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LAKE SUPERIOR DIVISION.
INSTRUCTIONS. e

1. Ordinarily at least two pages of this book will be devoted to one section. On
the left-hand page, place a map of as much of the section as has actually been seen.
Denote rivers, lakes, marshes, etc., by the-ugual topographical signs. Denote the
ledges of rock, when no structure is made out, by cross-hatching, making the cross- 4
hatehing cover as nearly as possible the areas occupied by the exposur 1f the 1"
rock is'a massive one, but still more or less plainly bedded, use the same sign with |
a dip arrow and number attached, showing the direction and amount of the dip.
Denote a shaly ar other very plainly bedded ledge by right parallellines, and a ledge
‘ing asecondary structure by wavy parallel lines running in the direction of the
strike, with dip arrow and number attached as before. The greatest care must he |
taken to avoid confusing slaty or schistose structure with bedding, and in all cases
where ther doubt about the trne bedding direction, indicate it by a
query. To each exposure on the face of the map attach the number of the specimen
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representing it. In mapping the section count each of the spaces between the blue
lines as 100 paces, and twenty of these spaces to one mile, or 2,000 paces. Usnally |

the southeast corner will be placed at the bottom of the page, or at the first black !
line above the hottom of the page, and at the right-hand side., If, however, for any
reason, it is desirable to show portions of an adjoining section, the southeast corner :
ay be shifted up, or the map may be turned around and the north placed at the left- !
hand side of the page. The ruling of the left-hand pages is also arranged so that, |
if desirable, a larger or a smaller scale can be used, eight inches, two inches, one
inch, or one-half inch to the mile. With the two-inch scale, the squares outlined
in blaek represent sections, and those in red, quarter sections and “forties,” while
the space between the blue lines is 200 paces.

2. On the right-hand page place the notes descriptive of the exposures. Begin in

each case with the number of the speeimen, placing the number on the left-hand i
side of the red line, after which give in order on the right of the same red line vhe .

position of the ledges as reckoned in paces from the southeast corner of the section
and the dip and strike when observable, the latter always being expressed from the
north; for instance 4025, 250 N., 300 W., Strike, N. 78° E., Dip 50° 8. Then follow
with a full description of the ledge. When topographical maps are used for :
locations this paragraph applies only in part. g

3. Collect a specimen from every ledge, or wherever there is a change of roek on
any one ledge, taking care to get fresh material, unless for a special purpose the
weathered surface is desired. In ease of trips made on foot or in canoes, for long
distances, neighboring ledges, unquestionably of one kind of rock, need not be
specimened. The position and extent of the ledges not specimened should be
marked on the map, with notes that each is of a rock identical with specimen
so-and-so. Under the same conditions small-sized specimens, trimmed to auniform £
size of 2 x 2% x # inches will be allowed, but in all other cases large-sized specimens, L
trimmed to a size of 3 x 4 x 1 inches, must be selected, in accordance with section 3,
chapter 1V, p. 44, Regulations of the U. 8. Geological Survey. Specimens should
not be placed together without protection iu the collecting bag, as the fresh surfaces, 1
important in determining the character of rocks, are thus destroyed. They shounld !
be damaged by no temporary mark, but the numbers should be at once marked in {
at least two places upon the inclosing paper or cloth bags. Specimens may be |
permanently marked in camp by painting the numbers upon them in white upon a
black background, using Silver White and Ivory Black oil tubes for color, with
turpentine as a diluent. :

4. On the last twenty-five pages of the book give, as may seem desirable, a general —h—
account of the examination of the region mapped in the previous pages, correlation
of observations, sketches, cross sections, ete.

5. Forward this note book assoon as filled as registered mail matter to C. R. Van
Hise, U. 8. Geologist, Madison, Wis. B6—T47
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Here again on the top of the hill
there is a mass of white weathering
dense massive rock which I believe to
be a sediment but of which I am not
Bure .

. CEraZlf A AR,

Upon the top of +hP ridge there oc-

eurs in a number of pOouTGS a uni-
formly coarse gzdin@a rock which seems
to consist for the most part of feld-

rock we have called
fi‘f 1 r anE ‘rh-}')("pﬂn_’UTTT
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in the fie
although =

pOorphyry. seems to me that it
differs chiefly in coarseness from

the microgranite, svec. 40018 on Ely
island and spec. OClD from Stuntz
island. This feldspathic rock is
found in a number of places onﬂé,hill
and in a few placéﬁ%iu~:m} in direect
contact with the sedimen Here
infolding of the sediments and of this
rock was seen with no gradation between
them hence my belief that it is an
eruptive rock belong lng 7ith the com-
plex below the sediment
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General Conclusions.

As a result of this season's work
the following general conclusions have
been reached. In the Vermilion dis-
triet there is from the bottom up the
following succession of rocks. At
the bottom and as the basement upon
which rests all sedimentary deposits
of later age and through which have
been intruded all younger eruptive
rocks there is a mass of greenstone.
This may be found from Tower as far
E. as the viecinity of Gé%é%&nt lake.
Throughout this area of <5 /70 miles
in length, this rock possesses one
very common feature. I refer to the
ellipsoidal parting which will be des-
cribed in detail when occasion offers.
The greenstone varies from that which
is very fine grained to that which is
very coarse grained. Moreover it
is in places porphyritic, amygdaloidal
and spherulitie. These various struc- |
tures and teztures occur in the most
irregular way. . On the whole a mas-
sive structure may be said to predomi-
nate in these rocks. A schistose
structure is in some places very well
developed. It is almost always of
purely local occurrence, however, and
it would be misleading to speak of
this formation as consisting of green
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schists, It does not copsist pre-
\ dominently of greenston€?% In many
s . ;7E§§§§Wthey have been found grading
‘ over into each other so that we can
consider these rocks as belonging to
the same eruptive mass, although it
is perfectly possible that certain
of these forms have been erupted some-
what later than others,as issalw
: the case wherever there is ﬁﬁﬁ%
eruptive activity. Since thi® ellip-
\n soidal parting is so“E&E4°in these
rockq and since so far as known it
is totally ahsent in the younger rocks
of this areazﬁﬁgﬁ'essentlallv the
same chemical composition &s thése
¢£/@W/ beea speakgnX of as the ellip-
soidal greenstone,7Ade will avoid cir-
cumlocution and #inable the regder to
discriminate between rocks of#6imilar
age. It is impossible to make any
absolutely unqualified statement as
to the mode of origin of these rocks
other than to say that we—sete—tiet
they are of igneous origin., However
it is of great interest to know kel
whether thay are the result of vol-
canic activity or possibly represent
a great batholite. To my mind there
is sufficient evidence to show that
hese rocks are volcanic }n nature
and ¥&ie using this term/must qualify
it by stating that by this I do not
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mean that the rocks skewld have)been
erupted upo land, It 15 be dis—
tinetly understood %ﬁﬁ%?éﬁgia%ﬁy have
a4+ been formed under submarine con-
ditions. I am strongly ineclined to
think thafﬁfs true for the greater
part if not the whole of these rocks.
The evidence which I have for the vol-
canic character of these rocks may
briefly be stated to be as follows:
in the first place an amygdaloidal
structure is of very frequent occur-
rence in them and has been frequently
noted by #ke various observers. In
addition to this there is to be noted
the ellipsoidal structure which in my
opinion, as expressed in Monograph
36, is indicative t0 a certain extent
at least of the result of flowage of
a viscous lava. There is one further
structure in these rocks to which I
have thus far not called attention.
Many of the ellipsoidal greenstones
are made up almost completely of spher-
ulites. These spherulites have been
found to have a definite arrangement.
The small spherulites occur upon the
periphery of the ellipsoids and those
of increasingly large size are found
farther away from the periphery.

This occurrence points to the fact
that these ellipsoids have in cases
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where this arrangement is notieceable
acted as units, and is further evi-
dence in support. o y published ex-—
planation of thé Mode of origin of
these ellipsoidal greenstones. The
spherulitic texture is itself one
which has been observed so far as I
am aware only upon volcanic rocks, and
this fact is further support of the
contention that these greenstones are
of voleanie origin.

Next above these greenstones occurs
the Tower and Soudan iron formation.
This iron formation is the one which
has given to this district its enor-
mous economic importance., It is from
this that such great quantities of
the iron ore of the Lake Superior
region is obtained and it is one of
the most important of the factors in
the economic life of the United States.
This iron formation is made up of two
complexes each of which is composed
of a number of units. These two com-
plexes given in their succession from
below up are first a thin series of
normal fragmental deposits; second the
iron formation prorer consisting now
of interbanded black, gray, and white
cherts, or as they are sometimes
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called jaspers, red jasper, bands of
magn&tite and of hematite. Associated
with these are certain carbonateous
bands presumably representing remnants
of the original rocks from which the
r2perphyries and jaspers have been de-
rived. Associated in very small quan-
tity with these rocks just mentioned,
which are to some, extient at lgast of
chemical origiff4¥ ssibly'ai&?justi-
fied in attributing this mode of ori-
gin to all of them, there is found
some bands of grgenish slaty rocks
which appear to normal fragmental
sediments. WVhere we find these
slates associated with the jaspers we
may have beds representing the tran-
sition from the fragmental deposition
of the series below the jaspers into
the chemical deposits represented by
the jaspers and ores. %, would be
out of place to describ€“in detail
the ores and associated rocks, Ir—tris
prRoe, of very great interest is
the relationship which these rocks
bear to the greenstones. It has been
already stated that the greenstones
are the base upon which these rest.
In a few cases,to be described in de-
tail in the notes and in the proper
place in the final report, some frag-
mental sedimentary deposits were noted.
These fragmental deposits lying upon
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the greenstone gave good evidence of
their derivation from the greenstones.
Such evidence consisted in the presence
of a basal conglomerate consisting es-
sentially of greenstone which graded
upwards, away from the greenstone, into
finer grained sediments and were final-
1y overlaid by the chemical deposits
of jaspers and associated rocks. This
is the basis for the placing of a frag-
mental series between the greenstones
and the jaspers. In by far the great
majority of cases in which contacts
between the jaspers and greenstones
have been found, and these cases can
be numbered by scores, the contacts
were absolutely sharp no gradation
whatever being found from the green-

stone into the jasper. he arest
indication of any such e
existed in the greenstorne becoming

gsomewhat more schistose and perhaps
containing some infiltrated iron in-
mediately below the jas sper and along
the contact with it. This schis-
tosity, however, can be very readily
explained by the fact that in the case
of shearing this movement would take
place along the plane of contact be-
tween these two dissimilar rocks

In previous field seasons a number
of cases were observed of jasper in
small areas, lying in the midst of mas-
sive coarse grained greenstone. The
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contacts between these two rocks are
sharp. Such occurrences were in many
cases considered as indicative of
eruptive contacts, .that is, the jas-

T wagyvincluded % the greenstone,

It mast be admitted that in some cases
this relation probably does exist.

How long a time elapsed after the
cessation of the violent volecanic ac-—
tivity which produced the ellipsoidal
greenstones and the time when the
chemical sediments were deposited
£fore them cannot be measured. We Have
no eriteria whatever in this region
for even estimating approximately this
time. It is not unreasonable to
suppose that some flows or intrusions
may have been produced which include
some of this jasper. This fact would
by no means detract from the general
accuracy of the statement that this
ellipsoidal greenstone formation was
older than the jaspers,

At other places in this district
certain jasper areas were observed
occurring in the greenstones in such
a way as to indicate that they are the
result of secondary infiltration.
These areas are of irregular shape and
gize, They are found to possess on
the whole a concentric structure with
the bands in the jaspers running paraz-
lel with the contact of the greenstone.
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It is impossible to make any definite
statement concerning the thickness of
this jasper formation. It i1s in all
cases extremely plicated and the fold-
ing has been so intense have
caused the rocks to be‘ﬁégﬁégé many
times across the area. Moreover the
formation is essentially alike through-
out there being no clearly marked hori-
zon within it which could serve as
key-rocks, hence it has been found im-
possible to trace with certainty the
bands across the area, and hence also
impossible to determine the thickness.
This must, however, be very consider-
able for in some places we find eon-
tinuous exposures of the interlaminat-
ed jaspers exposed over an area of

e veae ‘Poot W. @ana 9. How many more
feet should be added to this it is im-
possible to say. From a maxirum this
formation dwindles down until it dis-
appears,in some cases the next higher
horizon lyving immediately upon the

greenstone basement.

Associated with this higﬁgx forma-
tion occurg all of the ore bodies
which have thus far been exploited on
the Vermilion range. The most im-
portant of these are the ones at Sou-
dan and those at Ely. At Soudan the
ore bodies worked by the Minnesota
Iron Co. have a synelinal form and
plunge to the W. having greenstone both
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below and above them. This syneline

is apparently?subordinate, & syncline
within a large antiecline, the main

structure of Soudan hill being anti-

c¢linal with this minor syncline near

the center.

The ore bodies,or more prorerly
speaking perhaps,the ore body at Ely
lies in a syneline trending E. and W,
and lying immediately upon the green-
stone. This syneline plunges to the
E. and narrows down also in this direc-
tion. At the W, end it is a distinct
syncline with the sides dipping in
opposite directions. As we go to the
[F. this dip changes and instead of
dipping on the S. side to the N., it
is overturned and the dip is to the S.
No other ore bodies of any extent have
thus far been observed. Active ex-
ploration is now going on and if the
places where the geological structure
suggests the occurrence of ore are ex-
plored, it is probable that largeX
ore bodies will be found.
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