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beﬁn@ matrices of the basic and acid eruptives of the Keweenaw Series,
. to which sonrce we are also inclined to refer the feldspar fragments.  In
" gome sections a silicious induration of the usual kind is seen to affect
he rock. In other more friable kinds this is absent, and the only
menting material is a2 mingling of oxide of iron and clayey natter.
1 none of this sandstone were any pebbles seen. We appear here to
be quite above the pebble-bearing horizon. A view of this sandstone
seliff, drawn from a photograph, is given in Plate XVIL :
5. As the sandstone cliff is followed up-stream toward the junction
with the trap it becomes more interrapted, and finally only detached
posures of the sandstone present themselves. These, however, are
egn on ¢lose examination to retain still the essentially borizontal posi-
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F16. 10.—~ Section expoged in trench on Huugarian River, Keweenaw Point.

tion. The last oneof these exposures (B of Figure 1, Plate X1V)ig within
a distance, measured horizontally along the bank, of fifteen fect from the
first naturally exposed crumbling mass of trap. In the intervening
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§pace, then, supposing the trappean masses mentioned to be essentially .
in place, as we subsequently satisfied ourselves that they are, must lig -
the junction between the two formations. Here our miners were sef 1o

work and three trenches were dug, as shown on Figures 1 and 2 of
Plate XIV. The trench farthest up the stream (No. 1) was dug about,
twenty feet down-stream from an eight-foot fall over trap and amygda.

loid. Ifstarted ata point two-thirds the Way up the bank and extended .5
down the slope to within about two feet of the level of the stream. Plate
XV is from 3 photographic view of the lower part of this trench, and
Figure 10 shows the relative positions of the varivus wmaterials uncov
ered by this part of the trenck, Starting from the top of the trench,

1. Broken trap, essentially inplace........._.__ . . et 100
2. Trap débris: This follows the other withont any definite demarkation or dis-
cernible amygdaloid. It seemed to be formed of disintegrated trap rubbed .
into a lumpy elay and roughly laminated. It tnelines northwesterly at an
angleof about 35°, and shows in that pertion of the trench immediately .
below the uppermost of the two poles seen in the photograph ot Plate XV.. 1 [
3. Led shaly elay : Thisisa fine-textured clay, much resembling what is known ag )
Jjoint elay. Itismarked with light grayish-green spots, and has some sandy
seams, with occasional luips of trap. It is only in these latter particulars
that it differs from a true Jointelay ... 6
4. Trap débris, similar to that above described, except that it is more mingled with
non-trappean (shaly) material. It is dark colored and so coutrasts with

the adjoining red elay ... . e e 6
5. Mwxed shaly trap debris and red clay, with a minor element of sand; the whole -

of a reddish cast.............___ T RO 8
6. Light reddish tinted quarizose sandstone, exposed sbout . ... R N 1 |

The sandstoue at the bottom of the trench is of the usual quartzose - ..
Eastern type, with all of the characters that we have several times noted
as belonging to the sandstones of the true Eastern Series; 4. e., is com-
posed, as seen in the thin section, chiefly of quarts fragments, mingled +i
With a winor nantity of feldspar fragments and débris of the matrices-
of basic and acid Keweenawan eruptives, the latter oceurring only.
sparsely scattered through a section. There is also present a small
amonat of interstitinl oxide of iron, This sandstone is not notably
hard; indeed, on its face, it is quite friable. In its body it has about
the medium hardness of the ordinary Paleozoic analtered sandstores, .
being far less indurated than m uch of the Potsdam Sandstone of Central :
Wisconsin, There is no evidence of unusual induration either in the
hand specimen or in the thin section. On the immediate face of this
sandstone, at its junction with the trap débris above it, the strnctare
planes—which may or maynot be the deposition planes, so far as we were -
able,to-determine-—correspond in the main to the oblique contact face.
Away from this immediate face, however, planes, in this case more evi-
dently those of deposition, seem to dip about 100 towards the stream,. .-
or northeaatward. :
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UPPER FALLS OF HUNGARIAN RIVER, MICHIGAN

{From a photograph.]
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In the bed of the stream, just opposite to the foot of the trench thus
lescribed, reddish sandstone is seen to cover a considerable area. The
xposure C of Figure 1, Plate X1V, is partly covered by stream-drifted
owlders and pebbles, but enough of it shows to enable one to see that
tlies in a nearly horizontal position. Quarrsing it out, it is found to
plit easily along surfaces inclining perhaps 4° or 5% or less towards the
is of the stream, or down stream; 4. ¢., southeast. The flat-lying sand-
tone extends also to the northeast bank of the stream where (D of Figure
; Plate X1V} it may be seen very plainly dipping eastward, at an angle
£ 10°. This flat sandstone, while reddish, is of the usual quartzose
haracter, and we should say that it was uomistakably in place. At
the point E, however, between this sandstone and the foot of the lower
fall,-on the north edge of the streaw, there are little patches of a red-
ish sandstone of a wholly different character. This latter sandstone,
which is only very doubtfully in place, is alluded to below.

n the second oue of the three trenches, which lies eighteen feet soutli-
astward of the first, as measured ajoug nhe bank, we found essentially
he same succession of materials as that above dexcmbed to obtain in
he first trench. The principal difference between the two trenches con-
‘sists in their position with regard to the line of junction between sand-
tone and trap, the second trench covering less of the trap and extending
farther into the sandstone. At the top of this trench there is broken
Arap as before. Below this comes dark-colored shaly trap débris about
three feet in thickness, or less thau in the first trench. At the base of
this is about six inches of the fine-textured joint-like red elay, in which
re embraced thin sheets of yellow guartzose sand. The rest of the
trench displays light-colored reddish or yellowish quartzose sandstoue,
bieh, as before, is without notable induration. Next to the contact,
s in the case of the other trench, this sandstone seems to dip with the
lane of junction, but 1mmedlately below is seen to correspond in posi-
on with the adjacent main mass of sandstone; ; . e, lies within 10° of
'the horizontal, the inclination just here being towards the northeast.
The third trench showed a part of the trap débris at top, bat did not
reach the frap proper, which may perbaps lie here concealed by the
ift, or possibly does not extend so far. The red clayey layer was also
sen here as before. The rest of the trench was here carried down
arly to the level of the stream, chiefly for the purpose of developing
stracture of the sandetone. The results were entirely in acenrd
ith those obtained in the secoud treuch. )
{Up-stream fromn the trenches to the second fall the exposures are ai-
gether of diabase and diabase-amygdaloid. These rocks are finely
posed at the lower Jeap of the falls and show more or less satisfacto-
Tily on the sides and bottom of the stream above., The upper or prin-
pal leap is over a typical Keweenawan conglomerate, which rock also
8hows abore the upper fall on the south bank of the stream. A few
teps still further up-stream, on the same bank, another diabase belt

(437)




makes exposure. The relation of the two diabase layers with the por+
phyry-conglomerate are.perfectly plain, the conglomerate being intep.
leaved between the two diabases and the three layers dipping atan anhgle:
ot between 250 and 300 to the NW. The conglomerate is of the typi.:
cal Keweenawan kind, its pebbles being in the main composed as’ usualy
of some of the Keweenawan acid eruptives. A few basic pebbles may%

£

oceur near the base of the layer, an occurrence which would be in ac-§

cordance with what is oceasionally trae with the Keweanwwan congloms

erates in other places. On the ground, however, we failed to detec&iv

any fragments of this kind, Of twenty-four pebbles broken ut random

we identified twelve ag quartZ-porphyry and twelve ag close-textured =
felsite. The whole appearance of this conglomerate is very strikingly '+
In contrast with the *mud and shingle” conglomerates of the Eastern -

Sandstone.
A pumber of photographs were taken of the exposures and trenches

on the Hungarian River, some of which are bere reproduced, with the .

object of putting the actual conditions before the reader as fully as

posgible. Of these Plate XV is a view of the two falls taken from a

point at about the eastern edge of the sandstone ares O, shown in the
bed of the stream on Figure 1 of Plate XIV., The cbserver is facing
in a direction between west and northwest. In the bed of the stream
in the immediate foreground are bowlders Iying upon flat sandstone (C
of Figure 1, Plate XIV). The falls Jjust above are over diabase, which
continues to the second leap of the fall, which is over conglomerate.
Trench number 1, above described, lies about five feet to the left of the
left edge of the view. In the water to the right of the middle fore.
ground, and immediately at the foot of the leaning dead tree, is the
pecualiar sandstone already mentioned as occurring at E of Figure 1,
Plate XIV. Plates XV and XVIT bave already been explained,

In Figare 2 of Plate XIV the relations of the exposnres thag described,

as also the positions of our trenches, are indicated, These exposures,

together with the information obtained in-the trenches, seem to us

plainly to indicate the follewing con ditions : (1) A general horizontal -

position for the sandstone southeast of the junction with the traps, this
horizontal pasition continuing in places to within five to ten feet of the
Junction and baving suberdinate to it sudden bowings and bendings in
different directions. Asg the actual junetion is approached the edges
of the sandstone layers appear to be crashed down so ag to lie, in a
general way, paraliel to the Jjuoction. At and pear the junction there
13 no undue induration., (3) Lying immediately againgt this crushed
sandstone and inclining northwestward at an angle of about 359, a thin

seamn of mingled soft red clay and trappean fragments, the whole pre. -

senting the appearance of having been rubbed together, 4. e, of having
been the result of faulting motion. (3) Lying over this seam of junction
débris, a zone of shattered trappean material whose total thickpess is

(438)
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perbaps eight or ten feet; to this thickness, however,
it is dificult to give any definite figure, since this
zoue grades into the débris below and into the less
shattered trappean material above. (4) A suceession
 § of three layers, viz, diabase, porphyry-conglomerate,
-and diabase, of a wholly Keweenawan type, dipping
northwestward abt an angle of 309, or something less
thav the inclination of the junction with the Eastern
Sandstone. : .
These conditions seem to us to indicafe & sliding
inotion of the Keweenawan rocks against and upon
he sandstoue, to which motion the inferior position
of sandstone to trap and the broken edges of the
-sandstone at the immediate contact, as well as its
general bowed coudition, are to be attributed.
We have still to allude to the sandstone masses n
. the bed of the river, near the south bank, at the point
E of Figure 1, Plate XIV. Here, at a point about
twelve feet below the foot of the fall, projecting 2 few
inches from the water, and from underneath the bank,
is an irregular edge of a reddish sandstone of quite
] diffevent appearance and character from the rest of
} - the sandstone of the vieinity ; for instance, that not
more than ten feet away at C. It is a reddish, com-
pact sandstone, much tissured, thefissures being filled
by whitisli seams apparently of carbonate of lime,
which mineral also. manifestly permeates the rock
and gives it a very considerable degree of induration.
Althouglh we examined this place quite carefually, and
on two different days, on one of which the water was
considerably lower than indicated in the views here-
with given, we were unable to convince onrselves as
to whether this peculiar rock is #n situ or is merely a
drifted mass carried down by the stream from above,
as have heen the much larger and more numerous
masgses of porphyryvc(nlglon‘:e‘rate whicl lie in the
siream all aboot and apon the sandstone C. (Hee
also Plate XVI) This evidently was the view held
by Mr. Chauvenet atthe time of his examination. In
the north banlk, vertically above this peculiar rock,
crumbling diabase masses, probably essentially ir
situ, ocenr. Bub we are nnable to find trappean
material nearer to {his sandstone than several feet.
A careful study of the specimens of this rock brought
away showed the body of the rock to beof a brick-red
color and nearly aphanitic texture, in which compact
matrix are numerous small fonnded fragments of o
Bull, 23——5 (439)
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dark-brownish to Dlack color, the whole of the specimen beiug 'iuter*
sected by numerous white seaws of dolowite. In the thin section the roeki!
is seen to have the characters of one of the typical Keweenawan sand.
stones, 4. e, Is made up in the main of felsitic d€ébris, in larger or finep
particles, mingled with which 'is some diabasic débris, a little quarts. a
good deal of brownish ferrite, and some fine amorphous materia). ln
addition to all of this, there is a lurge quauntity of lime carbonate, which
occurs both throagh the mass of the rock and in the intersecting seams
in such a manner as to show that all was introduced at the same time:
The lime carbonate iu this case proved oun analysis, contrary to expeéi
tatiou, to be very highly maguesian, and henee must be taken as dol
mite ravher than caleite. Lo it the induration of the rock is entirely due;
The complete ditference between this rock and anv of the rest of
the sandstone of the vicinity, or indeed of the Bastern Sandstone forma.:
tion anywhere iu its entire extent, and its close similarity to the ordinary
Keweenawan sandstones, leave us no choice but to regard it as either a
drifted mass from the Xeweenawan rocks farther west or as the pro- -
Jjecting portion of a Keweenawan saudstone layer belonging next be-
neath the diabase-of the lower leap of the falls. If thelatter reference
be correct, there is no difficulty at all in explaining the presence of a
Keweenawan sandstoue just here between the Hastern Sandstone and -
the diabase, which come together without auy such intervening sand-
stone in the trenches on the south bank of the stream. The Jjuue-
tion between the two formations being an irregular cne, and not exactly
parallel to the bedding of the Keweenaw Series, this is quite what
. we might expect to occur. In theideal section of Figure 3, Plate XIV,
we have suggested the latter view with regard to this indurated sand-
stone. The induration, on this view, is to be regarded as due to the
downward filtration of lime-bearing solntions form the overhanging
trap. This is of course a not very uncommon occurrence in the Ke-
weenaw Series at the contacts of sandstones with overlying traps, and is
not, to our minds, the result of contact with a heated rock, but is a -
mere aecident of position beneath g rock capable of yielding calcareous
solutions. There is nothing in the induratiou of this rock, then, which
deters us from regarding it as part of the Eastern Saundstoue, since such
caleitie indarations of the sandstone might easily occar on such a junc-
tion as we have here; it is the other characters of the rock that com-
pel us to look upon it as Keweenawan.

‘We have next to compare the statements of previous observers with
the results of our own observations as above given.

Mr. Wadsworth’s principal points with regard to the occurrences on
this ravine appear to be: (1) a northwestern dip to the‘samlstone,
which, while cccasionally giving place to reverse dips, in the main~
shows an increase from 10° at the mouath of the ravine to 219 at the
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junction ; (2) the passing then of the sandstone conforwmably beneath
“-the Keweenawan beds, this being proved (a) by the position of the
-sandstone vertically beneath trap at the junction and () Ly the in-
duration of the sandstone next the Junction, the exact junction not
‘having been seen.  An increasing northwestward dip from the mouth
of the ravine to the juwction is not in accordance with our own ob-
servations. As we have sbown, the sandstone is often horizontal or
hows dips in different directions. Moreover, while northwesterly incli-
nations are ofteu seen, a general Lorizontal position is particularly well
marked in the immediate vicinity of the junction. An inferior position
‘of sandstone to trap in place at the junction our trenches demonstrated
to.be a fact. Before these trenches were dug it could bave been an iu-
ference only. But this inferior position we think our observations
prove to be a result of sliding motion, as they certainly prove that the
¢ 72 sandstone does not pass conformably beneath the trap. The indurated
gandstone wentioned by Wadsworth as proving that the first trap ol
the junction flowed over the Eastern Sandstone and indurated it is
-doubtless the peculiar red lime-saturated sandstone which we have
~.described as cccurring, doubtfully in situ, at the point E of Figure 1,
Plate XIV. This sandstone Mr. Wadsworth evidently eonsidered
as certainly in place; Mr. Chauvenet thought not; but, if it is $0, as
we ourselves rather incline to think, its eutire lithological distinctness
frow any other Eastern Sandstone of the immediate vicinity, or any-
“ where else, suffices to show that it is Keweenawan, and therefore the
~-mext layer beneath the trap at the falls just above. It would be very
extraordinary indeed it a sandstone everywhere almost completely
quartzose should, by heat and induration, change to one composed
of felsitic débris. The dolomitic induration of this sandstione, as we
bave already indicated, does not present to us any reason for believ-
ing thatit is due to contact with heated lava. This induration might
well occur in the Eastern Sandstone at this Jjunction, on our view of
the relation of the two formations, and but for the manifest difference
between it and the Eastern Sandstone generally, we should place this
indurated sandstone with that formation. But we do not need to de-
Pend apon this very doubtful sandstone for proof as to the presence or
bbsence of induration at this junction. In our trenches thie junction is
ell displayed, and there oceurs in them po such indnration and po &ecl
dstoue, _

r. Chauvenet’s descriptions, it will be seen, correspond, as far as
¥ g0, essentially with our own, the only differences worth noting
eRUlLing from the somewhat more detailed character of our own exami-
Mations, and particularly from the fact that we obtained a good deal of
8w information by excavating,

t. Rominger’s description is of a more general character, but cor-
nds essentially with our own.

o (441)
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THE CONTACT AT OTHER POINTS.

Quite a considerable number of streams in addition to those followed
b:\‘ us cross the line of junetion between the Eastern Sandstone and the
hewee.nsz Series on Keweenaw Point. Many of these wake ravines of
some size, and oun several we know of the occurrence of sandstones, but
none of them have been examined in any detail by ourselves or Otl’.mr.s.
The exposures of Keweenawan rocks on the north side of Lac la Belle
and certain conglomeratic layers in the low grouud near by, indiczmz
plainly that we are here close to the contact. When one of 7us exanm-
l_zzed this place in 1880, the opportunities for study were not near% ¥ oS0
fuvorable as now. The clearings for the new stamp-will of the (:um,
glomerate Mining Company and the numerous cuttings for the new
Lac la Belle and Calumet Railroad offer tempting opportunities for
study, of which we were unfortunately unable to avail ourselves.
Farther west, in the vicinity of Gratiot Lake, are points exposing sand-
stone near the contact; as we learn from brief references in'thhe older
Teports, e. g, at the falls of Tobacco River, See. 12, T. 57, R. 31, as stated
in the report of Dr. C.T. Jacksen (Sen. Docs., 3lst Coug., 1st sess.
Vol. 111, pp. 510-511). There-are also similar brief references to "ché
close proximity of sandstone and trap in Seec. 15, T. 57, 1. 31 W., and
on 1the upper part of Torch River, southeast of the Allouez mixje, in
Jacizson’s report, but in no case is there anything of sufficient impor-
tance to be worth quoting in the present eonnection, '
One very important occurrence of a contact between the Eastern

Sandstone and the traps, however, has been figured and briefly referred

to by Pumpelly. as-obtaining in the immediate vicinity of Houghtoun.
The accompanying figure is copied from the southeastern end of ““Cross

wge  afone andethe Trap Range' ™

FIG. 12.--Reproduced from Atlas te the Geological Survey of Michigan. Scals, 90 feat‘ to the ineh.

Section I” of the Atlas of the Geological Survey of Michigan., The exact
locality of this occurrence is on the Isle Royale Mining Company’s
property, io the southeast quarter of the northwest quarter, Sec. 6, T.
54, R. 33 W. With regard to this place we make also the following
quotations from Dr. C. Rominger, confirming Pumpelly’s observation :
) C. I?ominger. (Geological Survey of Michigan, Vol. I, Part T1I, p. 96, 1373.) ¢ The
inconformable abutment of the Lake Superior sandstones against the trappean series,

is in se;veral places near Houghton plainly to be observed. One place is ou the prop-
erty of the Isle Royale Company, in Town 54, Range west 33, Section 6, where the top
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of a ravine is formed by mighty conglomerate beds, inclosing pebhles of a porphyritie
natare, besides fragments of a shaly, well stratified sandrock, and of amygdaloid
trap; they dip under a bigh angle to the northwest, and form the terminal point of a
line, on which the company, for ‘the Jength of a mile, systematically had opened ex-
ploring ditches at close disiances, to get accurate information of the succession of
strata within this interval. Immediately against the faces of the westward iuclined
projecting conglomerate beds, the horizontal Jedges of Lake Superior sandsione of
much lighter color than the sandstones cennected with the conglomerates are seen
abutting in the bed of the small creek which runs through the ra vine.

- * * *® * #* *

«A large patch of horizontal sandstones overlies unconformably the trap rocks on

top of the hills near Houghton, ou the Sheldon and Colum-
bia property. I am not absolutrly certain whether it came R R R TRRRR
propert; 3 ~ ‘:‘.}}?‘%33.&:: Y
o >

there as a huge drift mass or whether it is the remnant of
deposits which were there in their original. position, but I
am inclined to the last opinion (p. 96).

Contacts similar to that at Béte Grise are known”
to ocenr at several poiuis on ibe sonth edge of 1he
trap range in the vicinity of the Ontonagon River.’
One of these was examined in detail by Mr. Chau-
venet in 1850. Unfortunately the note-book con-
taining his quite detailed description is no longer
extant. Anabbreviated account of this occurrence
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quoted, along with a reduced copy of Mr. Chau-
venet’s general section. .The following is this de-
seription:

R.D: Irving. (Copper-Bearing Rocks of Lake Superior,
Monographs United States Geological Survey, Vol. V, pp.
350-3G0, 1883.) “The above section was taken by Mr. W,
M. Chauvenet along the course of the swall streawn in See-
tions 23 and 24, T. 50, R. 39 W. The sandstone seen here is §
{he usual saccharoidal quartizose kind, often perfectly white,
and at times mingled and streaked with mwore or less brown-
ish material. It earries frequent pebbles of white quartz,
butnone of the Keweenawan diabase against which it rests.
One mile south, in section 27, the sandstone wag observed in
a horizontal atiitude, and in the S.W. %, Sec. 28, was secn
in large exporures at the falls of the Ontonagon River
Here it dipse eounthward at an angle of 152, but as it is fol-
lowed northward sne 200 vards this dip changes to 187 and
200, A short distance farther north is a bold sonth-facing
blufl of Keweenawan diabase. It should be said that these
soutil dips are not wavering and uncertain, like those ob-
gerved on the Douglass Houghton River, but are persistent
and pronounced, affecting many hundred feet in thickness,
while the exposures are to be likened in extent and incli-
nation to those seen on Béte Grise Bay.”
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The exact econtact of the trap and the sandstone
were not seen by Mr. Chauvenet, but the two were found within a few
feet of each other aud he describes the whole occurrence as most merked
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II.-DISCUSSION OF VIEWS; CONCLUSIONS.

In this part we give, in chronological order, and in the words of those
who have advocated them, the various hypotheses that have been ad-
vanced with regard to the relations of the Eastern Sandstone and the
trappean series, with some comments of our own in each case, Each
of these hypotheses we call after the geologist who seems first to have
proposed it. = We then close with our own views upon this question.

THE JACKS8ON VIEW,

C. T. Jackson. (Senate documents, Thirty-first Congress, first session, 1849-50,
- Vol. III, pp. 398, 399.) ““The red sandstone and conglomerate rocks of Keweenaw
point existed there anterior to the elevation of the trap rocks, avd were prodceed by
the deposition of fine sand and pebbles derived from pre-existent primary rocksw—
such as granite, gneiss, or mica slate. Porphyry furnished a Iarge proportion of the
debris, but it is doubtful whether it is not s metamorphic rock, resulting from the

of the pebbles of the conglomerate, that they have been ground into their present
shape by long attrition under water or upon some ancient shore. They are oval and
rounded, and are of various magnitudes, from that of a “buckshot to the size of a
man’s head. They originated from snme nether rock or were transported to their
present location by drift agencies -~ this Jocality not exhibiting any rock they counld
bave been derived from, in place. If they were transported bowlders, like those of the
more recent drift, they would seem: 1o indicate the existence of ice immediately aftef
the coal era—an opinion difficult to establish, it being counter-indicated by the fossils
of that epoch. -~

““Therb i no reason to believe that igneous agencies had an sthing to do with the
origin of the pebbles of the conglomerate, for they bear ample proofs of their bhavin g
been rounded by the action of water. From the circumstance that the conglomerate
borders the trappean rocks it is supposed that an ancient shore may have existed
along that line, or that, during the upheaval of the trap and bLefore the materials of
the sandstone were indurated into masses, the reflux of the water may have carried
away the fine sand into deéeper water and left the yebbles near the uprising trap. It
& certain that the finer sandsione is more remnte from the trap than the conglomerate
is, and that it is Jeas uplified and inelined as it recedes from the trap band.  Thns, at
-a0d pear the jonetion of the two rocks, the strata dip 25© or 30°, while remote from
=it the sandstone strata are horizontal, or only sl‘ightly waved. Sandstone was cer-
tainly deposited in water, for the ripple marks are well preserved and record this fact
in an absolute manuer, for we at once recognize the well-known action of water on
-sand. By pressure and heat the materialsof a loose shifting sand became converted
into solid sandstone, the layers of sand forming the different strata. At first the
whole must have heen in horizontal or nearly horizontal layers; for waler necessarily
-deposits mechanical sediment in this manner, and the only slopes of deposition would
be on the shores, wkhere a very moderate inclination would take place, but much less
than we find it to be where the strata have been disturbed by the trap rocks which
caused the elevation of the sandstone along the line of its disruption.”
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EASTERN SANDSTONE AND REWEENAW SERIES.

Seale, 2 wmiles to the ineh,

F16. H—Ldeal section of Keweenaw Point, o1 the Jackson view.

[BULL. 23,

C. 7. Jackson. (Final Report on the Geology, Topouraphy, and Min-
eralogy of Lands sronnd Lake Snperior, Senate documents, Thirty-

second Congress, first session, 17351, D523 Vol XT, Noo 112.) “A¢ Lae -

la Belle aud ar M. Houghton the trap rocks ocenr, and ride over the
sandstone strata after passing between theirlayers; and at Mt. Hougl-
ton the igneons agency of this trap roek has changed the fine sand.
stone into a kind of jasper.

As we understand them, Jackson’s views were ag in. .

dicated in the following summary : (1) The Bastern Sand.
stove and the conglomerates and sandstones of the cop-

per-bearing’ series are one anil the same formation, and:
were once spread out continuously in a horizontal position;
(2) the traps of the copper-bearing series are all of them~

infrusive, having invaded the supposed sandstone forma-
tion in part as itregular interseeting masses and in part
in the shape of sheets which forced their way betweeun the
sandstone layers; (3) the conglomerates of the copper-
bearing series derived their material by the ordinary
aqueous agencies from some subjacent formation, which
possibly may have formed an old shore line in the imme-
diate vicinity of Keweenaw Point. More probably, how-
ever, the pebbles of the conglomerate have heen sorted
out, as it were, from the previously existing sand beds by

the violent currents set in motion at the time of the trap-

pean intrusions; (4) the inclination southeasticard in the
Bastern Sandstoue at the junction with the traps,and that
to the northicesticard of the sandstone and conglomerates

. of the copper-bearing series, are due to the intruding trap.

The contemporaneons or lava-flow origin of the traps
of the copper-bearing series having been since so repeat-
edly and abundantly demonstrated, there is no reason
that we should attempt any further refutation of Jackson’s
position as to their intrusive character. We can conceive
of the Bastern SBandstone passing conformably beneath the
copper series, or of its having onee been continuoas with
the uppermost member of the series from which it is now
faulted away ; but the lava-flow ovigin of the trap being
once admitted, it is sufficiently evident that on no pos-
sible structaral hypothesis can the Eastern Sandstope aud
the Keweenawan sandstones and conglomerates be re-
garded as having orce formed a continuous series. ‘There
are, of course, abundant other reasous why Jackson’s hy-
potheses cannot be accepted, among which we need now
only allude to the entire contrast between the Eastern
Sandstone and the Kewcenawan detrital rocks, both as to
lithological characters and relative thicknesses. 4

"In the accompanying diagram we have attempted to
(446)
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2% illustrate —on a cross-section of Keweenaw Point, drawn to a true scale,
and wdicating the troe widths of the Eastern Sandstone and the cop-
per bearing rocks—the views maintained by Jackson. 1t is, of course,
possible that we may in some respects misunderstand and wisrepresent

;- him. - '
,/‘d 3

THE FOSTER AND WHITNEY VIEW.

(Report on the Geology and Topography of a Por-
tion of the Lake Superior Land District, Pars I, Copper Lands. House Document,
Thirty-first Congress, first session, 1849-"50, No. 69.) ‘‘ Southern trap range. Return-
ing to the head of Keweenaw Point, we find another range of trap, forming the sonth-
ern boundary of the valley of the Little Montreal river and stretching westerly in a

< lipe nearly parallel with the northern ¢hain. This is kuown as the Bohemian ravge,

" J. W. Foster and J. D. Whitney.

Fou ~ and differs from the northern both in lithological character and in the mode of its

e composition chlorite and feldspar.

~ occurrence, While the forwer, before described, is composed of numerous beds of
.trap, in the m:in of the amygdaloid and granular varieties, interstratified with the
detritul rocks, the sonthern range eonsisis of 4 vast erystalline mass, forming an anti-
clinal axis, flanked on the north by the bedded trap and conglomerate and on the
south by conglowerate and saudstone.

- *The contour of the unbedded trap is also very different froms that of the bedded

trap. We nowhere recognize the stair-like structnre in the bills; they are either

dome-shaped orrounded. .

“The protrusion of so vast a mass of heated matter has changed in a marked de-
gree the associated sedimentary rocks, causing them to resemble igneous products.
Thus, on section 390, township 53, range 27, by tbe lake sbore, is seen a metamor-
phosed sandstone resembling jasper. 1ts generual bearingis east and west. Inplacesit
assnnesa vesicular appearance, while other portions are brecciated and take into their

In some hard specimens the lines of stratification
can be recognized. The mass is about 100 feet thick, und snrmounted by alternating
bands of porphyry and a c¢hlorite rock known as rotten trap, which may be regarded
as a voleanic ash. These veius attain a thickupess of oniy a few feet. Proceeding
along the gonthern coast of Keweenaw Point in a westerly dirvection, at 1he old fish
station (section 35) we.again obgerve this metamorphosed vock fomning one of the
jutting points of the bay ; but here it assumes adifferent character, as though it had
been subjected to a heat more intense and longer coutinned. Al traces of stratifica- -
tion have disappeared, and the rock has become transformed into a red, compact
Jasper, breaking with a conchoidal fracture and traversed by numerous divisional
planes. Where it comes in contact with the trap below it presents a homogeneons
texture. All traces of its echapical origin are vliiterated, and it is difficult to de-
termine where the igneons rock ceases and the aquesus begins (pp. $4-65).
* * * * * * *

“ The followiuy section, from Copper Harbor to Lac In Belle, exhibiie pot only the
contours of the conutry but the relative association of ihe detrital rocks and the
bedded and unbedded trap: ’

“ The Bohemian range, as before remarked, forms the line of npheaval of the bed-
ded trap and eonglomerate on the north and the congiomerate and eandstone on the
south. Theconglomerate north of the axis of elevation rarely attains a greater in-
clination than 45°, but on the sonthern slope ihe sandstone is observed dipping at
[his is beautifully exbibited Ly the lake shore, on section 36,! town-

1 Probably o misprint for 26, since there is no section 36 in this township.
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ship 58, range 29, The sandstone is seen in the bottom of the bay, composed of alter-
raring bands of white and red, sweeping round in curves, conformable to the conrse
of the trappean rocks, As we recede a fow miles to the south, the strata are observed
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F16. 15.«-Section of Keweenaw Point from Copper Harbor to I.22 1a Belle. {Reproduced from Foster
and Whitney.)
1. Brown gravular trap, occasionally crystalline; 2. conglomerate ; 3. Labrador and chlorite rock;
4. chlorite (fissile).

to be nearly horizontal. In the tweo adjoining townships west this range preserves
its distinctive character, but beyond it sinks down into sloping hills 200 or 300 fest
in height (p. 66).

* * 5 » N . ,

#In the region of Portage lake, the shock by which the bedded trap and conglom-
erate were elevated, does not appear to have been attended with the protrusion of
vast crystalline masses forming a long rauge, like the Bohemian mountaivs, or
rounded grounps, as in the vicinity of the Ountonagon, but simply to have caused a ver-
tical distocation, lifting up the beds on one side of the fissure whilethe corresponding
beds on the opposite side remained comparatively undisturbed. Tlhere can be no
doubt thas there existed a deeply seated and powerful fissure extending from the
head of Keweenaw Poiut to the western limits of {he district, along the line of which
the volcanic forces were, at different times, powerfully exeried —similar in character
to those in Guatemala, Pern, and Java — the seats of modern voleanic action.

v

4

FIG. 16.— Junction of Eastern Sandstone and trappean series. (Reproduced from Foster and' .
Whitney.)

““The bnly instance observed in this purt of the district, of trap océurring remote
from the line of the fissure is in the northeast corner of township 49, range 36, 14 miles-
southwest of the head of Keweenaw bay. Itis known as Silver mouantain, (lucus g
non lucends,) which rises up isolated and dome-shaped to the height of 5 thousand
feet, and occupies an nrea equal to thres sections (p. 68).

* » - * cR *
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* *
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main, of the amygdaloidal'an.d granular
rocks, the southern range consists of a va

axis, and flanked, on the north,. by the !
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* * N *
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»f the district, of trap occurring remote
corner of township 49, range 36, 14 miles
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me-shaped to the height of a thousand
jons (p.-68).
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« Sandelone.— It is ot our purpose in this report to set forth the boundaries of the
sandstone, much less to describe its characters, where 4t comes in contact with the

e-gxisting rocks.
paleozoic rocks of this district.

These descriptions will be reserved for the general report on the
We propose simply st this time to show its con-

- pexion with the cupriferous rocks before described. In order that this connexion
way be better understood, we intreduce the following diagraw:

Lake Superior

Kewcenaw Foink

. FIG. 17—~ Section from lale Royale 10 Keweenaw Point. (Reproduced from ¥oster and Whitney.)
a a, crystalline trap; b b, beddad trap; ¢ ¢, conglomerate ; d d, sandstone.

© “We Lave seen that, during the deposition of the sandstone, numerous sheets of
itrap were ejected and flowed like luva-streams; and that tbe igpeous and ayueous
products were so intermingled as to present the appearance of having been derived
from a common origin ; and that subsequently the nunbedded trap broke through these
parallel fissures, lifting up the saudstones, 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

§ . formed by the surface of the water.

* #*

performs an immense curve, portions of which are at least 800 feet helow the chord

The sandstone is seen on Isle Royale, forming
“ the outer reefs of Siskawit bay (pp. 109, 110).
£ * *

*

*#

*

“Passing over the trappean ranges we find the sandstone occupying the southern
slope and bearing the same relation to the trap as the northern belt, with this excep-
- tion, that the intervening masses of conglomerate are in the main wanting” (p. 112.)

J. 7. Foster and J. D. hitney. (In a paper on the Age of the Sandstone of Lake
Snperior, with a Description of the Phenomena of the Association of Igneons Rocks.
Proceedings American Association for the Advancement of Science, Cineinnati meet-
ng, 1851, pp. 22-33.)  * In the vicinity of the trappean rocks, on the other Laund, we
find the sandstone developed to a great thickness and accompanied by wide belts of
conglomerate; we find it becoming impregnated with oxide of iron and calcareous
‘matter and intersected by numerous veins of eale-spar and baryta, and containing
‘native copper and its ores; we find it interstratified with beds of igneous rock, in
pumerous alternations, which beds have successively flowed over its surface and Leen
-again covered by sedimentary miaterial; we find the whole system of conglomerate,
andstone and bedded trap, lifted up at an angle which gradually increases as we ap-

P - . P
roach the central igneous mass and from which it di

* > %

=

ps on each side (pp. 29-30.)
. . p

“ R(:,annihg 10 the head of Keweenaw Point, we find another range of trap, forming
“he southbern bouudary of the valley of the Little Montreal River and stretching
westerly in a line nearly parallel with the northern chain.

he other, both in its lithological cuaracter and in ifs mode of oceurrence. While
the northern range, as before deseribed, is made up of nfnerous Beds of trap, in the
wain, of the amygdaloidal and granular varieties, interstratified with the detrital
“rocks, the soutbern range consists of a vast erystalline mass, forming an aniiclinal
axis, and flanked, on the north, by the bedded trap and conglomerate, and on the
#outh by the sandstone and conglomerate (p. 31).

* * *

*

*

This range differs from

*

*

“The conglomerates of Keweenaw Point, and Isle Royale, consist of rounded peb-
Dles and masses of trap, almost invariably of the amygdaloidal variety, derived,
probably, from contemporaneouns lavas, snd rounded fragments

hich may bave been a metamorphosed sandstone; the whole cemented together by
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a dark red ferruginous sand. . This cement may be regarcded as a mixtnre of 3 vol.:
canic ash und arenaceons particles;.the latter having been derived from the 8angd..
stone then in the progress of accumulation. It is uot nnusnal to rueet with strg
cowposed entirely of arenaceous particles associated with the conglomerate bag
and when these expand to a considerable thickness, the associated sundstone appeam'
in alternating bands of red and white, and exhibits few traces of metamorphism
but when the belts of sedimentary vock are thin, and cowe in contact with the trap,
pean rocks, the sandstone is converted inte Jasper, and becomes traversed by divis.
ional planes. :
““We are strongly inclined to the belief that the origin of the couglomerate is no
due, solely, to the action of waves and currents which have Lroken up and rounded?
and polished, the trappean and Jaspery masses of which it is composed : ou the cones
trary, we believe that the greater portion of thess immense deposits are the result:
of an igneous, rather than an aqueous foree. The rounded niasses, in the conglom.;
‘erate, often attain a waguitude of 18 inches in dinmeter, und cheir surfaces do nof
always preseut that smooth and polished appesrance which results frow the abtrition;
of water. In fact, a close observer cae, in most cases, readily distinguish Letween
thuse pebbles which have been recently detached from the rock, and those which have
been, for a time, exposed to the adtiou of the surf. The conglomerate seems to have
been formed too rapidly to allow of the supposition that their origin wag purely
aqueous; for while the contemporaneous sundstone, remote from the line of volcanie
action, does not exceed 300 or 400 feet in thickness, the united thickness of the cog-
glomerate bands, in the vicini‘ty of the trap of Keweenaw Point, exceeds 5,000 feet.
As we recede, for a few miles, from the igneous rocks, the conglomerates disappear,
entirely, as separate mewmbers of the formation, and are only found in very thin and -
insignificant patches, amidst the sandstone. .
“We have little hesitation, therefore, in adopting the views of Von Buch, as to the -
origin of such masses of rounded materials iu the vieinity of igneous rocks, and con-
sider them as the result of the friction and mechanical action caused by the voleanie
action along the line of fissure. .We can hardly conceive of the displacement of such
enormons masses of igneous matter as have, during a long period, been flowing over
the depositing beds of sedimentary matter, without suppesing violent dislocation and
crushing of the previonsly deposited strata. Immense quantities of material would
be loosened, and torn off, along the line of voleanic outburst, and would gradually
become rounded by friction against each other. Those pebbles which have a vesicn-
lar structure may have been ejected as scoris, while in a semi-finid state, and have
receivad their rounded form- while falling through the air, like voleanic bombs.
Whether it be allowed, or not, that such conglomerates conld have been produced,
solely, by igneous or volcanic action, it mnst be evidens to every one that in this way
materials would be heaped togetheg and broken up se that under the action of strong -
currents of water they would soon assume 2 rounded form. In fact, thess very cur-
.rents mnst have been caused, or increased vastly in istensity, by the same volcanie
action which produced the igneous rocks (pp. 32, 33).
* » - * * *

» » .

““ Where the Bohemian range breaks through the incumbent rocks at Lake La Belle,
a thin band of conglomerate is observed, not exceeding 30 feet in thicknws, and which - :
has been traced at intervals for two or three miles. The iuclination is 80¢ {o the :
south and south-east. The whole mode of action of the dynamie forces on the north
and south side of the trap range, seems to have been different. On the north side, we
not only find the bedded trap, and immense deposits of conglomerate above deseribed,
whick rarely oceur on the south; but we have a material difference in the character
of the dip of the sandstons in the two slopes. On the north, the sandstone and con-
glomerate dip at angles rarely exceeding 40° in the immedinte proximity ef the trap,
and this dip gradnally diminishes as we receds frour the center of elevation, so that

a gently deseending slope is formed, which extends regularly from the highest point
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of the igneous rocks to the lake shore. This is particularly the case o the east and
west of the Ontonagon, where the descent of 400 or 500 feet from the trap to the
lake, is 50 gradual and regular as to be hardly perceptible. The mural faces of the

g trappean ranges ure abmost withont exeeption turned toward the south, and we find

--the sandstone on that side elevated at a high angle, dipping almost vertically sonie-
times, just at the junction of the two formations, but as we proceed southward, alost,
immediately becoming horizontal again. The appearance is as if the strata had Deen
broken and elevated just at the southern edge of the igneous mass; while but at a

£ ghort distavce from it, in that direction, no disturbing force was acting during their
deposition. To acconnt for this phencmenon we must suppose that the line of
igneous activity was along the northern odge of the trappean range, and that after-
ward, duting the protrusion of the more southern porbion of the trap, that of the
Bobemian *t. or Keweenaw Pt. for instance, the wp-heaving action was confined
~prineipally to the region on the north. Thbus, while a gradual elevation of the
bedded trap and conglomerate was going on just porth of the central fissure, a cor-
responding depression was faking place still farther north, and the reverse of all

- 4hese circumstances was taking place in the line of Isle Royale. The great synclinal

rougl, or basin, of Lake Superior was the result of this combined action of elevation
and depression (. 35).”

J. D. Whitney. (In The Metallic Wealth of the United States, 1854, pp. 251, 252.)
“ The sandsione of Lake Superior, in regard to the geological position of which there
was formerly some disagreement, hasnow been satisfactorily determined to be of Lower
Kilurian age, and probably the equivalent of the Potsdam Sandstone, the lowest fossil-
iferous rock recognized in this country. -Aboveit, as we proceed southward from any
point between Sault Ste. Marie and {he Pictured Rocks, we find the upper members of
the Silurian system eropping out in succession, with aslight sontherly dip. Along this

- portion of the Luke the vandstone lies nearly horizontally, and is made up of rounded
grains of quartzose sand but slightly colored Dby iron and having little coberence,
and the whole thickness does not seem to exceed 300 or 400 feet. Where it comes in
contact with the older azoic rocks, as may Lo observed in the vieinity of Carp and
Chocolate Rivers, it is seen resting unconformably upon them, having been deposited
nearly horizontally on their uptarned edges. On Keweenaw Point, however, its ehar-
acter is entirely changed ; it hasincereased greatly in thickness, is tilted up at a consid-

~ grableangle, and is associated with very beavy beds of songlovierate and trappean rock.
* = ¥ * » * #* *

S
Y

“The rocks of which the trap range is made up are somewhat varied in their min-
eralogical character but they belong mostly to the igneons class, and it is apparent,
from their mede of formation a nd position, that they were poured out fromthe interior
of the earth, at the time the deposition of the sandstone was going ox, from a series
of fissures which extended along the line now occupied by the metalliferous forma-
tion. In the more vlevated and central portion of the range, the igneous rocks pre-
dominate, containing intercalated beds of conglomerate, of very inconsiderable thick-
ness, betwsen heavy masses of trappean rock,  Aswe recede from the line of igneous
action in either direction, we find 1hat 1he belts of trap become thinner, the eonglon-
erate prednminates, bt gradoally disappears, and is guiceesded by the sandstone with
its normal character. Thus the appearance of the conglomerate is seen %o be allied
- with and subordinate to that of the igneons masses, and it appears to bave beeun a

result of the comlined action of the two clusses of agencies by which the trap aund
sapdstone were formed. The whole system of the bedded trap and the interstratified
masses of conglomerate is developed on a grand scale, some of the single beds acquir-
ing a thickness of several thousand feet.
» * * * * * *
“Thus in the Bobemian or Southern range of Keweenaw Point, which appears to
t have been protruded at a late epoch, and under different conditions, and to have
tilted np the system of the bedded trap and interstratified conglomerate which lies
7 to the norili, the veing bear only salphuret of copper” (pp. 254-205).
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After carefully re-examining the varions extracts above given from s
Messvs. Foster aud Whitney, we feel less confident than forruerly that
we thoroughly understand their theoretical position. As nearly as we
are able to gather their meaning, however, it is about as follows: (1)
The Eastern Sandstone and the Keweenawan detrital rocks are one and

the same formation. (2) The associated i gneous rocks are of two classes -

as to time and mode of eruption: (a) those traps which are interleaved
with the detrital rocks were formed at the surface during the aceuma.
lation of those rocks, <. e., are of lava overflow origin; (D) the traps of.
the Bohemian Range, which are held to lack the bedded structure, .
were intruded in great masses at a time entirely subsequent to th

formation of all of the sandstones, Bastern us well as Keweenawan, ;
and of all of the interleaved trappean flows. (3) To the eruption o
the supposed unbedded trap of the Bohemian Range is to be attributed
the northward inclination of the Keweenawan rocks on the north of

this rauge and the southward inclination of the Eastern Sandstone .

on the south of it. To this intrusion also is to be attributed the for--
mation from the previously éxisting sandstone of “jasper?” masses, -
such as that of Mount Houghton -and the Bare Hills on the north
side of Béte Grise Bay. (4) The conglomerates of the trappean series
are in large part of igneous origin, the rounding of the pebbles be-

ing due not to water action, but to “friction of the elevated rock | i

against the walls of the fissures.,” These conglomerates are composed
chiefly of rounded pebbles of trap and subordinately of a jaspery rock.
If not directly due to igneous causes, the roundivg of the conglom-
erate pebbles may have been partly produced by the violent currcats
caused by the igneons outflows. To the production of these conglom-
erates by eruptive agencies is to be attributed the immensely in-
creased thickness of the detrital portion of the formation in the region
of Keweenaw Point as contrasted with its thickness farther to the east-
ward on the south shore of Lake Superior. (8) The various bedded
eruptives of Keweenaw Point reached the surface through a series of
fissures along the course of the Point. {6) The massive trap of the -
Bohemian Range, however, was extruded along an immense fissure
formed subsequently to and to the south of those throngh which the
bedded traps reached the surface. This im mense fissure extended,
however, far to the westward of the Bohemian Range intrusion, along
what is now the southern edge of the trappean formation and the north-
ern edge of the Eastern Sandstone, reaching as far as the neighborhood
of Lake Gogebic. To the southwest and west of Torch River on Kewee-
naw Point and until the vicinity of the Ontonagon is reached, the pro-
duction of this fissure was unaccom pauvied by any igneons outflow.
Along this portion of the fissare the bedded traps and interstratified
detrital rocks, dipping to the northward, come directly against the hori-
zontal beds of the Eastern Sandstone.
In addition to the conclusions above enumerated, it seems, although
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we do not find such a view ex-
actly stated in their works, that
Mesusrs. Foster and Whi}mey
must have believed also in a
former continuity of the Bast-
ern Sandstone with the upper- -
most sandstones of the copper-
bearing series on Keweenaw
"Point, from which it was fa‘ulted
away during the production on
the fissure above allnded to. It -
would seem that they must also
haveconsidered that, before this.
fissuring, the bedded traps anfl
conglomerates had an approxi-
mately horizontal position.

We have already given three
sectional diagraius copied di-
rectly from Messrs. Foster and
\Whitney’s reports illustrative of
their views., 'These - diagrams
are, of course, not drawu to
any definite scale. Hetewith we
give two cross-sections of Ke-
weenaw Poiut, drawn to o true
scale, in which we have em-
bodied their views as to the
structure bere obtaining as well
as we are able.

As coufirmatory of a former
continuity between the Eastern
Suandstone and the uppermost
sundstoves of the copper-bear-:.
ing series, there -has of . late -
vears been cited a _1ith’01.og-;
ical similarity, the remaining .

sandstones of the "Keweenaw
Series being quite strongly con- .
trasted lithologically with the
quartzose Eastern- Sandstone. .
A somewhat more careful exam-
ination of this alleged similari-
ty, however, shows us that it de-
pends almost entirely upoun- cer-
tain sandstones which oceur in

~
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