
since we know that many of the included boulders are as
massive and as heavy as those of the surface. Itis
evident, therefore, that no theory can be admissible
which does not at the same time account satisfactorily
for the transportation both of the boulders of the surface
and of those of the drift-sand and clay.

5. Grooved, scratched, and polished rocks.—Whatever
opinion we m ay entertain as to the cause and origin of
the drift, there is a point, upon which all geologists who
are familiar with the subject: agree, viz: that there is an
unquestionable connexion between the drift-deposites
and the rounded, smoothed, and grooved, appearance
of the rocks upon which they rest. Wherever drift
occurs, it is associated with that peculiar appearance of
the ledges; which is instantly recognised. The surfaces
are the more perfect, as the rocks are harder and less
prone to disintegration. Thus in our district they are
most distinct on the trap and compact slates; less so on
the granite and compact limestone; and are not
expected to be found, on the sedimentary limestones, in
many places the strige and furrows have disappeared in
consequence of the disintegration, and there remains
nothing but the rounded outline of the rocks, which, from
their resemblance to fleecy clouds, have been called, in
the Alps, fleecy rocks.

In many instances the polished and grooved surfaces
are concealed by the drift, and are not visible until by
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some means the deposite is removed. This explains
sufficiently-why so general a phenomenon should have
been for so long a time overlooked by geologists; for it is
only about forty years since it was first mentioned, and
only ten years since it was brought into general notice.
One striking peculiarity of the rocks subjected to erratic
agency consists in the fact that, whilst one side is
smoothed down, the opposite side is rough and angular,
as if it had been sheltered from the abrading process.
These are known as the lea and strike sides. By means
of this feature we are enabled to recognise the direction
in which the erratic agency operated, even where there
are no scratches. The lea side is invariably to the south
over the whole of this district—a feature which we ought
to expect, when we consider the origin of the groovings.

As a leading feature of all groovings, we may mention
their straight course. Whatever the direction, they are in
straight lines, whether continuous or interrupted—thus
showing that they must have been .formed by an agency
unyielding and steadily applied. There is but one
instance where curved strige have been observed in this
region, which will be policed hereafter.

Groovings of all sizes-occur. The most common form is
that of parallel furrows from one to two and four lines
wide—sometimes extending but a foot, at others many
yards. Where the rock is excessively hard they are mere
strige, which are often as distinct and sharp as though
they had been graven with the point of a diamond.
Hollow spots are observed, as though they had been
scooped out by a round instrument; also, we observe
wide bowl-shaped depressions, known as troughs, and
which have been caused by the same agency, since
they are always found parallel with the strize. Instances
of all these different forms exist on both shores of the
lake arid on Isle Royale.

As to the direction of the strige in this district, it will be
seen that, with the exception of a few local deviations,
they are northeast and southwest—a direction which
also prevails along the western shore of Michigan, and in
portions of the western States. This direction forms a
striking contrast with that which prevails throughout New
England. There, they bear northwest and southeast. We
shall hereafter attempt to explain this singular opposition
in the strige of the two regions east and west of the
Alleghanies, and show their relation in determining the
leading features of the continent.

6. Terraces and ridges.—The terraces and ridges of the
great lakes have of late attracted a good deal of
attention, inasmuch as they have a direct bearing upon
the question of the changes of level which the surface is
supposed to have undergone during the epoch of the
drift. They may be seen both on the south and the north
shores of Lake Superior, though they are less striking
here than, around the lower lakes, (Erie and Ontario.)
Those of the north shore of Lake Superior have been
described by Mr. Logan. They are most conspicuous at
a locality called "Les Petits Ecrits," of which Mr. Eliott
Cabot has given a fine-sketch in his Narrative. Those of
the south shore have thus far been but little noticed,

probably because they occur chiefly in that portion of the
lake-district which is the least visited, viz: between the
Saut and Keweenaw Point. Beyond that point, there
may be seen, in many places, along the shore of the
copper region, high bluffs of drift; but they nowhere
assume that stair-like form, which is the characteristic
feature of terraces. To avoid confusion, it might not be
inappropriate to explain what is meant by the terms
terrace, bluff, and ridge, as we shall have to allude
frequently to them in the following descriptions. Drift-
bluffs, or cliffs, are those accumulations of loose
materials which terminate abruptly in steep slopes. The
steepness of the slope depends in most cases chiefly
upon the kind of materials of which the bluff is
composed. Thus, bluffs of clay are steeper than bluffs of
loam, and bluffs of loam steeper than bluffs of sand or
gravel. The term, terrace, is applied when several such
slopes are seen one above the other, so as to appear
like the steps of a stair-case. Ridges differ from terraces
in having a double slope, and being, therefore, real hills;
whereas bluffs and terraces are merely the margins of
plateaux. In a geological point of view, the terraces are
by far the most important of these three forms, since
they afford direct evidences of the changes of level
which have occurred since the deposition of the drift.
There can be no doubt that, wherever terraces of
stratified materials are found above each other, the
waters have once stood at so many levels. It might be,
and indeed it has been, inferred from this, that when
terraces occur along a shore, they ought to be found
everywhere of the same size; and hence, that when their
level is irregular, it is a proof that the upheaval was not
uniform. This view, although correct in principle, is,
however, apt to lead to mistakes when applied without
discrimination.

Fig. 41.

Suppose diagram 41 to represent a lake. Let the water
sink, or rather the land rise, at different intervals, so as to
reduce successively the water-level from a to b, and
then from b, to c. The beach-line, (provided there be
one,) striking the shore in an uninterrupted manner, will
be found everywhere at the same level; but it by no
means follows that the resulting terraces will be found
uniform around the whole lake. The error in this respect
arises from the fact that terraces have been too often
mistaken for, or confounded with, mere beaches. It
should not be lost sight of that terraces and bluffs are the
result of the undermining action of the waves. Their size
and shape must therefore be determined by the force of
this agency. If a basin of water is so situated as to have
one of its shores exposed to the full force of gales, while
the opposite shore is sheltered by highlands, we may
easily conceive of a subsidence of the waters from a
higher to a lower level, without at all altering the slope of
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the coast: as, for example, on the left side of the basin,
b, in diagram 41. In the mean time, the right shore, not
being protected, will be so acted upon as to occasion a
succession of terraces. Again, the destructive action
may be so effective in certain places as to wash off, in
the course of time, even the terraces of former levels,
and to leave only a single bluff, as indicated by the
dotted line.

Fig. 42,

There are many places along the lake shore where the
peculiar shape of the terraces and their diversity are to
be ascribed to such a process. The diagram 42 will
render this still more evident. There can be no doubt
that the water once stood at the foot of the upper
terrace, m, and that, while stationary, the upper bluff was
formed. Afterwards, the water-level sank, and another
bluff was formed at n, and, still later, another at 0. The
subsidence of the water must have been intermittent—
the epochs of subsidence, which are indicated by the
areas between the terraces, being followed by intervals
of quiet, during which the terraces. were formed. But
this regular succession of terraces does not extend far.
It is limited to a small space in our diagram; and, as we
advance towards the left, we see the intervals between
the terraces growing more and more narrow, till they
completely disappear—being, as it were, crowded into a
single bluff B. Further on, we see the bluff itself
increasing rapidly in height, and by-and-by disappearing
entirely, leaving nothing but a gentle uniform slope, A. In
the above instance, the circumstance that these different
forms of terraces occur within a narrow space, and pass
gradually into each other, excludes at once the idea of a
local change of level. It most be evident to any one that
they cannot but be the result of actual causes. But,
should they occur at great distances, such differences
might easily lead to error. Let us suppose, for a
moment; that we know the above terraces and bluffs
merely from transverse sections; (such as represented in
fig. 43:) would we not infer that the difference between
the section, B, and section, A; resulted from the fact that
B was raised higher than A, and likewise that B and A
were both raised at once, whilst C was raised at three
successive intervals?* Thus, not taking into account the
action of the waves, and the position of the shores in
reference to the predominant, winds, (as exemplified in
diagram 49,) we might perhaps be induced to recur to
extravagant hypotheses, call in aid even the trap dikes,
and other paroxysmal agencies, to account for features
which are most readily explained by the mere play of
meteorological agencies.

However, we do not pretend to assert that the upheavals
which laid bare a great portion of the drift deposites have
been uniform throughout. We know that there are,
almost in every drift country, undoubted proofs of local
changes of level afforded by the drift terraces; and we
shall have occasion hereafter to refer to such an origin
for those differences of level which are to be traced in an
uninterrupted manner over vast tracts of country,
especially along the sea shore. But we should be
careful to call in such causes only when the phenomena
cannot be otherwise explained. Ridges are often
associated with terraces, and have frequently been
confounded with them. They differ from terraces in
being actual hills, rising from a plain, with a slope on
each side. Sometimes they extend for a long distance
along the shore of the sea, or an inland lake—as, for
instance, Lakes Erie and Ontario, where they are
commonly used as roads, being dryer than the
surrounding grounds. From their situation, as well as
their position, these ridges have the greatest analogy to
ancient beaches, and there can be no doubt that many
of them have no other origin. In that case they are the
most reliable evidence for ascertaining local changes.
Beaches have almost uniformly gentle slopes, rarely
exceeding 12°; but there are among the ridges some
which are too high, with slopes too abrupt, to be
considered as mere beaches.

Since attention was first attracted to them in Sweden,
where they go by the name of cesars, (which mean
sand-hills,) | shall designate them henceforth by that
name. There is every probability that they were formed
as shoals, or bars, or banks, under water, rather than on
the border of the coast, since we know that such ridges
are forming in our day in shallow water both in the sea
and large lakes. It ought to be remembered that the
summit of these submarine ridges is not always even,
nor their bearing necessarily horizontal; so that a slight
inequality in their outlines, especially if limited to a
narrow space, does no more imply a local change of
level than in the case of the terraces before mentioned.
Since, from the nature of things, raised beaches and
cesars are expected to occur in the same localities, it
must be left to the sagacity of the observer to determine
in each case to which class they belong. Instances of
both have been noticed, at numerous points, along the
shores of the lower lakes, but they are less frequent on
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the coast of Lake Superior, although not entirely
wanting.

*Since the washing off takes place gradually, there is every possibility
that the bluff B, b, was once lower, and that there were terraces
indicating the former levels, (m, h, 0,) as in section C.c, but that they
have been washed away.

CHAPTER IX.
DRIFT—CONTINUED.

Region west of Keweenaw Point.—Thickness of the
drift.—Boulders.—Furrows.—Polished rocks.—
Keweenaw Point.—Absence of drift.—Isle Royale, drift
boulders.—Polished rocks.—Influence of the waves.—
Direction of the furrows.—Strize occasioned by floating
ice.—Iron region.—Terraces.—Height at which the drift
is found.—Drift of the sandstone region.—Of the sand
region.—Grand Sable.—Terraces.—Dirift of the St.
Mary's river.—Mackinac.—Conclusion.

Drift of the copper region west of Keweenaw Point—The
extremity of Keweenaw Point is almost entirely destitute
of drift, and, for a long distance between Copper Harbor
and Eagle river, the coast is lined with trap rocks,
sandstones, and conglomerates; almost without any
covering of loose materials, with the exception of some
dunes near Eagle Harbor and Eagle river. A geologist
who should limit himself to the examination merely of
this portion of the coast, which is the most frequented,
might well imagine that the drift deposite plays but a very
subordinate part in this quarter. This impression,
however, would soon vanish, if he were to proceed some
distance on either side of the point. To the west of Eagle
river, the coast is for many miles low, and composed of
sand and gravel belonging to the alluvium of the lake.
Beyond the Portage, the coast begins again to rise,
forming high and picturesque cliffs of sandstone, which,
from their castle-like appearance, have been designated
by Messrs. Foster and Whitney as the Red Castles. The
tops of these cliffs are covered with a deposite of loose
materials, composed of the detritus of the red
sandstone, which, from its structure and the absence of
all stratification, | am inclined to refer to the coarse drift,
(although it is less coarse than on the cliffs of the
Pictured Rocks,) and may be seen passing by gradual
transitions into the red clay. Its average thickness does
not exceed twenty feet. This range of sandstone cliffs
extends for some ten miles, after which it disappears
again; and beyond Elm river we meet for the first time
with high drift-bluffs, rising boldly from the water to the
height of from eighty to one hundred feet. These bluffs
might easily be mistaken for sandstone-cliffs, from their
color and steepness. It is only when approaching closer
to them that we become satisfied as to their real nature.
The succession of the strata is as follows: at the foot of
the cliff is seen rising from the water a stratum of red
clay, very tough and sticky, some forty feet thick; above
it a layer of sand from six to eight feet thick; still higher,
another stratum of clay not more than a foot thick; and
covering this, a mass of sand forty feet thick, which

reaches to the top. Through the whole mass of the
sand, as well as of the clay, may be seen pebbles of
different sizes; among them those of limestone are by no
means rare—the presence of which may offer at first a
difficulty, since there are nowhere in the neighborhood
limestone strata, in situ, from which they might have
been derived. But we shall see afterwards that there is
no real difficulty in the way of explaining their origin,
since that same limestone forms wide tracts of country
beyond the northern shores of Lake Superior. | noticed
that these limestone pebbles were oftentimes
accumulated in small layers near the top of the bluff.
Among them were many fossils, which we found to
belong, without exception, to the Cliff limestone.
Between these bluffs and the Ontonagon river, the coast
is for the most part low, and lined with shingle beaches.
The drift appears only in a few places upon some low
sandstone cliffs. My own observations do not thus far
extend beyond the Ontonagon; but, according to Mr.
Whitney, there appear again drift-bluffs similar to those
just described, and of equal height, between Presqu'-isle
river, and Black river—also, between the latter arid the
Montreal river. In both places they agree in composition
and structure with those first described. There are,
besides, high drift-bluffs to be seen on several of the
Apostle islands, and also west of these islands, where
they are said to attain in some places a height from 400
to 600 feet. Though the whole mass is generally
designated as clay, yet there is but little doubt that, on
closer examination, there may be found also layers of
sand above the clay. The thickness of the drift-strata
along the lake shore, including both drift-clay, gravel,
and sand, does not, however, give a correct idea of its
extent further inland. In ascending the rivers which
empty into the lake, we generally find the drift mass
increasing considerably in thickness. Thus, for example,
at the Cushman location, on the Ontonagon, the bluffs of
drift may be seen rising to the height of 125 feet above
the bed of the river. | noticed that there were also more
pebbles and boulders interspersed through the mass,
and the distinction between sand and clay seemed less
striking. The whole mass may, in some places, be
called a sandy loam, and seems to indicate, on the
whole, a less regular and quiet action. It is seen leaning
against the trap ranges on which the Minnesota location
is situated, and the upper sandy layers may even be
traced almost to the top of the ridge. The annexed
section, fig. 44, will give an approximate idea of their
disposition in the vicinity of the Ontonagon.

Fig. 44,
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ds, drift-sand ; de, drifi-clay ; S, sandstone; T, trap.

The Minnesota trap ridge rises like an island from the
surrounding drift-plateau and breaks off precipitously to
the south. From this range, the eye embraces within its
scope the great longitudinal valley bounded by the
granite range on the south and the trap range on the
north. The whole country is covered with drift deposites,
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through which the different branches of the Ontonagon
and Sturgeon have cut deep ravines, forming bluffs
which are still higher than those before mentioned.
Pebbles of all sizes, and large boulders are seen
scattered through the mass, and among them are found
occasionally some of native copper. The limit of the drift
to the south has not as yet been accurately ascertained.
It reaches, according to Mr. Whitney, as far as the
sources of the Ontonagon; and, since the dividing line
between the northern and southern slope is not very
prominent, we may well suppose that it spreads in an
uninterrupted manner in that direction. On the whole,
however, the distribution of the .drift west of Keweenaw
Point is not so irregular as might appear when seen from
the shore. There are wide tracts of coast which are
bordered by shingle beaches. and sometimes by dunes;
but these are only on the margin, and we need not go far
inland to find the drift-bluffs. Even where the coast is
rocky and destitute of any kind of loose materials—as,
for example, at Copper Harbor—this want of drift is only
an exception, applying merely to the immediate vicinity
of the lake; and we have only to cross the first ridge to
find it again.

Keweenaw Point, from its projecting position, is exposed
to the most violent action of the gales and waves, and
we may indeed easily conceive of its shore being
deprived of all loose materials. Nor is it the only place
where this occurs; almost all the projecting points west
of it are likewise more or less barren; but in many places
the drift bluffs which line the intervening bays may
actually be seen rising behind the rocky promontories.
There is but little doubt that, if the country were cleared
of woods, there would be seen along the whole southern
coast of lake Superior a line of drift-bluffs, in some
places approaching close to the lake, in others receding
more or less from it, but yet forming a continuous
terrace, more or less elevated. As to the boulders of this
part of the country, they are found scattered at all levels,
not only over the whole surface of the drift plateau, but
also over the different trap ridges, where the drift-clay
and sand do not reach. | was shown, by Mr. Knapp, a
boulder of granite five feet long and two feet high, resting
on the very top of the highest knob of the Minnesota trap
ridge. This boulder has preserved its angular shape,
being hardly worn at all. There is every probability that
boulders are likewise found on the highest elevations of
the country, and continue without interruption from one
slope of the dividing ridge to the other, as observed in
several places further to the east. As far as their
mineralogical composition, is concerned, most of the
boulders belong to the igneous locks, viz: granite,
gneiss, trap, and hornblende.

There is but little doubt that in this portion of the country
they are for the most part, if not exclusively, derived from
the northern shore of the lake, since, with the exception
of some trap dikes, there are no similar rocks along the
lake west of Keweenaw Point. It might be asked, have
they not been derived from the dividing ridge between
the upper peninsula and Wisconsin, since we know that
granite occurs there? But this would suppose a

transportation from south to north,—an analogy not
observed elsewhere. The absence or scarcity of
sandstone boulders should not surprise us, if we
consider that this rock is much softer and more easily
.decomposed; its debris has probably been ground to
powder, and formed the elements of the drift-sand and
clay, while the trap and primitive rocks have furnished-
the boulders and pebbles.

Glacial furrows and scratches are very scanty in this part
of the country. | have noticed them only in one locality,
viz: on the road from Eagle river to the Cliff mines; they
are on trap rock, and run north 15° east.

Drift phenomena of Isle Royale.—One of the most
prominent features of Isle Royale, which cannot fail to
strike any traveller coming from the south shore, is the
almost total absence of drift deposites—the shore being
everywhere composed of barren rocks. With the
exception of some patches of coarse drift which are said
to occur near the western extremity of the island, there
area to other quaternary deposites to be seen, if we
except some boulders which belong partly to the
alluvium, and partly to the drift. | consider, as belonging
to the alluvium, those boulders which are seen in several
places accumulated near the water's edge, along the
southern shore of the island. As an instance, | would
mention those which occur at the Siskawit Company's
location, a few miles east of Rock Harbor. The boulders
are here very much crowded, so as to cover almost
entirely the ground for some distance; but they are
limited to the immediate vicinity of the shore, not
reaching higher than twenty feet. They are of moderate
size, from one and a half to three feet in diameter,
generally rounded and worn. In examining more closely
into their composition, | found them to be for the most
part trap, of the varieties known as sienitic, amygdaloid,
and varioloid, with some few conglomerate and
sandstone blocks—all of which occur on the island itself.
This, together with their limitation to the immediate
vicinity of the shore, leads me to believe that they
belong, like those of the Saut, to the alluvium. Boulders
are much less numerous in the interior of the island; and
the opinion was even entertained by some that they
were entirely wanting. In crossing the island, however,
along the first tier of sections in range 37, | succeeded in
detecting a granite boulder in the vicinity of Lake Desol,
between the second and third ridge, at a height of 200
feet. Others have been found in similar positions near
the eastern extremity of the island, by Mr. Foster, at a
height nearly, as great. Scanty as they may be, they
afford, nevertheless, a proof that the same agency which
scattered the boulders over the slopes and terraces of
the south shore had also operated here; and, since there
is no granite to be found on the island itself, there can
hardly be doubt that they have been derived, like the
granite boulders of Keweenaw Point, from the Canadian
shore, where it occurs in great quantities.

Polished and scratched surfaces.—If drift deposites are
scanty on Isle Royale, the phenomenon of the erratic
scratches and furrows is the more apparent. The trap
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ledges being hard, the markings have been preserved
with great distinctness; and these are rendered still more
conspicuous by the denudation of the drift. | noticed
particularly the polished appearance of the rocks along
the eastern portion of the southern shore of the island.
The best opportunity for a detailed examination of the
glacial phenomena, however, is afforded at the eastern
extremity of the island, where several narrow spits or
promontories project into the lake. One of these is
Scovill's Point; it is rather narrow, with a gentle slope on
the south side, whilst the northern is very abrupt. The
whole promontory is entirely barren; so that all the
peculiarities of the surface, with its gentle swellings and
deep, trough-like depressions, may be easily embraced
in a single glance. Mr. Whitney and myself were struck
with the close resemblance which these rounded and
barren spots bore to some of the higher portions of the
Alps: as, for instance, near the Grimsel. There is hardly
a sharp angle to be seen on the whole promontory,
except where it is the result of recent disintegration. The
trough-like depressions are just as smooth as the knobs,
and oftentimes filled with water, in which | collected
several species of shells and a small fish—a species of
stickel-back.

The glacial furrows, although greatly worn, wore yet
easily distinguishable in several places on the knobs, as
well as in the troughs. | found their direction to be north
50° east. Even the northern side of the promontory is
here, in spite of its vertical slope, smoothed and
polished, with distinct indications of strige, showing that
the grooving agency has acted on both slopes at once.
This is owing, no doubt, to the circumstance that the
direction of Scovill's Point coincides precisely with that of
the strise, whereby both sides came under the influence
of the furrowing agency; whilst in other places there is
but one side which has been acted upon—the other (the
lea side) being sheltered. The whole northern shore of
Isle Royale maybe considered as one continuous lea
side, in reference to the furrowing agency. Indeed, no
sooner has the last promontory of the island been
turned, than the rounded and polished appearance of
the rocks disappears entirely. The shore, for the most
part, presents nothing but high, steep, and rough walls of
trap, without any indication whatever of a glacial agency,
except on some of the isolated islands, whose sides are
occasionally smoothed, but only on their southern slope.

After having turned the western extremity, and passed
Washington Harbor, we meet again with smooth and
rounded surfaces; but, from the nature of the rocks, they
are less conspicuous. The shore being composed here
of sandstone and conglomerate, it is not expected that
they would have resisted the disintegrating influence of
the atmosphere as well as the trap. Yet there are
undoubted traces of glacial action even off the
conglomerates, whose surfaces appear rounded and
smoothed, all the pebbles being generally reduced to the
same level. In some cases, there may also be seen
indications of furrows on the sandstone, and even on the
conglomerate. Further east, towards Siskawit bay,
where the sandstone disappears and the trap again sets

in, (see the map of Isle Royale in Messrs. Foster &
Whitney's report,) the scratches and furrows resume
their distinctness. Chippewa harbor deserves in this
respect a special notice. It appears, at first, as a mere
notch in the outer trap ridge, its background being limited
by a wall of highly polished surfaces of a very stri-ing
appearance. There are also seen in several places
distinct marks of strise and furrows, which show the
same direction as those described previously at Scovill's
Point5 namely, north 50° east. The most prominent,
however, are on the left side, immediately at the
entrance to the harbor, where there may be seen not
only strize and furrows, but also powerful excavations,
some ten feet deep, and from twelve to fifteen wide,
extending sometimes from fifty to one hundred feet in
length. There are, besides, in the background of the
harbor, fine instances of rocks, polished and worn by the
mere action of the waves, which form a curious contrast
with the glacial surfaces above, being undulating and
scooped out in every possible manner, whilst the latter
are remarkably uniform. The development of the furrows
and strige within this harbor is the more remarkable as
the rocks outside show riot the least indications of similar
phenomena—the ledges along the. coast being, on the
contrary, very rough and broken. This can be accounted
for only by supposing that these rocks, which are now so
broken and irregular, were once just as perfectly
smoothed and polished as those within the harbor; but
that, being brittle, and exposed to the most violent action
of the waves and gales, they have been destroyed;
whilst others, being more sheltered, have retained their
primitive beauty. There may also be seen in the
background of Chippewa harbor an accumulation of
angular boulders, which must have been stranded
thereby ice very recently, for they are observed heaped
up around large trees, which certainly have not grown in
this condition. Finally, Isle Royale affords many
instances of strange local deviations in the distribution,
of the strize. On the shores of Ackley bay | found on the
leap ledges, striee running due east and west, and
crossing others whose direction was northeast and
southwest, and others again running south 75° east, |
noticed further, that all the strize, although very distinct,
were limited to a narrow space, not exceeding two feet
above the surface of the water, and not reaching more
than 1Y feet below, whilst the barren ledges above,
although rounded and smoothed, did not show any
distinct strige or furrows. In this case we may well be
induced to ascribe their origin to the action of the ice
driven by the wind on the shore, and rubbing against the
rocks—some times in one direction, sometimes in
another. See figure 45.
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The question may be asked, how it happens that, being
situated in the middle of the drift region, Isle Royale
affords so few traces of it? | will not conceal that this is a
difficulty, since, although the island is very hilly, yet the
ridges nowhere exceed six hundred feet—a height at
which drift sand and even drift clay are found almost
everywhere on the main land. We must either suppose
that there has never been any drift on the island, or else
that it once existed and has been afterwards removed.
The first supposition would seem the most natural, were
it not for the few erratic boulders which are scattered
over the ridges, arid which in this case would have been
the only materials that the drift agency dropped. Now, it
is difficult to conceive how boulders should be isolated in
this single place, whilst they are everywhere else
connected. Is it not reasonable to suppose that the
island has undergone a general denudation, whereby all
the loose materials have been swept away, with the
exception of a few boulders which remain as witnesses
of the glacial agencies? At any rate, we ought to
remember that this is not the only spot where such
absence of drift occurs. The extremity of Keweenaw
Point, as we have previously shown, is likewise barren of
drift deposites; and here, at least, the supposition of a
subsequent denudation seems to be beyond all doubt.

Drift deposites east of Keweenaw Point.—The shore of
Lake Superior east, of Keweenaw Point may be divided,
as far as the drift is concerned, into three distinct
regions, in each of which it assumes a peculiar
character, and is connected with, or dependent upon,
the orographical structure of the country. These regions
are—

1st. The granite and iron region, extending from the
Anse to the mouth of Chocolate river.

2d. The sandstone region, extending from Chocolate
river to Grand Sable, and including the beautiful cliffs-of
the Pictured Rocks.

3d. The sand region, extending from Grand Sable to the
Saut, where no other than quarternary formations are to
be seen.

Drift of the granite and iron region.—The granite region
near the Anse, and the adjoining iron region back of
Carp river, are both distinguished by their hilly character,
being composed of a succession of ridges running from
NE. to SW., and rising to higher and higher levels
towards the anticlinal axis. The projecting spits and
promontories are generally destitute of drift deposites,
but the intervening bays are lined either by a drift terrace
or by shingle beaches of alluvial materials. That portion
of the lake-shore between Granite Point and Chocolate
river is particularly interesting. For a long distance,
especially in the vicinity of Carp river, it is lined by a
rather low terrace of drift, rising from twelve to eighteen
feet above the water and composed of sand and gravel,
sometimes distinctly stratified, with specimens of cross-
stratification, and sometimes containing a great many
large pebbles and boulders, so as to resemble coarse
drift. In some places to the west of Carp river, year

Worcester, the red clay is also to be seen cropping out
from the base of the terrace, where its presence is
usually accompanied by numerous springs. In the rear
of the first terrace, there is found another much higher,
rising from fifty to one hundred and fifty feet above the
level of the lake. The latter is sometimes close by the
lower terrace, and sometimes it is separated from it by a
space more or less remote.

Fig. 46.
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The figures 46, 47, and 48 will show the relative position
of the two terraces at three different points, between
Worcester and the mouth of Carp river, within the
distance of a mile. As to its structure, the upper terrace
seems to be composed altogether of sand finer than that
of the lower terrace, and with fewer pebbles and
boulders interspersed through it. If we now ascend the
upper terrace, in order to explore the country inland,
along one of the section lines, we find the following
features. The top of the terrace is a plateau, covered
generally with fine forests, without much undergrowth—
the predominating trees being maples, interspersed with
large hemlocks, white pines, and sometimes birches and
aspens. This plateau, which would no doubt afford an
excellent soil for agriculture, rises with a slight slope
towards the south, till we reach the first of the rocky
ridges running from NE. to SW. where the drift thins out;
the summit of the ridge itself being generally destitute of
it, while boulders and furrows are of frequent
occurrence. This, however, is not the limit of the drift to
the south, for it appears again beyond the ridge, where it
forms either another plateaux, if the next ridge is at
some distance, or fills up merely a valley, if the two
ridges are close to each other. A succession of rocky
hills and drift plateaus or valleys are thus to be traced
almost to the highest elevation of the country—near the
dividing ridge, each following plateau or valley being
commonly at a higher level than the preceding.

In many places, the drift has been greatly washed off,
and it is not unusual to find the margin of the upper
terraces scooped out in deep gullies, which are
oftentimes to be traced for a great distance along the
smallest rivulets. These gullies are very striking in the
vicinity of the mouth of Carp river, where they reminded
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me of similar ones in the detrital deposites of
Switzerland, which go by the name of “nants sauvages."
They afford sometimes an excellent opportunity to
investigate the nature of the drift. By far the greater
portion of the drift deposite here, as well as along the
shore, is composed of sand. There may be seen,
however, in several localities, distinct traces of clay—as,
for instance, near Teal lake. Boulders are found
scattered over the whole surface of the drift deposites,
as well as on the ridges deprived of it. Some granite
boulders have been observed by Mr. Hill even on the
summit of Silver mountain, fourteen miles southwest of
L'Anse, at the height of one thousand feet above the
lake. Similar ones were noticed by Mr. Whitney and
myself, inland from Carp river, at a height of 900 feet.
There may also be seen, on the drift terraces of this
region, indications of narrow ridges, composed of gravel
and pebbles, similar to the cesars which occur along the
coast of Sweden. One striking instance of such cesars,
or ridges, may be seen on the road leading from the
Jackson landing to Teal lake, a few miles from the shore.
There can be but little doubt that, if the country was
cleared of woods, such ridges would be noticed in many
other places, for they seem to accompany the drift
wherever it occurs in extensive tracts. The color of the
drift (of the sand as well as of the clay) is that same
reddish-yellow which prevails west of Keweenaw Point,
over the whole of the copper region. There, it seems
natural that it should have this color, for it rests almost
everywhere on red sandstone, from which it is supposed
to have been derived. Here, in the iron region, on the
contrary, where the prevailing rocks are black slate, dark
greenstone, and ridges of iron ore, it is evident that the
drift cannot owe its origin to the decomposition of these
rocks, for, in that case, it would necessarily be black, or
at least very dark-colored. There is no other rock to
which it can be referred; but, since sandstone occurs
here in the immediate vicinity of the lake shore, the
presence of red drift to the south affords additional
evidence that not only the boulders, but the drift-sand
and clay, have been transported from north to south.

Polished and grooved surfaces of the granite and iron
region.—With the exception of Isle Royale, the
phenomenon of the polished and grooved surfaces is
nowhere more frequent and striking than in the granite
and iron regions. It is met with along the shore wherever
a rocky spit projects into the lake, and in the interior
wherever a ridge rises above the common level of the
drift plateau, or where the drift has been removed. This
frequency is owing to the fact that most of the rocks of
that region, and especially those which occupy a
prominent position, are very hard, and, therefore, have
preserved most of the marks which have been stamped
upon them by the so-called erratic agencies. Indeed the
rocks are not only smoothed and polished in most places
where they appear at the surface, but also distinctly
grooved and scratched.

Along the coast, east of the Arise, scratches, furrows,
and grooves may be seen in several localities.
According to Messrs. Poster & Whitney,-all the ledges of

granite and hornblende between Granite Point and Dead
river are distinctly smoothed and scratched. An island
immediately east of Dead river is especially remarkable
in this respect. The rock, which is very hard and tough
hornblende, is not only grooved and furrowed over its
whole extent, but there are, besides, deep, trough-like
depressions, with perfectly smoothed walls, some twelve
to fifteen feet long, four feet wide, and two and a half
deep. Mr. Foster observed there two systems of strise—
one running north and south, and the other north 20°
east and south 20° west, the latter system being the
deepest and most distinct. Similar troughs were
observed, by Mr. Foster on Middle island, east of Granite
Point. Here, too, may be seen troughs four feet wide
and two feet deep, running, like the striae, north 20° east.

The localities, however, where | found the strise the most
distinct; are the promontories and islands near
Worcester, two miles west of the mouth of Carp river.
The rocks are a very tough hornblende and chlorite
slate, which seem well fitted to preserve even the finest
lines. There may be seen, near the mouth of a rivulet,
several ledges whose northern slope is covered with
strie as distinct as if they had been engraved but yester
day.

Indeed, with the exception of some localities on the
black limestone in. the Vinoasky valley, Vermont, and
some others on the slates in the fiord of Christania,
(Norway,) | do not remember having ever seen glacial
striae so distinct. The figure 49 represents a ledge with a
slope of from 10° to 20° at the water's edge, where they
are the most conspicuous.—There are two distinct sets
of strige: those running north 55° east are the most
numerous; those running north 5° east the least. The
latter are distinctly seen crossing the others, and are,
therefore, more recent. Some of them are, besides,
distinctly curved, as if the body which produced them
had been deflected in ascending the slope—a peculiarity
not yet observed elsewhere. Both sets of strize extend
here but a little way below the water—generally not
deeper than one foot. This is the most eastern point
where striae occur along the shore, and, therefore, the
first which comes under the observation of geologists,
when coasting west. The striae and furrows are not less
conspicuous in the interior of the country, and may be
traced at all heights, and on all kind of rocks, in the
neighborhood, | found them 500 feet high on the summit
of the quartz ridge in the immediate vicinity of Carp river;
750 feet on the iron ridge south of Teal lake; and as high
as 1,000 feet on a greenstone ridge near the water-
shed.
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Among the most remarkable are the strige on the quartz,
if we consider the very great hardness of the rock; and,
indeed, with the exception of some quartz veins among
the granite of the Alps, | know of no other localities
where the strise may be traced for any considerable
extent on this rock. The surfaces of these quartz hills
are in some places so smooth as to glitter like mirrors in
the sun, and may thus be seen from far. The rock is too
hard to allow deep furrows; the groovings are, therefore,
merely very fine strige, but of such distinctness that one
would think them to have been engraved by the point of
a diamond. Their direction on the nearest quartz ridge
is, according to Mr. Whitney, north 20° east; but on the
second ridge (at a height of 531 feet) | found their
direction to vary between 25° and 30°. No geologist can
look at strisge on such a rock without being convinced that
the action of the water is utterly insufficient to produce
such effects. The same inference may be drawn from
the polish and striee at the top and along the sides of a
very remarkable knob of conglomerate-quartz in
township 27, range 25. Notwithstanding the variable
hardness of the pebbles of which this conglomerate is
composed, the strize on it may be traced in an
uninterrupted manner sometimes for a distance of
several feet, passing successively over a pebble of
granite, of hornblende, of slate, of greenstone, and of
iron ore. Their average direction is north, varying from
50° to 60° east. Striee are also to be seen on the iron
ridges, sometimes on almost pure iron ore—as, for
instance, on a ridge along the road leading to the
Jackson location, two miles south of Teal lake. Their
direction, as far as we could ascertain without a
compass, (which is of course unreliable here,) is north
50° or 60° east.

Finally, | would make mention of a green magnesian
rock, with vertical walls, to the east, along the road
leading from the Jackson landing to Teal lake. The
walls, although almost semi-cylindrical, are covered with
strige, which may be traced along the surface, like hoops
around a gigantic cask.

This is an important instance, since it goes to show that
the strige could not possibly have been made by an
iceberg, or any other body floating in the water, but that
the agency must have been such as to conform to the
direction of the rocky wall.

As a whole, the direction of the strize in the several
localities where they have been observed within the
granite and iron region are as follows:

Main Secondary
direction. direction.

On Middle island, east of Granite Point - N. 20° E.
On an island, east of Dead river - - N. 20° E. N.—8S.
At Worcester - N. 55° B. N. 5° E.
On the first quartz ridge, one mile from the
mouth of Carp river - N. 20° E.
On the quartzose conglomerate Lnob town- B
ship 47, range 25 N. 50° 60° E.
On the Iron ridge south of Teal 13.1&8 - N. 55° L.
At the Jackson forge - - N. 65° E.

Although there is considerable variation in the direction
of the strise and furrows, yet we cannot fail to notice that
they all run east of north, whilst we have thus far seen
none running west of north. The direction northeast and
southwest seems to be the prevailing one, especially on
the ridges in the interior. It is also, as we have seen, the
prevailing one on Isle Royale. Along the shore the
direction seems somewhat more northerly, (N. 20° 25°
east,) corresponding to that observed on Keweenaw
Point. Finally, where two sets are seen crossing each
other—as, for instance at Middle island—the northerly
direction has thus far proved to be the more recent one.

Drift of the sandstone region east of Keweenaw Point.—
The sandstone region east of Keweenaw Point extends
from the mouth of Chocolate river to Grand Sable—more
than sixty miles—including the high range of the Pictured
Rocks.

From Chocolate river to Traine river, for a distance of
twenty-five miles, the shore is bordered with low, alluvial
deposites, with pebbly beaches and hillocks of blown
sand. Three small rivers empty into the lake along this
coast, nearly at equal distances from each other, viz:
Fish river, Laughing-Fish river, (Riviere du poisson qui
rit,) and Pebble river, (Riviere aux galets.) The rock in
place is exposed to view only on a few promontories; but
the land rises considerably in the rear, and there is every
probability that, in following up any of these rivers, the
drift may be encountered at no great distance.

After having passed Pebble river, the sandstone
intersects the shore, forming rather low bluffs, covered
with a deposite of drift-loam from five to ten feet thick.
Then the ground rises suddenly to the height of nearly
one hundred feet. We noticed that its slope was covered
with a strange mixture of detrital materials, composed of
huge angular fragments of sandstone and of rounded
granite boulders, giving it the appearance of a vast
accumulation of very coarse drift. Having landed there, |
soon noticed regular sandstone strata beneath the
detrital covering, and satisfied, myself that this strange
mixture was owing to the disintegration of a soft layer of
sandstone near the top of the cliff, which, in scaling off,
had. caused the layer above to crumble down, together
with the deposite of drift which caps the summit. The
drift at the top of the cliff attains here a thickness of
twenty-five feet, and is remarkable for the quantity of
large boulders which it contains. Beyond this point, the
sandstone disappears again from the shore, and the
coast is lined for some distance with a drift terrace from
fifteen to eighteen feet in height, in every respect similar
to that which we have described near Carp river.
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Traine* bay, which follows next, is lined with shingle
beaches and dunes. Having ascended Traine river,
which empties into this bay, we reached the drift terrace,
after having threaded the innumerable windings of its
channel, through a low and swampy plain, at a distance
of only a few miles from the coast.

The terrace averages from twelve to fifteen feet in
height, and is composed of a reddish sand, with many
pebbles scattered through it. The same drift-sand,
although less loamy, prevails also around Traine lake,
some five or six miles inland, above the mouth of the
river.

Beyond Traine bay, begins the range of the Pictured
Rocks, the most romantic portion of the southern shore,
extending some ten miles from Grand island eastward.
Though highly attractive on account of its scenery, this
region is less important in reference to the drift, which
plays here but a very subordinate part. However, there
is seen at the top of the high, towering bluffs a stratum of
loose materials from ten to thirty feet in thickness,
composed of pebbles and boulders, intermixed with
loam and sand. | consider this deposite, like that
formerly .described as occurring on the summit of the
Red Castles, as belonging to the coarse drift. The most
striking feature is derived from its structure, being
composed almost exclusively of fragments detached
from the sandstone ledges beneath.

Although imbedded in a kind of loam, the fragments are
but little worn, whereby they differ essentially from the
boulders and pebbles imbedded in the drift clay. After a
careful examination of the materials in several localities,
| found but few foreign pebbles among them, chiefly
fragments of trap.

There are some few places, however, where a stratum
of drift-sand may be seen covering the coarse drift.

Such an instance occurs at the top of the Grand Portal.
It was at first doubtful whether this stratum, which is very
homogeneous, had not, perhaps, originated from blown
sand from below; but, on closer examination, | found that
it contained a certain number of rounded pebbles, which
rendered such a supposition inadmissible. The average
thickness of this sand stratum, at the top of the Pictured
Rocks, does not exceed ten feet, although it is in some
places as thick as thirty feet.

*Triane is an antiquated French word, still in use among the Canadian
French, for traineau, a sleigh. We heard from one of our voyageurs
that there had been, for a long time, an old sleigh near the mouth of
the river: hence probably its name.

Along the whole range of the Pictured Rocks, there are
but two localities where the; high wall is interrupted so as
to afford a safe landing-place, viz: at Miner's river and at
Chapel river, near the Grand Portal. The first of these
two rivets empties into the lake near a most picturesque
promontory) which Mr. Whitney calls Miner's Castle. To
the east of this promontory extends, for the distance of
nearly a mile, an alluvial plain, covered with ancient
beaches. The drift appears at the surface, but there is
little doubt that it may be found along the banks of the

river. A considerable layer of drift occurs on the top of
Miner's Castle, composed of a whitish clay filled with
pebbles and fragments of the underlying rock.

At Chapel river, the high cliff is interrupted for the space
of half a mile, where the coast is lined by a drift terrace
some thirty feet in height, being the border of a plateau
stretching for several miles inland, and covered with pine
openings. There, | had a fine opportunity of examining
the relation of the drift to the surrounding cliffs. At the
western corner of the opening, the different sandstone
strata are abruptly broken, sometimes stair like and
sometimes with bold projections. There, | saw drift not
only covering the lower steps of this gigantic stair-case,
but filling, likewise, the space between the projections,
as shown by the following diagram. It is obvious from
this fact that the cliffs of the Pictured Rocks had already,
at the time of the deposition of the drift, the same
irregular and broken outlines which render them so
conspicuous now.

Fig. 51.

d.g. driftgravel. s. sardstone.

It is well known that the top of the Pictured Rocks is not
a mountain nor a ridge, but merely the margin of a
sandstone plateau, which rises here abruptly to the
height of nearly 200 feet. Having ascended the cliff,
near Miner's fiver, we found the plateau almost level;
yet, most of the rivulets, instead of emptying into the
lake, run southward, so that the water-shed is here near
the very margin of the cliff. Although the surface of the
plateau is thickly wooded and partly covered with
swamps even at its highest levels, yet wherever the soil
is removed, we found the underlying rock to consist of
sandstone, and it soon became evident to me that the
drift plays but a very subordinate part, being confined
merely to some scattered boulders and pebbles.

No glacial furrows and groovings have been observed
within this district, which is not to be wondered at, if we
consider the nature of the prevailing rock, being soft, and
easily decomposable sandstone.

DRIFT OF THE SAND REGION.

This region, the most important as far as the drift is
concerned, begins where the cliffs of the Pictured Rocks,
after having sunk within a few feet of the water's edge,
are suddenly replaced by a high ridge of lose materials,
called the Grand Sable. From thence, along the whole
length of the coast, to the Saut, a distance of nearly one
hundred miles, there is no other formation than drift and
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alluvial deposites to be seen. The latter is the most
prominent; but wherever the drift comes close to the
shore, it is generally in the form of high terraces, with
abrupt slopes, exceeding even the highest points of the
Pictured Rocks—e. g., at Grand Sable and Point
Iroquois.

The Grand Sable, from its peculiar and very striking
appearance, deserves a more accurate description. The
traveller, in coasting along the beautiful and thickly-
wooded cliffs of the Pictured Rocks towards the Saut,
after having seen the cliffs of sandstone gradually
descend within a few feet of the water, is suddenly
struck by the appearance of a high, naked wall rising
immediately from the lake, and extending for many miles
in an easterly direction. (See diagram 52.)

The contrast afforded by such a barren tract in the midst
of the dense forests which extend all around is in itself
most remarkable—the more so as it seems, at first, to be
nothing but a gigantic heap of loose sand. Indeed, since
Schoolcraft first described it as a dune, it has generally
been thus represented by all subsequent writers.
Besides, the fact that the cliffs of the Pictured Rocks to
the west of Grand Sable are of a very loose and easily-
decomposable sandstone, seemed to justify the idea
that this high sand-ridge might be nothing but the
detritus of decomposed sandstone strata, heaped up by
the power of the northwest winds, which are known to be
the prevalent ones on the lake. But yet, it seemed
difficult to conceive that sand should accumulate to the
height of 366 feet in that single spot, whilst at other
places along the shore—for example, at White Fish
Point—the dunes should not reach higher than from forty
to fifty feet, though the winds are equally violent. Even
along the seacoast, under the influence of the oceanic
gales, the dunes do not attain so great a height; for
those of Provincetown, on Cape Cod, which are certainly
the most remarkable on this side of the Atlantic, do not
exceed eighty feet. Having landed on the promontory at
the entrance of the bay, bordered by the high, barren
ridge, in order to investigate the subject more closely, we
soon discovered along the partially naked cliffs a
distinctly marked line, (a,) which was found to be the
upper limit of the red clay. (See figure 52.)

Fig 52.

D. C.—Drift clay.
D. S.—Drift sand.

Above this clay was a mass of sand with indications of
horizontal stratification, which, from its appearance as
well as from its position, we recognised as the drift sand.

Taking this fact as a standard, we followed the cliff
towards the east for some distance, and were able to
recognise all along, the same relative position between
the clay and sand. Thus, we ascertained that the dune-
like appearance is owing merely to an external covering
of loose sand, and that the main body of the ridge is
made up of drift sand and clay, the latter appearing at
the surface in some spots, which are indicated by
occasional clumps of dwarfish trees. The Messrs.
Whitney, having ascended to the top of the sand ridge in
order to measure its height, found our suspicion entirely
confirmed, for they discovered at the very top, layers and
masses of coarse pebbles resting upon the sand, and
scattered through it.

These, of course, could not have been blown up from
below. They found the surface of the ridge very
irregular, with deep hollows, and presenting to the south
a steep slope, similar to that facing the lake, and equally
barren, but less high, being only fifty or sixty feet.
Beyond, the surface of the plateau was again covered
with trees. The question will be asked, therefore, how it
happened that a mere ridge should be so barren, whilst
along the shore the drift is covered with dense forests.
The cause of this peculiar feature lies, no doubt, in the
fact that the drift is here very loose and destitute of any
loamy substance. If by any cause (windfalls or heavy
rains) the vegetation be carried away, the sand remains
exposed to the wind, and, being very fine and dry, it is
gradually blown off and scattered over the surrounding
country. Of this we have direct proof in the isolated
hillocks covered with trees which indicate the former
level of the plateau. These will probably after a while
also yield to the power of the elements. Meanwhile, they
give us the measure of the amount of the materials
which have been already taken off from the summit and
scattered over the surrounding country.

There may be seen in many places along the slopes of
the sand ridge of Grand Sable parallel lines—sometimes
horizontal, sometimes bent and undulated—which might
at first be mistaken for lines of stratification. | am rather
inclined, however, to consider them as indications of
successive fallings of the sand coatings, which would
take place when the slope becomes too great, as it
happens with the snow on the steep slopes of the Alps.
Another similarity between these sand slopes and the
show-covered walls of the high mountains, may be found
in a peculiar fluted appearance resulting from the falling
off of small particles in the same direction.

Finally, there may be seen at the top of the long ridge of
Grand Sable, towards the eastern extremity, some
irregular hillocks, more or less angular, which have all
the appearance of genuine dunes, and which in all
probability were heaped up in the same way. Between
them and the true dunes there is only this difference,
that the sand is derived from a higher spot, instead of a
lower one.
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Between the eastern extremity of Grand Sable and Two-
hearted river, a distance of nearly thirty miles, the lake
shore offers but little of interest, being composed entirely
of alluvium, covered and capped in many places with
dunes. The drift terrace appears nowhere on the coast,
but is generally seen lining the horizon at some distance.
At Two hearted river it approaches the shore within less
than a mile, and is composed of the same red sand as
further west. It rises here to the height of fifty feet.

At a distance of six-miles east of Two-hearted river,
another smaller river empties into the lake, known as
Carp river, but, to avoid confusion, it has been
designated on the map as Terrace river.

There, the drift again approaches the shore, forming a
succession of terraces, which deserve a special
attention, as being the most striking instance of this
peculiar, structure along the south shore of Lake
Superior.

There are, in some places, not less than six successive
terraces, which, when close to each other and combined
with the beaches, appear from the lake, like a gigantic
stair-case leading to the drift plateau above, rising to the
average height of nearly one hundred feet—a height
corresponding to that of the upper terrace of Carp river,
as described above. Mr. Whitney, who measured the
relative height and position of the terraces at a place two
miles east of Two-hearted river, found the following
succession:

Height,
1. Gravel beach - - - - - 5 feet.
2. Sand beach - - - - - - 12 «
3. First drift terrace - - - - R 2 <«
4. Second drift terrace - - - - 46 <«
5. Third dyift terrace - - - - . n5
6. Summit of plateau - - - - . 94 ¢«

The position of these different terraces, as well as their
relation to each other, is represented in natural
proportions in the diagram fig. 53.
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It will be seen that, although the distances of the four
upper terraces are variable, yet their slopes are rather
uniform, being on an average 39°. The slopes of the two
lower terraces are, ob the contrary, much less, being:
from 10° to 12°—a circumstance intimately connected
with their origin, for they are true beaches, having been
actually built up by the action of the waves, whilst the
upper ones indicate merely the denudating action which
the drift underwent—the crumbling down of the sand
under the influence of the-waves, when the relative level

of the lake and tie shore was different from what it is at
present.

The several terraces thus indicate, in all probability, as
many periods of subsidence. Since the steepness of a
slope depends chiefly upon the nature of the materials of
which it is composed, it is to be expected that like
materials will present a uniformity of slope; and thus it is
that the slopes of all drift terraces are so constant. This
constancy furnishes in .itself a striking feature of the drift
terraces, by which they are easily distinguished from
mere beaches.

The surface of the terraces is not always level, but
undulating, and covered with ridges, as it appears from
the above section. Some pf these ridges—for instance,
that marked o, in the section—are probably ancient
beaches.

Indeed it is easily conceivable that, if the coast of Lake
Superior were to be raised some thirty or forty feet, the
two alluvial terraces, which ere now close to the water,
would appear in the same manner upon the new-terrace,
whose slope would soon be the same as that of the
upper ones.

Beyond Terrace river, the drift terraces recede suddenly
from the shore, and are not again seen until after having
turned White-Fish Point, we reach the bottom of
Tequamenen bay. Thus, the whole country in the
vicinity of White-Fish Point, comprising an area of nearly
two hundred square miles, and including the lower
portion of Tequamenen river, is nothing but a low,
alluvial and marshy plain, which owes its origin to the
action of the prevailing winds and currents.

Point Iroquois is, as we have stated before, a high ridge
rising immediately from the water, and, in all probability,
composed exclusively of drift materials. From thence,
the drift terrace is seen skirting the shore along Waiska's
bay as far as the Saut, where the Potsdam sandstone
appears again below the drift deposites. There are,
besides, in Tequamenen bay, several islands, which
seem to be composed entirely of drift, containing a great
many rounded boulders and pebbles, from which have
been, derived the stones used in the construction of the
light-house at White-Fish Point. Iroquois island,
opposite the point of the same name, is made up of like
materials. Here | noticed that a great proportion of the
boulders and pebbles were of sandstone, which leads
me to believe that this rock must be in place somewhere
in the neighborhood.

Drift deposites along the St. Mary's river.—The same
drift terrace which we have described as skirting the
southern shore of Lake Superior is here seen. At the
Saut, it attains a height of nearly 100 feet, and is
separated from the river by a level and swampy plain,
destitute of any detrital materials except boulders, which
repose on the sandstone. The terrace can be traced
eastward—sometimes in the form of a regular plateau,
and sometimes in that of irregular ridges—until lost sight
of beyond the Neebish rapids. A corresponding one is
observed on the British side, but of more limited extent,
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separated from the river by a similar plain, and bounded
on the other hand by a chain of elevated hills.

The phenomena of the glacial furrows are very marked
in many places along the St. Mary's river. In the vicinity
of the Neebish, the rocks are smooth and rounded, as
though polished artificially, and glitter in the sun like the
finest polished surfaces of the Alps. The general
direction of the grooves is N. and S., and the rocks
exhibit a lea and strike side.

Along the Straits of Mackinac the drift is rarely seen; but
on the higher points of land, limited patches are
observed. Its position on the Island of Mackinac is
particularly interesting, where it is restricted to the
summit, forming a stratum 100 feet thick.

Fig. 54.

& Alluvial. d. Drift.

l. Limestone.

Accustomed to observe the drift occupying only the
lowest depressions, its position here at once arrests the
attention. The following diagram illustrates its relation to
the older rocks and to the alluvial terraces:

Like the drift at the Saut, it consists of loamy sand,
without any distinct stratification, Intermixed in places
with considerable clay.

Coming from the lower lakes for the first time, where the
clays are buff and blue, the geologist is in doubt as to
the real position of these patches; but, after having
visited Lake Superior and examined the drift
accumulations, he has no doubt whatever. To Mr.
Whittlesey belongs the credit of having first suggested
the identity of the two deposites. As this clay is traced
southerly along the shores of Lake Michigan, it is found
gradually passing into the blue clay of the west. Thus,
the island of Mackinac, with its summits covered with
drift, constitutes a most important link in the chain of
evidence to identify remote deposites, as belonging to a
common epoch. We are thus enabled to connect the
drift deposites of Lake Superior with those which form
the plateaux of Wisconsin and lllinois.

The boulders on the island, which are numerous, rest
upon, or are imbedded in, the drift. From their external
characters, it is inferred that they were derived from the
northern shore of Lake Superior.

We can account for the peculiar position of the drift here,
and its absence on Round island and Bois Blanc, only by
supposing that it has been removed by denudation.

The topographical engineers inform me that it is to be
found on the high ground in the vicinity of Point St.
Ignace. Hence, we infer that at one time it was spread

over the entire area, and that a general denudation has
taken place to the height of nearly 200 feet.

This denudating process, however, did not limit itself to
the removal of the drift materials. The island affords
evident proofs that the more ancient rocks have not
escaped. That curious and picturesque rock known as
the Sugar Loaf, which rises like a pyramid, to the height
of ninety feet, from the surrounding plain, remains a
monument of the ancient water-level.

There can be no doubt that this denudation is to be
ascribed to powerful currents of water, at a time when
the general level of the country was different from what
we now behold it. That these currents were long-
continued, is proved by the many alluvial terraces which
encompass the island, of which we shall treat hereafter.
No glacial furrows have been observed on the island, or
along the straits; but there is little doubt that such
markings might be traced on the rocks, if the superficial
materials were removed. The soft porous limestone
which here prevails, is ill adapted to retain such
markings for any great length of time, when exposed to
the influence of atmospheric agencies.

CONCLUSION.

It is not intended here to give a general theory of the
causes and-origin of the drift, since it would oblige us to
allude to many phenomena foreign to the district under
consideration, and to discuss the many systems which
have been proposed by various authors to solve this
great problem. | shall, therefore, limit myself, for the
time, to a brief sketch of the principal periods which may
be recognised among the drift deposites of Lake
Superior. A mere glance at the relative position and
structure of the drift deposites, as described in the
foregoing pages, will suffice to prove that the
phenomena neither indicate a paroxysmal agency, nor
the operation of a single cause, however long continued.
They disclose a long series of events, which have
resulted from causes highly diversified, and as yet but
imperfectly known. We recognise the following periods
in the history of the drift of Lake Superior:

1. The period of the grooving and polishing of the rocks
must be considered as the dawning of the drift epoch.

At the close of the tertiary era, (which has left traces of
its presence over many of the States bordering on the
Atlantic, as far north as the island of Martha's Vineyard,
in Massachusetts,) the whole northern portion of the
continent was subjected to the operation of a general
and most powerful agency, of which there is no
precedent in the history of former geological ages.
There may be found in every sedimentary formation,
deposites similar in their composition to those of the drift,
but the rocks on which they rest are no where
characterized by those peculiar markings which we have
described as glacial furrows and strige. In the region of
Lake Superior; they are found at all levels—over plains,
and on the slopes of the hills and mountains. Even the
dividing ridge between the upper peninsula and
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Wisconsin exhibits traces of their action. It is proved that
here, as well as in Europe, their main direction has been
from north to south—being, however, sometimes
deflected either to the east or to the west. These
deflections are, no doubt, dependent upon the leading
physical features of the country. Along the south shore
of Lake Superior we have found them running mostly
from northeast to northwest, a direction parallel with that
of the principal ridges—as, for instance, those of Isle
Royale and Keweenaw Point. These coincidences
would be still further strengthened, if it could be
ascertained by a series of soundings across the lake,
that the main troughs ran in the same direction. We
know, in the actual operations of nature, of no agent
capable of producing such a gigantic result as the
shaving and smoothing of a whole continent. To those
who are familiar with the effects produced by glaciers
upon the walls and bottoms of the valleys through which
they move, it cannot be denied that they exhibit the
closest analogy to the phenomena which we have been
describing. The appearance of the rocks, as well as the
form and size of the striee, is the same; yet it must be
remembered that, in our days, glaciers occur chiefly in
the valleys of the highest mountain chains. Itis,
therefore, difficult to conceive how they could exist and
move in a wide and level country, like the northern parts
of the United States and Canada. In order to avoid this
difficulty, it has been assumed that the whole northern
hemisphere, as far as erratic phenomena reach, was
once covered with a general cap of ice, similar to that of
the circum polar region, which, in its southerly
progression, is supposed to have at once smoothed the
rocks and transported the boulders from north to south.*
A careful examination of the position of the boulders,-
which | have found, both in this country and northern
Europe resting mostly on stratified deposites of sand or
clay, has convinced me that the above assumption is no
longer admissible, so far as it relates to the
transportation of the boulders. The remaining question
relates to the grooving and polishing of the surface
rocks. However inclined | may be, from personal
observation of the glacial phenomena both in the Alps
and Scandinavia, to refer the groovings to this agency,
according to M. de Charpentier's theory, (which is also
advocated by M. Agassiz,) | shall refrain from entering
into any discussion of the subject, for the reason that the
laws which regulate the motion of the polar ice are as yet
too little known to be made the basis of geological
speculation in a report like this, the object of which is to
state facts and give particular in formation. Whatever
may have been the cause of the groovings, it must be
admitted that an agency which was capable of shaving
off and wearing down such an extent of surface must
also have been able to remove the detritus and to
transport it from one place to another. | am inclined,
therefore, to ascribe to this agency, and to consider as
contemporaneous with it, that portion of drift materials
which | have described as coarse drift, and which,
wherever it exists, is regularly found at the base of the
stratified deposites, having been left undisturbed by the
waters of the subsequent period.

*As to the difficulty arising from the climate, | would remark that it has
been most ingeniously shown, in a recent paper by M. Lecog, that if
polar glaciers have ever existed in these latitudes, it was possible only
with a higher temperature.

2. We have shown that almost everywhere along the
southern shore of Lake Superior there is a stratum of red
clay resting on the coarse drift, or, where this is
removed, on the polished rocks. From its thickness and
the comminuted state of the materials, we infer that
during its deposition a long interval of time elapsed,
characterized by no violent agitations. With this stratum
begins the second era of the drift. If it should be proved
that the continent stood, during the preceding period, at
a higher level than now, as some phenomena seem to
indicate, this circumstance would afford additional
evidence in favor of the separation of the two periods,
since it would imply a subsidence of the continent, at the
beginning of the deposition of the clay, by which the
shores of the lake were brought within the reach of the
waters to the height of the surface of the red clay.
Admitting this, we must suppose that the former detritus
was to a great extent swept away, and deposited in a
more quiet manner.

As to the boulders distributed through it, we may
suppose that they were transported by floating ice, in the
same manner as their transport is at this day effected
every spring from the borders of the northern lakes and
rivers, and dispersed over the adjacent swamps and low
lands.

The question recurs as to the nature of the waters—
whether they were salt or fresh. Considering the vast
area over which the clay is spread—it being traceable
not only along Lake Superior, but also along the St.
Mary's river to Mackinac, and thence along Lake
Michigan to the prairies of Illinois—it would seem to have
constituted a part of the ancient bed of the ocean. It
should, however, be remembered that we have, in
former geological epochs, fresh-water formations
extending over considerable areas, particularly during
tertiary and carboniferous eras.

At any rate, the question must remain doubtful, as long
as we have no evidence of fossil remains. Thus far, |
know of no type of animal or vegetable life having ever
been found in the clay of Lake Superior.

3. We have found everywhere resting upon the clay of
Lake Superior a stratum of gravel and sand, which,
notwithstanding its irregular structure, is a real stratified
deposite and must therefore be supposed to have been
formed in water. Occurring at still higher levels than the
drift clay, and attaining sometimes a thickness of several
hundred feet, we must suppose that at the time of its
deposition the country had subsided to a still lower level.
From the diversity of its stratification we infer that this
period was characterized by intervals of agitation and
repose. According to Mr. H. D. Rogers's ingenious
theory, this feature should be ascribed to the temporary
operation of earthquake waves, such as are known to
occur occasionally in our days, especially in the Pacific.
Such waves might well have disturbed the bottom of the
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ocean, carrying before them an immense freight of
detrital materials, which were heaped up in irregular
masses and hills, resembling the drift accumulations. If
we suppose similar disturbances to have been of
frequent occurrence, they might well account for the
absence of ail organic remains at that epoch.

| consider, as belonging to the close of this period, the
transportation of chose huge boulders which are
scattered in such vast profusion over the surface of the
gravel deposites, and which we have detected on the
very sum-onus of the anticlinal axis, where no other drift
deposites occur. It might thus appear, at first that this
epoch had been characterized by more violent agitations
than the preceding one. We should be careful, however,
not to judge of the power and violence of an agency
merely from the size of the materials transported; for, if
the boulders had been conveyed by powerful currents,
we should not only find them of diminished size in their
progress southward, but also rounded and smoothed like
the smaller pebbles. On the contrary, we know that they
are just as massive at the very limits of the drift in Ohio,
as near their birth-place; besides, many of them, along
the anticlinal axis are perched, as it were, on the very
top of narrow hills and knobs, where it is hardly
admissible that they should ever have been left by a
violent agency. Finally, many of them, in spite of
contradictory assertions, have rather sharp angles, as if
they had been subjected to slight attrition. | am
therefore inclined to suppose that the surface boulders,
like many of those buried in the drift-clay and sand, have
been transported-by floating ice, (not icebergs.) By this
hypothesis, their position on the summit of the hills offers
no longer any difficulty; for it is natural to suppose that
they should have been stranded upon those points,
which at the time were shoals. The changes of level
which the region of Lake Superior has undergone during
the drift epoch are represented in the following diagram.
Assuming that, during the period of the groovings, the
waters stood nearly at the same level as now, the land
must have sunk during the second period to the depth of
five hundred feet, and again the same amount during the
third period, when they reached those summits, which
are now one thousand feet above the lake.
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The boulders of Lake Superior, like those of all other
parts of the country, point to the north as the source of
their origin; yet there is this difference, that they are not
generally derived from far. Those in the immediate
vicinity of the south shore have in the main been derived
from the north shore, but as a whole they are not very
numerous; and | have Mr. Foster's authority for stating
that very few have passed beyond the dividing ridge.
The boulders and pebbles of the opposite slope of the

axis, although more numerous than on the northern
slope, are all derived from the dividing ridge itself. The
same is true to a great extent of those scattered over the
plains and prairies of Wisconsin and lllinois. This ridge,
abounding in eruptive and metamorphic rocks, is
therefore to be considered henceforth as the true birth-
place of the boulders scattered over the western States,
and we need no longer recur to high northern latitudes to
ascertain their origin. The drift epoch may be
considered as closed with the transportation of the
boulders. The waters, after having thus reached their
highest level—during which the transport of the boulders
and pebbles was accomplished—again subsided. With
this subsidence commences the era of the alluvium. We
have no reason, however, to suppose that the
subsidence was sudden. Everything leads us to believe,
on the contrary, that it was gradual, and that the same
agencies continued to operate to a certain degree. Thus
we may infer that beaches were formed, sand bars built
up, and boulders transported, in the same manner as
before, although at lower levels. Meanwhile, the former
and higher beaches receded more and more from the
shores; the bars, shoals, and sub-marine banks
appeared as ridges or oesars above the plains recently
laid dry; whilst new ones were forming at lower levels;
and whenever the water, in its receding movement,
stood for a sufficient time at the same level to allow the
new shore to be acted upon and undermined by the
waves, these bluffs and terraces were formed, as shown
before. Now, since terraces and ridges occur frequently
along the great lakes, they may be considered as a
conclusive proof that the subsidence was really gradual.
In this respect, terraces and ridges, although composed
of drift materials, belong properly to the alluvial period,
as well as the denudations along the channels through
which the waters are supposed to have been
discharged. | shall therefore examine them with more
detail in my report upon the alluvium. Thus far, we are
not aware of any striking geological event—such as the
elevation of a mountain chain—having taken place
between the two epochs of the drift and alluvium. It
might therefore be asked if there is sufficient reason to
separate them. There are, indeed, some geologists who
guestion the propriety of such distinction. My chief
motive in adopting it is derived from all of the drift
phenomena, rather than from any single event.

The drift is the last phasis of any importance through
which the earth passed before it became fitted for the
habitation of man. Were it not for these deposites, a
great portion of this continent, including the district
embraced in this report, would have been a waste of
naked and barren rocks, covered partially with heaps of
dry sand or rough detrital materials. Through the long-
continued agency of water, these materials have riot
only been reduced and dispersed, but also mingled in
such proportions as to afford a most appropriate soil for
vegetable and animal life. When, afterwards, the rise of
the continent caused the waters to recede within their
present limits, they left behind them those wide, drift
covered plains, destined to become, in the lapse of time,
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the seat of an industrious, intelligent, and prosperous
nation. We think ourselves justified in considering the
period, when the waters, after having done their work,
began to recede, as the beginning of that new and grand
era which has been properly called the era of man, and
of which the alluvial period is the introduction.

GLOSSARY OF MINING AND
METALLURGIC TERMS.

For convenient reference, we have prepared the
annexed glossary of the technical and provincial terms
relating the science of mining and metallurgy, which
includes most of those in use in this country and in
books treating of these-subjects. The fact that a great
number of Cornish and German miners are employed in
our mines readily accounts for the introduction of foreign,
provincial and technical words, many of which are
already in familiar use in the Lake Superior copper
region; others are used in foreign works treating of
mining and metallurgy, and have been adopted in
English books, when we have no word expressing
exactly the same idea.

In the glossary, the letter C, affixed to a word signifies
that it is of Cornish origin; F, follows a term adopted from
the French, and G, from the German language.

GLOSSARY.

Abstrich.—(G)—Impure litharge obtained in the
operation of separating silver from lead ores.

Abzug.—(G.)—The first, very impure litharge which is
formed in the operation of cupelling argentiferous lead-
ores.

Adit—adit-level.—A horizontal excavation or gallery
through which the mine is drained. The adit-level is
usually commenced from the bottom of the lowest
neighboring valley, and extended through the workings
of the mine.

Adventurers.—Shareholders, or those interested in a
joint mining enterprise.

Air-machine.—Apparatus for ventilating a mine by
withdrawing the foul air from it, or by forcing in pure air
from the surface.

Arch.—A piece of ground left unworked near a shaft.

Attle.—Rubbish; rock containing too little ore to be worth
working.

Average standard.—(C.)—The price per ton of the fine
copper in the ore, after deducting the charge for
smelting, which amounts, at Swansea, to £2 5s. per ton
of ore.
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Back.—The back of a lode is that part of it which is
nearest the surface in relation to any portion of the
workings of the mine; thus the back of the level is that
part of the lode which is above.

Bar.—Term applied in Cornwall to a vein of a different
description of mineral crossing the lode or country.

Beat away.—To0 excavate; a term usually applied to hard
ground.

Bed.—A seam or horizontal deposite of ore.

Bend.—(C.)—Indurated clay; term applied by the miner
to any hardened, argillaceous substance.

Blackjack.—(C.)—Blende, sulphuret of zinc.

Blast.—The air introduced by the blowing apparatus into
the furnace.

Blower.—(C.)—A smelter of ores.

Bounds.—(C.)—The limits of the ownership of a tract
containing tin ore.

Brasque.—(F.)—A lining of closely-beaten charcoal; or
other carbonaceous substance.

Branch.—A small vein which strikes out from the main
lode, or branches from it.

Brood—Impurities mixed with the ores.

Broil.—The traces of the presence of a lode found in the
loose matter at or near the surface.

Buckers.—Men who break or bruise the ore.

Buddling.—Separating the ores from the mixture of
earthy substances by means of a wooden frame or
cistern filled with water.

Bunch.—A small quantity of ore in a compact mass in
the vein.

Cal.—(C.)—Wolfram; tungstate of iron and manganese.
Cand.—(C.)—Fluor-spar.
Captain.—Superintendent of a mine.

Counter (or contra) lode.—A lode forming an angle with
the ordinary direction of the other lodes in its vicinity.

Champion lode.—The principal lode of a mine.
Clack.—The valve of a pump of any kind.

Cob.—To break up the ore with hammers, so as to sort
out the valuable portion of it.

Cockle.—Schorl, or black tourmaline:
Coffin.—-Old workings open to the day.

Comb.—The arrangement of the mineral contents of the
lode in parallel, crystalline masses.

Cost-book system.—The method of working a mine
according to certain regulations, by which the
adventurers may at any time "sign off,” and cease to be
liable for any further expenditure in proving the mine.
The plan is to insert in the "cost-book" the name and
address of each of the adventurers who first work the
mine, with all subsequent transfers of shares, and every
expense attached to the undertaking; a meeting of the
proprietors is held every two months, at which the purser
presents his accounts, made up to that period, and the
share-holders are thus enabled to judge of the state of
the undertaking before incurring any further liabilities.

Country.—The strata or rock which the vein traverses;
the rock in the neighborhood of the vein.

Course.—The direction of the vein.

Cross course.—A lode or vein which intersects another
at a considerable angle, and which frequently throws the
first out of its course.

Cross-course spar.—(C.)—Radiated quartz.

Cross cut.—A level driven at right angles with another to
intersect the lode.

Crop—The best ore.

Crop out.—To come to the surface; referring to strata.
Crush.—To grind the ores without water.

Cut.—To intersect by driving or sinking.

Costeaning.—Discovering the situation of a lode by
sinking pits in its vicinity, and driving transversely to
intersect it.

Cofering.—Securing the shaft from the influx of water by
ramming clay, &c., around the sides of the timber.

Dam—(C.)—Choke damp; foul air.

Darrlinge.—(G.)—Residue of copper in the process of
separating silver from copper in the liquation process.

Dead-work.—Work where the vein is not productive, or
work which is done without obtaining any ore.

Deads.—Rubbish; attle; veinstone barren of-ore.
Dialling.—Mining engineering; surveying within a mine.

Dish.—(C.)—That portion of the produce of a mine paid
as rent to the owner or lord.

Dissueing.—Breaking down the strata from one of the
walls of a rich and narrow vein, so that it can afterwards
be taken down without loss or waste,

Dropper.—A branch which leaves the main lode.

Driving.—Excavating in a horizontal direction; opposed
to sinking or excavating in a vertical direction.

Drift.—Horizontal excavation.

Dress.—To clean the ore by breaking off fragments of
the gangue from the valuable ore.
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Elvans.—(C.)—Dikes of granite and feldspar; porphyritic
rocks cutting the slates and granites of Cornwall.

Engine-shaft.—The shaft by which the water is drawn
from the lowest portion of the mine.

Feeder.—A branch falling into the main lode.

Fault.—A sudden interruption of the continuity of strata
in the same plane, accompanied by a crack or fissure of
a width varying from a mere line to several feet.

Flucan.—Decomposed, clayey matter, accompanying
the slides and cross-courses, and sometimes the lode
itself.

Foot-wall.—The wall on the lower side of the lode.

Gangue.—The non-metalliferous portion of the lode; the
mineral substances accompanying the ore.

Gad.—A pointed wedge of a peculiar form, having its
sides of a parallel figure.

Garkupfer.—(G.)—Refined copper.
Glist.—(C.)—Mica.
Good levels.—Nearly horizontal levels.

Gossan.—Oxide of iron, intermixed with quartz,
generally found near the surface, in the lode or
accompanying it.

Grass.—The surface; the open air.
Growan.—(C.)—Decomposed granite.

Ground.—The rock which is adjacent to the lode; the
Strata in which the lode occurs.

Gulph of ore.—A very large deposite of ore in the lode.

Hanging-wall.—The wall or side above the lode, in
contra-distinction to the foot-wall.

Heave.—The horizontal dislocation which occurs when
one lode is intersected by another having a different
direction.

Horse.—The dead ground between two branches of a
lode.

Joggling-table.—Inclined board, and which is made to
move with a sudden and quick motion, used in washing
the ores.

Jig.—To separate the ore with a riddle or wire-bottomed
sieve, the heavier substance sinking to the bottom of the
sieve.

Junction.—Point where two veins, or different rocks,
unite.

Keeve.—A large vat.

Kibble.—The bucket in which the ore and attle are sent
to the surface.

Killas.—(C.)—Clay slate.

Kupfer-stein, (G.)—Regulus from coppery-lead ores
twice roasted.

Lander.—The man who attends at the mouth of. the
shaft to receive the ores as they are sent to the surface.

Leader.—A branch of the main vein.

Levels.—Galleries driven on the lode at various depths,
generally at intervals of ten fathoms.

Lifters.—Wooden beams to which the stamp-heads are
fastened

Lode.—Regular vein producing ore.
Loupe.—(F.)—Bloom, from the puddling furnace.
Matte.—(F.)—Regulus, melted sulphuret.

Mock lead.—Blende, sulphuret of zinc.
Moor-stone.—(C.)—Granite.
Mundic.—(C.)—Iron pyrites.

Needle.—A long, tapering piece of copper used in
tamping the hole for blasting, in order to leave a cavity
for inserting the safety-fuse.

Pack.—To occasion the speedy subsidence of the ore in
the process of tossing or chiming, by beating the keeve
with a hammer.

Pair.—Gang, or party of men.

Parcel.—A heap of ore ready for sale.

Pass.—An opening left for letting down stuff to the level.
Peach.—(C.)—Chlorite.

Pick.—A common instrument for mining and agricultural
purposes.

Pillar.—A piece of ground left to support the hanging
wall.

Pitman.—One employed to look after the lifts of pumps
and the drainage.

Pit work.—The pumps and other apparatus of the
engine-shatft.

Point of the horse.—The spot where the lode splits or
divides into two parts.

Pot grown.—(C.)—Soft decomposed granite.

Prian.—(C.)—Soft, white clay, esteemed in Cornwall a
favorable sign, when found near a lode.

Rack.—An inclined frame on which ores are washed.
Riddle.—A sieve for washing the ores.

Rosette.—(F.)—Dish of refined copper taken off from the
surface by throwing on cold water.

Run of a lode.—lts direction.

Saalbénd.—(G.)—Plural saalbdnder, selvages, or thin
bands of earthy matter, generally argillaceous, on each
side of the vein next to the wall rock.

Sett.—The portion of ground taken on lease for mining
purposes.
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Schlich.—(G.)—Finely pulverized ore-mud.

Slag.—Silicious substances formed in the various
processes of smelting and refining, principally silicates of
the protoxide of iron, alumina, lime, and magnesia,
generally containing a small portion of various metallic
substances.

Shaft.—A vertical or inclined excavation in the lode or
through the country.

Spleissofen.—(G.)—Copper-refining furnace with two
receivers for the fused metal.

Shears.—Apparatus for raising or lowering heavy
articles in the shaft.

Shelf.—The solid rock.

Shoding.—Tracing the situation of a lode by means of
the loose masses of ore and veinstone which have been
separated from it and scattered in its neighborhood.

Shooting.—Blasting with gunpowder.
Sinking.—Excavating downwards in the shaft.
Slide.—A vertical dislocation of the lode.

Slickensides.—Polished, argillaceous surfaces of the
rock, caused by the rubbing and grinding of large
masses against each other.

Stockwerk.—(G.)—An assemblage of small irregular
strings of ore, which has no regular form like a true vein,
but in which the ore seems to have been disseminated
through the fissures in the rocks.

Slimes.—Metallic ores mixed with finely-comminuted
particles of the rock.

Smelt.—The reduction of metals from their ores by the
aid of heat, in the usual metallurgic treatment in the large
way, is called smelting.

Sollar.—The small platform at the end of a certain
number of ladders.

Spalling.—Breaking up the rock into small pieces for the
purpose of separating the ore.

Stamp.—To break up the ore and gangue by machinery,
with the aid of water, for the purpose of washing out the
heavier metallic particles.

Stamp-head.—The iron end of the beam which by its
weight breaks the fragments of ore in the process of
stamping.

Slope.—To excavate the space between two levels by a
succession of step-like workings.

String.—A small vein.
Stuff.—Attle, or rubbish.

Sump.—The bottom of the engine-shaft, into which the
water is allowed to run, and from which it is pumped or
removed by some other means.

Tackle.—The windlass, rope, and kibble.

Tamping.—The substance with which the hole in
blasting is filled after the charge of powder has been
introduced; also, the process of filling the hole is called
tamping.

Thrown.—A lode is said to be thrown up or down when it
is intersected by a slide by which a portion of the lode
has been removed from its original position to one side
or the other.

Ticketings.—(C.)—The weekly public sales of ore.

Tribute.—The system of working by tribute is that under
which the workman receives a certain proportion of the
ore which he raises as a return for his labor.

Trunk.—A long narrow inclined box, in which the
separation of the finely-washed ore from the earthy
impurities is effected.

Tunnel-head.—The top of a furnace, where the materials
are put in.

Tut-work.—Work in which the laborer is paid in
proportion to the amount done—generally at so much
per fathom in driving or sinking.

Tuyere.—Pipe through which the blast is introduced into
the furnace.

Underlie.—The dip or deviation of a vein or bed from the
perpendicular.

Van.—To cleanse a small portion of ore by washing
away the earthy-matter, by the aid of a shovel or some
similar implement.

Vein.—The contents of a fissure in the rocks, of
indefinite length and depth.

Vug.—(C.)—A cavity in the vein, generally lined with
crystals.

Wall.—The side of the rocks adjacent to the vein.

Washing.—The process of separating the ore from the
earthy impurities by the aid of water, the particles of ore
and earthy matter arranging themselves in different
positions according to their different specific gravities.

Whim.—A machine consisting of a drum revolving
vertically by horse, steam, or water-power, by which,
with the aid of a rope and pulley, the ores are raised
from the bottom of the mine.

Whim-shaft.—The shaft through which the ore is raised
by means oft whim.

Whip and derry.—The simplest method of raising the
kibble by means of a single pulley; the kibble is attached
to a rope, which is drawn by a horse.

Winze.—A shaft sunk from one level to another, for
ventillation, or for proving the vein. A winze differs from
a shaft in not being open to the surface, like the latter.
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