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ADDRESS.

To W. W. FOLWELL, President of the University.

D,EAR Sir:—The accompanying report gives a summary of the work of the
Geological and Natural History Survey of the State during the year 1881, being
the tenth annual report. In thus rounding a complete decade of consecutive an-
nual reports on the Geology and Natural History of the State, I think, sir, that
the University and the State may be congratulated on the success which has at-
tended the enterprise, a large share of which is due directly to the wise provisions
of the law by which the survey is carried on, as conceived by yourself in 1871.

Respectfully subnditted,
N. H. WINCHELL,
State Geologist and Curator of the Gencral Museum-
The University of Minnesota, Minneapolis, December 31, 1881.



REPORT.

SUMMARY STATEMENT.

The fleld work has heen continued by Mr. Upham, aided in July and August by
Mr. H. V. Winchell. The field of examination has been the north-centyal and
northwestern portions of the State. These counties are almost entirely covered
with a heavy sheet of drift, and necessarily, most of the recorded observations and
investigations have related to the surface geology, and a large fund of valuable in-
formation has been added by Mr. Upham to the historical geology of the Quater-
nary Age. That ancient body of inland water which in former reports has been
styled Lake Agussiz, has heen found to have extended its highest shore line far to-
ward the east, in thie northern part of the State, probably including within its
limits the present Red and Rainy lakes, and the Lake of the Woods, giving the
well known topographic features of the Red River Valley, to a much larger extent
of territory in Minnesota than had formerly been supposed, even ¢uadrupling the
known area pertaining to the valley as heretofore limited.  Not only is this a valu-
able accession to the known agricultural capabilities of Minnesota, but thc results
attained in other directions, are equally valuable to science. The heach lines of
Lake Agassiz have heen subjected to a careful inspection over a distance north and
south of about onc hundred and seventy-ifive miles, resulting in the discovery of
some peculiarities which have a direct bearing on their formation and history, and
aid in filling out an obscure chapter in the geology of the Ice Age Bome of
these peculiarities may he mentioned briefly.

The lake had three stationary periods, forming three beaches. They all ascend
aibove a given datum level toward the north, the rate increasing in going toward
the north. The highest beacli line ascends onc hundred and twenty-five feet in
about one hundred and fifty miles, the beach being one continuous shore fine. The
northern portion of the lake fell at intervals from this high beach-line, forming
lower beaches sudcessively at about cight, fifteen, thirty, and forty feet, while the
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water level in he extreme southern part stood nearly stationary, the northern frac-
tional beaches converging into one toward the southern extremity of the lake. The
next distinet heach found in the southern part of the region ascends toward the north
seventy fect in one hundred and fifty miles. The surface of-the lake had now fallen
thirty feet in Traverse and Grant counties, fifty feet in northern Clay county, and
ninety feet northwest of Maple lake. Thefall of the lake had therefore been sixty
feet more at the northern than at the southern end. Double and multiple ridges
occur along the northern half of this distance. The third beachi-line, formed when
the outlet had been excavated to the level of Lake Traverse, is known along a dis-
tance of one hundred and thirty-five miles , and its northward ascent was at first
ﬁftv feet and and afterward only aliout twentv—l‘]vc feet. Toward the northern ex-
tent of this beach are also additional Jower beaches, indicating a halting descent of
the water level. The fall of Take Agassiz from the highest heach level to the
third, at Lake Traverse, was about eighty feet, and in the vicinity of Maple Lak®
one hundred and sixty-five feet.  But the rate of ascent of this third heach-line 15
Jess in the northern portiont than toward the south. These plienomena seem in-
consistent with that hypothesis which supposes an elevation of northern land as a
7)?1)‘!‘3('[' to contain this vast inland Jake, inasmuch as these heaches would have to
present a slope in the opposite direction in order to change the outlet from Lake
Traverse to Hudson’s Bay.  The same kinds of beaches appear about the southern
ghores of Iiake Erie and Michigan, and have often heen referred fo in geological
reports. They have heen aseribed to the operation of thie glacial period in the
epoch of its decline, when the ice still existed toward the nortl as a harrier to pre-
vent northern drainage. The same olistruction must have existed in the Red River
Valley, and in the opinion of Mr. Upliam, its attraction was sufficient to move the
mass of the water toward itself and to cause an ascending shore line in that direc-
tion. Any such barrier, operating inversely as the squares of its distance from dif-
ferent parts of the lake, would thus cause a more rapid ascent in those portions of
the shore line near it than in those more remote.

Lake Agassiz, probably covered Red Lake under fiftyv or one hundred feet of
water above its present level, Lake of the Woods under about two hundred feet,
the Red River Valley at St Vincent, four hundred and fifty feet, and Lake Win-
nipeg, abont six hundred feet. Tt is supposed to hiave extended east as far as the
east end of Rainy Lake, hut no definite statements can lie made vet concerning the
northern slope of the State hetween Red Lake and Vermilion Lake.

The distribution and characters of the crystalline rocks in the central portion of
the State, incInding the counties of Stearns, Sherburne, Benton, Morrison, Mille
Lacs, Kanabee, Aitkin and Todd, and portions of Carlton and Pine, have also heen
ascertained hy Mr. Upham.

The failing health of My, . M. Terry, rendered it necessary for him to suspend
active work about the middle of May. A frip to Florida afforded him no relief,
still he was preparing to resume work on the survey in the latter part of sammer,
when e was taken worse and he died.

Uis contribution to the last report of progress, pertaining to the Hydrology of
the State, shows the carefulness and the scope of his work. Iis perseverance and
industry were remarkable, and tlie amount Le accomplished, with his feeble health,
was a surprise to those who knew the obstacles under which e labored. He has
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Teft some maps, notes, and incomplete manuscript, which will be made to contri-
bute in his name, to the completion of the subject to which they pertain. I can-
not forbear at this place, giving testimony to his uniformly, cheerful disposition
and urbane personal bearing, his high integrity, his zeal and industry, and his
truly scientific methods of work and thought. Having spent some years in the
<christian ministry, one of the most instructive facts of his brief labors for the sur-
vey, is the ease and quickness with which he turned himself to purely scientific
pursuits. Ie began with careful laboratory work, requiring patient mechanical
manipulation, and he succeeded from the outset. Whatever he undertook, he
knew how to accomplish at once. Having a trained mind, 1t was no task for him
to apply it vigorously and persistently, in a new field of labor. A general sugges-
tion, or an intimation as to the direction to be given to his labor, was all that was
necessary. Had he been able to finish the work that he had in hand, one of the
most useful, thorough and instructive chapters of the final report of the survey
would have heen written hy him.

Mr. C. L. Herrick continued to work in the laboratory of the survey and in the
Museum, till the first of July. e sailed for Burope in September, and is studying
in Leipzig. A contribution of his to the survey reports has heen under way ever
since the publication of his paper on Mieroscopic Fntomostraca in the seventh annual
report.

My personal labor has been glven to the preparation of chapters for the final re-
port, which, with the prosecution of the building-stone investigation, the office
and executive duties, and the conduct of the last annual report through the press
have occupied my whole time. It has been necessary to visit most of the (uarry-
ing localities in order to obtain samples of suitable size for use in the examination
of the building-stones of the State. . At the same time the guarrying statistics of
the State were furnished the U. 5. census for 1380, and additional samples were
forwarded to Washington to be subjected to a caretul analytical examination hy
the government, calculated to further elucidate the nature of the rocks of Minne-
sota.

In the Museum report will be seen the recorded additions to the collections, and
their sources. No important purchases or changes have hcen made either in the
material of the collections or arrangements of the Museum rooms. There will be
no oceasion to make important changes hefore the erection of the new huilding for
the use of the Museum, which has been ordered by the State legislature. Indeed,
it would be poor policy to lay out much more expense on the old rooms. In the
new building it is expected better accommodations will he afforded not only for the
exhibition of the specimens, hut also for the handling and examinatiom of the
various classes of rocks. Thethanks of the University are due to Col. J. B. Clough-
for fossil speeimens of extinct vertebrates from Montana, aud for Indian imple-
ments, for the General Museum, and for other specimens, and to O. E. Garrison, for
procuring samples of water from Mille Lacs; and to Dr. —— Miller, of the Little
Missouri Cantonment, for a collection of fossil leaves from that locality.

The survey is also under obligations to Prof. A. H. Chester, of Hamilton College,
N. Y., for a report on the geology of theiron region east of Vermilion Lake, based
on observations made by him during two seasons spent in that part of the State ex-
ptori ng for iron in the interests of non-resident capitalists. The report of the
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survey for the year 1878 called attention to the existence of iron ore in the northern
part of the State in large quantities, and to the fact that parties interested in iron
from eastern States have made costly surveys and examinations, attesting the value
of these deposits by fleld exploration, and by laboratory assay. Since then others
have become interested in the same way, and it is not premature to predict that
the iron ore of Minnesota will, not many years hence, be largely wrought, and
yield to the State a revenue which will be commensurate with the extent of the
deposits and the importance of such industry. It would be well if the capatalists
of Minnesota would look after this matter, and hy concerted action, retain within
the State as much as possible of the profits of such development of these ores. The
blast furnace which is now in operation at Duluth, using ores from Marquette,
should be supplied from Minnesota, and Minnesota railroad companies should see
to it that these ores are made accessible. Our iron ores are the farthest west of all
the Lake Superior deposits, and being in the midst of timabered lands are situated
favorably for reduction by charcoal; while the great region west and northwests
destitute of the rocks producing these ores, will always have to depend on us for
iron and its products in the same manner as for lumber. Eastern iron deposits and
eastern furnaces should not be allowed to find it profitable to send their products
past our doors when we have every requisite and every facility for producing the
same. It would he a thing highly creditable to the Regents and to the University,
to be directly instrumental in developing this great industry, and I hope that gen-
eral attention may be called to its feasibility.

I wish to call your attention again to the destruction of the forests by fire in the
northern portions of the State, and to refer you to representations made in the
report for 1878, (p. 24) and again in the report for 1879, (p. 134). The Legislature
should be asked to enact the necessary laws, with penalties, to preserve the forests,
and especially the pine forests, from destruction. These fires are not occasional,
but seem to he habitual. No country in the world, claiming to be a civilized and
enlightened commonwealtly, should permit such wanton destruction of the public
domain for one moment when once informed of it, and it would not he possible
were it not for the sparseness of the inhabitants, and the indifference to the pub-
lic interests too often exhibited by republican Legislatwres. It would be well if
co-operation could be bad with the Canadian government in any effort to suppress
these fires, since they originate on hoth sides of the international boundary. The
The University pine lands, on the St. Louis river, are apoually in danger of being
devastated.

[
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I1.
PRELIMINARY LIST OF ROCKS

'COLLECTED RY N, H. WINCHELL IN 1879—CONTINUED FROM THE LAST
REPORT.

FROM FOND DU LAC TO KNIFE FALLS.

443. The red sand rock at Fond du Lac.  This dips E. S. E., or S.
E., about ten degrees.

443A. Quartz pebbles from No. 443,

444. About the center of 8. W. 1, sec. 6, 48, 15. Here a bed of
dark-red shale strikes across the bluff. This is about eighteen feet.
thick, and has thin beds of sandstone occasionally, much as the lime-
stone is embraced in the shales of the Hudson river formation. This
-shale has spots that are greenish. Pieces of the same color (and also
red) are sometimes seen in the midst of the massive sand rock (443}
which, on weathering out, (where quarried,) give the rock a loosely
porous and (apparently) conglomeritic structure. There are belts and
thin strips, parallel with the bedding, that are conglomeritic with
white, or glassy (not milky,) water-worn quartz pebbles, that are some-
times larger than hen’s eggs, hut the great mass of the whole is a
homogeneous sandrock. They are sometimes more shaly, and also on
separating some of the thin layers, they even show micaceous inter-
lamminations. The general color isa dark red-brown, like the brown
sand rock of the ‘“ brown fronts,”” but it has layers that are of the
ordinary light-colored sand rock. This light color is sometimes dissem-
nated through the red in round spots or specks, or is clouded and mot-
tled in it over considerable areas. Sometimes a solitary quartz pebble,
as large as a walnut, is seen in the otherwise homogeneous brown sand
rock; and occasionally one 1s as large as a man’s fist.

Below the above-mentioned bed of dark-brown or red shale, the rock
is altogether less firm and siliceous than it is above, or to the east.
After a thickness of about twelve feet of rock, somewhat like the rock
overlying, another bed of shale, or shaly rock, is met with, whose
extent cannot be defined, as it seems to alternate with thin bands of
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shaly sand rock confusedly, the latter having cress-stratification, until
finally the whole formation, so far as seen in the bluff, almost deserves
to be styled a shale. It resembles the red shaly sand rock of Good
Harbor Bay, near Grand Marais. It sometimes weathers out in slates,
(less than one-fourth inch thick) which are flexible, and red like the
rest, but rather fragile. It has belts of green shale running parallel
with the bedding. There is a thickness of about thirty feet of this
shale visible along the river by the railroad, before it is hid again by
trees and talus. Tt becomes all shale. The apparent horizontality is
due to a change of direction in the bluff. Some of it is quite siliceous,
but in very thin sheets. The brick-red color is sprinkled with light
spots; and there are belts, three or four inches thick, of a light bluish-
green color. The green color, indeed, seems to be the original color,
and prevails largely on tearing down a lot of the layers. Although
following the layering in belts, or elongated with the bedding, yet
these light-green spots are also globular, or oblate spheres passing
through several sheets of the thin shale, which shows no change but
that of color. '

At the high bridge, “ No. 1, whiclt is over a little creek at center
of sec. 1, 48, 16, the formation shows about the same dip, but is more
nearly a sandroek again, but still with alternating layers of slaty sand-
rock, (often with cross-bedding,) and red aluminous shale in thin lay-
ers; but wheve the creek joins the river there is a bed of about three
and one half feet of red, ecrumbling, conglomerate. This lies below
the shale last mentioned, and has below it an exposure of about six
inclies of cross-bedded sandrock. Thus, infascending the creek, the
layering is as follows, No. 1 being the lowest:

1. Cross-hedded sandrock, next the water...... e e e e f 1.
2. Crumbling conglomerate, rather fine .................... .. .. ..., 31ig ft.
3. Shale, with layers of six and eight inches of shaly sandrock with~ '
cross-hedding .o vee oo i 4 ft.
4. Shale.. 18 in.
5. Sandrock 3 ft.
6. Like No. 3 12 ft.
Total.... ..o i e e 29 ft. 6 in.

The above section is all on the lower side of a fault, i. e., on the
river side, and on the left bank of the creek. Above the fault, which
ig hid on the opposite side of the creek, the visible section consists of
the following:

1. Crumbling conglomerate, rather fine............. ... ............ ... 34 ft.
2. Bhaly sandrock, with belts of greenish, shaly sandrock and of shale.. 18 ft.
Total 3
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It seems as if the conglomerate had passed up to the upper level, a
distance of about tourteen feet, but there are fractured and curved
beds at the fault, indicating a subsequent settling again of about six
inches, after the fault had closed up.

446. Black roofing slate, near the section line, between 30 and 31,
in town 49, 15, in the bottom of a branch of Mission creek, very incon-
spicuous exposure, covered in high water. The slaty cleavage strikes
across the creek east and west,.

447. Nearly on the town line, next south, below the two forks from
the northwest, in the bottom of Mission creek. This is a lighter col-
ored slate than the last, but related to it closely. It strikesin the same
direction and rises about four feet in the right bank of the creek.

448. Crumbling, red conglomerate, from the tilted beds of the St.
Louis, at a point near the bridge (** No. 1,”’) over the creek mentioned,
but lower in the formation than the three and a half foot bed. This
bed is fifteen feet thick, shows a strong dip, and is underlain, in ascend-
ing the creek, by two feet of shaly sandstone, and then by fifteen feet
of shale not well exposed. Under that, still higher up the creek, may
be seen six feet of red conglomerate descending helow the turf, and
extending along the bank so as tao make, with the dip constant, about
fifty feet.

449. Below the last appears this number, which is a hard pyriti-
ferous, pebbly conglomerate, consisting largely of quartz pebbles. This
is seen on S. W. 1 of N, K. { Sec. 1, T. 48, 16. It dips with the red
beds, about 10° K. of S., by compass. Some of the pehbles are two or
three inches across. The pebbles are mainly of milky quartz. Some
are trauslucent. Some are black or gray. In some places nearly one-
half of the gravel is of the underlying slate formation. Just above
the junction of the two ereeks there is a blind vein of calcite ahout
two inches thick, running north and south in this conglomerate. The
conglomerate extends a few rods along the creek, both branches, and
before it disappears, which it does by rising in an incline along the
left bank in accordance with the dip, it shows about eight feet of bed-
ding; and within the distance of about two rods the Thomson slate
tormation appears in the bed of the creek, and soon form a consider-
able exposure along the bank. The slates stand uearly perpendicular
as the weathering separates the cleavage planes, and they strike east
and west, as at Thomson. But it seems asif the conglomerate lies
lower where it is last seen in-the bed of the creek, than the slate when it
dirst appears, and so low that even with the dip, which would of course
tend to throw it higher in ascending the creek, it could not get over
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the slate. Hence it is probable that the conglomerate lies in depres-
sions in the slate surface, and is thicker in some places than in others,
At this place the contact is not visible, but there cannot be much
between the points seen on each side. So that, as already stated, there
is too much conglomerate to fill the unseen interval. This conglom-
erate appears conspicuously on the St. Louis, 5. E. } Sec. 2, T. 48, 16.
(For a complete section of the red sandrock beds, see after No. 510).

450. Samples of the Thomson slate, from the river bank, S. E. }
Sec. 2, T. 48, 16, underlying the conglomerate, No. +49.

451. Samples of the same showing, the slaty cleavage transverse to
the bedding. The dip of the slate beds is to the S. W., amounting to
about four degrees, the conglomerate being unconformable.

452. Slate pencils, formed naturally by the intersection of diffier-
ent divisional planes. having a rhomboidal section. The overlyiug
coarse, gray conglomerate, seems to have a thickneess of about 100
feet. Above that is a considerable red, finer conglomerate, perhaps
fifty feet. ’

453. Slate from the lower falls of the St. Louis river, S. E. } Sec.
10, T. 48, 16. _

454. Near the foot of the falls, on the left bank, are several ‘‘veins,”’
or folia of white quartz, parallel with the slates, some of which are

four to six inches in thickness. They are all in an interval of about -

three feet, with folia of slate between.

455. Slate embraced between and contiguous to the white quartz.

456. Harsh, arenaceous, gray, firm beds, two to three feet thick,
embraced in the slate at the lower falls, having no slatiness.

457. Slate; average sample for the rock of the lower falls.

The cause of the lower falls is the occurrence of a dyke of igneous
rock which crosses the falls near their brink, hardening the layers of the
formation. The falls eross the river stragglingly about east and west in
conformity with the strike of the formation, and descend about twen-
ty-two feet in the distance of about six rods, but the water is rapidly
descending in other short cascades for a quarter of a mile above the
falls. Also below the falls it continues as a rapid to the foot of the
islands, descending abhout fifteen feet more. The dip, which is taken
to be the general incline of the heavy beds toward the S. E., is 63°,
but there is a multiplicity of folia, joints and seams, and sedimentary
planes, that all confuse the question of the dip. This measurement
was made near the dyke, and on the east side of the river.

458." Hardened slate formation, contignous to the dyke at the lower
falls. The clate here has a coarsely basaltic structure along the east

e
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side of the dyke. The columus run E., S. E. and dip about thirty
degrees from the horizon.

459. The doleryte dyke at the lower falls, by compass, runs N. N.
E. and is at least twenty feet wide. It may be twenty-five feet, but the
high stage of water prevented a full view of its western extent. This
has so hardened the slates that they are more durable under the action
of the river than the dyke itself.

460. Above the falls, nearly opposite Island No. 6, (the islands
being numbered up stream,) two other dykes are seen on the east shore,
the rock being of the same kind as the large dyke (459), but finer
grained. One seems to be about eight feet and the other about ten
feet wide.

461. Sample from the eight-foot dyke.

Above the lower falls, along the east side of the mext island, thy
rock stands up in the channel as very rough islands, the water descend-
ing about twelve feet near the lower end, and about nine feet near the
upper end of the island. The fall near the upper end of the Island
No. 5, is due to the occurrence of a rather soft and fissile layer of the
slate immediately below (i. e., down stream,) a harder part, the softer
part having beeu torn out faster than the rest. At the large rock
island, east of the upper end of Island No. 5, the dip of the formation
is 27° 8. K.

There may be other dykes, not visible on account of their crossing
the river under water entirely and entering the banks where they are
hid by drift-wood or by standing trees and bushes. The dyke rock
wears away faster than the formation that they cut.

The rapids below all the islands (on Sec. 15,) are over boulders.
These rapids continue on between the islands to the foot of the fall
which is on Sec 10, at the head of Island No. 3, the island itself cut-
ting the fall into two parts, the greater part running to the east of the
island. Six or eight rods below the foot of the fall begins the second
island. Tsland No. 1 begins still further down stream and is cut by
the section line between 10 and 15. This last is a very small island,
having but three large pime trees, (though several small ones,) and
seems to consist of boulders, and rises but two or three feet above the
water. Island No. 2 rises twenty feet above the river, and is wholly
covered with pine, with a few birches and cedars. A high drift-bluff,
(927 feet,) causes the current here to turn rapidly toward the southwest,
uniting with that which passes down the west side of the west island.

Just above Island No. 6* is the wildest and most tumultuous portion

*The islands number 6 instead of 5. They are wrongly represented on the townghipiplats. There are
also a numiber of rock islands.
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of the river, where it comes nearly along the strike ot the slate. Thede-
scent here, in about a quarter of amile, must be about torty feet. There
is no regular fall, but a rushing and fouming torrent, dashing from side .
to side of the chanmnel, cut and parted by the jagsed protrusions of the
highly dipping slate, which by its variations of hardness forms troughs
that alternate with sharp and angular ridges. The dip of the slate,
whicli sometimes rises in the middle of the river twelve or eighteen
feet, and is very conspicuously disposed, varies from thirty to forty-
eight degrees to the S. and the 5. S. K. The former dip is to the S.
and the latter to the 5. S. E., the slaty cleavage being nearly perpen-
dicular all the tinie. The grand bedding of the slate 1s in thicknesses
of fifteen to twenty-four inches, hut there is also a thinner bedding
which is in layers of a few inches. Perhaps the heavier beds would
show a finer bedding if tavorably weathered.

The roar of this river here is greater than that of St. Anthony Falls,
and it seems equal to that of Niagara. [t 1s continued over so long a
distance that the multitudinous dashing seems to make as much atmos-
pheric commotion as the single plunge of a large stream at Niagara,
and to be comparable to the voar of an extended beach-line. It can
be heard for sveral miles, and is like the rumble of a heavy freight
train on the railroad, for which 1t 1s apt to be mistaken at first, as it
comes with the changing currents of wind or is echoed on the bluffs,

462, Fine-grained dyke-rock, from a dyke crossing the river at the
mouth of the creek coming from the north on S. W. § Sec. 10. Itis
above the foregoing rough and jagged portion of the river channel,
visible only on the shore. It is less durable than the hardened slate.
It is about thirty feet wide. :

463. Rock similar to the last, from a dyke eight feet wide running
N., about 15° K.. on N. E. { ot the 3. K. { Sec. 9, T. 48, 16, crossing
the river.

464. From a dyke erossing the river a short distance above the last
In the sane direction, but thirty feet wide.

About thirty feet above the lust appears to be another narrow dyke
about six feet wide, hut no certain pieces in place can he seen on the
north bank. It shows as a gorge in the slate on the south bank. It
1s situated about ten rods below the small island in the river seen on
the 3. E. { of Sec. 9, and about five rods above is another of the same
uncertain character.

At the island on the S. E. 4 of Sec. 9, T. 48, 16, the river is very
rough as it separates and plunges among the rocks. The strike of -the
slate is nearly in the divection of the river. The island itself is made
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of a knob of hardened slate, with a few trees, and the beds that have
a strike on each side of it stand up in the channel like inverted plows,

~and cause the waier to twirl along on one side for a few rods or feet
when 1t leaps over, or rises and falls over like the turf on the coulter,
and runs immto another trough from which it escapes in the same way.
This takes place on each side of the island, but is particularly inter-
esting and beautiful near the head of the island on the north side.
Below the island, in the main channel, it then repeats this operation
as it makes its way through other troughs. Generally the whole river
1s divided into several such troughs, but in a few places it is all
embraced in one rapid chute about twenty-five feet in width; along
the sides of which there is a boiling return current up stream, as the
central current plunges and foams downward. I think there is noth-
thing in jthe State that surpasses several of the sceunes along this
river. Norwood says the upper falls are indescribably beautiful, but I
do not see how they can exceed these. Above this for half or three-
quarters of a mile the river is more tame, but still constantly rapid,
and impassable even for canoes, with frequent ridges of slate along
shore and in the channel.

Just at the head of the island, and on the south shore, is an inter-
esting irregularity in the layers of the slate. They first appear horri-
zontal, or rise gently from the water to horizontality. Then they
bend downward, and even dip slightly northward, toward the river;
then are suddenly deflected upward, but return to horizontality, when.
they again begin to dip into the river. This apparent change of dip is
to a large extent only apparent. The beds still really dip south, the
appearance being due to undulations of the strata, as viewed against
the strike, combined with a jointage which breaks off so as to leave
smooth planes sloping northward.

465. The slate formation from the railroad cut, N. W, 1 S. W. {
Sec. 9, T. 48, 16. Tough gray, firm rock, hardly showing any ten-
dency to slaty cleavage, finely arenaceous.

466. Siliceousslate, quartzyte, from the falls, center of Sec. 8,48, 16.

Near the center of Sec. 8, is another fall of twenty-two feet, the
river coming directly across the slate range from the N. W., the slate
striking E. and W. The beds here dip 33%° toward the S. S, W.,
swinging round to the S S.E., and being then in a dip of 39 to 43°. This
highest dip is seen at the narrows, where the water crosses the strike of
i heavy beds. At these falls the rock appears less slaty than usual,

“tzuogh oceasional similar layers of more siliceous rock occur mingled
% .21 the slates at points lower down the dalles. Here are heavy sili-
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ceous layers that require for the formation rather the designation of a
quartzyte than a slate. Yet it is siaty, and breaks with the cleavage
easier than against it. The rock here is also accompanied with depos-
its of white quartz, which is like that seen at Little Falls, and cracks -
np like that. The gunartz deposits are seen to be rather veins than

foliations, though they follow nearly the direction of the slaty

cleavage.

The strike of the slate hills in sections 9 to 4, (48, 16,) is east, 10°
north, and the dip is from 46} to 60° toward the south, and the slaty
cleavage runs almost east and west.

467. Rock of the dyke at Thomson bridge.

468. Rock adjoining the dyke at Thomson bridge.

The river at the railroad bridge over the St. Louis is running in the
course of a dyke of igneous rock, about twenty-five feet wide. This,
being more jointed, and at the same time more easily rotted and disinte-
grated, has caused the gorge through which the river passes under the
bridge. The walls on either side being of hardened quartzitic slate,
are much more durable. This dyke is visible in the bluff facing the
bridge down stream, and the rock is coarse and gray, but it is nearly
hid by its own tumbling debris, while the slates stand up firm from
sixty to seventy feet above the river. The dyke has a direction N. N.
E., but is some crooked.

There is an island, also of hardened slate and quartzyte, in the river,
visible from the bridge. This is due to the existence of another frac-
ture in the formation which runs southwardly nearly to the bridge
when it unites with the larger dyke; but just as it meets the
larger dyke, the intervening slates were so finely, and so entirely met-
amorphosed, that the hardened mass has formed still another island
{in very high water,) on which a pier of the foot-bridge rests. There
1s no evidence of this second smaller dyke except the gorge and the
hardened slate walls. This gorge that forms, with the larger gorge,
the two islands, continues northward a short distance in the north
bank of the stream, but there is so much fallen drift and guartzyte in
1t that no igneous rock can be seen. The dip of the formation is 464°.
Half a mile northeast is a large dyke, sixty feet wide, which comes to
the river between Thomson and the railroad bridge. It runms at an
angle of forty-six degrees with the strike of the slate and quartzyte
hills, but it is much more easily destroyed than they.

469. From near Miller’s Mill, north of Thomson, a quarter of s
mile. This is from a bed of harder, non-slaty, gray quarfzyte, belong-
ing to the formation. It weathers nearly white from feldspathic
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ingredients, and from the abundant quartz, so as to look much like the
trachytes of the western territories, but within is much darker. This
bed is eleven feet thick, and in some places is conglomeritic. It has
slaty layers on each side of it. It is massive, but parted by seams of
white quartz, some of which are four inches thick. These seams
wedge out lenticularly, and diagonally across the beds. The same sort
of quartz veins are in other parts of the formation. Indeed, white
quartz deposits are quite frequent in all kinds .of seams or joints, or
cleavage openings. The feldspar of this rock is triclinic and the ridge
is faulted, the east side being moved south about twelve feet. (V.
Nos. 310, and 418, and 505).
470, Slate, quarried for roofing, near Miller’s Mill. This is black
~and of even, fine grain.
471. Slate like the last, from another old quarry.
472. White quartz, from a heavy deposit, forty rods above the rail-
" road bridge, where the county road crosses the river, in the right hank.
Tt is embraced in the slate, and its manner of occurrence is exposed
on the side toward the river. It coincides in direction with the slaty
cleavage. Near the top, the deposit is nearly ten feet thick, N. and S.
but standing vertical it runs but little distance downward. It can bhe
seen to run out, almost entirely, about twelve feet below the top,
something like the roots of a tooth running into the jaw helow the
crown. It is not coincident with the bedding, nor with any system of
joints, but stands perpendicular. It extends E. and W. conspicuously
about ten rods. Itis crossed by a narrow dyke, and it is faintly ex-
hibited on the wall of a slate-ridge further west, and at a level twenty-
five feet higher. Along the river channel where the water sweeps 1it,
one large root runs below the water with a width of nearly two feet,
and also another of six inches, but the greater part of it pinches out
within ten feet of the top. At the place of deposit of this gquartz there
seems to have been an anticlinal locally formed in the slate formation,
and the opening produced by the upheaved fracturing was afterward
filled by quartz, some of it also collecting in other openings, the whole
standing in nearly a vertical position. All about here is evidence
of much displacement and crumpling, but rarely s there seen so evi-
dent a dip toward the north. The quartz is milky white, and mainly
massive, but sometimes shows a splintery cleavage in the direction of
the slates. It is jointed, and disintegrates by falling out in blocks
which are distributed down the river, and once probably furnished
stones for the quartz conglomeratel(No. 449.) As to minerals, this

quartz contains galenite, pyrite and siderite.
2
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478. Pyritiferous gray quartzyte (?); from the ridge along which
the large quartz vein (472) is visible. The pyrite is scattered in per-
tect cubes, sometimes three-fourth inches across, and occasionally an
inch, through the rock. The most of the cubes are about the size of
peas. The rockis like No. 469, but finer, and has siderite as well as
pyrite disseminated finely through the whole, the former becoming 0xi-
dized at the surface.

In some of the quartz veins which cross the strike diagonally, par-
ticularly in rock 469, and 473, which veins die out and are replaced by
others a little further to the right or left, lenticularly, the white quartz
has been intercrystalized with siderite, which on weathering changes
to hematite, and then washes out if wholly free to the air, leaving a
gashed appearance among the q.:artz crystals when exposed. On deep
fracture, when not thus exposed, the siderite is preserved—and in
other places can be seen passing into heematite.

474. Dyke rock, near the Northern Pacific Junction. This dyke is
thirty feet wide. The average dip of the slate formation in S. W. ¢
Sec. 6, T. 48, 16, 1s 57 deg. to the S. b deg. E. West of dyke rock,
No. 474, which is a little east of Paine’ssaw mill, are other dykes, par-
allel to 474, one being still nearer the mill, on the east side, and one
west of the mill. They all run about N. 5 deg. E. (compass), with a
slight variation a little east or west of that, and they all consist essen-
tially of the same kind of rock—a greenish gray doleryte. In both re-
spects they are like those seen crossing the river below Thomson.

475. Doleryte from the most westerly of the above mentioned
dykes—one of the triclinic feldspars appears porphyritically in this,
wrich is not common in the rock of these dykes.

Up Otter Creek, two or three miles west of the Junction, there is
sald to be a large exposure of rock, like that at the Junction. It seems
then to continue on to Moose lake, where it is again seen thirty miles
south of the Junction, and causes a rough and more elevated tract of
country. Omn the road to Twin lakes, about a mile south of the Junc-
tion, there are three or four ridges of slate.

Northward from the Junction, along the Knife Falls railroad, a num-
ber of cuts in the rock display its character and position. Cut No. 1
is about three-fourths mile from the Junction and is in slate that dips
south at about the usual angle. There is a little ridge further north,
and on the west side, that has a much higher dip to the south—about
seventy-five degrees. Cut No. 2, which is nearly a mile further north
is in a hard, gray, massive quartzyte, which has joints running in
various directions, and shows no dip, but in a small slate outcrop along



STATE GEOLOGIST. 19

its northern side there is sign of sedimentation dipping about 45 deg.
8. (as usual.) The same dip can be seen in a parallel slate range on
the west of the road nearly opposite this cut. This quartzyte range is
high, long and conspicuous toward the east, but to the west it soon
ceases, 'The slate range on the west also is short, and the surface set-
tles down to « valley in which there is a stream, with a high
timbered plateaun on the north side.

Cut No. 3, about two miles north of the Junction, is near this high
land, but the road bends east at the cut so as not to go direetly toward
it. (8ee No. 505.) North and west of the Junction are numerous
slate ridges which are not struck by the railroad.

T: e river below Thomson is filled with rapids and falls all the way
to *‘Bridge No. 5.”” There are four spots, in particular, where there
is valuable water power:—first, near bridge No. 5, where the river in
a short space is divided 1nto various channels, by six islands that occur
betweeu its banks. Three of these islands are above the fall and three
are below, but there is also a considerable fall above island No. 3
(uumbering from below) extending to near the head of island No. 6.
This whole fall is fifty-five feet. The existence of the islands and the
widening of the river, as well as the extent through which the fall is
carried before it reaches rather quiet water again, are favorable for the
improvement of this power, and i:s utilization. But a short distance
above the head of island No. 6, is the second fall, where the river is
narrow, but has the rock formation of the country in conspicuous
strike along each bank confining the water like artificial dykes, within
troughs which run somewhat 6bliquely across the course of the river,
and rising in knobs and rough islands (with coustant dip toward the
S. E.) in the midst of the river itself, sometimes eighteen or twenty
feet. This condition of the river extends from near the head of island
No. 6 t5 the dyke (No. 462 above), which is near the mouth of the
creek that crosses the railroad on the N. W. { of Sec. 10, and the fall
here, which may be called cascade No. 2, amounts tc sixty-five feet.
There is then a gradual ascent of twenty-five feet among the rocks to
the foot of the fall at island No. 7, and of twenty-five feet niore in get-
ting round the island itself, where the river 1s divided and beautified
by the disposition of the slate ranges as already described under No.
464, This is cascade No. 3. Above this the river 18 more steady in
descent for one-half mile, when there is a widening of the channel
near the mouth of a little creek from the north, ind a full of about six
feet over one of the harder beds that protrudes above the rest. This
goes diagonally ucross the stream. There is then a similarity in the
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stream to and beyond the ‘‘retaining wall’’ of the railroad, a distance
of nearly a mile, through which there is actually a steady ascent,
amounting in the aggregate, from the head of cascade No. 3 to the foot
of the Thomson Fall, to seventy feet The Thomson Fall is regarded
as beginning near the 133d mile-post of the railroad, (near the center
of Sec. 8) and extending to the large island on Secs. 5 and 6. That
part of it below the mouth of Otter creek which joins the river near
the railroad bridge south of the railroad, extending a distance of nearly
a mile, is thirty feet, and is caused by the strike of the rock going
directly across the river, causing it in several places to be suddenly
contracted in width to twenty or twenty-five feet, through which
narrow passages the river rushes with some fall and a swift current.
The most of the fall is near the foot of the distance stated, but there
is an irregular rapid and rocky river all the way up to the railroad
bridge that cannot consistently be subdivided, though it is more rocky
at and near the mouth of Otter creek. That part above the mouth of
Otter creek, extending to the foot of the large island, is thirty-five feet.
The greater part of this is near the foot of the island, but the river is
a rushing torrent, in a rough narrow gorge, sometimes split by islands,
all the way from the first fall to the creek. The total fall from the
brink of Knife Falls to the water at the foot of the lowest falls, N. E.
1 Sec. 15, T. 48, 16, by ameroid, is five hundred feet, with an esti-
mated descent of fifty feet more to the level of Lake Superior.

476. Rock from near the river, south hank, about a mile ahove
Knife Falls. The same formation, with the same dip and outward as-
pect occurs along here. It extends at least to the village of Cloquet,
the direction of the slates being E. 10 deg. S. inclined to the south at
an angle of 75 deg. or 80 deg. Along the river are occasional low slate
exposures. The islands are caused by low slate elevations.

177. From the same place as the last; coarser, similar to that near
Miller’s Mill. (No. 469 )

These rocks are in some places cut by slaty cleavage, They are
rather firm, but have a gr«in running in the line of the slaty cleavage
(476), but in other places (477), it is not affected by cleavage, but is
cut by joints ruuning in all directions across it, so that there is a sem-
blance to dip toward both the south and north. The slaty cleavage
goes diagonally across the jointage systems. After a careful study the
dip is made out satisfactorily to be toward the sonth. Between this
place and the Indian Reservation, which is a mile above ‘‘Pose’ s,”” the
country is covered with drift, and timbered heavily. At Pose’s the
hank is about one hundred feet high, and apparently consists wholly

'
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of drift. Usually there is a belt of swampy, clayey alluvium between
the drift banks and the river, about six feet above the present stage of
the water. The river is very quiet above Pose’s to the little island
known as Pine Island, three miles above, where there is a fall of ahout
eight feet in a tumbling rapid, the most of the descent being below
the island. No rock in place is visible at the island—only houlders;
of many varieties, chiefly like the Rice Point rock at Duluth. The is-
land has a covering of tall pine trees. The country is not hilly, only
moderately undulating, with considerable good pine. The long, nav-
row island at Pose’s is low and not rocky, or stony, even, but sandy
and clayey. The lower islands are rocky.

478 Represents the last rock on the right bank of the St. Louig
above Knife Falls. This issfound on the south bank nearly opposite
the foot of the island known as Homestead Island, very near the same
place as No. 477 and 476, but further west This is firm, gray,
crystalline, with™ translucent grains as if of quartz, also having rusty
specks when weathered, as if from oxidized siderite or pyrite. This,
" under the microscope shows in thin sections that it is one of the
arenaceous members of the formation. This is an important rock-
horizon. It seems to run further east, and also to extend under the
river, forming the islands—at least such layers occur in the strike of
the island~, and also form the brink of Kuife Falls. It varies a little,
becoming more like the rock at Miller’s Mill, (4£69), than 478 1s.

This is supposed to be Norwood’s ‘‘last rock,”” which he styled an
igneous rock, or doleryte, (his No. 454), having a direction nearly
north and south, crossing the river nearly at right angles. This rock
has translucent grains (which may be his supposed nepheline) but 1t is
certainly a part of the formation and strikes east and west.

479, Rock from the brink of Knife Falls, similar to No. 477, a gray
quartzyte.

480  From the brink of Knife Falls, finely crystalline, with minute
grains of quartz visible in thin section. There are places in the for-
mation where thiere is a change in the crystalline character, a greater
frequency of joints, a finer grain, a loss of cleavage, and other features
that accompany the metamorphosing proximity of a dyke, but where
no dyke-rock can be seen. This sample seems to be from such a place.

At Knife Falls the descent is fifteen feet altogether, and about six
feet perpendicnlar.

On the island first above Kuife Falls the dip is N. 25 deg., forming
an angle with the slaty cleavage which dips S. about 85 deg., and fre-
quent joints cut the strata. The rock at this point is slaty in the di-
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rection stated, but the real slatiness does not appear as soon as a
coarser slaty lamination which, on the surfaces of opened jointage
planes, is in layers about one and one-fourth inch thick and looks like
a bedding of sedimentation dipping almost or quite parallel with the
“slaty cleavage.

481, Slate, from the point above described. The piece has the lines
of supposed sedimentation crossing the slaty cleavage as noted.

Just below the point of the last observation, which is where a small
channel crosses the island in time of high water, is a nice little fall of
about five feet, in the channel on the north side of the island, the
channel itself being about twemty feet across. This rock is firmer
than the rest of the formation here, and consists of alternations of
argillaceous slate with a slaty cleavage, and a gray quartzyte. This
quartzyte has translucent grains like the rock of 479. Here the dip is
piainly 48 deg. S. 3 deg. E., the alternating quartzyte and slaty layers
being a sure indication ot irhot the dipis. This observation negatives
the last note in regard to dip, the structure there supposed to be dip.
(illustrated by No. 481), being due to a former slaty cleavage, or to a
foliation, or to a striation produced by friction, or to what? The
water crosses the strike at an angle of ahout 45 deg., where it passes
over these beds. There are ten beds of argillaceous slate that do not
(with one exception of a hed of ahout three feet) exceed eighteen inches
in thickness, some being but about six inches, alternating with hard
and gray quartzyte layers which have a little greater average thickness.
These layers strike to the north of the main falls in the south channel,
and appear on the east end of the island below the falls. The slate
beds have a perpendicular slaty cleavage, but the quartzyte beds have
no cleavage of that kind, but are variously jointed. The slaty cleavage
gradually fades out in the quartzyte beds, firmly cementing them with
the slaty beds. Many of the joints of the quartzyte pass through the
slate beds, particularly those that run at right angles to the strike.

482. From the above slaty layers.

483. TFrom the ahove quartzyte layers.

484, Samples showing intermediate characters.

At the real Knife Falls, which are on the N. W. } of the S. W. 1
Sec. 13, T. 49, 17, and face toward the north, the brink running ex-
actly east and west, the dip is 48 deg. toward the south, and the rock
consists of alternations of slaty layers with gray quartzyte, exactly as

ast described for mumbers 482-3-4. But there are here two very
prominent and persistent beds of the gray quartzyte, one of which
forms the brink of the falls, while the other is forty feet below the
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falls, and lies immediately over the section of hedsrepresented by Nos.
4892-3-4, or is separated from them by an interval of twenty or twenty-
five feet occupied by the same sorts of rocks as those. This lower
quartzyte bed forms a spit of jointed rock that projects eastward just
below the falls. Along the banks, both on the island at the west end
of the falls, and on the main at the east end, immediately below the
falls, there are heavy beds of gray quartzyte which seem to be as dur-
able as the rock in the brink of the fall, but they have not resisted the
water so well as those further down, just mentioned. They rise, how-
ever, higher in the banks, especially at the east end. The rock over
which the water plunges has a basaltiform jointed structure about at
right angles to the dip, but no characters of undoubted igneous rock
can be seen, nor evidence of igneous action in the form of dyke-rock.
Yet, just at the west end, even west of the little island that is in the
fall and cuts it into two parts (the little island and the west channel
make about one-third of the whole)—there near the west end of the
little chanel the rock is closely jointed in a direction N. and S. (or
nearly) and hardened, becoming fine-grained, these characters also
striking the spit running east from the main channel. This dyke-like
appearance has a width of about four feet, and although it is in a low
spot across the spit where sometimes water flows in a high stage of the
river, yet it forms a little island in the rocky channel just in the brink
of the falls.

485. Is from thisfine-grained rock which has the manner of a dyke,
though it does not show the mineral characters of the dykes that cross
the formation. This belt runs N. and S. as above described. In thin
section this rock proves to be granular and finely arenaceous, and
hence a part of the country formation.

486. Trom the quartzyte spit below the falls.

487. Slaty alternations in the spit below Knife Falls.

488. Gray quartzyte, similar to 478 and 469.

This is from the north channel, from near the lower end of the third
island (not counting the little island in the brink of the falls) and is
north of that called Homestead Island. The rapids are twenty rods
above its first exposure, which ig much greater than on the south shore
where 478 was obtained. These heavy, gray quartzyte beds, although
they differ widely from the most of the formation, having a massive
and jointed outward aspect, and thus resemble the dykes of true igne-
ous rock, have not the composition of the dolerytes. Further, they run
E. and W. instead of N. and S., and are interbedded with slaty layers.
They could not be mistaken for dykes wherever their stratigraphic rela-
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tious are visible. In this place no other rock can be seen. It extends
along the shore about thirty rods (E. and 'W.) and does not vary. The
main jointage system runs N. 3 deg. E. The rock gradually disappears
among houlders some of which are very large, and yet seem to be like
the same rock. They show, however, a little grain, or schistose strue-
ture, approaching that seen in some of the slaty beds of the formation.

489. Samples from one of these large boulders that seem to show a
gradation toward the slaty beds. Inrock 488 are veins of white quartz
some being five inches thick.

About fifty rods furthier up the north channel is a cross-channel, be-
tween two islands, the water running north; opposite which, and im-
nmediately below, in the middle channel, are seen other rapids and much
rock in place. The surveyors’ plat of the river about Kuife Fallsis
quite faulty. The islands are all represented as one, and the river
seems to have but two channels instead of three. This rock shows a
slaty cleavage running E. and W., which has a dip to the north, or is
nearly perpendicular. It belongs to the formation of the country,
South of this rock exposure, which forms a rapid place crossing the
middle channel diagonally, is Homestead Island, or island No. 5. The
rock is very like that forming the falls, but probably lies below it, as
it is a little further north. In these rapids is a little rocky island, ris-
ing about eight or ten feet above the river, having three or four grow-
ing pines and cedars. These rapids are higher up the river than Nor-
wood’s ““last rock.”

490. An arenaceous, somewhat slaty, hard, gray rock, from the
rapids in the middle channel, north of island No. 5, near Knife Falls.

491.  From wear the saie place as No. 490, and related to it in posi-
tion, in the same manner as the spit of hard rock below the falls is to
the rock in the brink of the falls, 7. e. in a conspicuous strike parallel
and thirty or forty feet further north; a firm gray quartzyte.

492, Doleryte, from large boulders at the rapids at the head of is-
land No. 4, scattered about as if from a large dyke in place near, but
cannot be seen 1n place.

493.  Gray quartzyte from boulders apparently derived from the rock
in place near. The rock of the formation is in place at this point.

494, Rock from one of the firmer beds of the formation about one-
half mile below Knife Falls, at the river bank.

Below Knife Falls in the first quarter of a mile there is a descent by
rapids, of about twenty feet. The river then turns SE. The water is
still rapid, and has a broken cascade over boulders at one-half mile,
with a fall of about three feet. The rock is exposed constantly from
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Knife Falls, the precipitous walls rising, at the cascade just mentioned,
to the hight of twenty-five feet.

At a quarter of a mile below this is a fall of about seventeen feet in
three hundred feet, there being 1o perpendicular fall. There is a divi-
sion of the stream into four channels by the strike of five different per-
sistent beds in the ftormation, the water running in the strike of the
intervening beds, the hard beds forming islands in the falls. The
width of the river at the brink is about two hundred and thirty feet:
and a dyke of about two hundred feet crosses the river just at the head

of thefall. This dyke is destroyed by the river faster than the rock
itself, owing to its frequent jointage; and the most rapid descent of
the water is over the hardened beds of the formation on the east side
of the dyke.

495. Rock from the two hundred feet dyke at the falls above men,
tioned. This dyke runs N. 5 deg. E., and is of a firm and fine grain-
though principally feldspathic. The dyke is finely jointed and easily
shattered by the frost. The dip of the formation is 3. 60 deg.

About one-fourth mile below this fall the river turns about south,
80 as to go directly against the strike of the rocks. The banksincrease
in height, the dip increases in degree, aud at three-fourths of a nule fur-
ther, there is a high rocky island (Fortress Island) from the foot of
which a portage trail sets out to Kuife Falls, on the west side of the
river. The larger part of the stream passes on the left of the island,
the descent being eight feet over large boulders. At this place the
rock of the country is wholly slaty; and although a short distance
above the island there is a gradual change in dip from 60 to 70 deg.,
and then to 90 deg., as the river exposes the heds, yet in viewiny the
island from the N. W. down stream, there is, hesides the slaty cleav-
age, a coarse bedding or jointage system visible on the east side of the
island that seems to dip about 45 deg. S. K. At a distance the island
itself, in its perpendicular walls, covered with a red licheu, cut by
joints that cause the slates to fall away in masses, looks like a basaltic
island of igneous rock. But there is no igneous rock in it. It rises
fifty or fifiy-five feet above the water, and is covered by small pines,
among which are many Norways. The actual bedding either coincides
with the slaty cleavage or dips S. E. at about 45 deg. This 1s an in-
teresting spot. The appearance of the island reminds one of bhasaltic
Staffa, but of course its structure does not illustrate that. The banks
of the river are 1ot so high as the island, but on the east side the rock
rises fully as high a short distance back. Below the island the valley
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is deep and has high, slaty walls, the water being steady for at least
half a mile.

The portage trail which sets out here, going west, is that traveled
by Norwood, and by the explorers and geologists that preceded him.
Duluth was probably the first white man that passed over it. It leads
to the Mississippi and to Vermilion lake. Douglass Houghton traveled
it with Schooleratt, and with Lewis Cass. It was the outlet for the
immense fur-trafic of the Upper Mississippi region. The name
“Knife Portage,”” by which it is usually kuown, is well apphed, be-
cause where it starts, and for some distance, the slates are thin, per-
peundicular and sharp like knives.

496. The rock of the conntry, from the heds in siti at the head of
the uppermost of the chain islands above Knife Falls, (same as 493.)
This was got by Mr. Terry on making a re-examination of the rapids.
He reported no dyke in place there.

497, From near the middle of the central channel, a short distance
above the head of the uppermost chain island, gray quartzyte, (Terry.)

Mr. Terry also tound similar rock in place near the head of Home-
stead Island, but a little on the north side, in the central channel,
which seems to be really the ‘‘last rock” to be found in the St. Louis, -
until reaching its higher tributaries.

498. The rock of the country from one huundred and fifty yards
above the fall where 495 was obtained. (Weithrecht.)

499.  Rock immediately overlying 498. (Weithrecht.)

500. Slate from just below the falls described under No 494,
(Weitbracht.)

501. Doleryte dyke-rock, center of Sec. 19, 49, 16, right bank of
the river.

Below Fortress Island, where the first little rapid is seen, a dyke
crosses the river about N. and 8. It is forty or fifty feet wide, and is
best exposed in the right baunk some rods helow the rapids. It is rep-
resented by No. 501 This dyke appears again thirty rods further
down, and can be traced for half a mile along the right bank, to and
beyond the floodwood. The direction of this dyke carries it across the
railroad, near Paine’s mile at N. P. Junction.

The river is then tolerably slow to and beyond the cluster of small
islands just below the floodwood (hence named Floodwood Islands.)
The floodwood now is a floating jam, in length about the same as the
width of the river, six hundred feet, with a few alders on it, and is
wholly above the islands, the lower end of it being about 1,200 feet



STATE GEOLOGIST. 27

above the islands. There is, however, a considerable other floodwood
lodged about the islands and sunken between them.

The river is then slow and broad down to three other islands (not
represented on the surveyors’ charts) below which it again soon de-
scends over rapids caused by boulders, about two feet. Here the river
is broad and shallow. Then appear two islands represented in the 8.
W. 1 Sec. 30. Between the larger of these and the right bank of the
river is another rapid descent about three feet, over boulders. The
rock of the country, however, closely underlies, as shown hy an out-
crop a few rods west of the right bank,

At about a mile above “Cut No. 8" (N ) on the grade of the Knife
Falls railroad, mentioned under No 475, a creek crosses the new grade.
At this place there is a cut in the rock on each side of the hridge.
That on the south side is short and about four feet high, while that on
the north side is about nine feet high, and extends about one hundred
and twenty feet. In thesouth cutthe slaty cleavage dips to the south,
but is nearly perpendicular. In the north cut it is also nearly perpen-
-dicular but dips to the north. The sedinientary bedding is not dis-
cerned. There are helts of lunipy, white vesicular quartz, coincident
with the slaty cleavage, which lenticular lumps are surrounded by a
greenish slippery coating that often appears slickensided. These helts
are sometimes wholly of quartz, and are continnous for sonie feet, and
reach five or six inches in thickness. They seem to he the result of
foliation coincident with the direction of the original sedimentation.

At the next cut which is about one-fourth mile further north, the
depth is five feet, and the slaty cleavage dips slightly to the north.
The cut extends about four and one-half rods. The rock is wholly
slaty, and no sedimeuntary structure is observable unless it coinzides
with the slaty cleavage.

The road runs over water-worn boulders, with much corduroy, with
no soil, nearly to the creek mentioned Then there is a filling, then
occasional fills and shallow cuts in a little stony loam, with large
boulders, the country being clothed with swampy varieties of trees.

Just beyond the point where the road strikes the drift bluffs of the
river, another cut in slate-rock appears, the cleavage dipping north, as
before, and including conformable layers or folia of white quartz, in
varying quantities This is a firm slate, suitable for ronfing, like
much of it throughout the country. A short distance further are two
small cuts in slate. In the northern one the slaty cleavage is different
in different parts contignous. The most of it dips toward the north,
at an angle of about 45 deg., but in the midst of it are two belts that
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run from the top to the bottom of the cut, in which the dip is about
80 deg. toward the north. This cutis thirty feet long and six feet
high. Further N. W. the road runs on a dirt fill on the slate ranges
about a quarter of a mile. The rock can be seen and shows heavy
bedding dipping toward the south about 45 deg., the slaty cleavage
crossing the bedding with a dip of about the same amount in the op-
posite direction, the cleavage showing a twist out of the normal direc-
tion as it passes the joints from bed to bed. The whole aspect of these
Yidges is light-green. :

At half a mile further is a long cut in greenish slates, perpendicular,
or at the north end slightly dipping to the north, and at one-eighth
mile further another small cut having the same features. Two more
small ones appear hefore reaching a dyke which exposes a width af
least of thirty feet. It appears on the N. E. side of the road and runs
apparently, E. N. E. It is cut by the grade to the depth of about
three feet, with a slate cut immediately south east of it. At halfa
mile further another dyke ot similar character is seen near the Knife
Falls. It isin place by the N. K. side of the grade, and was slightly
cut in the grading. Its width and direction canuot easily be seen
owing to the forest.

509. Gray doleryte, like No. 501, from the dyke last mentioned.
One other cut in slate appears beyond the dyke about a quarter ofa
mile, but showing only on the north side, though frequent ranges of
slate appear along the grade on both sides, rising six or ten feet.

508. Gray doleryte from the K. N. E. dyke before mentloned ap-
parently the same as No. 502.

504. Gray quartzyte holding slate-pebbles, as if conglomeritic,
about two and one-half miles from the Junction on the grade of the
railroad, situated between the “Cut No. 3 and the creek mentioned
atter No, 501. This quartzyte hardly has any cleavage, but showsa
lamination in laminae about an inch thick, which indistinctly appear
on shattering the rock by blasting. These have a high angle of dip
toward the north, awcross the bedding, which dips south at about the
same angle; and they are probably the product in this quartzyte of the
sanie operation that caused the slaty cleavage in the slates. Although
styled quartzyte, here as well as in other places, this rock also contains
a large ingerdient of feldspar which in No. 504 is partly orthoclose
Iu others, the feldspar has heen seen to be, at least in part, 8
striated feldspar. The xlaty pebbles in this rock are rounded, and awe
often half an inch in diameter, and occasionally are two inches long
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They are fine-grained, and resemble the slippery coating that surrounds
the quartz deposits mentioned under No. 501.

503. At the long ‘‘cut No. 8,”” mentioned under No. 475, there are
several interesting features exhibited by the strata of the formation.
This 1s nearly two miles north of the N. P. Junction.

Ist. TIn the north end of the cut the slaty cleavage dips north about
80 deg., and in the south end it is nearly perpendicular.

2nd. In the southern portion of the cut is a change in the forma-
tion from slate to a gray arenaceous rock like Nos. 469, 478, 488, 491,
493, 497 and 504, though it is not conglomeritic like the last; and the
slaty cleavage on both sides of this rock is conformable with its sur-
faces. This rock is represented by No. 505. It has somewhat the
outward appearsnce of a dyke of igneous rock crossing the road in a
zigzag course E 5 deg. N. Tt weathers nearly white and has a width
of twenty-seven paces.

3rd. This rock, (505) has no slaty cleavage, but a coarse jointing.
The slate beds on the north side dip N. and on the south side they are
about perpendicular.

4th. On the east of the road, one-fourth mile distant, is a high hill
of rock’ of this kind, and near the north end, on the west side, the
ridges show a twisting in their strike, or a quagquaversal thr. w, so that
the E. and W. slaty cleavage crosses them diagonally, the ridges bear-
ing 8. E. and N. W.

5th. Henece the slaty cleavage came after the tilting of the forma-
tion, and keeps its E. and W. course whatever the direction or amount
of the dip.

6th. The hill of this rock, above mentioned, is east of the road less
than one-fourth mile. Tt is an isolated knob rising about twenty-five
feet above all the other ridges. It is about circular and five rods over,
with a broad rounded top. It seems to be a sudden augmentation of
No. 505 among the slates, and its connection with No. 505 in cut No.
3, can be traced connectedly. The course of 505 is ahout toward the
rapid in the St. Louis, three quarters of a mile above the Big Island in
the river near Thomson.

508. Large sample of slate, showing the slaty cleavage crossing the
sedimentation, from one mile north of N. P. Junction, Knife Falls
railroad.

Along the east side of the Big Island near Thomson, the ranges
cross the river, causing rapids, and a descent of about ten feet in
twenty rods, the most of it being in the lower ten rods. The river
here runs against the strike, and the channel is narrowed as below



30 ' TENTH ANNUAL REPORT

Thomson suddenly, to about thirty feet. The rock dips 45 deg. N,
and stands up conspicuously along both sides of the channel, the slaty
cleavage dipping 45 deg. to the south. There is then comparatively
still water to about the middle of Sec. 31, (south of it a little), where
the rock again causes rapids and a descent of six or eight feet.

507. Gray,slaty quartzyte, “‘just across the north channel at the
head of the second rapids, on Homestead Island.”” (Terry.)

508. At the extreme upper end of Homestead Island, at the very
point, higher up than any rock along there before mentioned; a gray
quartzyte, with visible grains of quartz. (Terry.)

509.  Sowe rods east of the hiead of Homestead Island, on the north
side, about one hundred rods west of the head of the rapids that there
run across to the other islands; a gray quartzyte. (Terry.)

510. Slate from the very fout of Homestead Island, below the rapids
last mentioned. (Terry.)

The Chaiu islands, here so designated, are often known as Green Is-
lands, from the man who preempted them. The “Grand Rapids,” of
the St. Louis begin one-half mile above Pine Island, and continue five
or six miles. The water then is comparatively guaiet to the mouth of
the Cloquet. Just below its mouth is a large rapid. (Mallmann.)

Downward section of the red sand rock and shales at Fond dn Lac.*

1. (443.) Red sand rock, quarried at Fond du Lac. This begins
above the level of the railroad grade and extends downward through a

thickness of (estimated).. ... ... ... .. ... .. .. ... 50 ft,
2. Darkredshale....... ... ... ... ... 18 ft.
3. Shaly sand rock, less firm and siliceous than No. 1,

(changes gradually to the nest). ... ... ... ... .. _.. .. .. 121t
4. Red shale, with some sandy beds.....__._._... ... ... 30 ft.

Ascending the river, here it turns south, and as the dip is to the 8.
or 3. E. the sand rock No. 1is brought again into sight in the banks
of the river at the extremity of the point, and in the opposite hank of
the river. This is about one-half mile west of the state line. No. 4
again occupies the low river bank (north bank) above the point, after
1t turns west again, for ten or fifteen rods. It has some beds of light
color, a few inches thick, such lighter colored beds being coarser,
After a short distance of no visible rock, the underlying beds appear,
viz.:

5. Fine conglomerate light
6. Red fissile shale

Also sce Nos. 443 to 449,
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7. Light colored coarse satdrock, or fine conglomerate .
8. Red fissileshale..... .. ... . ... .. 4
9. Fine conglomerate (light).... ... ... ... ...
10. Fissile red shale.._ ... ... ... _..._..._....... 3
11. Fine conglomerate (light).._._ . .. ... ... .. ...._. 3
12. Fissile shale, with green spots, some beds ripple-
somarked. . ...l 14
13. Fine conglomerate.. ..o, . . ... __. e
14, Fissileshale.._. ... .. .. L. .._.
15. Fine conglomerate.... ... .. o oo L.l 2
16. Fissileshale. ... .. .. . . . ... . ......
17. Fine conglomerate.. .. .. .. oo ... oo ..
18, Fissileshale ... ... . .. ... .. ....
19. Fine conglomerate. ... ... .. ... .. ... ... ...... 1
20. Fissileshale .. .. . .. L. .. ... 3
21. Fine conglomerate. ._......._... e 1
22. Shale and shaly sandrock, with layers of light green,
1T A 14

D

=~ &V

[

The bluff here is about twenty-two feet, (of exposed rock) for about
thirty-five rods, below the creek that comes under “Bridge No. 1,”” and

for about ten rods ahove, the opposite bank having no exposure.

Ft.

23. Light red sandstone.... ... . . . ... .. ... 3
24. Fine red conglomerate.. ... . ... ... ...oo..... 4
95. Shaly sandrock, red. . ... i eaan 10
26. Fine red conglomerate.. ... ... . ... . .. . .._. 3
27. Red shale and shaly sandstone; makes a dark band... 9
98. Lighter colored sandrock. .. ..........oeoooioioo.. 8
29. Green shale.. ... ... ...
30. Red shale and shaly sandrock........ ... ........ 9
31. Fine conglomerate, with some thin layers of shale.... 4
32. Sandrock, mottled and striped with cross-sedimenta-

1716 < WU P 5
The mouth of the creek coming under Bridge No. 1, is on this sand-

rock.

33. Fine conglomerate; the middle of this has pebbles an

inch across, but is finer above and below........ 7
34. Shaly sandrgek, with specular specks, as if micaceous

or hsematitic. This extends but few feet, and

pinches out into fine conglomerate......... ... ..
35. Fine conglomerate.. ... ... . oiiiiiiiiaaat
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36.
37,
38.
39.
40.

41.

43.
44,

45.

6.
47.

48,
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Fine shale. ... oo .
Fine conglomerate.. . ... ..._.. et ameaeaan
Shale. .o o i iaan
Fine conglomerate, light-colored...... .. .........
Sandstone, light-colored and red, with horizontal bed-

ding; pinches out in fine conglomerate in twenty

Fine red conglomerate with false bedding, passing be-
low into a coarse, light-colored sandrock with false

Red,crumbling conglomerate, coarser helow, with some
pebbles of two inehes. ... ... ... .o....._.
Shale, with green spots and some conglomerate.._....
Firmer, lighter colored conglomerate, inclosing beds
of shaly sandrock which have cross-sedimentation.
Fine green and red shale.__ ... .. ... . .......
Cearse shale.. ... ... . .. ... . .. ...
Fine red shale. Of this, but one foot can he seen at
first; but as No. 44 strikes across the river form-
ing a little rapid, and shows its place of beginning
on the right bank, the section is easily continued
on that bank. The stream lere runs nearly at
right angles to the strike, and a bluff rises about
eighteen feet on the right bank consisting of Nos.
41, 42 and 43, or heds like them. TLarge blocks of
No. 44 lie along the river, in the talus on the left
bank. In these blocks are mainly pebbles of white
quartz; then jasperoid and colored quartzytes;
then arenaceous quartzyte of a red or pink célor;
then pieces of a greenish slate, and roclk like the
Thomson slate rock. The pebbles are generally
under an inch in size, and the surrounding mater-
1al is also a fine conglomerate._ .. ... .. _..__...
Coarse, firm, light-colored pyritiferous conglomerate,
sloping gradually into the water. This includes
lenticular spots of shaly sandrock, and of red con-
glomerate. For some rods the upper surfaece of
this conglomerate forms the low shorg and is
washed by high water, dipping into the river at
an angle of 8 deg. It then stops abruptly by a
fault, and the shore is occupied by a red and spot-

1

15



STATE GEOLOGIST.

ted green shale like 47, of which the dip is more to
the south. Where the conglomerate is broken off it
is highly pyritiferous, and cemenied into a com-
pact rock, and at the very fracture the whole is
changed and vitrified, making a firm greenish
quartzyte. In the bluffs on the opposite shore,
(i. e. on the right bank,) may be seen foar separ-
ate faults crossing the red shule andsandstone beds
(apparently 41, 42 and 43,) from the top to the
bottom. This is just opposite the point of fault-
ing of the conglomerate on the left bank. After
the abrupt disappearance of this conglomerate the
left bank in ascending the stream is found to be
oceupied by alow exposure of layers of gréen and
red shale belonging to some higher portion of the
section, while the right bank opposite is a bluff
with an average exposure of ten feet of rock, con-
sisting of red shale and shaly rock, with varying
dip. Ajl at once the coarse conglomerate rises
again, but not so suddenly as it disappeared, and
forms the shore to the place where the slate for-
mation is fouud underlying it uncounformably.
Where the conglomerate reappears it seems not to
be faunlted, but hent and somewhat broken upward,
the shale-beds above also being somewhat bent and
compressed, thovgh maintaining a green color
where in contact with the conglomerate. The
change of level is about two feet, and 1t is ex-
pressed on the opposite shore in undulations in the
strata. It is about forty rods above this point
that the slates first appear under the conglomerate,
estimated. . ... .. ..o Loiioo.

Coarser conglomerate, containing about the same ma-

terials as the last, except the layers of sandrock.
Dips S. E. or 8. 8. E. 7-10deg. The white quartz
pebbles are sometimes six or more inches in diame-
ter. Some are of gray, or even a hlack jaspery
quartzyte, and some are pieces of the underlying
slate, showing the slate must have hardened as slate
prior to the deposit of the conglomerate. On the oth-

50 ft.

33
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er hand it is to be noticed that a roughly slaty man-
ner of disintegration passes upward into the con-
glomerate from the slates where the weather has
acted on the two at that horizon, the pebbles and
cement falling off in slabs or lumps that are elon-
gated in the direction of the slatiness of the slates
and parallel with them, as if the cause that oper-
ated to produce the slatiness had taken effect since
the deposition of the conglomerate, and had re-
sulted 10 a similar structure in the overlying
rock. In this couglomerate are pebbles of gray
and black jaspery quartzyte which much resemble
the great quartzyte of the boundary line, seen at
Pigeon Point, and really can be referred to that
formation. This seems to imply that that forma-
tion, which, with its jasper beds overlies the slates,
should come in between the corglomerate and the
slates, but for some reason is wanting here. The
conglomerate at Grand Portage Bay may have that
relation. (V. No. 254.) In some places a layer
of green shale Jies between the conglomerate and
the slates. It is a foot thick. The coarse pebbly
quartzose conglomerate has an estimated thick-
mess of. ... ... 100 ft.
The overlying finer conglomerate is often red.
Total observed thickness of the Potsdam at Fond
du Lac is therefore.. ... ... .. ... ___ .. .. _. 412 ft. 4 in,

By making a general trigonometrical calculation, with an average
dip of 6 deg., and a hypothenuse one and one-half miles long, from
Chamber’s quarry to about half way between bridge No. 1 and No. 2,
where the conglomerate begins, the thickness of the red sandrock and
shale is found to be 883 feet. To this must he added the coarse con-
glomerate.

From Duluth to Silver Islet and Return.

511. At a point in the hed of Miller’s Creek, just above the high-
way bridge near the + section line of 32 T. 50, 14, 424 feet above Lake
Superior, this sample was obtained. The rock, which is gabbro
ass.ociated with fine red syenite, extends indefinitely np stream.
It is jointed conspicuounsly N. W. and S. E. likea dyke. It is in some
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places speckled finely with red feldspar, and in others it is crossed by
veins of red feldspar, some being an inch in width and others very
thin, somewhat resembling the rock at the old quarry of Muj. Newson
at Duluth. Below the bridge is a rapid descent over rock of the sane
sort, in which the formation shows a coarse hedded structure, and
dips E. at an angle of about 25 degrees. The left bank of the creck
rises perpendicular about 23 feet, and the right slopes up gradually
with the dip of the rock. The summit of the gap through the hill
range is 607 feet above luke Superior. This is about a mile beyond
the crossing of Miller’s creelk.

512. N. BE. { Sec. 25, T. 50, 15. Along the Hermun town road oc-
casional exposures are seen, rising above the rolling surface of gravel-
ly red clay, of which this is a sample. It is a lheavy, gray trappean
rock with so much magnetite as to disturb the needle. Land of Peter
Benson.

518. Rice Point gabbro, from a cropping on the N. W. { N. E. {
Sec 27, T. 50, 15.

514.  S. W. § Sec. 22, T. 50, 15, (near the center of the quarter),
land of John Mallmaun. Here is an unusually magnetited bed of the
rock of the country. It can he traced along about 200 feet, having a
width of about 20 feet, as exposed. in low ground, bearing E. 10° N.
Tt lies 5 rods to the north of another series of croppings of rock like
No. 513. On the opposite side of a little creek, north of this number,
is also a line of outcrop of rock like 513. No. 514 controls the needle
entirely. It is dark, but specked with porphyritic crystals of labra-
dorite. The center of Sec. 30, T. 50, 14, is the highest point in the
hill-range, on the Herman town road, and is 747 feet above lake
Superior.

Reviewing the rocks hetween Minnesota Point and Kinichigaguag
creek one is compelled to the conclusion that they arve mainly sedi-
mentary; 7. e., in the sense that they were deposited in water and
in that way received their stratified arrangement. They dip 3. E.
They also exhibit some of the characters of igneous rocks, viz.: their
amygdaloidal structuve, their color, their hardness, and an occasional
wrinkled surface, that was formed by the 'fluid condition of the rock
when flowing down an incline. The last characteristic particularly
seems to prove that some of the beds were molten. On the other hand
they show nearly all the characters of sedementation—parallel lamin-
ation, dipping in a constant, or nearly constant, direction, cross-strat-
ification, variation of texture and color as well as mineral composition
in the direction across the bedding. Whether they lie, stratgiraphic
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ally, above or below the sandrock at Fond du Lac is solely a matter of
speculation, so far as the evidence here has any bearing.

There is a red sectile rock (Nos. 18, 19 and 30) that shows conspicu-
ously along here, between Duluth and Chester Creek, which may have
been driven by semi-fusion, and hy igneous injection iuto the open-
ings, &c., of the lower part of the igneous rock that forms Rice Point,
and thelhills back of Duluth. This ison the supposition that the Rice
Point rock lies over the Chester Creelk bed, and is in keeping with the
fact that a red feldspathic rock occurs in patches in Duluth, and is in
seams in the Rice Point rock at Newson's quarry. In that case the poing
of outflow of igneous rock was further to the northwest, and the lavaran
over the broken beds toward the S. E. Before the full force of the
igneous overflow is niet in passing N. E. along the coast, the sedimen-
tary beds occupy the coast except where, by dykes, or by interbedding,
or by local outflows, the trap rock is found in its p