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quite flat positions along the shore of Lake Superior, between the Port-
age Entryand thie Ontonagou River. These saudstones, which from their
position it is certainly natural that we should regard as the uppermost
partofthe Keweenaw Series, are withoutdoubt much morequartzosetban
any that we have yet studied from the remainder of the extent of that
- geries. If we may judge, bowever, from thin sections recently made of
the most quartzose portious of the exposures near the mouth of the

Portage Canal, they are never so completely quartzose as the Eastern

Sandstone, from which they difier, also, in the anguiarity of the parti-

cles. Smallf‘&éher angular particles of quartz and feldspar, the former

often secondarily enlarged so as to fit closely, make up most of the
sections of the sandstone uear the Portage Canal. In addition to these
ingredients there are fragments of a complex character, now apparently
maiuly composed of chloritic'and kaolinic material, but whieh are per-

+ haps representative of gome of the Keweenawan basic rocks. There is
algo a quite plentiful oxide of iron eement. It is to be observed that
this sandstone, even on the view of the entire distinetness of the East-
ern Sandstone and the Keneewaw Series, might as well be placed with
the former formation as with the latter. There beiug always a wide
covered space between it and the undoubted Keweenawan rocks, its
relation to them is matter of inference only. It does not seem an im-
possible hypothesis that this sandstone may be an eastern continua-
tiou of the horizontal sandstone of the Apostle Islands.

‘On aceonut of the doubt which thus hangs over the true position of
these sandstones, we bave studied in this connection a number of sand-
stones unquestionably from the upper horizons of the Keweenasw Series,
selecting always those localities promising the most quartzose kinds.
The results are as follows: (1) Tire sandstone from the bed of Curp
River, southwest quarter Sec. 19, T. 51, R. 42 W, in the Poreupine
Mountains, gives a section which is made up chiefly of exceedin gly fine
angular fragments of quartz and feldspar, the latter predomiuant«; the
quartz not forming more than one-third of the section. Various com.
plex fragments, more or less deeomposed, of basic and acid rocks are
present, also a considerable portion of indurating quartz and calcite,
and oxide of iron cement (slide 631). This rock is from the Inuer Sand.

stone of the Porennine Mountains? (2) From the Outer Saudstone

of ‘the Porcupine Mountains, which has been selected by one of us as
* the lowest part of the upper division of the Keweenaw Series, we have
examined & rock obtained ut Carp Lake Landing, which gives a section

composed mainly of fragments of felsitic porphyry matrix, grauitic

- porpliyry, and of individual feldspars and quartzes, the latter sharply

angular and very small. A Jarge part of ihe section is composed of
calcite (slide 652).  (3) A sandstonefrom.a lowerliorizon,in the southeast

! Ree Monographs United States Geological Survey, Vol. V, Plates I, and XXIII.
=Ibid., Plates XIX, XX, and XXI
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qrarter of See. 14,7.30, . 43 W, is grayish, much indurated, and of fine
erain, awd givesa sectiou of abountb the samne sort, the proportion of frag-

mental quartz being very smull.  3Most of the quartz of the specimen i+
infiltrated or indurating quartz (slide 351).  (4) From a higher hovizon- -

come certain saudstones at and near the mouth of Curp River. These
are dark reddish-brown or yellow, and feebly indurated. The principal
constituents are fragments of porphyry matrix, detritus of Lasie rocks,
and sharply angular feldspar and quartz fragments. The quartz does
pot form more than oue-tenth to one-fifth of the section. Quite a large
proportion of iron oxide cewent is present (slide 2161).  (3) Quite

closely similar to the last described is the thin section of arocs from a

nuch bigher horizon, viz, the main saadstone wass of the upper di-

vision of the Keweenaw Series us exposeid 1u the bed of Presque Isle’

™

River, noctheass quarter Sec. 5, T. 49, R. 45 W. (slide 333). (8) At a.

still higher horizon—indeed the very highest with which we are ac-
quainted, if we exclude the doubtful sandstone on the lake coast between
the Portage Caunal and the Ontonagou River-—lies the sandstone at the
mouth of the Montreal River. Of this sandstone two sections represent-
ing different phases were studied. Ouneof these is a dark reddish-brown,
coarse-grained, friable rock, containing numerous mica flakes, The
main constituents of the rock are quartz and feldspar in sharply angnlar
fragments, fragments of porphyry matrix, and magnetite fragments.
Both quartz and feldspar grains bave received quite strongly-marked
enlargements.! Besides the complex particles certainly referable to
acidic Keweenawan eruptives, others occur which are as plainly refera-
ble to the basic eruptives. DMuscovite flakes are somewhat plenty. The
quartz fragments of this rock, whose angularity is somewhat striking,
ave more plentiful than in any other undoubted Keweenawan sandstone
examined, but they yet form only a minor portion of the whole section
(slide 2193). The other rock from the same vicinity on Montreal Riveris
also very coarse grained, but is light colored, the feldspar fragments
being quite noticeable to the naked eye. In the thin section these feld-
spar fragments are seen to make up fully one-half the mass of the rock.
These fragments are ab times quite tresh, although commonly they
are more or less thoroughly decomposed. They include both orthoclase
and plagioclase. Of the remaining portion of the roek, about one-half
is made up of complex fragments of basic and acid Keweenawan rocks,

with greenish aud reddish decomposition-products and ironoxide cement._.

The balance of the rock, not more than one-fourth ¥@pe whole, is com-
posed of quartz fragments, mostly simple, but in a few dqses finely com-
plex. The simple grains of quartz have frequeutly received secondary
enlargements, to which cause the slight induration of the rock is plainly
due (slide 2190). Precisely similar rocks to the last described, and

15ee Bulletin Taited States Geological Survey No. 8.
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-belonging to an equally high horizon, are those (7) of Leiby’s Falls, on
Bad River, Ashland County, Wisconsin, Sec. 25, T. 47, R. 3 W., and (8) at
Welion’s Daw, on White River, in the same county, N. E. £, Sec. ¢, T.
46, . 4 W. (slides 2191, 2192).2

Thus, after selecting the most quartzose varieties of the upper Ke-
weenawal hiorizonsfor comparison, we find them yet very strikingly differ-
ent from the Bastern Sandstone itself, they being always greatly leaner
in quartz agd baving as chief constituents the detritus of the acid erup-
" tives of th@Keweenaw Series, to which category the quartz fragments
- of these safFistones may well themselves belong. The striking angu-
larity of these quartz fragments, as compared with the almost univer-
sally well-rounded fragments of the Bastern Sandstone, is worthy of
note. The view that the Eastern Sandstone has been faulted away
from the outermost layers on Keweenaw Point does not, then, receive
the corroboration that might have been expected from our microscopic
studies; o. the contrary, the results are quite against it.

‘With regard to the other points in the views of Messrs. Foster aud
Whitney, we have to say, in the first place, that we are unable to accept
their division of the trappean rocks into the two prominent classes of
intrusive and contemporaneous. We do not mean to assert the entire
absence of intrusive eruptives on Ileweenaw Point; it would be natural
erough that such should occur. We have, however, beenr unuble te
recogunize any intrusives otber than certain reddish graniie-like aciel
rocks of the Bobemian Range. Allof the trappean beds of the poinf, so
far as we have seen them, are plainly of lava-flow patare. Nor do
-we find any proof whatever in the writings of others of the existence
here of iutrusives. The Bohemian Range of Keweenaw IPoint (whick
Messrs. Foster and Whitney speak of as a great intrusive mass and as
baving by its intrusion tipped up the alternating lava-flows and sand
beds to the north of it and the sandstone to the south) one of us exaw-
ined with some care several years since in the vieinity of Lae la Belle,
along the shore of Béte Grise Bay, and again to the southeast of Bagle

River. 'What he saw in this examination served to convince him that

the Bohemian Range was in general character like the more northern
“rocks, being made up of u suceession of lava-flows witl bere and therc
interstratified conglomerates. Certain rocks of this range, which ap-
pear somewhat different from those farthier north, are just such as ave
to be seen at similar low Lorizons throughout the geographical extent
of the Keweenaw formation; while interstratified with: these and pre-
dominating over them are various traps and detrital rocks in no way

tGeclogy of Wisconsin, Vol. III, pp. €02-203. For descriptions of the two lafter
localities, and analyses of the sandstones, see Geology of Wiscousin, Vol. 1L, pp. 202-
203.  Also, for figures of thin sections, Plate XIX A of the same voluwe. The igures
of {his plate, though not very sucecessful, still gerve well to mark the difference be-

tween the Keweennwan and later sandstones.
(457)
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diiterent from the more northern rocks of Keweenaw Poiut. The :Sup-
posed structural difference between the Bohemian Range and the rest
of the point seems to have been suggested partly by the nnusual oceur-
rences above alluded to, but largely also by the rounded contonrs of
the range, the latter being taken to indieate an unbedded strocture.
These rounded, contours, however, as one may very yuickiy leurn from
the exposures north of Lac la Belle and along the shores of Béte Grise.
Bay, are plainly due to the very high northern dip which here obtains,

the step-like contours of the more northern rapges resuifing in turnp«s

from a relatively low dip. The Bohemian Range beds, then, form the
lowesh pact of the alternating sevies of lava-flows and detrital rocks
and are by no wmeans the product of subsequeud inbrasion. They can-
not, therafore, have produced the northward inclination.t «

It also results that these supposed Bobemian Range intrusions did
not produce the southward inelinations in the IPastern Sandstone on
the southern contact; a conclusion which is suiiciently indicated by
other ‘and independent counsiderations. In the first place the south-
erly dips in the Eastern Sandstone are not restricted to that portion
of the contact along which the supposed intrusions are indicated by
Messes. Foster and Whitney as baving faken place. Quile beyond the
western extremity of the Bobemian Range occur the most notabie
instances of the upturning of the layers of the Eastern Sandstone, as
indicated in our foregoing descriptions of the Wall and Saint Louis
ravines. Again, the south-dipping Eastern Sandstene along the north
shore of Béte Grise Bay is crowded with shavply angular and often
large-sized fragments of the Bohemian Llange rocks themselves. The
apgularity and frequent softness of these fragments render it certain
that they lie in the immediate vicinity of the rocks from which they
were derived, 2 view which is abundantly confirmed by the lithological -
identity between the fragments and the trappean rocks against which
the sandstones holding them imwmediately rest.

In declining to accept the esistence of the supposed late intrusions.
of the Bohemiun Range, we of courso reject also another of their sup-
posed etfects, viz, the production, from the sandstone invaded, of such -
felsitic rocks as that of Mount Houghton. We cannot here take the
space to discass the nature of these so-called jaspers. That they are
eruptive felsites and quartziferous porphyries of an entirely similar
nature and origin with the rocks of that class throughout the Kewee-
naw Series seems to us abundantly evident. One of us has already dis-
cussed these rocks at some length in another connection.”? We need
merely point out here that they have unquestionably produced the
principal part of the pebbles of the congloerates of the Keweenaw

! For o fuller discussion of the structure of the Bohemian Range, ses Monographs ‘
United States Geological Survey, Vol. V, pp. 179-186.
2Monographs United States Geologicul Survey, Vol. V, pp. 30-32, 95-125.

(458)
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Series which, on Messrs. Toster and Whitney's view, avtedate the
wmassive intrusious by which the rocks furnishing the pebbles were
produced. Inthesawe connection we may also point out, as has already
been done elsewlhere at rome length, the quite erroneous views that
Messrs. Foster aud Whituey appear to have had of the vature of the
couglomerates of the Keweenaw Series, which, it appears to us, are
very plainly made of water-worn fragments of the acid eruptives of
that series itself.

With Messrs. Foster and Whitney’s view as to the ejection of the
material which formed the bedded eruptives of Keweenaw Point throu eh
a series of fissures, we can readily coincide, but we find no evidence
that these fissures were placed along the course of ihe present Kewee-
naw Point. Had they been so it seems inconceivable that we should
not meet somewhere with the dikes representing them. It seems to
us preferable to attribute the eraptions to fissures Iring quite to thie
southward of the course of the present trap range of the Keweenaw
Point, where they arve buried beneath a newer forination, or to the dike-
filled fissures which we know to intersect the regions about the rim of

“the Lake Supericr bhasin.

That an extended fault fissure exists along the south side of the trap
range, as held by Foster and Whitney, we also think; but we cannot
conceive that this fissure was in the main formed subsequeunt to the
production of the Eastern Sandstone, as they seem plainly to maintain,
or that it gave vent to any eruptive material. .

In the production of this fissure, on Messrs. Foster and Whitney’s
view, it seems unecessary to believe that the BEastern Sandstone was
faulted away from the uppermost sandstone on the western side of Ke-
weepaw Point.  We have already shown that this view meets no confir-
mation when we come to compare the two sandstones with one another ;
but there are other very weighty objections against this conception.
The faulting would demand a throw of 35,006 feet or over and an im-
mensely great erosion. Moreover, there is very excellent reason for be-
lieving that the northward-dipping trappean beds of the so-called
Southr Range, east of Lake Gogebie, are the lowermost members of the
Keweenaw Series; and vet the Eastern Sandstone, when followed across
the valley between the Maiu and Sonth Frap ranges. is found te overlan
these Deds in an nhmistakably unconforinable position — a relation wiich
it seems impossible to believe could exist were this sandstone merely
the uppermost member of the trappean series. Further, the appear-
ances along the Eastern Sandstone contact on Keweenaw Poiut ave

wholly against any such view. That there has been motion along this

contact seems plain to us, but it certainly seems equally plain that
tirere has been no great fanlting here since the sandstone was laid down.

Were this contact a fault contact only, the sandstone would not be

crowded with fragments, often angular, of the rocks against which it

rests,
(459)
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THE AGASSIZ VIew.

Alerander Agassiz.  (In a paper On the Position of the Southern Slope of a Portion
of Keweenaw Point, Lake Superior. Proceedings Boston Society of Natural History,
1863, Vol. XI). “Foster and Whitney,-in their report of the Lake Superior mineral
«listrict, represent the sandstone on the south side of the trap range of Keweenaw
Point as dipping sonth and resting conformalbly upon the beds of trap of the norih
wide of the anticlinal axis of Keweenaw Point.

This anticlinal axis formed by che
Bohemian Mouuntain, as asserted by Foster and Whitney, is not found farthLer sonth
2 < o
as faras I have had oceasion to examine.

sandstoue by creeks fowing in an easterly direction from the cre
wards Torch River, near this head of Tocch Lake, we tin
STone, and in swo poiucs

st of the rauge to-
d gnod exposures of the sand-

Tim sandstone resting uncouformably npon the trap, wiicl has
s1p as further west, of about 420 (p, 244),
% * * #

still the sumne northern
) * * *

*On examining this sandstone more carefully we find that the strata are made up
of alternating layers of sandstone of reddish or yelowish grain and of beds of Joose
sandstone containing boulders, some of the beds of boulders resembling wh
mon on sea-shores as a mixture of mudand shingle, On breaking open several of the
small boulders, taken in site from the beds, we find that they consist mostly of reddish
trap, butb frequently we come across perfectly well-waterworn voulders of greyish
trap containing amygdules, identical with the trap of the copper rangs 4 short dis-
tance west from these beds of sundstoue, plainly showing that the sandstons was de-
posited upon the shores of the ridge of trap forming Keweenaw Point, and has not
been uplitted by it as is stated by Foster and Whitney. The case is totally different
“with the sandstone north of the range that lies conformably upon the trap, but the
sundstone of the svuthern side of the mineral range in the vieinily of Toreh Lake is
¥lainly of a different age, lying as it does unconformably upon the former” (p, 243).

Laplael Pumpelly. ( Geological Survey of Michigan, Vol. I, Part 1L, pp. 2-5). “Atthe
western edge of this belt, its nearly horizontal strata abut against the steep face of a
waull forraed by the upturned edges of beds of the cupriferous series of melaphyr
and conglomerate, whieh dip away from the sandstoue at angles of 40° o G0°
cording to geographical position.

at is com-

) e~
This sharply defined and often nearly vertical
plane of contact, having been seen by the earlier geologists at several points along a
istance of many miles, and baving been found to be often occupied by athick bed of
chloritic flucean, which was looked upon as the product of faulting wotion, was con-
sidered as a dislocation.

“Tbis idea seomed to gain corroboration in the fuct thiat, on the western side of Ke-
weenaw Point, sandstones bearing considerable resemblance to those of the eastern
horizontal beds occur, apparently conformably overlying the ¢
Both sandstones came to be considered as identieal in age and as
member of the group. ’

*“ There are many circumstances which make it diffienls for us to ae
sion.  One obstacle lies in the enormous amount of dislocation r
at Portage Lake, where the strata of the cupriferous series,
ness of several miles,
abont 60°,

“Again, there are at least two patches of sandstone lying on th
beds near Houghton, though it was vot easy to prove that they were not hrought
thither by glactal action. Mr. Alexander Agassiz informed me that he has found in
the horizontal sandstones near this so-called “Iauit,” abundant pebbles of the mela-

Phyr aud conglomerate of the cupriferons series, a fact which I found abundantly
contirmed on the spot. o

“Sir William Logan hints at a similar doubt

upriferous series.
forming the upper

cept this conelu-

equired, for instance,

with an actual thick-
dip away from the supposed lorgitudinal fault at an angle of

¢ upturned melaphyr

as to the proximate equivalence in age

(460)
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of these two series of rocks. But the most decided facts were gathered by Major
Brooks and myself, durin g areconnoissance of the country between Bad River in Wis.

- consin, and the middle branch of the Ontonagon, east of Lake Gogebic, in Michigan.
Our route was chiefly confined 4o the surface of the upper member of the Michi};an
Azoic, which we have provisionally considered to Le the equivalent of the Huronian.

‘“From Penokie Gap, on Bad River, to near Lake Gogebie, a distance of nearly 60
miles, the quartzites and schists of this formation are tilted at high angles and form
a belt one-fourth to one-half mile in width, bordered on the south by Laurentian
gneiss and schists. On the north it is everywhere overlaid by the bedded melaphyr
(containing interstratified sandstones) of the cupriferous series. These form ridges
~and peaks which rise 200 o 300 feet above the surface of the Huronian belt.
““‘These ridges, forming the ‘ South Mineral Range,’ unite at tleir western end with
the Mineral Range proper, which forms really throogh its whole length the backbone

§:7 - of the tongue of Jand known as Keweenaw Point. Between these two ranges lies the

south-western part of the Silurian trough, which Las been mentioned before as ex-

tending inland from Keweenaw Bay.

‘‘Here, as there, it is filled with tle korizontally stratified Silarian sandstone, forin-
ing a generally level country. For a distance of nearl ¥ 30 miles, between the Montreal
River,in Town 47, and Lake Gogebie, we found the cupriferous series apparently
conforming in strike and dip with the Huronian schists, and both uniformly dipping
to the north at ancles of 300 {o 700, But in approaching Lake Gogebic from the
west, we find that erosion of Silurian or pre-Silurian age has made a deep indentation
entirely across the cupriferous series and the Huronian and into the Laurentian, so
that at a short distance wesi of the Jake these rocks end in steep and bigh declivitics,
at the base of which lies the level country of the Silurian sandstone, in which is cut
tbe basin of the lake. From this point eastward this ancient erosion had made great
inroads upon the continuity of the cupriferons and older rocks before the deposition
of the Bilurian sandstone. The melaphyr ridges are Lroken jnto knobs or are want-
ing, and no Huronian wus found as {ar as the Ontonagon River, 7 miles away, and
* the limit of our observations.

““On this river, in the center of ihe north-west quarter of Sec. 13, Town 486,
Range 41, the Siluriun sandstone was found exposed in clifis 50 to 60 feet Lhigh. The
strata ave horizontal or at most have a barely perceptible tendency to a northerly
dip. About 150 steps from the Lase of this cliff there are onterops of Laurentiun
schists whose bedding trends north-east towards the.cliff of horizontal sandstone and
dips 45° to 60° southeast. The nearest observed outerop of the cupriferous series is
in the southeast corner of Sec. 5, about four miles distant. It is a characteristic
amygdaloidal melaphyr, whose bedding plaves strike nearly east and west and dip
-50° to north. In geperal terms, the conclusions we are drawn to are these :

“I. The cupriferous series was formed before the tilting of the Huronian Leds upon

hich it rests conformab) ¥, and, consequently, before the elevation of the great Azoic

area, whose existence during the Poisdam vieriod predetermined the Silarian basins of

Miechigan and Lake Superior.

‘“11. After the elevation of these rocks, and after they had assumed their essential
lithological characteristics, came the deposition of the sandstone and iis accompany-
ing shales, as products of the erosicn of these older rocks, and containing fossils which
show them to belong to the Lower Bilurian, though it is still nncertain whethes they
should be referred to the Potsdam, Calciferous or Chazy. The question would stil]
seem fo be an open one, whether the eupriferous series is not more nearly related in.
. point of time to the Huronian than to the Silurign.”

The principal points of the view thus enunciated by Agassiz and
~elaborated Dy : “umpelly appear to be these: (1) The south face of the
trap range of Keweenaw Point is an ancient shore cliff, haviug been
(461)
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produced entirely by the erosion of the waves of thag
sea in which the Lastern Sandstone a3 laid downy
(2) The Keweenaw Series extends unconformably eon
tinnously beneath the Eastern Sandstone to the South
Range, the entire trongh in which this sandstone lies~
having been produced by erosion. . .

To this view we have to object that it demands
an aliost incouceivably great thickness for the Kewee
naw Series and an enormously great erosion prior tos
the depositjon of the sandstone. 3y supposing the
sonth face of the trap range to ave been in the firgg
place the result of faniting, we remove both of these
diffienlties, and are then able to aceept the view of
these gentlemen without further reserve, though with
some addition.

THE ROMINGER VIEW.

C. l‘?omin}/er. (Geoiogical Survey of Michigan, Vol. I, Part I,
1873.) ““The sandstones lning the eastern shore of Keweenaw
Point extend approximating to the center of the Peninsula, refain--
ing their horizontal position and alsy their lithological characters
to such a degree that the diFerent strata can be paralielized with-
out ditficulty with those of the more custorn localities. Near the
center, the horizontal sandstone ledges are found at once abutting
against the uplified edges of a different rock series——the Copper-
bearing rocks—which form the most elevated central crest of the
Peninsala. The strike of this uplieaved rock series is in cone-
formity with the shape of the beninsula, from southwest to north-
east. The abrupt edges of the strata look to the southeast and
their dip is in the opposite direction, under angles variable from -
40 to 70 degrees. Without intending to euter iuto a closer exam-
ination of the strncture and composition of the copper-bearing
series, I deseribe it in geuneral terms as composed of mighty con-
glomerate beds, connected with sandstone ledges, exhibiting per-
feetly plain ripple-marks, which demonstrate their aqueous sedi-
mentary origin, alternating in often-repeated sequence with pow-
erful seams of erystalline or semi-erystalline rocks, which are
comprehended nnder the collective name of trap bns are of a very
variable character and composition. The thickness of this for-
mabion is very considerable, and I think is rather nnder-estimadbed
at 10,000 feet. The inconformable abutment of the Lake Superior
sandstones against the Trappean series is in several places near
Houghton plainly to be observed (pp. 95-96),

* 3* * #*

Ll *

“On the west side of the Trap i’:.mge, half a mile south of Port-
age canal entry, large outerops of ouly slightly inclined sand--
stone strata border the lake shoré, and continue south westward
as far as the eye can reach. Along the space of about g mile,
200 feet of strata éome to the surface. The uppermost are thin- -
bedded argillacev-arenaceous layers; below these follow light
colored sand rocks in thick ledge, which are quarried for the pur-

(462)
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pose of filling the cribs built out ivto the lake for protection of the entry; under
them again more shaly aud thin-hedded layers follow; and the Jowest expased beds
are dark, fine grained, bard sandstones, of lmminated structure, in heds of five and
six feet thickness, which are susceptible of being split inte thin, even slabs of any
desired thickness. This rock isaleo used for the above mentioned puarpose, hut couid
be quarried in.Jarge, fine blocks, which would serve a better purpose. The straia are
very frequently ripple-marked and exhibit discordant stratification.

““The white and red banded or spotted appearance, so common in the series of the
east side, is also observed licre, and the geological horizon of these layers cannot be
far below the eastern deposits. For the distance of ten or twelve niles eastward
from there all the surface rock is sandstone, but the forest covering of the conntry
does not allow us to follow across the series. A few miles west of Houghtou, aliout
a mile west of the South Pewabic stamp mills, dark, blackish brown sandstones, of
fine grain, intermingled with micaceous scales, and quite hard, compose the hills.
Their dip is about 35 degrees to the northwest, and & succession of such layers con-
tinues as we go eastward to the South Pewabic stamp mills, where apparently Jower
strata having the same sirike and dip are largely exposed.

“Tbhey are in beds of various thickness and alternate with sandy shales full of rip-
ple-marks. Kext helow follow conglomeraie beds, some of which are composed of
granules not Jarger than mustard seed up {o the size of a pea; they have 2 very
albundant zeolithic cemeut (Laumonite).

“Other conglomerate beds are very coarse, with pebbles, some of which are bigger
thar a maw's fist. The pebbles are of porphyritic character and a good proportion
of trappean rocks and pieces of sandstone and shale sre intermingled,

*‘ Lanmonite and calespar erystals likewise malke part of the copglomerates, which
immediately rest on erystalline trap reek.  AJl these beds, which must amount to
several thousand feet, are in confornuile superposition; and the suggestion, w Tich,
however, is not perfectly demonstrated, is, that such strata, with gradually decreas-
ing dip, snccecd in a westerly direction, and connect in uninterrupted conformabls
series with the sandstones forming the western shore line.

The rock character of zll the sandstones of the west side of the Trap range is
throughout of much darker ferruginous tint aud mixed with a greater proportion of
cementing substance than the rocks of the east side. The red zeolithic mineral ex-
clusively forming the cement of {he finer-grained conglomerates ut the South Pewau-
bic stamy mills is ulso, in the much Ligher beds near Portage canzl entry, distinetiy
recognizable ds an admixture to the sandstones. These upper beds of the west side
seem to be lower than any stratum of the eust side, but from ileir almost horizontal
position it seems highly probable that they follow the strata in conformable succes-
sion; and as the heds near the South Pewabic stamp mills, which undoubtedly make
part of the copper-bearing series, seem o be their conformable continuation in the
descending order, an uninterrupted serial connection between the trappean copper-
bearing deposits and the Lake Superior sandsiones is obvious. The discordance of
the strata on the east side of the axie of elevation and their eonformahbility on the
sloping west side finds it explanation in the bypothesis of o gradual subuoe My
heaval of the Tran range, iu its subseguent viprare;, and the final emergence o 1he
werierunargin from the water, while the casieru portion of the fissured earilis Crust
remains subwerged. The deposits, which on {he swest side continned to aceumulaie
witht spdisturbred regularity on the gradualiy diminishing slope, bad to wmeetwiththo
abrupt edges facing the east side in discordant horizontal position; and if we farther
suggest a following subsidence of this eastern portion, we can explain wlhy, so close
to the Trap range, on the east side of it, none of the lower beds of the series are
found saperimposed on the Huronian slates, These were submerged at the time that
the later horizontal strata were forming (pp. 96-98).7

Summarized, Dr. Rominger's argument appears somewhat as follows:
The sandstones on the lake shore at the mouth of the Portage canal
(463)

e

Trrae,




ORI

90 EASTERN SANDSTONE AND KEWEENAW SERIES.  [Brin.oa

approach the Bastern Sandstone in character so closely thut they may
he considered as belonging to the same formation, ot rather imnediately
Lelow that porfion of the Lastern Sandstone now exposed to view. The
Portage canal sandstones seem to be the uppermost member of the

copper-bearing series, and therefore in them we find beds linking the - -

Bastern Sandstone and the Keweenaw Series; and thelatter sandstone
must therefore have conformably and horizontally beneath it, the same
great trappean series that forms the greater part of Keweenaw Foint.
The latter series is separated from its equivalent beneath the Kastern
Sundstone by a fault, hut this fanlb took place before the deposition of the
Eastern Sandstone was completed. Therefore, in being iaid down, this

samistone had to meet the trappean beds unconiormably on the euse side

ot the range whiie {oilowing thern conformably on the west side.  On this
view, the copper-bearing series is an older formation than the REastern
Sandstone, but is not separated from it by a great unconformity.

Dr. Rominger’s conclasions rest largely upon a similarity between
the sandstones at the moath of the Portage Canal and those east of the
trap range. We have already shown that this similarity is not nearly
s0 great as has been supposed, and, moreover, that it is not evident
that the Portage canal sandstones really belong to the Keweenaw
Series, there being between them and the Keweenaivan rocks a wide bels
without exposures. We have also shown that the uppermost nndoubted
Keweenawan sandstones always contrast strongly in lithological char-
acters with the Ilastern Sandstone itself.

However, we find more cogent reasons for dissent from Eomiager’s
view outside of the special field to which this discussion is limited. In
the Saint Croix region we have found the Potsdam Sandstone depos-
ited upon the upturned Kewecnaw Series, and inserted in ceep valleys
and wrapping around considerable hills carved from the Keweenawan
rocks in the interval between their upheaval and the deposition of the
Potsdam Sandstone. So, also, in the Gogebic region, sandstone is found
to lie horizontally in gaps eroded in the upturned Keweenaw Series.
So, again, north of the Montreal, the horizontal sandstone is seen to
approach within two miles of the upturned Keweenaw Series, whieh
there stands at an angle of S0°. Manifestly, therefore, this upheaval
must have taken place before the deposition of the horizontal sand-
stone on ity two sides, and there must have been sufficient interval for
the erosion of the upturned series to the depth and extent of the valleys
filled by the sandstone. These we regard as specific evidences that the
deposition of the horizontal series was separated from the upheaval of
the tilted series by a geologically important time-interval.

Again, on Dr. Rominger’s view the Eastern Sandstone must have the
series of Keweenawan traps conformably beneath it; but, as Pumpelly
loug since showed, the Eastern Sandstone overlies the Keweenawan

raps of the South Range with a most unmistakable unconformity, lying
horizontally quite across the steeply inclined Keweenawan belts.

(464)
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THE CREDNER VIEW,
H. Credner. (Elemente der Geologie, 1878, p. 416). *‘Hohes Interesse besitzen

f5-die Eruptivgesteine, welele zwischen den wabrscheinlich untersilurischen Sand-
£ steinen am Siidufer des Lake Superior in Nord Amerika, eingelagert sind. Sie treten

i

Fi16. 21. Profil darch Kewoeenaw Point im Lake Superior (H. Ord.). a Lake Saperior; b Untersilu-
srische Sandsteine und Conglowerate; ¢ Melaphyrlager, wechsellagernd mit Mandelsteinen und Cou-

in Gestalt einer Schichtenreibe von aliwechselndeu Dioriten, Melaphyren und Mel-
phyrmandelsteinen mit untergeordneten Congloweratbiinken zwischen verstei-
s nerungsleeren Sandsfeinen und Conglomerater anf, so dassihre Eruption und die Bil-
dung des henachharten Nebengesteines angenacheinlich in dieselbe Periode fiilit. 2

M. E. Wadsworth. (Notes on the Geology of the Iron and Copper Districts of Lake
Superior. Bulletin of the Museum ef Comparative Zodlogy, Vol. V1I, Ko. I, 1880).
““The general geological structure of 1he region visited by usis, then, in general, as
follows. Beginning on the southeastern side of Keweenaw Poiut we find a sandstone
and conglomerate overlaid by melaphyr. This melaphyr is again overlaid Ly sand-
stones and conglomerates, prineipally the latter. The alternations of wmelaphyr, dia-
base, sandstone, and conglomerate, with the melaphyr and diabuse laygely predom-
inating, contirue across the center of the Point, forming its hackbone. As the nerth-
westernside is approached, the sandstones aud conglomerates inereage, while the mel-
aphyr and diabase diminish, until a purely sandstone formation is reached.

‘ All these rocks taken together make one geological formation and have heen laid
#. down suecessively one upon the other in order, geing from the easi towards the
‘west.  These rocks are known to form the same series by their conformably overlying
one another. These traps are old lava flows, spread out over the then existing
sur{ace along a sbore line.  They have flowed the samie as modern basaitic lavas do
-under like econditions and retain the same characters, except so far asibey have been
-modified by the agewcies to which they have been suljected since their outow (p.

127). .
" * % *# % * x

““ Most of these old basalts are directly covered by succeeding flows, following after
#-greater or lesser intervals of time; but part, as remarked above, are covered by con-
glomeratesand sandstones. These couglomerates and sandstonesshovr, by the rounded
and water-worn character of their constitvent pebbles and graius, that they are beach
Aeposits. The snrface of the underlying basalt is smoothed as by water action. The
overiring conglomerate is made up at its base of basaltic mud and pebhies, derived
from the nnderlving rock and mived with the felsitic mnd and peblies of which tne
nglomerates are ehieily composed. The trappean mud and pebbles diminieh, or are
entirely wanting, as we recede from the un(lerl}‘iug trap (p. 128).”

'¥16, 21— Section through Kewecnaw Point, on Lake Superior. (I Credner).
@, Lake Buperior; b, Lower Silurian sandstones and conglomerates; c, layer of mela-
phivrs, alternating with amygdaloids and conglomerates,

*“Considerable interest attaches to the eruptive rocks Iring between ihe sand-
stones on the southern shore of Lake Superior, in North America, which probably be-
long to the Jower Silurian.  They appear as a series of layers of alternating diorites,
melaphyrs and melaphyr-amygdaloids, with subordinate hanks of couglomerate, he-
tween sandstones and conglomerates destitute of fossils. Thus the protrusion of the
trupaive rocks and the fonmation of the neighboring lavers evidently fxll within {lw
me period.”
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Inadvancing this view Cred-
ner, as above quoted, gives.
only a general statement with..
out accompanying proof, noy
have we met with ‘any paper
by this author in which sueh-
proof is addnced.

In Figure 22 we give a cross
section of Keweenaw Pointon
the view expressed in Cred
ner’s sketeh (Figure 21). Un
like his figure, we have drawn-
ours to a natural scale and

with due regard to the ineli-
nations of the Keweenawan -
beds as now determined.
Mr. Wadsworth, in advanc-.
ing the same view sabsenuent. .
1y, appealed for support only
to the occurrences at the con-
tacts on the Hungarian and
Dounglass Houghton Ravines.
It does not appear that he ad-
vocates all of the conditions
that Credner’s sketch wonld
imply, but hedoes not giveany
sketch illustrative of Lis views
as to the general relations of
the Keweenaw Series and the
tastern Sandstone. Nor does
he give any sefficiently defi-
nite statements from which we
can construct a sketeh with @4
any certainty thatit weuld ex
press his views, Indeed, wes
have failed, after many at
tempts, to reach any definite
conception of a structure
which would bein accordance
with all of his statements, ; g
On the structural view ex-
pressed in Credner’s sketeh ibé
seems to us that it wonld be-
necessary to believe in an in-
credibly great amount of de-
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Inadvancingthis view Cred-
ner, as above quoted, gives
only a general statement with-
out accompanying proof, nor
have we met with any paper
by this author in which such
proof is adduced.

In Figure 22 we give a cross.
section of Keweenaw Pointon
the view expressed in Cred-
ner’s sketch (Figure 21). Un-

. like his figure, we have drawn
cours to a natural scale and

with due regard to the incli-
nations of the Keweenawan
beds as now determined.

Mr. Wadsworth, in advanc-
ing the same view subsequent-
ly, appealed for sapport ouly
to the occurrences at the con-
tacts on the Hupgarian and
Dougliass Foughton Ravines.

- It dees not appear that Le ad-
gy ocates all of the couditions

hat Credner’s- sketeh would
imply,but hedoes not giveany
sketch illustrative of his views
as to the general relations of
the Keweenaw Series and the
Eastern Sandstone. Nor does
he give any sufficiently defi-

‘ nite statements from which we

can construct a sketch with
any certainty thatit wounld ex-
press his views., Indeed, we

" have failed, after many at-

tempts, to reach any definite
conception of a struciure
which would bein accordance
with all of his statements.

© On the structural view ex-
pressed in Credner’s sketch it
seems to us that it would he
necessary to believe in an iu-
credibly great awount of de-
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“nudation, as we have indicated in Figure 22, and in a denudation which
has removed from the flat vegion to the south of Keweenaw Point
the continuation in that direction of ihe trappean series. That on this
view such a continuation must have existed is evident to us. It does
not seem possible to conceive that the beds of the trappean series, often
inclined, for enormous thicknesses, at an angle of over 45° abd even up Lo
90° (Montreal River), with their conformably overlying enormously thick
- sandstone, could bave been deposited in any such positions as they now
- occupy. They have evidently been subjected during and since aceumu-
'3 Jation to some disturbing force by which their inclined position bas been
produced. Except for the moderate inclinations due to a gradual sink-
ing of the center of the basin during the growth of the series, as we sub-
sequently explain, we couceive that the entire series must have been
spread out in a relatively flat position. That this was so seems suf-
ficiently evident from the interleaving throughout the series of water-
deposited, often ripple-marked, sediments. Even at the very summit
of the series, in the region of the Montreal River, the ripple-marked
sandstones stand now at an angle of 800 to 90°. On the river named,
indeed, the entire Keweenaw Series, with a thickness of over 45,000 feet
from the lowest trap to the highest sandstone, occnpies @ vertical
position; while but a few miles away the astern Sandstone lies hor-
izontallyl It seems manifest, then, that if the latter sandstone be the
basal member of this series, the entire 45,000 feet or more of sandstores,
conglomerates, and traps must once bave been spread out horizontslly
on top of it. Recoustracting the conditions that must have obtained
at this time and Dbefore these vocks were thirown into an inclined
position, we find ourselves forced to one of two alternatives: either
this great thickness stopped suddenly to the south with a vertical wall
of this height or else it once extended far to the southward of the
present northern limit of the Eastern Sandstone. Of these alterna-
tives we must, of course, select the latter; when we immediately
find ourselves obliged to explain the entire absence of outliers of this
great series in the sandstone country to the south. In other words,
this theory offers no satisfactory explanation for the singularly abrupt,
linear, often cliffy, southern limit of the trappean series. With Jack-
son. the southern face of the main trap range is the result of intru-
sive eruptions along its line. With Fester and Whithey, and with
‘Rominger, it is the result of fanlting, With Agassiz and Pumpelly, &
is a cliff of erosion, but erosion before the deposition of the Eastern
Sandstove. The view at present under discussion offers no explanation
for this abrupt limit, but it is evident that under this view also we
- mast regard it as a cliff of erosion. But an erosion that leaves a. linear
cliff without recesses or outliers, and one which yet has in front of it
- upharmed a soft and friable sandstone, above which once lay a contin-
uation of the rocks composing the cliff, is to us quite incredible.

! Monographs United States Geological Survey, Vol. V, pp. 226-230, Plates XXI, KX1I.
(467)
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There are many other considerations of o general chavacter which fop- .-

bl an seceptance of the Creduer bypothesis.  We may merely reter to
the singnlar difficalty this view offers us in interposing between the East-
ern Sandstone and the overlying Culciferous, the great trappean series
of over 43,000 feet thickness, of which over a third is sediment; and
this when but a few miles away from Keweenaw Point; eastward from
Marquette, the Fastern Saudstoue grades upwards impereeptibly into
the Calciferous. Still nearer to the south face of the Keweenaw Range
Is the Trenton Limestone of the hills in Sections 13, 14, 23, and 24 of 7T,
ol, B 35 W., as described by Rominger and others. Experience with
the lower Paleozoic throughout the Northwest would warrans us in
believing thab underneath these limestoues, wnd berween themw aud the
stiil lower Tastern or Potsdan Sandstoue, lies the Caleiferous, now
hidden by drift. But even if this be not the case, and the Trenton heio
be placed directly on the Potsdam, it is a heavy strain on our credulity
to ask us to place the great Keweenaw Series in this interval.

Turning now our attention to the oceurrences along the immediate
contact line between the Eastern Sandstone and the trappean series,
upon which occurreuces at two Ioeali ties Mr. Wadsworth bases his ad-

vocacy of a view essentially the same us that of Credner, we observe that -

he makes special use of (1) a passage of the Hastern Sandstone conforma-
bly beneath the trappean series, (2) an interstratification of the Tastern
Saudstone with traps at the Junction, (3) an induration of the Eastern
Sandstone at the junction by the heat of the overlying trap, and (4) the
absence of fragments derived from the trappean series within the Bast-
crn Sandstone below the contact. We have already, in describing the
several important localities, shown that the facts, as we read them, de
not sapport Mr. Wadsworth in an ¥y of these points.

We need not repeat details bere, but as to the conformable pas-
sage of the Bastern Sandstone beneath the trappean series may recall
that, on Béte Grise Bay, three localities have been described by several
different observers, by all of whom it is specifically asserted that the
Eastern Sandstone does not pass beneath the Keweenaw Series ug all, -
but overlies it ; that in the Wall Ravine, the Eastern Sandstone, instead
of dipping beneath the Keweenawan beds, as demanded by thig hypoth
esis, shoots upward toward the zenith ; that in the Szint Louis Ra
vine the beds are likewise turned skyward near the contact and a
a short distance away they dip at lower inclinations away from the-
Keweenaw Series ; that Pumpelly and Rominger describe the Eastern
Sandstone near Houghton as dipping away from the Keweenaw Series.
at a notably high angle; that in the region back from Ontonagon -
Chauvenet describes the Eastern Sandstoue as likewise dipping away
from the Keweenaw Series near the contact; and that in none of these
Tocalities is there any approach to a conformity with the hypothesis of
Credner and Wadsworth., We may also remind the reader that there
is no such conformity at the specific loealities from which Mr. Wads-
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worth draws his sole support of the theory. If the Eastern Sandstone
is a lower and conformable member of the Keweenaw Series, and has
merely been brought to the surface by denudation, it should be found
to present a dip and a general strati graphical behavior harmonious with
s:the rest of the great series. Now, the Keweenaw Series possesses a
quite remarkable steadiness and aniformity of dip in this district. 1tis
powhere notably warped, nor does it abruptly change from cne strati-
graphicalaspecttoanother. The careful studiesof Pumpellyand Marvine,
the actual subterranean explorations of the numerous mines of the pen-
insula (reaching down, in two instances, to more than 3,000 feet), and
the assiduity with which every portion of it has been prospected, have
fornisbed us ap unsurpassed demonstration of its thorcughly bedded
~condition and of its stratal uniformity and consistency. In the imme-
© diate vicinity of the Tocalities which bave been appealed to in support
of this view, the great Calumet and Hecla mine bas followed down the
slope of a thin bed of conglomerate wore than 3,600 feet. Tbhe enginecrs
of the mining company bave determined the dip with the greatest pre-
cision, and found it to be so steady and uniferm that so precise a dip
as 5840 has been adopted as a working basis, and variations from this
angle are found so slight that it is more economical to cut them dewn
to the adopted uniform plane than to adjust the workings to tie slight
inequalities of the dip. The experience in other mines and the remark-
able profile sections of Marvine testify to the same striking feature.
Now, it is simply incredible that just along the line at which the supe-
rior beds happen to be denuded away from over the supposed under-
Iving sandstone, there should happen to be the various distortiens of
the strata above described, and that there shounid be a sudden transi-
tion in the general character of the dip and the stratigraphical behavior
of the series. It is the more surprising since, & little away from that
line, the dip again becomes measarably uniform. If this view were
true, the dip of the Bastern Sandstone should be essentially the same
as that of the Keweenaw Series, or if there were a flattening to the
eastward it should be gradual and progressive to be in harmeny witl
the rest of the formation. Now, in the Douglass Houghton Ravine the
beds of the Eastern Sandstone, instead of passing conformably beneati:
the trappean series with a like sieady dip, are warped and angulated
in g manper altogether inconsistent with the eharacter of the Keweenuw
Series. In the Hupgarian Ravine the dips of the Bastern. Bandstone are
similarly discordant with those of the Keweenaw Series, and such an
abrupt change in the general character of the dips as that which oceurs
at the junction is nowhere known in the undoubted Keweenaw Series
of this district. There is an entire incongruity between the strati-
graphical characteristics of the Fastern Sandstone in these ravines and
the adjacent Keweenaw Series. TWere it not for this conspienous incon-
cruity, and were it not for the fatal evidenee at several other points,
the fact that in the Hungaran Ravine, and in part in the Donglass
(462
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Honghton Ravine, the beds of the Tastern Sandstone at the immediate
conict are bent downward in approximate conformity to the over-
Langing Keweeuaw beds might afford some apparent support for the
h\l)(}ﬂl@\la Bnt this is so manifestly one of the several phases of the
distortion that accompanies the contact of these diverse formations that
we do not see how any weight conld be attached to it, even if the nature
of the junction awl the other classes of evidence did not stand so com-
pletely in antagonism to it. So far as we can see, there is no single
instance along the whole line which conforms, even approximately, to

# consistency of dip Letween the Lastern Sandstone and the immedi.

ately adjacent portion of the Keweenaw Series. In other words, we
uum the theory fo be entively without soratigraphical suapport.

The wterstratiications of the Bastern Sandstone and traps in the
Doaglass Houghton Ravine we do not accept, for reasous al ready given
at some length.

As to the induration of the Eastern Saudstone by the heat of trap-
pean overflow at the junction, we have to say that we find no greater
induration at the contuef than at points distant from it; besides which,
it is to be rewarked that even were such induration plesent it would,
in our view, be no proof of heat action, unless it were proved to be bak
ing, as of argillaceous materials, or semi-fasion.

With regard to the absence of pebbles from the trappean series in

the fastern Sandstoue below the contact, we would say that we find
such pebbles in the greatest abundance cmd no others. These pebbles
are from both the acid and basic eruptives of the Keweenaw Serjes.
Mr. Wadsworth recognizes the presence of the aecid pebbles, describing
a number, and showing that they are identical with the acid pebbles of
the conglomerates of the trappean series itself. His denial of the occur-
rence in the Eastern Sandstone of fragments from the supposed Kewee-
paw Series is based upon a lack of fragments from the ordinary basic
eruptives of that series. It seems evident that when he wrote he did
not regard the aecid pebbles as of Keweenawan derivation. Yet the

rocks represented by these pebbles oceur abund antly in the Keweenaw -

Series, and especially in the lower horizons of that series nearest to the
contact line; and there is no other group of rocks known to exist in the

euntire Lake Superior region from which these pebbles could possibly
have been derived naturally in the variety and assortment in which they

exist. Dloreover, pebbles of the basic Keweenawan eruptives, whose

preseunce in the Eastern Sandstone is denied by Wadsworth, are to be .

found there in the greatest abundance, and often of a character not
merely in a general way correspounding to that of the Keweenawan
basie roeks, but of kinds corresponding in every detail with individual
rocks in situ at the immediate contact. Again, as these pebbles range
from three to five hundred feet below the uppermost beds of the East-

ern Sandstone, we see 1o tenable explanation of their occurrence under

Jfurthermore, the distribution and the spe-
{470}

‘Wadswortl’s hypothesis.
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cial character of these pebble seems to us to gquite clearly indicate their
loeal derivation from an immediately adjacent shore.

In addition to the foregoing considerations we may urge that if the
Eastern Sandstone is a lower conforinable member of the Keweenaw
Series, the contact between the two should assume one of the usuul
depositional forms. In this instance the sandstone is supposed to have
been overflowed by a tlood of lava and shounld present the character-
istics of such a suceession.  This Mr. Wadsworth assumes, and asserts
that the nnderlying sandstone was baked by the igneous overflow. DBut
we bhave shown, by extensive excavations in the Hungarian, Douglass

"~ Houghton and Wall Ravines, and on Béte Grise Bay, that at the contact

there lies a bed of mixed trappean fragments, comminuted trap, joint
clay, and quartzose sand, all of which remain soft and do not present
the slightest evidence of baking due to the supposed overflow. IFni-
thermore, we bave found the basal portion of the igneous 10¢k to pre
sent a poorly defined surface instead of the definite amygdaloidal base
which the lava flows of the region usually present. 8o, in like manuer,
we bavefound the adjacent surtace of the Eastern Sandstone also incom-
plete, instead of presenting the determinate surface which it should
have possessed when overspread by thelava. Inshort, with the excep-
tion of the problematical rock in the Hungarian Ravine, which we have
described above, we find nowhere the slightest evidence of the igneous
overflow whiehh Mr. Wadsworth advocates; but, on the contrary, we
find specific evidence which we conceive to be aitogether fatal to it.
There js an additional and grave objection to this view. If the East-
ern Sandstoune is a conformable lower member, its nppermost bed should
be the one always in contact and it should underlie the basul member
of the trappean secries. But at no two localities, within our observa-
tion, have we found the same beds in contact. At the eastern Béte
Grise Bay locality (B of Plate II) the sandstoue joins an ordinary dia-
base of the Keweenaw Series. At the western locality (A of Plate 1I)
the sandstone rests upon a luster-mottled melaphyr. DBoth of these
we place low in the series. In the Wall Ravine the sandstone stands
next to porphyritic conglomerate much higher in the series. In the
Saint Louis Ravine it adjoins a diabase which lies but a short distance
below the Saint Louis conglomerate. Inthe Douglass Houghton gorge,
it comes in coniact with a decomposed diabase occupying a different

harizon, white at the Hnmgarian locality it touches a dinbase which

immediately anderlies a thick, coarse conglomerate. Now, when it s
considered that the last four localities are innmediately adjacent to each
other, the whole four lying within a space of six miles, it is doing great
violence to the known character of the Keweenaw Series to suppose
that these differences of contact are due to replacements in its basal
beds, For, whatever may be theoretically held coueerning the persist-
ency of the lava flows, the beds of conglomerate cannot be hypothet-
Bull. 23——7 (471)
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icaily produced and dismissed with sneh license. Dut, in fact, it s quite
at vaciance with the ascertained character of the Keweenaw Series to
suppose that cither the igneous or detrital beds euter wud disappeay
with the suddenness which this view assumes.

On the other hand, the member of the Lastern Sandstone which makes
the contact does not appear to be the same in the severai instances.
At the eastern locality, on Béte Grise Bay, a conglomerate lies next to
‘the diabase. At the western locality, the contact mewber is the pecu-
liar shale brecein above described. In the VWall Ravine, the jusction
‘member iz a saudstone some distance below the most congloweratic
beds, In the 3aiut Louis Bavive, the contact is tormed Dy sanristoue
anud conglomerate lying close below the most congiomeratic beds.  In
-the Douglass Hougltou Raviue, the junction beds are savdstone and
shales above the most conglomeratic beds; whilein the Hungarian Ra-
-vine the junction is made with a thick sandstone stratwm which ap-
‘pears to lie some distance above the most conglomeratic beds. On the
~view which we hold, that these sandstones, shales and conglomerates
‘were formed along a shore line at the base of the Keweenawan escarp-
‘ment, it is not improbable that frequent minor changes ot character
.ocenr in the beds as traced along the shore, and we do vot, ab present,
feel prepared to assert that the conglomeratic beds ju the several sec-
‘tions are necessarily the same; yet, even under our view, we believe
‘that they are essentially identical, at least so far as the coarse “‘mud
.and shingle” deposits of the last four adjacent loealities are concerned.
But under the hypothesis that these are members of the Bastern Sand-
stone of distant derivation, a much greater uniformity must be postu-
lated, for they are not within twenty mies of any supposable shore line.
Tt seems to us, therefore, altogether incredible that, under that hypoth-
.esis, contacts should occur which were never the same at any two local-
ities, even though they are only one or two miles apart. o

- Tt appears to us, therefore, that the view is fatally defective in not
.coinciding with the facts at the coutact line.

Several additional objections lie against this view, but we do not

.deem it needful to urge them in the wake of these that seem to us so

.conclusively fatal.

QUR OWN CONCLUSIONS.

Cur own previous expressions of opinion regarding the phenomenu
.observed along the south face of the Keweenaw Range are contained

in the following quotations:
T. €. Chamberlin. (In Geology of Wiseonsin, Vol. I, Part I, 1383, pp. 105-106):

« Parallel to the scuthwestern projection of Lake Superior, in Dounglas and Baytield -

Counties, there runs a cliff formed by the upturned edges of igneons southward-dip-
ping beds, against which s later formed horizontal sandstone (Potsdam) abuis, show-
- £=4
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ing that it stood as a sea-clifi in the Potsdam sess. Keweenaw Point presents a
similar phenomenon of more striking character, its beds dipping northwestward and
exposingin the opposite direction a wural facé against which abutsasimmilar horizontal
sandstouve. This may all possibly be the work of erosion in the great intervul other-
wise demonstrated to exist between the Keweenawan period and the Potsdaimn, but
the extent and the regularity of the clifi-faces lends support to the hypothesis that ihe
plhenomenon is due to displacement, afterwards modified by erosion. If these ¢lifls
were produced by faulting, the displacewent was doubtless atiended by the nearest
approach to a great convulsion that tbe period witnessed. At best, this wmight
amount to the seitling down of a small bit of the globe’s crust to a depth perbaps
one ten-thousandth part of its distance from the eartl’s center —a local phenomenon
of great importance, 1o be sure, but relative to the whole globe, only trivial.”

. D. Ircing. (In Copper-Bearing ‘Rocks of Lake Saperior, Monograpbs United
States Geological an‘vey, Vol. V, 1883). ¢‘It secins to me that tbe south face of
the Keweenaw Range is both a fault cliff and a shore cliff, against which the newer
Eastern Saudstone was laid down, but not until after a large erosion; and that fault-
ing took place again after or eise contivued until after the deposition of vue sand-
stone. The original faulting seems to be demanded on this line by the general
struoctural relations of the Keweenaw and South ranges, as shown on s -previcus
page, and by ihe absence of outliers of the immense thickness of rocks of the
Keweenaw Ravge 10 the southward. That the Fastern bandstoue was deposiied
subsequently toihis first faulting js evidenced by its containing couglomerate layvers
in which the pebbles are frequently of Keweenawan eruplives, basic as weil as
acid (Béte Grise Bay), and by the way in which it cuts across the conrse of the
South Range beds. That faulting motion took place along the fault line after
or during the deposition of the Eastern Sandstone is indicated by the way in which
the sundstone dips soutlhiward along the junction at the south side of tlie Kewee-
naw Range (p. 365).”

“Therelation of the rocks of the South Range to those of {he Keweenaw Poimnt Range
is one of the greatest interest. A moinent’s inspection of the map of Plate 1 will
gerve to show that towards the east the tworanges are widely separated, the distanee
between them, even west of the Ontonagon, being as much as 18 miles, while still
further west they rapidly approach, and finally join. The beds of both ranges dip
porthward. Shonld we sappose a continuons series beneath the intervening horizon-
tal sandstone, we shouwid obtain an incredible tiickness, and one which westward
must diminish with anu incredible rapidity, for after the two rauges have joined tbe
total apparexft thickness of the Lower Division of the series does'not exceed 33,000
fzet, or only 8,000 feet more than on Keweenaw Point. That there is a fold beneath
the sandstone-filled area seems improbable. There is no sign of a southern dip along
the scuth side of the Kewcenaw Rangeduring all its conrse from Béte Grise Bay to
its junction with the South range. Ihad at one time the ideathat such a fold might
exist, Foster and Whitney in their report indicating the existence of a southern dip
along the sou h side of the Kewcenaw Range, but I have since convinced myself by
examination that no southern dip exists.

“To explain the rudden break on the south side of the Keweenaw Range hefween
the Keweennwan beds and the Earstern Sandstone, Foster and Whitney long sinve
supposed this Jine to be one of fanlt and the Eastern Sandstonce to be the equivalent
of that on the west side of the range, the two separated only by the faulting. The
latter position I shall show subsequently 1o be unienable; aud yet that some fauliing
has taken place on this line, even after the deposition of the sandstone, is proven
plainly enongh by the fact that at the contact ilhe sandstones commonly rise in a re-
markable mauner, presenting for short distances frowx the junction high southern
dips. On Béte Grise Bay these dips reach 50° at ihe contact, lessening to 40° and 30°
within 400 feet and to horizontality within a mile or less. Farther west the dips at
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the contact lessen in amount, becomivg searcely perceptible as Portage Lake, heyond
which to the west they again become bizh., These phenomena are beautifully dis-
played at a nuruber of points along the west branch of the Ontonagon, east of Luke
Agogebic. .

‘““These facts render it plain enough that some fanlting took place on thisline after
the deposition of the sandstone, but the maio faulting, I conceive, teok place befors,
By this fault the Keweenaw Range escarpment and the valley south of it were first
made, the width of the valley depending on the awount of throw of the fault, which
was thus greatest to the eastward. Subsequently, the newer sandstone was deposited

“in this valley, aud, after its deposition, a comparatively insigniticant amonnt of

faulting tool place on the same line. On this view the Sounth Range beds are the
basal beds of the series, while the underlying basement of the intermediate sandstove-
filted valley s cowposed, in a measure, of the same beds as those forming the Kewee-
naw Rapge (pp. 203-205).” ’

Preliminary to a renewed and faller presentation of our conclusions we
desire briefly but distinetly to set forth (1} certain prime characteristics
of the formations under consideration with which any tenable view must
be in harmony; and (2) certain specific conditions which an adequate
hypothesis must satisfy.

The bedded nature of the Keweenaw Series.—~Among the prime char-
acteristics it is important to reafiirm the bedded nature of the Kewee-
naw Serieg, not because it is disputed but because it needs emphasis.
Wiih the exception of the Bohemian Range, there never has been any
ground for questioning the thoroughly stratified condition of the forma-
tion of the Keweenaw peninsala. That the great terrane consists of
detrital beds, definitely interstratified with lava sheets, has been most
thoroughly demonstrated both by geological investigation and by in-
dustrial exploitation. Vith the determination made by oue of us that
the Bohemian Range is likewise bedded, in the main, there passes away
the last definite ground for regarding the Keweenawan rocks as other-
wise than thoroughiy stratified.! There is no sanction in the cbserved
phevomena forany appeal to the assumed license of “eruptive geology 7
The struecture of Keweenaw Point ig in no proper seuse eruptive. Es-
sentially all its beds are the result of fluidal deposit. The one class,
lava flows, distributed and deposited themselves by virtue of their own
fluidity ; the other, the clastic beds, by the borrowed fluidity of water.
The produocts of both are alike amenable to the common laws of stra-
tigraphy, and, for the purpose of general structural conceptions, it is

quite immaterial whether the stratified condition arose from the one or ¢
‘We conceive it to bea grave

the other variety of fluidal deposition.

1The Copper-Bearing Rocks of Lake Superior, Monograph V, United States Geo-
logical Snrvey, pp. 179-187. Through the kindness of Dr. C. Rominger, State geolo- -

gist of Michigan we have been allowed to look over the MS. of his forthcoming re-

port on the Keweenawan rocks of Michigan, and find that he has qnite independs *

euntly come to the same conclusion as to the bedded structure of the Bohemiau

range. Dr. Rominger’s detailed studies have also brought out many new points with
regard to this interesting part of Keweenaw Point. .
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error to confuse the phenomena of eruption with the phenomena of the
deposition of erupted material. When a mud volcano belches forth its
mixed contents the eruption belongs to the domaiu of eruptive geology,
but the descent of the fluid mass down the mountain side belougs to
tbe domain of fluvial geology; and the deposition of the mass in the
-alley belongs to the domain of sediwentary geology. So, when great
flows of luva issue from the earth,the extravasation belongs to the
sphbere of eruptive geology ; but the distribution of molten material in
vast sheets over adjacent or perchauce distant plains, results i a de-
posit that is amenable in every essential respect to the recognized laws
of sedimentary stratigraphy. We should need to crave pardon for these
elementary statements did not the history of the discussion of this re-
gion seem to render them imperative. ’

Whatever explanation of the structure 6f Keweenaw Point is adopted
must, therefore, conform to simple stratigraphic laws.

The uniformity and steadiness of dip.—Not only is the Keweenaw
Series thoroughly vedded, but, in the region involvedin this discussion, it
presents a uniformity and steadiness of dip unusual in a series 80 highly
tilted. It is notably free from those warpings, foldings, and sudden
changes of dip that are common characteristics of tilted series. In its
original horizontal condition there is every reason to believe that its
bedding was of very exceptional uniformity. The enormous extent of
the series, as well as the strocture of the beds, implies that the out-
pourings of lava were copious in a most extraordinary degree, and, if
s0, they must bave spread themselves into sheets of alinost absolute
horizontality. The extent and persistence of the igneous, as well as of
the detrital beds, strongly confirm this view. The phenomena probably
find their best modern exemplification in the lava fields of Oregon,
Idaho, and adjacent Territories. The following graphiesketel by Archi-
bakl Geikie fits the phenomena of the Superior basin in all stroctuyal
essentials: ¢ We rode for hours by the margin of a vast plain of bagalt,
stretching southward and westward as fur as the eye could reach. It
seemed as il the plain had been once a great lake or sea of molten rock
which surged aziong the base of the hills, entering every valley, and
leaving there a solid tloor of bare black stone. We camped on this
basalt plain near some springs of clear cold water which rise close to
its edge. Wandering over the bare hummocks of reck, on many of
wliich not a vestige of vegetation bad vet taken root, 1 realized with
vividness the truth of au assertion made first by Richthofen, but very
generally neglected by geologists, that our modern volcanoes, such as
Vesavias or Jitna, present us with by no means the grandest type of
volcanie action, but rather belong to a time of failing activity., There
have been periods of tremendous volcanic energy, when, instead of
escaping from a local vent, like a Vesuvian cone, the lava has found
its way to the surface by innumerable fissures opened for it in the solid
crust of the globe over thousands of square miles. I felt that the
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structure of this and the other voleanic plains of the far West furnish

the true kev to the bistory of the basaltic plateaux of Ireland and

Scotland, which had been an enigma to me for many years.” !

The enormous thickness of the Keweenaw Series.—An cceeptable view
Inust take account of the stupendous depth of the Keweenaw Series.
If the Lastern Sandstone is to be held the equivalent of the upper
member of the Keweenaw Series, and has been separated from it by
@ downthrow, the thickness of the series is a measure of the faulting,
If the measure were only moderate this hiypothesis would be put to no
uubearubie strain, bus wheun it is shown that the thickness of the Leds
reaches some such minimum measure as 35,000 feet, the burden laid
upon the hypothesis is great and it éta-ggers under its own load. Before
it can stand it must be supported by the strongest direct evidenee.

If, again, the Keweenaw Series is thought to be sandwiched between
the upper and nether members of the Potsdam Sandstone, the thick-
ness of the Keweenaw Series is a measure of the strain of distension put
upon the Potsdam. As we know it, the Potsdam is, ab most, a series of
1,000 feet in thickness. It may somewhere be thieker. Bnt when we
theoretically imbed within it 35,000 feet of strata, or any more moder-
ate weasure to which the Keweenaw Series ean possibly be reduced,
the strain put upon the hypothesis is unbearably severe. It bellies out
the Potsdam to an inordiuate extent. A boa may swallow an ox, but
not an clephant. ' :

The general Lorizontality of the Fastern Sandstone,—The proximity
of a horizontal series to a highly dipping series of enormous thickness
1s a factor of which cognizance must be taken in framing an Liypothesis
concordaut with the phenomena. It is not a fact which necessarily pre-
sents supreme difficnlties, but is one which must fall into easy conecord-
ance with the true Lypothesis, while it will be apt to display some incon-
gruity with a false one.

The quurtzose characier of the Potsdam sands in distinction from the
silicate nuture of the Keweenawan sands.—Had the Eastern Sandstone
been a gray shale it would probably never have been regarded as the
equivalent of any portion of the Keweenaw Series, because of the
diiferences in the conditions of derivation which such a character wonld
imply. It is doubtful, however, whether such differences of implied
condition would be really much greater than those which are now im-
plied. The conditions which produced the silicate Keweenawan sands.
must have been notably different from those which gave rise to the
quartzose Potsdam sands.

MMutual relations and distribution of the tico series.—There must also
be o due consideration of the great relations of the two series, in their
mutual positions and in their distribution. The consideration of this
lies mainly outside of our present province, and we will not here attempt

! Geological Sketches, p, 237.
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its discussion, coutenting ourselves with a reference o our previous
publications;? but the subject cannot be thus lightly passed in the
formation of a just and comprehensive judgment. To attempt to settic
the question of the relatious Letween two such extensive series upou
anything less than all the information obtainable from all sources, is as
dangerous to safe conclusions as it is illiberal in method.

Relations 1o topography.-Every geologist of acumen has fouud the
teachings of topography profoundly instructive concerning both strue-
ture and past history. It lends most valuable aid in correcting false
inferences and in suggesting true ones. The fact that the Keweenaw
peninsnla now consists of an elongated promontory,not greatly dissected
by erosion nor deeply undulate or serrate in its crest line, will be es-
teemed by {unographic students a witness of much value in weighing
any hypothesis that postulates extraordiuary elevation by faulung.
The fact, on the other hand, that over the area of the Eastern Sand-
stone, 100 miles in length, there is an absence of outlying remnants,
will likewise weigh in the adjudication of any bypothesis which assumes
{bat the tract was once overlain by the great trappean series. There
are other features of topography that do not admit of & brief statement,
which lend more or less specific testimony to the verity, or otherwise,
of the several structural hypotheses.

The relation of the two serics {o drainage~The history of the dis-
triet under consideration cannot be truly read withont taking thought
of its significant drainage featurves. Among these is the remarkable
fact that no great stream traverses the low-Iying tract of the Bastern
Sandstone. It is a depressed belt of land, 100 miles in length, lower
than the ridged tracts on either hand, and yet it is not the valley of
any great stream. The drajnage channels of this belt cross the Ke-
weenawan ridge, and empty into the great basin. Even the glaciers
that plowed along this belt did not obliterate these interestiug features.
The Ontonagon River and the Presque Isle river cross the sandstone
plain and cut through the Keweenawan vplift. The great cut occupied
by Portage Lake appears to be a similar preglacial channel. These and
other transverse drainage features must find a meaning in any full vead-
ing of the history of the region.

The forecoing may be said to be’ general characteristics with which
the true explanation must be harmonious. The following are more
specific requisitions which it must directly meet:

The comparative straightness but gentle undulation of the junction line

! American Jonrnal of Science, 1874, Third Series, VIII, 46-53, R. D. I.; ©*On the
Age of the Copper-Bearing Rocks of Lake Superior, and on the Westward Continua-
tion of the Lake Superior Synelinal,” Vol. 111, Geology of Wiscounsin, 1820, Part J,
pp-1-253, R. D.1.: Vol. I, Geology of Wisconsin, 1883, pp. 84-11¢, T. C. C.; Science,
Vol 1, pr. 453-455, T. C. C.; Third Annual Report United States Geelogical Sorvey,
R.1).1.; Copper-Bearing Rocks of Lake Superior, Monograph V, United States Geo-
logical Survey, 1883, p. 850, et seq.
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throughout its course of nearly one hundred wmiles—1If it is a fault dine,

direvtness of conrse is precisely what is to e expected. I is merely -

an erosion clitt) formed by the cutting back of the Keweenaw Series, its
directness of course and its freedom from headlands, retreating embay-
ments and deep ineisions, are quite remarkable.  If it is the compound

product of faulting. determining a general line of escarpment, and of

erosion;, subsequently working upon that, an average directness of
course, with subordinate undulations, will satisfy the hypothesis.

The coincidence of the line of escarpment with the line of junction of

the tico series.—The term “escarpment” is a couvenient oue, alinost indis-
pensably so, but does not quite accurately express the facts, since the
surtace does not always drop suddenly down in a precipitous tace, bue
in some districts curves smoothly, though steeply, down to the lower
tract. The phenomenon is not the familiar one of a mural face set
forth by the undermining of a softer stratum, and the coincidence of
the brow of the trappean series with the jupction line has more than a
mere fortuitous significance.

Disturbance along the line of eontact.—A tactor of supreme mowment
is the distortion of strata that everywhere, so far as observed, prevails
aloug the junction line. This is the more emphatically significant since
it does not notably affect the immediately adjacent region. The Ke-
weenawan beds on the one side are almost wholly unintluenced, while
the Eastern Sandstone, at a short distance from the junection, lies essen-
tially as first deposited. It is further to be noted that the distortion is
almost whelly suffered by the sandstone series, or what we conceive to
be the later, weaker and merely superficial series, while the deep, mass-
ive Keweenawan terrane was not visibly flexed.

The special character of the distortions—XNot only must the true view
take account of the fact of disturbances aloug "the junction, but it
nust recognize the special character of the dislocations  The beds are
beut np in the majority of instances, but in two notable cases they are
bent down. There are also sndden warpings and angulations of the
sandstone for which an adequate canse wust be fonund.

Churacter of the junction.—There must also be a consideration of the
contact relations between the Kastern SBandstone and the trappean
terrane. A complete view must cemprehend in its scope the overlying
Junctions, as at Béte Grise Bay, and the underlying contacts, as in the
Douglass Houghtou and Hungarian Ravines.

The junetion débris—Coming down to the immediate contact, the
true view must embrace a cousideration of the junction débris. Ac-
count must be taken of its partly trappean and partly detrital compo-
sition, ot its folinted structure, of its slickenside markings, of its incon-
stant thickness and of its entire freedom {romn any indications of direet
igncouy action.

The contact faces~—The true view must also recognize the fact that

the traps at the junction have not been found to possess definite amyg-
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daloidal surfaces, such as characterize the limits of the lava flows else-
where, but present irregular and broken faces, or give other evideuvces
that the surfaces are not origival. 1u like manner, the sandstone does
not show completed beds or depositional terminatious.

Contact of different members—A true conclusion must furthermore
take note of the fact that the Bastern Sandstone comes into contact
with different members of the Keweenaw Series at different points and
that these members are not alone of the igneous class, whose extent and
persistency some may question, but of the detrital order. Since ob-
servation has shown that both these members have a very notable de-
gree of persistency, we do not think that any view is satisfactory which
does not explain this diversity of coutact witbout supposing that the
beds have been replaced by others. Indeed, the proximity of contacts
with different members is so close as to reuder such an explanation
quite violent.

Discordance of strike.—~The true view must further take cognizance
of the fact that the contact line is not precisely concordant with the
strike line of the Keweenaw Series at the points of contact. The gen-
eral line of junction is closely approximate to the geperal line of strike,
but ju detail there are motable deviations from it, which canuot be
ignored.

The disturbed condition of the Eastern Sandstoue is such as to make
its lines of strike quite varying, and they are often discordant both withi
the line of eontact and with the line of strike of the Xeweenaw strata.
We must deal, therefore, not only with the discordance between the
strikes of the two series of strata mutually, but with the discordance
between each and the commen junction.

The derivation of the peblles of the Euslern Sandstone.~—The true view
must give a satisfactory account of the derivation of the pebbles of
the Iastern Sandstone. It must recoguize that they are undonbted
derivativesfrom the igneous members of the Xeweenaw Series, and that
they were taken frown no single stratum, but from the various members,
some acidic, some basjc, ‘

The distribution of the pebbles.—It must farther recoguize the obser
vation that pebbles are abundant, and often large, in the immediate
vicinity of the Keweenaw Series, but are not kpown at great distavces
from it.

The imperfect assoriment of the pebiles and sairic—3it mnst further
consider the fact that the separation of the pebbles from the much
finer materinl is incomplete, the assortment is imperfect, the elassi-
fving process did not complete its work; itisa ¢ mud and shingle”
deposit, and not a thoroughly assorted series of sandstones, shales and

-conglomerates.

The angularity of the pebbles.— It must also take note of the fact
that the pebbles are singularly angular in some situations and rounded
in others.
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The absence of large fallen cliff masses.—Tt must account
for the still further observation that while there are peb-
bles of trappean origin in the Bastern Sandstone, there is
atthecontact ageneral absence of great fallen ¢liff musses.

The proxvimity and relations of the Trenton Limestone.—
It must also account for the fact that at no greater dis-
tance than seven miles from the upturned edge of the
great Keweenaw Series, Trenton Limestone, in horizon-
tal attitude, crowns a bill lying in the Eastern Sandstone
area.

The foregoing are a full score of specifications which a
true stractucal hypothesis must satisty. We regard
thiern as 5o signitdeaut tn their character and so exacting
in their demaads that little latitude is permitied in the
formation of our views. Taken together, they seem to us
to point with great definiteness and with quite upequiv-
ocal directness to a true conception of both the genesis
and the structural relations of the formations iu ques-
tion. Our chief conclusions are as follows: That the Ke-
weenaw Series is much older than the Eastern (Potsdum)
Sandstone ; that it was upturned, faulted along the escarp-
ment, and much eroded before the deposition of (he Eastern
Sundstone; that the latter was laid down unconformably
against and upon the former, and that subsequently minor
Jaulting along the old line ensued, disturbing the contact
edge of the sandstone.

It remains to show specifically how these views meet

the foregoing requirements, or, as we should prefer to
phrase it, it remains to show how the foregoing require-
ments demand the views to which they have led us up.
We will follow essentially in order the foregoiug list of
imperative qualifications,

In common with most students of the vegion, we hold
that the bedded nature of the trappean series was due to
a succession of immense floods of lava, which spread
themselves widely over the plain of the Superior basin.
Contemporaneously with this, subaqtieous sedimentation
was in progress, introducing, at intervals throughout the
gigantic pile, clastic beds, whose character and surface
markings demonstrate their horizontal deposition. Un-
like some others, however, we do not conceive the Kewee-
naw peninsula, nor indeed the great basin generally, to
have been the immediate region of important eruption.
The evidence leads us to believe that the loci of eruption
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Iay around the rim of the basin, and not immediately in and beneath it.
In the discussion of the bedded series, we, therefore, make no appeal to
the assumed license of “eruptive geology.” We find no evidence of
wore thau the wost trivial igneous intrusions in the region under de-
bate. We Delieve its stractural problems must be solved entirely apart
from the plienromena of intrusion.

We conceive the uniformity and steadiness of dip which characterize
the Keweenaw peninsula, and, in a somewhat similar degree, the great
basin itself, to be the result of a slow and progressive setiling of the
basin center during the long process of deposition of the deep series.
This central depression we believe to have been accompanied by an
elevation of the rim in the districts of eruption. We find evidence
of this in the certainty that the clastic members of the Keweenaw
Series are cLiefly derived from the series itsell. They canvot be de-
rived from any series now knowr to occupy the surrounding territory.
We find further evidence of this in the fact, which generally obtains,
that the lowermost beds come to the surface at higher angles than the
uppernost ones. It appears that the rim of the basin was contivually
being ealen away by drainage erosion and contributiug material to the
sedimentation in progress in the settling central portion. Furtler than
this, we conceive that the basic Javas, being the most liguid, flowed
freely into the basin plain, and spread themselves widely cver it, while
the more viscous acid eruptions accumulated more largely in thick em-
hossments in the districts of eruption about the margin, where they
were exposed to easy degradation, and that, therefore, these furnished
a larger percentage of detritus than the basic members. The hardness,
britileness and relative lightness of the acidic material were &lso favor-
ing conditions.

Now, a dip formed by progressive subsidence and sedimentation, run-
ning apace, is wost naturally free from great irregularities. But the
total dip observed cannot have Deen so attained; for the uppermost
beds known to belong to this series are themselves considerably tilted
at most localities and at the mouth of the Montreal River are apturned
at an augle of between 80° and 900, The later movement, however,
appears to bave Leen but an extension of the enrlier. i ix only ut a few
localitics, the most notable of which is the vicinity of the Porcupine
Mountains, thatanything approximating abrupt warpings have been ob-
served. Into the later movement of the strata there may have entered
something of the lateral thrust that is so common a factor in stratal
distortion; but if so, it has left but feeble evidence of its action.

The enorinous thickness of the series is largely due to the extraor-
dinary deluges of Java which were successively poured over the basin
plain; molten delnges which have rarely, if ever, been surpassed in the
course of known geological history. But we must not ignore the fact
that twelve or fifteen thousand feet of detrital beds were interspersed
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among or laid down over them. This detritus presents evidences o

[BULL. 23, . L k.

derivation by the usual ageunts of erosion and deposition. The igneong-

products doubtless greatly facilitated such derivation by atfording mate

rial and conditions especially favorable for degradation and transporta- -
tion. There way have been imiportant contributions of ash and scori, |
but we have found little clear evidence of this. The igneous action, we -
think, belonged to the class of massive fissure ernptions of Richthoten :

and ot to the trivial Vesuvian type. But making such allowances for
accelerating agencies as we are able, we are still impressed with th

5

nagoitude of the clastic series, and with the lapse of time requisite for:

its prodaction, for the deposit of the last 12,000 feet took place ufte
the lava tlouds ceased. This large conception of the time element i
ai important factor in our views. e have endeavored to fully recog
nizé its magnitude, and at the same time, and for that very reason,
to restrain ourselves from unnecessary assumptions that increase its
extent. We have, therefore, inclined te those structural and genetic
views which give sufficient latitude for these great processes and yet
at the sawe time limit their magnitude to the least permissible measure.

We incline to reject every view that npnecessarily magyifies the pro-
found depth of the series, the vast lapse of time requisite for its pro--

duction, the extraordinary amount of faulting necessary to its total
displacement, or the inordinate strain of distension requisite to embody
it in the midst of a trivial series. ‘

We believe that the general horizontality of the Eastern Sandstone
finds a perfectly simple explanation in the fuct that it was laid down
upon and against the Keweenawan, Huronian and ITsurentian Series
long after these had suffered their various upheavals, and that there
has since been no considerable movement of the strata, except such
crust oscillations as were common to the whole region. The sandstone
has, therefore, remained essentially in its depositional attitude. Never
having formed a part of the Keweenaw Series, nor having been in any
close sense a partaker in its formative history, the discordance between
the stratifications of the two series is precisely that which exists between
the Potsdam and the other more ancient series of the regiou. Between
the formation of the Eastern Sandstone and that of the Keweenaw
Series, we think we find specific evidence of a great time gap.

- We have previously indicated how, in our view, the Keweenawan
sands were formed. Being derived from the upturned edges of the
igneous series, they partook of the nature of the parent rock. The rim
of the basin being at the time largely occupied by the extravasated
igneous material, comparatively little drainage from the Archean ter-
ranes beyond found access to the basin; hence the small percentage
of material derived from other than Keweenawan sources. At the
time of the formation of the Eastern Sandstone, on the contrary, there
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bad intervened a vast lapse of thne, and the rim bad been largely cut
away in the production of the 12,000 feet of Keweenaw sandstones
- which overlie the lava flows. There had, ferthermore, been a depres-
.. sion which had brought the sea again over portions of the Keweenaw
-.Series that had previously been exposed to erosion, asits buried valleys
and hills testify. These conditions greatly increased {he drainage from
“the region beyond the Keweenawan borders and brought in a predom-
5. inance of quartzose material from the surrounding Arcbhzan terranes,
very much as at the present day.

- Furthermore, it is to be noted that a slow derisation of detritus from
the decomposition of crystalline rocks would give an increased per-
centage of quartz, for, in a slow derivation, decomposition is a larger
factor and a greater proportion of the silicates is disintegrated, little
“gave the obdurate quartizose material being left intact to form sand.
. The degradation of the basin rim naturally slackened the rate of detrital
derivation and increased the quartzose element. This it aprears was
sgomewhat felt in the closing Keweenawau deposition and serves to
grade the two series toward each other. This is oune of the considera-
tions that renders uncertzin the reference of the sandstones near the
_outlet of Portage Lake Canal.

The Bastern Sandstone must, however, in the nature of the case, have
- derived a portion of its material from the Keweenaw Series, and the
element so derived we fully recognize; but its subordination to the
quartzose element is no more to be neglected than its presence.

In thus widely =eparating the two series, we find our explanation
of the diversity in their distribution and in their relations {o each other.
The phenomena about Lake Gogebie, where the Bastern Sandstene oves-
lies the trappean series and extends itself through gaps in ity finds its
explanation in the erosion of the interval and the unconformable depo-
sition of the later series.

So also the diverse relations of these two series to topography finds
its elucidation m the difference of age awd the diversity of conditions
~under which the two series were formed. Bug this topic lies ioo largely
without our special field aud demands too great elaborateness of stute-
ment to be fittingly discussed here.

- We find a very satisfactory explanation of the remarkable drainage
features of the region in the view that the Potsdam Sandstone and the
overlving Silurtan deposits passed completely over the uptnrped edoes
of the Keweenaw Series and buried them beneath a sedimentary plain
sloping toward the axis of the great basin. On the surface of this Paleo-
zoic plain the drainage system firsg developed itself in entire neglect of
the irregularities of contour of the buried Keweenaw Series below,and,
“having once established itself, cut its channels down irrespective of the
wrelacive resisting power of the terranes it encountered. Tt is a beaati-
{183)
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ful instance of superimposed drainage, according to the classification
of Gilbertt
We shall aguain recur to some of the special conditions under which
the astern Sandstone derived detritus from the Keweenaw Series.
The comparative straightness but gentle undulation of the junction
live between the Keweenaw Series and the Eastern Sandstone is a point
which bears rather upon the naturaloess and rationality of our concep-
tions of the history of the region than upon their demonstrative char-
acter. It has not the direct logical bearing of soms other features, but
tests the several hypotheses mainly in respect to their appropriateness

to the plienomepna. We hold this long, cently curving line to he the

resuit Gf ancient faulting, modided by subsequent erosiou and by srilf
more recent slight faulting. The earlier fauit, in our view, antedates
the deposition of the Eastern Sandstope. The erosion was probably in
part contemporaneous with the faulting, in part intermediale between
the faulting and the deposit of the Eastern Sandstoue, and in part
contemporaneons with and a part of the necessary work of the later
epoch. The last faulting was posterior to the Potsdam epoch.

To be more precise in the statement of the time and of.the amount of
the first faniting is venturesome ; and we hold no very firm couvictions
concerning its details, and yet certain considerations seem to Jjustify a
little light speculation upon the subject. Since the faulting was a fac-
tor in the crust movements of the region, we naturally connect it either
with the final npheaval of the Keweenaw Seriesor with the subsidence
which subsequently depressed the region beneath the Potsdam seas.
We do not, of course, exclude the view of movement along the faunls
plane at both stages. On some accounts we incline to the view that it
was a feature of the subsidence immediately antedating the Eastern
(Potsdam) Sundstene deposition.  If the Keweenaw peninsula had been
clevated long anterior to its burial beneath the Potsdam and Silarian
sediments; it would be rational to suppose that it would have been ex-
tensively dissected by erosion and would hiave presented a ragged line
of Lills or scattered knobs, instead of an almost unbroken ridge. It~
seems farther probable that the Potsdam Sandstone would have been
found more freely inserted in the valleys which the long erosion would
have formed. TFrom these considerations we draw a not very confident.

inference that the movement which elevated the Keweenaw peninsula
or, 43 it may have been, depressed the basin now occupied by the Fas

ern Sandstone, was a movement that did not much antedate the Potsdam
deposition, and was hence probably contemporaneous with the subsid-
ence which brought again the seas into the basin. The little force of
this presumption is mainly destroyed it we conceive the whole region:-
to have been reduced to a base level of erosion and ascribe the relative.
prominence which the Keweenaw Series now has to the later faalting:

Rt

! Geology of the Henry Mountains, p. 144.
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e later faulting more considerable than we would

at this makes th

otherwise conceive it to be.
{In so far as we have gought for a probable cause of the differential

tstrain which gave rise to the fault, we have found most satisfaction in
- conpecting it with 1he residual efiects of the erupiion of the preceding

Keweenawan age. The areas in which the eruptive phenomena proper
‘are most displayed, 0 {ar as we know, are the Marquette region, around
which, as a kind of nucleus, the lake is bowed, and the porthwesteil
ghore of the lake in Minpesota and Canada. In both regions dikes ave
pumerons and extensively intersect the ernst.  During the long Process
of eraption these regions felt the effects of the heat of the injected and
extruded lavas, as well as the mechanical effects of the intrusion. An

: expanded condition was the patural consequence. This accords with
the general truth that a state of progressive elevation, if not of intu-
common accompaniment of volcanic action, whether due
After the cessation of the igneous activity
the temperature of the expanded mass doubiless slowly returned to the
common temperaturc of the crust of the earth; and in the contraction
which accompanied this may perhaps be fouud = cause, whether ade-
guate or not, of the differential subsidence of these regicns. Over
agaiust the Marquette region is the great Keweenaw fanlt, as we view
it, and over against the other, the similar fault found in Douglas and
Bayfield Counties, Wisconsin, and perhaps projected under tbe lake
and along the north shove of Isle Royule, determining its prominence.
Under the view that a fault line runs along the face of the Ke-
weenawan terrane, the cerrespondence betwe

en the present line of es-
carpuent and jupetion line inds & ready explanation, since ihese are
co-ordinate phenomena.

The disturbances along the contact line
anchor of our convictions. The existence of these disturbanees all along
the line is now placed apen an unquestionabie asis hy direct observa-
tion. Nowhere have the formations been secn to come inte close ap-
proach anattended by notable evidences of dislocation, and these, 80 iar
yeely confined to the contact line. These dis-
and decisive testimony.
Jieh did not, in A wimilay
\s on either hand. We
as to point

mescence, is a
to this or some other cause.

constitute the great sheet

as we can ascertain, are cle
furbances, we maintain, furn
Along this line a movement bas taken place wl
disturbing way, affect the body of the formatior

have heretofore maintained that the evidence was such
To that general evidence e have now

convincingly to a faulting action.
added a large mass of new testimony of a very specific character.
In the fact that the Eastern Sandstone, at wost observed points alouy
_the contact, is curved apwards, and in the manner in whicl thiz ix
done, we find evidence that the Keweenaw Series was elevated
(455)
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pushed acainst the Lastern Sapdstone, or, reversing the conception, that
the lutter was depressed and nuderset.  Whether the actual movement
was made by the Keweenaw Series or by the sandstone, or whether
both purtook in an antagonistic motion, we do not knosw. From the
fact that the former is a deep-seated, down-bowed formation in wbich
any movement wlich tended to reduce its curvature would produce such
an oblique thrust, we have preferred the first hypotbesis. But thisig
quite immaterial. That a relative movement took piace posterior to
the formation of the Kastern Sandstoue is, in our judgment, unequiv-
ocally demonstrated by the phenowena. .

Iu the fucts shown at the fonr sections iv the vicinity of Toreh Lake,
we find » nearer approximation than elsewhere to a specific indication
of the character of the faulting. In the absence of sufficient direct evi-
deuce, we have herctofore taken no account of a possible bade in the
fanlt line, and, as yet, we know of no direct evideoce touchivg the origi-
nal fault live. It seems to us, however, most rational to assume that the
carlier and later faulting occurred along a coincident plaue. ‘We enter-
tain the view that a great line of weakness; once establisbed, is likely
to be selected by a subsequent differential strain. Observation, how-
ever, bas tought that a later fanlting does not necessarily follow the
plane of an earlier oue, even where its general course and position are
essentially coincident with it, so that no very confident conclusions con-
cerning the precise nature of the earlier fa alt can be entertained. ¥What-
ever may be true of the earlier fault in this case, the facts developed
in the vicinity of Torch Lake in respect to the later inovewment seem to
poiut clearly to a Lade from the downthrow. The overbanging contauts
in the Douglass Houghton and the ITungaiian Ravines, the overturaed
dip in the Saint Louis Ravine, as well as the phenomena of offset in the
Wall Ravine, all seem coincident with this view. As we interpret the
phenomena, they testify to a movenent of the Keweenaw Series up-
wards and slightly against the Bastern Sandstone, or, if you choose, &
subsidence and upderthrust of the latter. ST,

Several special -hypotheses may be framed to cxplain the precise
facts which the phencmena, as now known, present. We select the
following as being, on the whole, seemingly most closely in accord with
the evidence: ’ .

In Figure 24 is represented diagramatically the nature of the primitiv
fault on the hypothesis that it was coincident with the plane of late

fanlting, as indicated by the contacts in the Torch Lake region,{_ﬂ}?a
amount of faulting wovement we make no attempt to indicate. - How:

great it was we have, as yet,found no means of determining. Ourgen

eral bypothesis merely postulates that it was less than the total thick=

ness of the series. Two general comsiderations limit our tiieqrgtical
latitnde. The greater the amount of the fault, the less the estimate of
total thickness necessary to be made; and since that thickness, as ex

hibited in the exposed terrane, is already oppressively great, we \fedv

(436)
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the less at liberty to unnecessarily add to the estimate of its r.na'xgx.litude,
and therefore we incline to magnify the fault that we may mm.nmze. the
thickness of the series. On the other hand, to magnify ‘the fault is to
maltiply the amount of erosion which took place l)etviegu ils prod%lctlonv
and the barial of the series inthe Potadam (?})O(JI.J. AW lnleAtl.)e testimony
of adjacent regions indicates that the denudahon. of that mterva} w:;s
very great, we do not feel at liberty to go largely increase the estimate

- —y
4

Fic. 24.—Ideal sketeh of the primitive Eewcenaw .fault.

of its amount as to suppose a fault equal to the thi_ckness of the up-
turned beds. A widespread denudation of several hundred or a fgw
thousand feet we consider to be demonstrated, but the coxm»lete trunca-
“ tion of a mountain range several miles high We.do not feel free t,o. a:
sume, even if there were no objections to supposing 80 .great fm_llt}ng,.
We are therefore checked in both directions, and have little doubt that

the fruth lies somewhere between the extremes in either direction.

tion of the Lastern Sandstove and before

after the deposi
the sesondary faulting.

Frc. 25.——1deal sketch of the Keweenaw fault,
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{lie Keweenaw Qeries and that the shore Jine wotilt
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accamulation of “mud and shingle” deposits; in other words, nnder
these conditions, the derivation of the pebbles of the Eastern Sandstove

is satisfactorily elucidated,

Fio. 26.—Ideal sketch of the Keweenaw fault, aftor the secondary faulling,

Figure 26 represents the supposed result of a further slight fault-
ing along the old line. The Keweenaw beds on the upthrow side are
pushed obliquely upward and against the Eastern Sandstons. The gen-
eral effect was to upturn the sandstcne and bow it into undulations for
4 moderate distance adjacent to the fault line, beyond which it remains
undisturbed. We conceive that on account of the inclination of the
upthrust (or downthrow, as it may have been) sowe beds at the imme-
diate contact line weve bent under while the majority were turned up-
ward. The action was like the pushing of a blunt wedge obliquely into
the edges of the sandstone strata. The one result is the expression of
the element of upward thrust and the other of the lateral push. We
conceive, also, that, on account of the oblique thrust, there would be a
faulting mwovement along the line of uncounformable contact on the
sloping brow of the Keweenawan uplift, Now, since decomposition of

the Keweenawan beds along this line of contact had probably greatly =

softened the edges of the trappean beds, in accordance with the general
law of contact decomposition, comparatively little force and motion were
necessary to redvee the already softened material te the eondition in
which we tind the junction débris. :

In those instances in which the pre-Potsdam erosion had produced
slight valleys or embayments along the face of the old Keweenawan up-
1ift, the later movement wonld naturally have the effect of pushing the
beds up into a curved sinuous rim, .

Now, if denudation be conceived to have since cut the disturbed beds’
down to different depths, the several sections which we have heretofore.

coustructed in a purely empirical maunner, on the basis of observation,’

may find elucidation in the rational results involved in this hypothesis

The truncating of the curved rim formed by the turning up of the ewn
bayed beds of the saudstous along the junction would display such

sinuous margius as coustitute the beautiful phenomena of Béte Grise
(488) -
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Bay. In cases where the erosion progressed s0 far as to cut away en-
tirely the overlapping beds of sandstene, the varions phenomena of
the overthrast would be displayed. Such upturned beds as those of the
Wall, Saint Louis and Douglass Houghton Lavines illustrate one phase
of the action, while the down-bent beds of the Douglass Houghton and
Huugarian ravines esemplify another phase. We cohceive that both
the overlying and the underlying contacts, as well as the uptarning aud
downturning of the sandstone strata, may be the results of a simple
oblique thrust of the wedge-like edge of the uplifted Keweenawan
strata. ' '

Similar results, however, mi;:ht.lbe produced, whatever the hade of
the original fault, it it be assumed that some individusl movewent of the
Keweenawan beds on each othier took place during the last faulting.
That faulting may be distribated along several plaves that offer com-
paratively small shearing resistance is affirmed by thieoretical considera-
tions, experimentation and observation in nature. We have, at times,
been inclined to believe that the post-Pofsdam disturbance wag due to s
slight irregular movement of this kind, but {he inereased evidence now
at command seems to strengthen the probability that there was a defi-
nite, and not inconsiderable, faulting movement somewhat of the kind
above indicated.

To us the nature of the contacts, at the geveral points where they
were revealed by excavation, seems o strongly corroborate, if not abso-
lutely dewmoustrate, the correctness of our views. e are unable to
form auny satisfactory conception of the precise method in which the
and comminuted trap,
mingled with joint clay and sand from the Bastern Sandstone, the whole
reduced to a foliated structure, though &till very soft, and marked by
slickensides — could be produced, unless it be the product of a {auit-
ing movement. Nor are we able otherwise to find a satisfactory expla-
pation of the imperfect basal face of the overhanging trap, on the one
hand, or of the bent and truncated face of the sandstone on the other.
The contact is clearly not that of a shore cliff, for its characteristics are.
markedly diverse from that. It is to ns equally clear that it is not &
contact of depositional superposition, for it is devoid of the stratigrapbic
conformity and of the strnetural characteristics whiclh belong to such @

relation. The eontact faces farnish, as we think, gpecific evidence of

fanlting movement.

Not only do we appeal to the nature of
débris, but to the faet that different mein
into conjunction. Along Béte Grise Bay th
Sandstone is made with different members of the Kesween
specitically pointed out above. All these members Dhelengt
the Bohemian Range aud are relatively lowin {he series.
Lake region, geveral distinet members are shown in contact
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long to o consitlerably higher horizon than those of Béte Grize Bay. At
Wall Ravive the junction is made with a porphyritic conglomerate ; in
the Saint.Louis Ravine with diabase, lying not fur below the thin Saint
Louis conglomerate bed. In the Douglass Houghton Ravine, the june-
tion is made with a broken diabase. In the Hungarian Ravine the con-
tact is with diabase immediately underlying a thick conglomerate bed.
In no two of the above localities does the Eastern Sandstone come in
contact with the same member of the Keweenaw Series. While the
junction line approaches the strike of the beds, it nevertheless crosses it
at a small angle aud continually brings into contaet different members.

30, on the other hand, different horizous of the Bastern Sandstone
come inte junction with the Keweenaw Series at diferent points. The
beds at Béte Grise Bay are the pecaliar soft breccia shales. In the
Wall Ravine they are of sandstone, several hundred feet below the
most conglomeratic horizon. Inthe Saint Louis Ravine they are sand-
stone, likewise below the conglomeratic horizons. In the Douglass
Houghton they are sandstone, shales and the conglomeratic horizons
themselves. Inthe Hungarian Ravine the contact beds are sandstones
that appear to be considerably above the most conglomeratic beds. 1t
is not absolutely certain that the conglemeratic beds in the last four
localities are the sume. But there is a general correspondence in their
characters, and it seems not immprobable that the conglomeratic beds of
the four localities are essentially identical; but whether this be so or not,
it is clear that beds of quite different characters and stratigraphical rela-
tions appear in contact at the several points. Now we esteem this -
altogether fatal to a view that makes the Eastern Sandstone a con-
formable basal member of the Xeweenaw Series. Itis not necessarily
fatal to views which postulate faulting other than that which we
advocate nor to views which assume the escarpment to be an old
erosion cliff.

Of like import to the above is.the discordance in the strike of the
two series near the junetion. The strike of the sandstone series was
partly determined by the formn of the basin in which it was depos--
ited and partly by the tilting to which it was afterward subjected.
The fault line and the agencies associated with it were chiefly influen
tial; in oar view, in determining both of these factors, and a3 that faul
line was not strictly concordant with the sirike of the Keweenawan
beds and as the strikes of the Eastern Sandstone were uot strietly in®
concord with the fault line, a very considerable discordance between ;
the strikes of the two series was the result. At the same time there
were no very large departures from each other. The angles between

" the strikes, in the cases examined by us, were mainly less than 459.-

Passing to the Eastern Sandstone, we find in its pebbles evidence
of a significant character. We hold that the appeal of Agassiz and
Pumpelly te the evidence presented by the existence of these trap:
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amount of wear whick the pebbles have sutfered; while noticeable, is
very liwited, and the result is a breccia rather than a pudding-stone.

It seems to us quite impossible that the material of this deposit was -

derived from any distant source., DButin the sections near Torch Lake,
the angularity is not a notable feature, and a somewhat more distant
derivation is indicated or else a larger measure of sub-aérial rounding
of the fragments before they were brought within reach of the deposit-
g waves. : . :

Concurrent with this measurable tounding of the pebbles is the
absence of great fallen cliff masses and of exceedingly large bowlders,
From the absence of these, at the contact, we inter the absence of beet-
ling clifts from which such masses would inevitably have been thrown
down aud buried. This is another form of saying that after the first
great fauiting, and previous to the incarsion of the Potsdawm shore
line, there had been sufficient erosion to cut away the great fault cliff
and redace the surface contours to moderate slopes. Againgt these
moderate slopes we conceive the sandstone to have been deposited,
and, from their declivities, the constituent pebbles tc have been de-
rived. : ’

Larger observation may wodify the special phases of the conception
to be derived from these details of the structure of the border belt, but,
in the formation of our opiniens concerning these particulars, we have
endeavored to follow the legitimate conclusions to which the phenomena
seem to point.

The occurrence of Trenton Limestone, capping a hill which reposes
centrally npon the tract of Eastern Sandstone, leaves us no choice but
to regard the latter as Potsdam, aﬁd, in this one conclusion, at least, we
are fortunately in barmony with all our fellow-students. The existence
of Silurian limestone at this point seems to indicate that it once spread
extensively over the Lake Superior basin. From the fact that in the
vicinity of Torch Lake the Eastern Sandstone rises to near the crest of

the peninsalar ridge, and near Houghton is thought to be reprecented. .
by a remnant actually overlying it, we infer that the Silurian Iimestongs :
may have been origiually deposited over the peninsula. It is quite .

possible also, that later formations once overlay this, Under such con-
ditions, the origin of those streams whick crose the peninsuala is easily
understood, as heretofore remarked. e

SUMMARY.

Recapitulated, the history of events, as we read them, Was,esséntxanyk;’
as follows: The Keweenaw Series very greatly antedated in its forma- .

tion the Potsdam Sandstone, and occupied a lapse of time imménsdy
vaster than the Potsdam as that formation is known in its ?mques‘
tionable localities east or west. It was a period charactenz’ed by-

. (492)

e

IRVING AND COAMBERLIN. | S0

some of the most remarkabile slisg
world has been a witness. Aceco
orograplic¢ wovements of a protra
acter. These wers succeeded by

so far as we can see, by any know
Indeed, the very conditions whic
depositions which would now be ¢
before the close of this erosion, a
along what i3 now the face of the
insula. Subsequently, submerger
aud the Eastern Sandstone was |
upon the Keweenaw Series. Uy
possibly other mmembers of the Silo
At alater stage these were remc
time not more definitely determi
minor fault movewent 2long, or
which the beds of the Eastern |
contact, and various faulting pbei

(




‘FD KEWEENAW SERIES.  (pep, 23,
5 have suffered, while noti,
Teccia rather thap
at the material of
3utin the sections near Torch Lake,
aure, and g Sowewhat more distapg
Jer measure of sub-aérial rounding
rought within reach of the deposit.

:eable, ig
& pudding-stope,

>'tounding of the pebbles is the
nd of exceedingly large bowlders,
ntact, we infer the absence of Iy
onld inevitably have been thrown
orm -of saying that after the first
incursion of tpe Potsdam shore
1 to cut away the great fault cliff
moderate slopes, Against these
ndstone to have been deposited,
ituent pebbleg to have been de.

eet-

Special phases of the conception
structure of the border belt, but,
ruing these particula

rs, we have
clug

to which the phenomeng

e, capping a hill which reposes
)dstone, leaves us no choice but
this one conclusion, at least, we
fellow-students, The existence
s to indicate that it onee spread
win.  From the fact that in the
lstone rises to near the crest of
m is thought to be represented
ier that the Silurian limestone
ver the peninsula. Jtis quite
overlay this. Under snch con-
h ercss the peninsala ig easily

weread them, Was.essentially
reatly antedated in jtg forma-
d a lapse of time immensely
tion is known ip its unques-
8 & period characterized by

this deposit was -

Y

T

ﬁq;?' :

——

119
: {ARY.
TRVIRG AND CHAMBERLEN.] BUMM activity of which the
sarkable displays of igneous dc(;ceediu" this, were
3 : g
o most rwililtness- Accompanying and S)‘;rentl\’ gentle, char-
world ha§ been' Ny ents of a protracted, ﬂ.mugh “ii!)éf erosi:)u, unbridged,
orographic movem Su‘cceeded by a long lntf?r\";il Lake Superior basin.
acter. ‘These were koown deposit in the I ible forbade
by any kp rosion possible ¢
8o fur as we can see, DY : bich made the e ined time
onditions w ) At an undetermi
Indeed, the very ¢ be accessible. ine was developed
it ich would now jitudinal fault line was
depositions whic ¢ ion,'a longitudina eenaw Pen-
, {f this erosion, ) terrane of Kewee
before the close o f the trappean te ensued
. W t,he face 0 h the Potsda'm seas8 b]
along what 1s Bov roence beneat Sinst and
. tly, submerg onformably aga
insula. Subsequently, as laid down unc  nestone. and
ern Sandstone w is the Trenton Limestone,
and the Eastern K Upon this the formably.
- w Series. por . lated confor
apon 1he %eweZZ:Lbers of the Silurian series, a]cc: I::flmiou and, at some
i ¥ rm . by secular eros ]
possibly othe cere removed by i t-Potsdam,
ot stage these were ) ‘as post-¥ )
At alater é‘tag:ﬁeii}ixitely deterrained than th‘itl (;tsrz,,kl took place, by
time not more vement 2long, or near, the o disturbed along the
winor fau“i)néo of the Eastern Sandstone wlereed
whi eds . eveloped.
which the d various fanlting phenomena d P
contact, an (493)

some of th




H
¥
i
{
!

INDEX. -

o s

) Page.
" Agassiz, Alexander, on sandstones of Saint Louis Ravine reanes 27
views of, on sandstones of Baint Louis Ravine, examined .. ...ec weeent 29
on sandstone and trap of Douglass Houghton Creek 31
views of, on contact at Douglass Honghton Ravine, 44
on relations of Eastern Sandstone to trappean series 86
Béte Grise Bay, topography @ co.couronne e iesensmesmaeme T 12
* Teoster and Whitney on gandstone of oo.eeooomarommnon s 16
melaphsrs of, P o e TN 17
occurrence and lithological characteristics of sandstones of -..ccoovromur 18,22
ghale and breccias of..caes comnms wmmommom o7t emmes mmee e JRPURURP 20
melaphyTs Of «oue cwmnns cmmmms e mT T 21
pebbles and couglomerates Of v mmeeens 24
R. D. Irving on dip of Sandston® At ceweeswens mmres om0 99
character of PebbIes at .o.eeommsemmemrommee T 117
and Douglass Houghton Ravine, pebbles and copglomerate
ARASEOA. o ome mmms smmms s e T T e 47
Bohemian Range, Whitney and Foster on conglomerates and 73
effect of, on inclinations in Eastern Sandstone 33
Carp Lake Landing, analysis of sandstone OF ovcseavummoan s pomessman 81
Chamberlin, T. C., on dip of sandstone beds at Keweenaw Point.cve cuneonnen . 98
Chauvenet, W. M., on conglomerates and sandstones of Douglass, Houghton Ra-
GHIB - cmvemmnm s PRSP EPLEEEE E . 34
on dip of sandstone in Torch Lake QUarry.....--ovs=----="" .52
on charaeteristies and aip of sandstone of Hungarian Ravine....-eee 56
on sandstones of Huugarian RIVET« cevunanrmmsnoesmns mea” ) emeeoeauense 60, 65
Contact faces, irregularity Of coeeecozem cemoernoomr Tl eema cemmmm 104
Contact line, discordance of strike of Eastern Series with strike line of Kewee-
s BETIES. 1nonne onoe wene s s e s L 105,116
Copper Harbor, Whitney and Foster on relations of detrital rocks and trap ab.. 73
Credner, H., on relations of Eastern Sandstone to trappean RETICS..acreomommner 91
views of, on relation of Eastern Sandstone to trappean sories, eriticised.. 92
Douglas County, contact of trap and gandstones in..- - 70
Donglass Houghton Ravine, SANELION 0L cns coss wnmeomne soms comm 22 rr T 30
Eastern Bandsione, gIpoITe of, on Douglaes Houghton Ravine .....-co--ooee 29
cecurrence of Keweenawal P USSR TR 4%
oecurrénce of pebbles iTom trappean series in.....ieonronns 60
econtact of, with trappean BOTIES . e ome amrananrsmmmot U PP .97
horizontality of ....- eemae e PO ORI L L 102
sharacter of pebbles 6f..coveon-ns . 5,116
dime of Aeposition of ... cceevecemmememmTme 108
wnd Keweenayw Series, relation of, with respect to drainage . 103
strike of junction Jine of ..oio.ooeonimeemeenmen . 03,110
line of escarpment and line of junct 104,116
summary statement of 7elations Of «coeveecennmmmes rmmur 2TTTTT0 118

(495) 121

¢ Ay s A T et TR



s RO e % -

e T T o

122 INDEX.
; Lmerson, L, G.,on junction of trap aad sandstone. ... ... .. ... ... . ... 3
Foster, J. W., on bearing and inelination of trap and sandstone of Béte Grise Bay. 14
on dip of sandstone ot Béte Grise Bay 15
on sandstones of Dounglass Houghton Ravine 30
ou formations of Torch River.................. 31
views of; o contact at Dongluss Houghton Ravine, crmcucd ............ 44 N
on relations of Eastern Sandstones wud truppean serirg ... ... ..., V3,75 :
views of, on relations of Eastern Sandstone and trappean series, ex- .
45 1T 7 .
Geikie, Archibald, sketch of basaltic plains by........_....__. et .- 101 .
: Hounghton, Mich., contact of Eastern Saudstone and trap Rear................ 63
Hunﬂarl'm ha.vme topography of thes. ... ... ... .. .. ... e 54
§ Hungariau River, Whituey aud Wadsworth ou sandstons and couglomerate on. 37
exposures of skad8tone Ol . oL o oon oL 64 N
| Irving, R. D., ou formations of Béte Grise Bay oo e el 16
} on s.mdstones of Donglass Houghtou Ravine ... ........... o
E ) - on sandstones of Dounglass Houghton River.. . ... . ......co. .. :
{ views of, on junction at Donglass Houghton Falls, eriticised ... . :
on sandstone of Torch Lake QUATTY -veuviiuer oiriue i ena e, 5 % :
i on sandstone exposures on Ontonagon River ... ... ... ..ooo........
§ on relations of sandstone and trap at Keweenaw Point .. ... .. ......... : M
i Isle Royale, Foster and Whitney ou conglomerates of ............ e -
? Jackson, C. T., on geology of Béte Grise Bay.“....,,..-‘.............: ..... . 13
? on relations of Eastern Sandstone nod trappean series.. 71 :
Jasper Poiat, trap of ... .. e e e e e e e e aas . 13
Junction dchrm, character of .. . it el 104
Junetion débris as a product of faulting movvment .......................... 115
. Keweenaw Peninsula, topography of ..o .o oo i .. 103
eruptions in 106
elevation of 110
Keweenaw Point, topography of . . 12
Foster on bearing and dip of sandstone of ... ... ... ... ...... 15
‘Whitney and Wadsworth on the deposition of conglomerates at......... 36 -
Whitney on contact of trap and sandstone at —..... ... ... ........ 73
section of, on Foster and Whitney view ... . ... .. ... . ........... &0
views of Foster and Whituey as to eruptions of, criticised.. ... ... ... . 85
dip of sandstone heds at. ... i 93
ideal sketches of primitive and qeeondury fanits of ... 114
Kaweenaw Range, R. D. Irving on fanlt of. .2 .o oo o . ..., 160+
Keweenaw Series, bedded nature of . ... . .. ... 160
uniformity and steadiness of dipof.... ... . .« .. ... ........ -101
thicknmessof.. ... ... ... ... ... ...

PO L¢3
conclusions reapecting relations of, to Eastern Sandstone .......... .

and Eastern Sandstone, relation of, with respect to drainage.. ceemee 1087
" strikes of junction line of ... ... iiiii ee...103,110°
disturbance along the line of contact of ....... ... ... ...0. ... 104,111
line of escarpwent and line of junction of ......................104,T16
snmumary statement of relations of ... .o omiiiiiniiein e ceal. 118
Lac 1a Belle, breceia, trap, and sandstone of .

Foster on sandstone of ... ... .....
jnactiomat.. ... ...

Lake Superior sandstones

Little Montreal River, trap rocks of .........

(496)

IxX

- Merriam, W. N., examination by, of cont.
Montreal River, s.mdswne Of cvecmncnonn
Ontonagon River, cbhar Lcteristies of sand

sandstones sold conglomerateson -

Point Isabelle, geology ofcccraecciannne

Portage Canal, analysis of sandstove of.

Portage Lake region, occurrence of {rap
Potsdam saunds, quartzose character ok

Keweenawan sands cccceoveese-

Pﬂmpelly, Raphael, ou contact at Dougl

' views of, on contact at Douglass I

. on relations of Eastern Sandstone

Rom:ngpr, C., on contact of snndstone a

on sanduem,s and conglomerates«

on sandetone of Hungarian Creek

ou sandstones and trap pear Houy

' on relations of Eastern Sandstone

views of, on relation of Eastern

CIZEA ewrer e ccmcrr wees cnaro

Saint Louis Ravine, junction on .<.-<. -
Sandstone series, litbological character

Sweet, E. T., on contact of traps and se

Toreh Lake, topograpby of ......- nee s
Whitney and Wadsworth on junt
nature of sandstone at .......--.

Whitney and Wadsworth on sant

dip of sandstone at quarry near..
character of faulting near ....-.
character of pebbles near.......
Torch River, Foster on sandstones of .
Foster and Whitney on junction
Trenton Limegtone, occurreace of, in E
Van Hise, C. R., ou character of sandst
Wadsworth, M. E., on sandstones and m
on contact at Douglass Honghto
' observations of, ou intercalatios
Houghton Ravine, criticised..

on contact at Douglass Houghto

on sandstone of Toreh Lake Qu:

views of, on sandstone of Torch
criticism by, of Irving’s views &

on conglomerate of Hungarian
criticism by, of Irving’s views o

views of, on junction at Hungar

views of, on relation of Eastern

on pebbles from trappean series

~ views of,on relation of Easterr
CiSEA ..vvacccnmes vaancaneran
and Whitney,views of, on centa

cised ......- wen e e ven

Wall Ravine, sandstone and cong’ome
Wall Creck Ravine, sandstones of ...



EX.

;hton Ravine, criticised.
trappean series :

tnds;
tone and trappean series, ex-

m s
sandstone and conglomerate on

‘appean scries

P
1 of conglomerates af. o
eat ...

ons of, criticised

fanlts of

ern Sandstone ;

Sect 1o draivage

..103,
.. 104,
e 104,

37
64
16
33
34

37

51,52

69

15
36
73
&0
25
93
114
160
100
101
102
166
103
110
111
116

{:l:\ -
e

123

INDEX.
Pace
. Merriam, W. N., examination by, of contact at Douglass Houghton Ravine.... 46
Montreal River, sandstone 0f «.....oouewesoemrmomsrsnrsanrnsr s T IT T 2
Ontonagon River, characteristics of £ANAELONE Olcce. covnvouan cosemveosmons 69
7

sandstones and conglomerates on c.caeo . ~o oo ses
Point Isabelle, go0logy Of ccmvrervmmeremeromess R 14
Portage Canal, analysis of sandstone of......seceeeooomroenmmommrmretoont 5l
Portage Lake region, ceenrrence of trap and conglomeriie 1 ...c-coeexonnr-s 74
Potsdam sands, quarizose character of, distinguished from silicate nature of
Keweenawan sands covevovev et comsooes e e e 202
Pumpelly, Raphael, on contact at Douglass Houghton Ravine .......ccoovmmes 31
views of, on contact at Douglass Honghton Ravive, mentioned ... .....- 44
on relations of Eastern Sandstone to trappean SETies . ...c..eeone-un-on 86
Rominger, C., on contact of sandstone and trap at Bete Grise Bay .- ..o oo - 17
i on sandstones and conglomerates of Douglass Houghton Ravine. ........ 35
. on sandrtope of Hungarian Creek ovovemvecnuaccnvnomnsen . 57
on sandstones and trap near Houghton .co.olommneavmmonsmroens vons mons 62
‘ on relations of Eastern Sandstone to trappean BETIEB ccecuennamconsmnnss &8
views of, on relation of Eastern Sapdstone 1o trappean series, eriti-
GIREQ. e e e s o eemmee mmas mmesemmme s amesamoms teson s ssnm T s n e £4
Saint Louis Havine, JUNCHON 0N ccover cons mman rsmmsermmomenmsesnnncnmmooe” 27
Sandstone series, lithological characteristics P AU 42
Sweet, E. T., on contact of traps and sandstones in Douglas Couuty 70
Torch Lake, topogTaphy 0f «ocu meuue connanrn cormtmannr tosmey somsmmnmnms 2ons 12
Whitney and Wadsworth on junction P PP PP 36
nature of BANABLONE A «ov.n cuesn savnmamsomam so s s et 37
Whitney and Wadsworth on sandstone and conglomerates of c.onuoonnee 37
dip of sandstone at RATTY DEAT. vuuee snosvanzns nnmmsmom s 2o mm o 49
character of fAUlHING DEAT < .cvrunvvresmanasosanunamamrromom s st 2os 112
character of PeDDIES NEAT . vuvrneuamnomonunnnmssn e e o e mm T 1%
Torch River, Foster on sandstones P RSP PP EEERL AR 30
. Foster and Whitney on junction of sandstone and trap O..--ceveveone- 3
Trenton Limestone, occurrence of, in Eastern Sandstone ATed. . ex v cees oot o" 106,118
Van Hise, C. ., on character of sandstone at Torch Lake Quarry --.--------- o2
‘Wadsworth, M. E., on sandstones and melaphyrsof Douglass Houghton Ravine- : :5
on contact at Donglass Houghton Bavine ... .cworeeevresnnmmor 207 0 R
observations of, on intercalations of trap and sandstone at Donglass
Honghton Ravine, criticised oo - e ssencee soessmmnos s 22770 4
on contact at Douglass Houghton RAVIDG e vvvonanmemmmveonsromsemsrs 40
on sandstone of Torch Lake QUATTY ... ocvnnenconeocson 072770000 &
views of, on pandstone of Toreh Lake Quarry, eriticieed ..o eeeamen s n
eriticiam by, of Irving’s views on sapdstone of Torch Lake Qnarry..---- "":'
on conglomerate of Hangarian Ravine ....ocoe-ooe-omreon 00 sememene "_‘
eriticism by, of Irving’s views on sandstone of Hungariad RiveTaenscuns fn’
wiews of, on junction at Hungarian River, eriticised. . oo cqrsnmemes T f:
views of, on relation of Eastern Sapdstone to trappean »enek, eriticiand .. ¥2.1 ’
on pebbles from trappean ceries in Bastern Sandstone....-.--- A - "
views of,on relation of Eastern gandstone and RKeweenaw feries, €Il o
IR0 e e e T b
and Whitney, views of, on coptact at Douglass Houghton Bavior, ent:- "
5660 oo T
-4

ndstone and conglowerates of ...

‘Wall Ravine, sa
Wall Creek Ravine, sapdstones of ....---

(497)

wobv s oW



S R ettt ot e

D N e e e R S
1 ")4 F ' ’ ™
12 INDEX. DEPARTMEN
Page.
Whitney, J. D., on dip of sandstone of Béte Grise Bay ...ooo.ooeooneeeon ... 15
on formations of Torch River.......... PO e el e 31
on contact at Donglass Houghton Ravine ... .. et e e 35
“on relations of Eastern Sandstones and trappean seriee - .......... .. . 3,75, 77
vmws}of on relations of Eastern Sandstones and trappean series, ex- o B U ]
ammed-_....-.............._......n.._..........-,,......,.t...-... 78 L :
and Wadsworth, views of, on contact at Douglass Houghton Ravme,
criticised .oeueiiaen L. P 15
o
. (4938) )
’ )
. UNITE
CLOGIC
.ﬁ A
i

WASHI
GOVERNMENT Px

18¢




	BULLETIN OF THE UNITED STATES GEOLOGICAL SURVEY NO. 23.  (Cont'd)
	CONTENTS (Cont'd)
	PART II.  DISCUSSION OF VIEWS; CONCLUSIONS. (Cont'd)
	The Foster and Whitney view (Cont'd)
	The Agassiz view
	The Rominger view
	The Credner view
	Conclusions of the authors
	Index


	ILLUSTRATIONS (Cont'd)
	Fig. 19.  Section of eastern part of Keweenaw Point on the Foster and Whitney view.  Drawn to a natural scale of 2 miles to the inch.
	Fig. 20.  Section of Keweenaw Point, on the Agassiz view.  Drawn to a natural scale of 2 miles to the inch.
	Fig. 21.  Section of Keweenaw Point.  Reproduced from Credner.
	Fig. 22.  Section of Keweenaw Point, on the Credner view.  Drawn to a natural scale of 2 miles ot the inch.
	Fig. 23.  Section of Keweenaw Point, showing true relation of the Eastern Sandstone and the Keweenaw Series.  Drawn to a natural scale of 2 miles to the inch.
	Fig. 24.  Ideal sketch of the primitive Keweenaw fault.
	Fig. 25.  Ideal sketch of the relations of the Keweenaw Series and Eastern Sandstone, after the primitive and before the secondary faulting.
	Fig. 26.  Ideal sketch of the Keweenaw fault, after the secondary faulting.



