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FOREWORD

Tﬁis publication is the result of four years field
work by Professor W.A. Seaman of the Michigan College of Mining
and Technology, under a cooperative program between the Michigan
Geological Survey and the Michigan College of Mining and
Technology.

At the present time publication of this report for
distribution is not possible due to the excessive cost of print-
ing the voluminous report and reproducing ths great number of
maps which would require color for interpretation. The report
has, therefore, been placed on open file in line with the
Michigan Geological Survey's policy of making geological
information available to interested parties as quickly as
possible.

The views stated in this report are those of the author
and @are not necessarily shared by the Michigan Geological Survey

of the Michigan College of Mining and Technology.
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GEOLOGY OF THE LAKE MICHIGAMME AREA

The area mapped in detail and shown on the index
map, Plate I, is twelve miles long from east to west with a
maximum width of about five miles and takes in most of Lake
Michigamme and the villages of Michigamme and Champion,
Fastward from Iake Michigamme the detailed mapping
included not only the iron bearing series but also much of
the foot-wall formations on each side of the troughes West
of the Peshekee River the foot-wall formations were found
only on the north side.
Most of the work in the area was done in 1946 and
1947, although some previous work, from 1943 to 1945, 1s
included. This previous work wis coversd, for the most
part, in the Michigan Geological Survey Progress Report #11,
"The Geology of the Spruce River and Poshekas River Areas",
The field work in the lake Michigamme area while
far from complete has progressed to the stage where this
report is considered advisable. Much work remains to be done,
especially along the north limb of the iron formation eastward
from Martin's Landing, as well as a considerable part of
Sections 27 and 28 . 48 N., R. 30 W.). An extension of the
mapping eastward to Humboldt is strongly recommended for the
near future, and the mapping of the iron formation for at
least a mile to the westward across most of section 35 (T. 48 N.,
R. 30 W,) is also advised, as the Negaunce iron formation. extends
in both ef these directions beyond the limits of the present
mapping.

Accompanying this report are the following maps:=-



Map

No. Maps Accompanying Report Scale

1 Lake Michigamme area 2" = 1 mile
2 Beacon to Lake Michigamme 10" = 1 mile
3 Section 4, T 47N., R. 29 W, 20" = 1 mile
4 Section 5, T 47 N., R.29 W, 20" = 1 mile
5 NE$ Section 5, T 47 N.y R. 20 W & adjacent area  4AO" = 1 mile
6 Section 6, T 47 N., R. 29 W. 20" = 1 mile
7 Section 10, T 47 N., R. 31 W, 20" = 1 mile
8 SW T. 48 N., R. 29 W, (includes E edge 48-30) M = 1 mile
9 Section 19, T 48 N., Re 29 W, 20" = 1 mile
10 Section 21, T 48 N., R, 29 W. 20" = 1 mile
11 Section 28 & 29, T 48 N., R. 29 W. 20" = 1 mile
12 Section 30, T 48 N., Re. 29 W. 20" = 1 mile
13 Section 31, T 48 N,, R. 29 W, 20" = 1 mile
14 Section 32, T 48 N., R. 29 W, 20" = 1 mile
15 SEf Section 32, T. 48 N., R. 29 W, 40" = 1 mile
16 Section 33, R. 48 N., R. 29 W, 20" = 1 mile
17 T 48 N., R 30 W, (section through center)

includes east part of 48-31 4% = 1 mile
18 S&. T 48 N., R 30 W, 4" =1 mile
19 SWi T 48 Noy R 30 W, 10" = 1 mile
20 SWE T 48 N., R 30 W, 10" = 1 mile
21 Section 1, T 48 N., R 30 W, 20" - 1 mile
22 Section 13, T 48 N., R 30 U, 20" = 1 mile
23 Sections 19 & 20, T 48 N., R 30 W. 20" = 1 mile
24 Section 20, T 48 N., R 30 W. 20" = 1 mile
25 Section 20, T 48 N., R 30 W. 20" = 1 mile
26 Section 21, T 48 N., R 30 W. 20" = 1 mile
217 Section 22, T 48 N., R 30 W. 20" = 1 mile
28 Section 23, T 48 N., R 30 W. 20" = 1 mile
29 Section 24, T 48 N., R 30 W, 20" = 1 mile
30 Section 25, R 48 N., R 30 W. (only part of Section)20" = 1 mile
31 Section 26, T 48 N., R 30 W, 20" = 1 mile
32 Section 25 & 26, T 48 N., R 30 W, 20" = 1 mile
33 Section 27, T 48 N., R 30 W. 20" = 1 mile
34 Section 36, T 48 N., R 30 W, 20" = 1 mile
35 SEF T 48 Ney R 31 W, 10" = 1 mile
36 Section 22, T 48 No, R 31 W, 20" = 1 mile
37 Section 23, T 48 N., R 31 W, 20" = 1 mile
38 Section 24, T 48 Noy R 31 W, 20" = 1 mile
39 Section 25, T 48 N.y, R 31 W, 20" = 1 mile
40 Section 26, T 48 No, R 31 W, 20" = 1 mile
41 Section 27, T 48 N., R 31 W, 20" = 1 mile
The above maps show topography, outcrops and dip needle

readings. Many of the sections were not completely mapped, the

parts that appeared to carry no underlying iron formation being



omitted in some cases, although the footewall series were usually
mapped far enough back to be reasonably sure that the general
character of the foot-wall formations did not change appreciably

within the map area,



MAPPING METHODS

A true north and south line, accurate to within
one unit in a thousand (2 paces to the mile), was established
by Polaris observation near the base camp. This camp was
located near the northeast corner of Section 26, (T, 48N., R 30 w.),
about one~quarter mile west of the Peshekee River and a similar
distance north of Ilake Michigamme,

Dial compasses were used exclusively in the surveying,
the instruments being equipped with either a movable sight bar
or else carefully out sighting slots to permit accurate diagonal
running. The most commonly used diagonal courses were those at
angles such that the tangent was either 1:1 (45°), 1:2 (264+°)
or some other fraction convenient for plotting,

The dial compasses used for most of the work were
constructed for latitude 464° which was the approximate
latitude of most of the mappings Other compasses at hand
were for latitudes 47° to 490, which while fairly satisfactory
involved larger compass corrections,

Compass corrections were taken at intervals of a few
days, usually on a Sunday or on some day when only intermittent
sun made field work inadvisables The corresctions were obtained
by setting up the instrument on the azimuth line and sighting
carefully along the line, At about fifteen minute intervals
throughout the day the dial was read and the corrections
plotted as a curve., A series of such curves is shown in Plate
II. A Jacobls staff support for the compass was used in
practically all of the work. It was found that the instrument

could be sighted along the azimuth line with an error not to



exceed 1 unit in 500 (or sbout four paces to the mile).
The dial could be read to the nearest half minute of time
resulting in an error equivalent to laess than five paces per
mile.

Thus the error of any line carefully run in the field
might be the error in the Polaris sight plus the error in setting

the time on the dial plus the error in sighting through the

ct

instrument., If none of these errors happened to compensate
sach other, then the line might be off about 1/4" in azimuth,
equivalent to an error of nearly 10 paces in a mile of traverse.
In practice it was found that the lines could usually be relied
upon t6 within 5 paces to the mile.

It was found impractical to use the center of the shadow
of the gnomon thread as this shadow covered from 1 to 5 minutes
of the sun dial graduations and the time could not be set with
sufficient accuracy, except near noon when the shadow was the
narrowest, Hence the practice of always using the left hand
edge of the shadow was adopted and compass corrections were made
accordingly. One curve in Plate II shows the corrections for
each side of the shadow.

The method of taking compass corrections automatically
took care of such factors @s instrument inaccuracies, difference
in time between the local meridian and the 90th, the time
equation, watch regulations, refractions, etce When the time
equation was great enough to shift the correction curve entirely
to one side of the zero line, it was generally advisable to set
the compassman's watch back (or ahead) an amount sufficient to

keep the correction curve fairly well centerede.
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When the corrections were large enough so that the
curve showed a variation through the day of ten minutes or
more (as the curves for Masy 11th, 1945 or June 6th, 1946), it
wes time to put in a new thread as such large variations from
a straight line were apt to be due to fraying and stretching
of the thread resulting in the gnomon being a2t an incorrect
angle for the latitude. The new thread had to be carefully
adjusted and a new set of corrections taken.

The compasses were sighted in just before going into
the field each day and again immediately upon returning. Any
deviation from the curve, other than the slight amount shown
by the Evhemeris as due to the time equation, necessitated
a check of the compassman's wateh or of the curve, or both,

In the mapping, all distances were measured by
pacing which was standardized under varying topographic
conditions, care being taken that neither the type nor welght
of the footwear was varied from day to day. The direct error
in measuring distances by pacing was generally kept under 1%
and this potential error was further reduced by double check-
ing of much of the work by diagonal runs,

All pacing was corrected in the field to the standard
of 2,000 paces to the mile which is the standard so long in
use by the Michigan Geological Survey, timber cruisers and
others. 1 pace = 1/2000 mile = 2,64 feet,

The various compassmen employed in the work took from
84 to 114 steps for 100 standard paces and had to adjust their
racing to the standard by taking an uncounted step at regular
intervals, or else by counting a step twice every so often,

The greatest adjustment necessary was by the compassman who



took 118 steps to each tally of 100 paces, it being thus
necessary to take two uncounted steps after each ten until the
count of 100 was reached., In general it was found that the
compass~-men who had the most difficulty in pacing accurately
and consistently were those who took the longest steps and
were proud of it. Logs, roots, other obstructions and steep
grades seemed to have a greater effect upon their accuracy
than it did upon those with shorter legs. It is advisable

to adept an easy, steady gait so that the natural pendulum
action of the legs can be best utilized.

The mapping was usually started a4t a2 section corner
or a quarter post and a closed traverse run along two sides
and a diagonal of a quarter section., Marked vpoints were
established at convenient intervals seldom more than 250 paces

apart. These marked points usually consisted of three boulders
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equilateral
triangle about the hole made by the Jacobls staff. Only rarely
were any trees blazed and then only in the thicker brush where
nearby saplings were barked with the chisel edge of the
geological trimming hammer, These marked points were plotted
on the maps as dots enclosed in a small circle,

The error of closure of this first traverse would
be recorded and the marked points established either replotted
to their correct position or else the points in the field would
be shifted the fow paces in the neecessary direction if the
error was verified by later traverses to them. After running

this first triangle which included one-half of a quarter section,
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the triangle would usually be further subdivided into triangles
250 paces on a log and in many instances into still smaller

enes. In addition, traverses were run to important geological
points within the triangle so that they could be plotted with
greater accuracy than could be obtained by estimating their
location from the regular runs., The trianguler arrangement of
runs was not always closely followed in practice if an offset

of some multiple of ten paces would avoid bhad swamps, wind-

falls or other bad going without missing any valuable information.

Most of the 0ld logging rosds were traversed, not only
to locate them accurately, but also to check up on their condition
with their future value as a means of access to that particular
area in view.

The work was all plotted in cross-section books ruled
6 lines to the inch, The scale most commonly used in the field
was either 10 or 20 paces to the small squnre, except where
considerable detail had to be mapped, in which case a scale of
5 (or even 1 pace or less) to a small square was uscde
DIP NEEDLES

The dip needles used included four Lake Superior
models made by Curley, and several older ones. The best
results were obtained with a needle rebuilt from various old
parts.

Every few days e2ch eof the operating needles was read
at a selected number of marked points referred to as "dip
checks", Curves and tables were made so that the readings
taken with any one needle could be adjusted and plotted to

a single standards The dip checks were chosen to get a fairly



9
complete set of readings from the lowest obtainable in the area
to comparativeiy high ones, and with some where near equal
intervals between them. As far as practical the dip checks
were at points chosen where the underlyling stratigraphy and
structure were known.

The needles varied from each other in one or more
of the following ways:~ sensitivity, balance, friction,release,
rarallax, temperature change effcets and less obvious factors.
It seemed that nothing could be done to satisfactorily improve
the sensitivity, but most of the other factors could be changed
as conditions warranted.

The needles most commonly used were balanced to give
readings between 0° and minus 50° at the lowest reading dip
check, or from about 50 to 10° for most of the work in the field.
The advantage of balancing the needles to give negative readings
over low and even moderate anomolies increassd thelir apparent
sensitivity when crossing weak or deeply buried magnetic belts,
This outweighted the disadvantage of dealing with so many negative
readings.

The needles were read in the following manner, a
standardized procedure belng necessary to ebtain uniform and
reliable results,.

Magnetic west was determined with the instrument held
horizontally, then the needle was locked in the proper starting
position as given in the adjustment curve for that particular
needle, This was usually somewhere between 0° and -300, and
was chosen according to the balance and other characteristics
of that needles The reading at the end of the first up swing

and the end of the following down swing were noted and if the
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bubble had not moved appreciably thoese readings were added
algebraicly and divided by two. Some operators reading each
swing to the nearest $° obtained readings to the nearest 3°
but it could usually be demonstrated that readings closer than
4° could not be consistently duplicated and had little value
unless such readings were the result of averaging three or more
sets of readings.

The following conventions were used for recording
fractionsi~ 7+° was recorded as T+, 7-—3/4o as 8-, and 74° as
7. (& " followed by a dot)e This resulted in greater speed
and legibility.,

The curves in Plates III,IV and V show how some of
the different needles were balanced and theilr relative
sensitivity in various parts of the range of readings. The
steeper the curve the less sensitive 1s the needle,

The curves and the tabulations show the values,
assigned to the different readings for each dip nesdle, and used
on the 20 inch to the mile section maps. These values, while
arbitrary, were assigned only after a great many composite curves
had been constructed for all available needles. The plotting
values were then so chosen that the curves for the various needles
worked out with the least variation from a smooth curve. This
seems to give a partially quantitative value to the adjusted
readings,.

The din needles used each day were rsad at a dip
check near the base camp just before starting into the field and
were read again immediately upon return. The instruments were
also read at one or more dip checks during the course of

the days work and were frequently checked at marked points
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already plotted in previous work.

Any dip needle read at intervals during the day at the
same spot usually showed a gradual drop until the sun had been
up for about four hours, after which the readings remained
practically constant, barring changes in the weather, until
about four hours before sunset, at which time a gradual and
steady rise would begine This variation during the day might
be as little as +° for some needles but a change of 2° to 3°
was more common, Magnetic storms would sometimes cause such a
sudden marked and erratic change in the readings that dip needle
work would have to be suspended for a time. The daily dip needle
work in the field had to be adjusted in accordance with the
known (or sometimes assumed) variations that would occur daily
between the time of leaving camp and the time of return. A
fairly good check of this daily variation was usually had by
checking back in the field work to nearby marked points from
time to time,

No needies were adjusted in the field,

If one of the instruments seemed to be giving erratic results
and to be in need of adjustment, it was not used any more that
day and the traverses were finished with one of the other
needles. The faulty instrument was later checked at dip checks
and if it still failed to function properly it was taken to
camp and not used again in the field until the trouble was

remedied and a new ad justment curve had been made for it,



In most of the field work, three dip needles, balanced
quite differently were used. The dip needle man usually carried
two needles and the geological mapper carried the other. Two
or more of them were read on the more important marked points
on the traverses. Only one needle was usually used between
the marked points but occasionally two were read at precisely
the same intervals and spots across the magnetic belts. This
was done to see if additional information regarding the depth
of overburden or the dip of the formation could be obtained
through the magnetometer effect as described by C.0. Swanson
in his article "The Dip Needle as a Magnetometer" in the Bulletin
of the Society of Petroleum Geophysics, (Vol. 1, No. 1 of January
1936). While reliable results regarding the depth of over=
burden were probably not obtained it did seem that the direction
of dip could often be deduced,

On days when clouds temporarily obscured the sun, or
when the wind was gusty or shifting, or thunder storms approach-
ing, it was found that the dip needle readings might fluctuate
considerably. Under such weather conditions no field work was
done where a variation of a degree or two in the readings scemed
likely to have any particular significance.

It was also found that when a stop of a few minutes
was made in a dip needle run, the instrument would often give
readings at the last point differing as much as one or two
degrees from the reading previously obtained there. In that
case it would be necessary to repeat the readings at the point
until the previous values were duplicated, or if that were not
possible, then the readings for the rest of that run would be

recorded with the change in value reporied.

12
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By reading at least two needles at each marked point,
erratic behavior of any neecdle was usually promptly detected.

Many of the reasons for a dip needle failing to function
properly are still unsolved, but the following are some of the
precautions that must be taken.

Do not brush the instrument against the clothing
between readings as static may develop. Static is easily removed
by breathing on the glass and allowing the evaporating moisture to
carry off the static. Avoid jarring the instrument, Keep it well
away from battery or starter cables in a car. Proﬁoct it from
sudden tempcrature changes. Don't grind down on the release hard
enough to damage the cone or wedge. And above all, don't ever
makc any adjustments on it during a dip needle traverse in the field.

Plate VI shows the magnetic profile across the entire
Negaunee iron formation from the foot-wall Ajibik to the Bijiki
iron formation, where much of the structure is visible in the
outcrops.

Plate VIT shows magnetic profiles across buried iron
formation which is presumably dipping northward in profile "A",
and southward in profile "B".

Early in the work it was realized that the dip ncedle
man was usually completely busy taking and recording the magnetic
readings and that the duties of his running mate had to be
extended far beyond the ability of the usuazl compass man whose
work is customarily confined to running straight lines and
keeping the pacing. Thus a new division of work was necessitated
with the dip needle man reading the needle at the necessary
intervals and plotting the same. In addition he plotted only the

marked points and such streams, roads, outcrops and other features



that lay close to or were crossed by the traverse. That is,
the dip needle man plotted only what was necessary in order to
make sure that the magnetic readings were properly tied in with
the outcrops and the rest of the mapping.

Instead of the conventional compass man, 2 geological
mapper was cmployed who mapped in all of the topography, examined
the outcrops, collected and trimmed specimens, located and
established most of the marked points and kept the dip needle
man located and on line. BExcept in 1944 and part of other years,.
someone with good eyesight and steady nerves who could be readily
trained to operate a dip needle was found for the work. When no
such help was available, then both the geological mapping and
the dip needle work had to be done by one man, working alone,
who had to establish marked points at closer intervals while
mapping the topography and gcolcegy, with the magnetic readings
being taken on the second trip over the traversc.

The following assistants worked 2s indicated.

Year Geological Mapping Dip Needle
1943 DeJ. Seaman D.J. Seaman
944 e == = e =
1945 - = = - 4. Porturas
1946 000 = = e - - - E. Kemp
______ Bruce Kennedy
1947 =000 e e e - = Jerry Smith
______ Bruce Kennedy
Bruce Kemmedy =000 0= = = e e = -

Stiff backed 5 x 8 inch cross—section books were used
in the worke These had 128 pages ruled 6 lines to the inch,
In the field each man plotted in his own sceparate book and
all of the essential work was promptly transferred to an
office book from which the large maps were made. Each office

book had a general index on page 1 and a constantly growing
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key map on a scale of about 4 inches to the mile, on pages
IT to VI. This key map covered the part of the area as
designated on the cover of the book and showed the pages in
the book on which each part of the work was mapped to the
regular scale. EBach book was alse cross indexed with the
margins of each page indicating the pages on which the
continuation of the mapping could be found, Pages 100 to 104 were
usually reserved for the dip needle adjustment curves, Each office

book contained the work from three or more field books.

The following office bocks are on file at the Michigan

Geological Survey Office, Lansing, Michigan.

Designation of book and area Year the work was_done
By Beaufort Mine area Mostly in 1945

Cq Champion and Beacon Area 1943, 1946 and 1947

02 Champion and Beacon Area Mostly in 1947

Fq Fence Lake Area 1945

M1 Iake Michigamme Area, General 1943

M, Michigamme Area 1945

P1 Peshekee River Area 1944

Sl Spruce River Area 1944,

Specimens were collected of the different phases
of each formation and were mostly of two types, trimmed hard
specimens or channel samples. A few grab samples and a type
designated as "selected average" were taken where channel
sampling was not practicable.

The hand specimens were generally trimmed to a nearly

uniform size of about 8 x 12°™ or a little larger than 3 x 4%
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inches., They were carefully chosen only after a great many
freshly broken fragments were carefully studied under a strong
hand lens. The specimens were wrapped separately in the field
and later had a small rectangular piece of adhesive tape attached
near one corner. This label gave the township, range, section
and the number of the specimen in that section in that order
£,8=30
and in the following manner - 247#11.

The precise location of each specimen is shown in the
field notes, in the office book and on the section maps. There
15 also a fairly complete hand lens description of the rock given
in the supplement to this report. This description usually
includes the strike and dip, and the approximate thickness or
width of that sort of material as wall as the charuacter of the
foot and hanging wall rocks.

The following list shows the number of each type of
specimem taken in each section. The specimen, dccompsnied by
labels, are on file at Michigan Cellege of Mining and

Technologye.
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Marked Points used as Dip Checks and listed in this Report.

Sec. 20, (48-30). 460 paces E, 450 S of W post.
Just N of 4ft boulder on S side of N turnout to
roadside park. Negaunee iron formation dipping S.

Sec.22, (48-31). 530 paces W of By post. S of US
41, N of D.S.S. & A.RR and E. of Beaufort Roade.
Negaunee iron formation dipping south,

Sece 5, (48-29). 340 paces E, 340 S of Ni post.
Negaunee iron formation dipping northeast.

Sec.22, (48-31)s 145 paces N, 245 B of Wi post.

1 pace west of corner fence post on north side of
roade Bikiki iron formation dipping southward (%)
near crest of anticline.

Sece 25, (48-31). 430 paces N, 600 E of VW poste
Square post on east side of trail across caved
ground, just west of Imperial shaft. Bijiki iron
formation dipping south.

Sece 26, (48-31), 550 prces N, 440 W of E% postae
South of road junction ncar Bass Lake. Bijiki

iron formation di.oing south,

Sece 32, (49-29). 420 paces N, 130 E of S post.
South side of old rozd, Clarksburg tuff, near
axis of anticline underlain by Bijiki and Negaunee
iron formations,

See. 26, (48-30). 100 paces S, 140 W of NE corner.
Now abandoned due to enlargement of gravel pite.
Negaunee iron formation dipping south-southwest.

Sec. 26, (48-30). 120 paces W, 150 S of NE corner.
Nearly along the strike from point B and now

used instead of point B. Negaunee iron formation
dipping south-southwest.

Marked Assigned
Point Value Location
T 59°
Y 30°
A 242
F 220
I 20°
By 16°
K 15°
B 12°
B! 12°
R 10°

Sece 25, (48-30). 1 pace west of 1/16 pin,which
is 510 paces B, 500 S of NW corner, Negaunee
iron formation dipping southwest. Now abandoned
because of new high tension wires close by.



TABLE 1 ({Continued)

Sec. 32, (48-29). 475 paces E of Sz post.

Low on east shoulder of US 41 where line between
32 and 5 crosses. Bijiki iron formation, dipping
northeasterly.

Sec. 25, (48-31). 210 paces E, 110 N of Sg post.
Center of road junction (Spruce River and Cardinal
Lodge Rotds)e Bijiki or Michigamme formation
underlain by Negaunee iron formation, Considerable
overburden. Iron formation probably in rolling

See. 25, (48-30). 25 paces W, 25 S of center. North
of US 41, W of Martin's Landing road. Bijiki iron
formation, crumpled and with considerable overburden.

Sec. 36, (42-31). Center of road junction, a few
paces east of the W posts Michigamme formation
underlain by the Bijikl and Negaunec iron formations
at considerable (?) depth.

Sece 24, (48-30). 280 paces 8, 20 E of centere SE
side of junction of Muron Bny grade road and road
to Martin's Landing Bridge. Ajibik,dipping southeast.

Sec. 21, (48-30). About 410 paces E, 90 N of position
of W post which was not found (probably in Ketchewn
Bay). 410 paces east of the W line of thé section,and
on N side of US 41 by basic dike in steep south
dipping Ajibik quartzite.

A fow paces SW of point D. Marked point accidently
destroyed in road improvements.. Point lost and not
used since values are changing so rapidly within a
few feet of the point that it can not be re-
established with certainty.

Marked Assigned

Point Value Location

L gx°

c 8°
gyncline.

o

E 6%

o

s 5

M i3°

Q 3°

0 (1

(0

D -13°

Sec. 20, (48-30). 590 B, 140 S of Wi post. NW side
of US 41 on smnll, sheared basic dike cutting an
anticline of Ajibik mica graywacke.
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TABLE 4

GEOLOGICAL COLUMN* LAKE MICHIGAMME AREA
Recent Muck, soil, etc.
Pt~ Sand, sandstone,
Glacial Gravel, conglomerate, hard pan, etc.
& Glacial Boulders, gravel, conglomerate, sand, etc,
Faulting ?
Keweenawan Olivine diabase dikes
Superior Granitization, pegmatites, folding, faulting.
[/Sibley Diabase dikes, partly uralitized.
5 Slate and mica schist
Staurolitic mica schist
EMichigamme Graywacke and quartzite
© | Conglomerate
=
© ‘Clarksburg Tuff, agglomerate, basic dikes, etc,
D |
o/

Slate, mica, schist
Iron formation

Fa \ Slate,schist, graywacke
A Quartzite and sraywacke
@ {Goodrich Conglomerate
= 41
- E Slate, schist

(Eﬁ Iron formation

{“-Negaunee Slate, schist, graywacke, etc.

58 Quartzite, gneiss, etc.

st (Aiibik Conglomerate

Champion Granitization, pegmatites, folding, faulting.
:j(kona Dolomite, slate, schist, gneiss.
E%Mesnard Ouartzite, gneiss, slate, schish, etc.
° Slate, schist,

Kiteki Graywacke, gneiss, etca

Conglomerate

C)"If:lurerﬁ;ian Pegmatite, granite, etc.
H
o
“lKeewatin Chlorite and amphibole schist.,

A
P2y

*¥See Geological Column and Correlation Chart in the Preliminary Report
on the Lake Michigamme Area, Progress Report #10, "Strategic Minerals
Investigations in Marquette and Baraga Counties, 1943", (Michigan
Geological Survey).
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STRATIGRAPHY of the LAKE MICHIGAMME AREA

KEEWATIN and LAURENTIAN.

Only a few small areas of what was presumed to be
these older rocks were found in the area. The usual
occurrence was in a plunging anticline or dome with the core
exposed by erosion,

Near the southeast corner of Section 21 (T. 48 N.,

R. 29 W.) an outcrop 8 paces wide and 30 paces long consisted

of antinolite schist (Specimen #6 from that section) cut by
veinlets of pegmatite. This was in contact with and apparently
everlain by a fragmental rock {Specimen #7) that contained
abundant fragments up to a foot long of the actinolite schist.

It was not proved whether or not the fragmental rock was a
conglomerate, tuff or breccia, but it was believed that it may
havé been the Kitchi conglomerate, and if so, then the actinolite
schist was almost undoubtedly Keewatin.

In Section 1 (T. 48 N., R. 30 W.) an outcrop about 20
paces long (north to south) and 10 paces wide consisted of
chloritic schist (Specimens #5 and #7) dipping steeply south,
cut by pegmatite (Specimen #6) also dipping steeply south,
with a contorted, granitized graywacke above (to the south)
and in direct contact with the chloritic schist.

More than five miles north of Lake Michigamme there
are considerable areas of amphibole and chlorite schists and
gneisses, part of which may eventually be proved to be pre-
Kitchi, and probably Keewatin, in age.

About a mile south of the Champion Mine at Beacon,

the granitized Ajibik lies unconformably across a nearly



19
vertical, northward striking series of amphibole schists
and gneisses which may be Keewatin, but seem more likely
to be of Mesnard or Kitchi age.

Numerous areas of granitic and schistose rocks were
encountered north of the iron bearing series, but in most
cases detailed mapping and close examination showed that
along the gneissoid banding they passed into recognizeable
sediments the stratigraphic position of which could generally
be determined. Thus it was concludad that a great deal, if
not most, of the granitic areas formerly considered to be
laurentisn or Keewatin were granitized Kitchi, Mesnard or
Ajibik sediments. Sets of specimens were collected that
showed practically all stages of the transition to the
granitic rocks from the original graywackes and quartzites
of each of the thrse series just mentioned,

South of the iron series, the granitic rocks were
found tu be almost entirely of sedimentary origin and
definitely post-Laurentian in age. Thus the Keewatin and
Laurentian rocks in the Iake Michigamme area can be dismissed
with the statement that very few of these older rocks were
identified, and that they do not make up any large proportion
of the rocks in the area,

KITCHI

The basal member of the Kitchi series is a conglomerate
such as is exposed near the middle of the northwest 1/4 of
Section 20 (T. 48 N., R. 30 W,). This conglomerate contains

abundant pebbles of chlorite or actinolite schist, subordinate
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granitic pebbles and a few pcbbles of vein quartz in a matrix
of quartz grains with considerable fine emphibole, chlorite and
some biotitc. The bottom of this conglomerate was not generally
seen, though in & couple of instances (as mentioned under the
occurrence of the Keewatin), it appeared to lie upon an older
chloritic or amphibole schist. The comparative scarcity of
granitic pebbles in it probably indicate that there was not
much of the Laurentian granite nearby.

Above this conglomerate is a belt of graywacke with
some slate that totals not less than 100 fest and probably has
a thickness of soveral hundred fecet, although in no instance
could a thickness of more than about 150 feet be proved.

This graywacke formation was seen, studied and mapped
in all degrees of metamorphism up to and including the quite
completely granitized phase that msy best be described as a
quartz monzonitic gneiss. This gneissoid phase seems to
constitute the bulk of the exposures covsring most of the area,
for five miles northward from the iron series, for the entire
length of the area and for a considerable distance beyond, both
easterly and westerly. In this fairly thick belt of granitized
graywacke arc thinner belts of dark biotite schist that are
probably derived from the more slaty phases of the graywacke.

The strike of this great (Kitchi) graywacke series is
about north and south in general, although locally it may be
found striking in almost any direction if the noses of the folds
arc closely examined. The general structure is a series of
close folds with both limbs dipping steeply westward., Many of

the anticlinal crests have been plucked by glaciation, or otherwise



removed, and it was necessary to map carefully and thoroughly
in order to prove that this was not a series of tremendous
thickness.

Bacause the Kitchi in the Lake Michigamme arca is
generally so highly metamorphosed that its original character
and structurc has been so obscured, it wes thought advisable
to rovisit some less highly metamorphosed area wheore it might
be studied in better details Good exposures of the Kitchi
were found in a belt sceveral miles long on the north side of
the Marquette basin between Hegaunce and Marquette. This belt
is exposed fairly well at frequent intervals from a short
distanco northwest of the west 1/4 post of Scction 32 (T. 48 N.,
R. 26 W.) eustward to beyond the south 1/4 post of Section 29
T. 48 No, Re 25 W.)e Westward from Scction 32 the Kitchi has
been subjected to more and more faulting, folding and
metamorphism, gradually assuming the charsctor exhibited so
generally in the Lake Michigamme area.

In Section 29 (T. 48 N., R. 25 Wo) the base of the
Kitchi is a conglomerate, dipping stecply south, scveral feet
thick and exposed almost continuously for several hundred piccs.
This conglomerate lies uncomformably upon crumpled chlorite
schist and contains pebbles of the following material, listed
in decreasing order of abundance.

Granite (or granitic material) contnining from 15%
to 40% quartz, feldspar (about twice as much alkalic as calcic),

considerable hornblende altered more or less to chlorite.

Vein quartz.
Felsite and rhyolite,

Dark, basic chlorite and amphibole schist.

The basic schist fragments undoubtedly came from the

21



immediately underlying Keewatin which is exposed for a
considerable distance to the northwarde.

The granitic material, rhyolitc and felsite seem
jdentical with thc material in so many of the east and west
dikes that intrude the Keewatin, becoming larger and more
numerous to the northward until a granitic mass several
hundred acres in extont is reached near the Dead River north
of Marquette.

Above the conglomerate at tho base of the Kitchi
was found a few feot of slaty graywocke. Next was a flat arca
about 100 feet wide with few outcrops, all of which were slate.
Then about 200 feet of graywacke with occasional beds of
brownish to pinkish quartzite cach only a few inches thick,
Next a slaty graywacke, 10 to 30 feet thick, succecded by a
somewhat pinkish quartzite severul feet in exposed thickness,
above which was more slaty graywacke.

A gap of about 100 paces, with no significant change
in topography, lies between these last cxposures of slaty
graywacke and the sericitic quartzite near the base of the
Mesnard which outecrops along the north side of Mud Lake (Lake
Enchantment) on the south line of the section. The basal
Mesnard conglomerate, outcropping a few hundred foet to the
westward, strikes into about the middle of this 100 pace gap.

On Section 32 (T. 48 N., R. 26 W.) the local top
of the Kitchi is a slate member unconformably below the
basal Mesnard conglomerate containing well rounded pebbles
of thz following material, listed in the approximate order
of their docrcasing abundance. Vein quartz, quartzite,

graywacke, chert, slate, granitic material, soft basicschist,



Only the top few feet of the Kitchi slate underlying this
conglomerate was herc exposcd along the south edge of a swamp.

No pebbles of any scdiments were found in the
conglomerate at the base of the Kitchi, and the chert that
has been roported from there was more likely observed in the
near by Mesnard conglomeratc which may have bcen mistaken
for the Kitchi., It was perhaps bscause of thus confusing
the two conglomerates that the entire Kitchi series east of
Negaunee was mepped with the Mesnard in Monograph XXVITI.
Westward from Ishpsming the entirc Kitchi was mapped as the
Kitchi schist phasc of the Keewatin in the same Monograph.
Thus the entire Kitchi period scems to have been lost and is
not usually described in the literaturc.

Tho term "Kitchi®, first used in Monograph XIVIII
was a good choice, it being an Objibway term signifying
"great" and fits in well with the occurroncs of o great
graywacke (schist or gneiss) series between the older granite
and the Mesnard,

The presence of chert pebbles in the conglomerate
at the base of the Mosnard while none were observed in the
Kitchi conglomerate, and no cherty formations evident in any

of the exposures of the Kitchi stratigraphically between the

two conglomerates, indicates that part of the top of the Kitchi,

eroded before the deposition of the Mesnard series, may have
included one or more chorty members., No conclusions were

drawn as to the probnhle thickness of the eroded part of the
Kitchi, nor as to whether the chert fragments in the Mesnard

conglomerate represented eroded cherty dolomite, other chert

23



bearing sediments or merely chert veins in the Kitchi,
Because of the orevailing steep dips in the Mud
Lake secetion and the likelihood of considerable faulting,
folding and erosion that might seriously affect ostimates
of the true thicknesses, the formations that constitute the
Kitchi are given bclow, with their thickness listed batween

what are considered probable limits.

Minimum Maximum
Cherty formation, locally croded ? foot 22? foet
Slate HO 1007 "
Slaty graywacke 50 200 »
Quartzite BTSN 50 ¢
Graywacke 150 " 500 0
Slate 50 00 ¢
Graywacke & Slaty graywacke 0 n 50 "
Conglemerate (no pebbles of
sediments) .3 20 v
300 " to 1200 M

MESNARD

A considerable amount of gquartzite, usually more or
less granitized, was encountered north of Lake Michigamme.
The exposed thickness was in some places more than 4O feet
but though the mapping showed that it was pre=Ajibik and
younger than at least part of the Kitchi, it was difficult in
most places to prove whether it was Mesnard or Kitchi. Ths
quartzite at the Rock Dam on the North Branch of the Peshekee
River, near the north line of Section 2 (T 48 N., R. 30 W.)
appears to belong to the Kitchil series as no definite break
was found between it and the quartz monzonitic gneiss phase

of the granitized Kitchi graywacke underlying it. On the
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contrary, the quartzite in the center of a syncline exposed

in a bluff eduth of and below the Ajibij in Section 23 (same
township) is thought to be a remnant of Mesnard as it appears
to overlie a considerable thickness of Kitchi graywacke in
which are beds of quartzite material, that are more thoroughly
metamorphosed and contain more basic material than the presumed
Mesnard in the axis of the fold.

It is apparent, though, that in general the Mesnard
was either not deposited over most of the arca north of Lake
Michigamme, or if it was formerly present, it was mostly removed
during the pre-Ajibik crosion interval, os where the Ajibik
is found it usually lies directly upon the Kitchi graywacke.
KONA

No formation considered to be Kona was found in place
although an ocecasional fragment that resembled Kona dolemite was
found in the Clarksburg tuff which might indicate that the Kona
had been present in some parts of the aren. In view of the
extroeme stage of metamorphism of much of the quartzite as late
as the Ajibik, it would seem that the Kona would generally be
metamorphosed beyond ready rccognition. Furthormore, with so
1ittle of the usunlly thick Mesnard left after the pro-Ajibik
erosion, most of the Kona would likewise have been removed.

CHAMPION PEGMATITES, GRANITIZATION, FOLDING AND FAULTING.

The pre=-ijibik formations were squeczed into generally
north and south striking folds and underwent varying doegrees of
metamorphism. A considerable amount of thrust faulting

accompanied the folding., Pegmatites striking in various
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directions but predominently north and south arec abundant

in the Kitchi series. These pegmatites have not always been
distinguished from those of a later (Superior) secries in the

arens where no Ajibik or other formations were present. 4

study of the pegmatites where the age could be established
indicated that the Champion pegmatites generally lacked the
molybdenite, beryl, and andalusite that are fairly common in

the Superior pegmatites., They also probably contain less apatite.

The folding that accompanied the Champion Revolution
seems to have resulted in the elevation as well as the crumpling
of the 0ld sea bottom formations such as the Kiteki, resulting
in the north shore line of the inter Ajibik sen being moved
southward, in some places severdl miles.

Although the Champion granitization may have been
accompanied by some commercial mineralization, no direct
evidence of it was found, and the pegmatites and quartz veins
that seem to be of this age appear to be nearly or totally

lacking in mineralization,

AJTBIK

The basal Ajibik conglemerate, only a few feet thick
in the few places where seen, contains well rounded and well
sorted pebbles of quartzite, quartz monzonitic gneiss (granitized
Kitchi), other gneissoid and granitic fragments, pegmatite and
feldspar pebbles, and & few small flat pebbles of basic schists.
The matrix, composed mostly of quartz grains, contained fine
chlorite or other dark scaly material, and in places had a small
percentage of finely disseminated dark material in irregular
spots or mottlings from 1 to 2™ scross. There were also granules

%mm in diameter of iron hydrate or of some material altering to
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"Limonite", These brownish granules were more abundant in

the upper, finer part of the conglomecrate and in the over-

lying quartzitic slate and quartzite. Specimen #9 from Section
21 (T. 48 Ne, Re 29 W.) shows such a conglomerate and specimen

#2 shows the gradation toward the overlying quartzitic slate.

The conglomerate and quartzite were here dipping steeply south-
ward and lying across the northwesterly striking Kitchi gray-
wacke and gneiss. Both the conglomerate and the bhottom of the
overlying quartzite were considerably granitized at this locality.

Above the basal conglomerate 2 guartzitic slate a few
feet thick grades up into & vitreous quartzite. This quartzite,
including the quartzitic slate at the bottom showed & maximum width
of about 260 feet in scetions 20, 21 and 22, (T. 48 N., R. 30 W.),
The dip varied from stsep north, through vertical to 60° south-
warde Thrust faulting and close folding seen in the vicinity
would indicate that the true thickness might be & little less
than 100 fects This quartzite appeirs to thin out to the west-
ward and perhaps also to the southward, but the rather scanty
exposures available within the map area do not conclusively show
this.

There is very little of the Ajibik oxposed east of the
center of Section 22 (T. 48 N., R. 30 W.)e Westward from this
place there are frequent outerops for the next two or three miles,
Most of the exposures are of a nearly white, vitreous phase, but
in three places in Scctions 21 and 22, (T. 48 N., R. 30 W.) where
exposures near the bottom of the quartzite were availeble, the
quartzite near the base was seen to be somewhat granitized.

The Ajibik quartzite is succeeded by more or less

ferruginous slate, graywacke with considerable biotite and
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chlorite, and then by more slate, much of which is quite
ferruginous. The biotite and chlorite that is so abundant
in some beds of the graywacke, probably came from the distant
Hemlock volcanics., This biotite and chlorite is in & number
of beds totalling several feet in thickness in a horizon probably
about 20 feet thick. It may represent fine ash that either fell
into the sea at that place or else was washed down from the old
land area just north of there at various times during the
following years.

The total distance across the Ajibik series, with the
dip steeply to the south, varies from 500 feet to more than 1500
feet, with the quartzite member comprising from 20 to 40% of this
total, The true thickness is much less than the width,as four
separate anticlines were mapped in an area where the width wes
about 1200 feet, It is probable that more folds were missed
than were mapped, so it appears that the truc thickness of this
entire series of conglomerate, quartzite, graywacke and slate
might be less than 300 feet, and is probnbly not more than 600 foet.

South and southwest of Champion the southwest striking
Ajibik outcrops abundantly across a belt nearly a mile wide with
most of the dips stecp to the northward, The series here strikes
southwesterly and lies across the truncated ends of an older
series that strikes betweon north and northwest. The mapping was
not carried far enough into this older series to prove whether
it is Mesnard, Kitchi or older, but several specimens taken were
strikingly similar to some of the granitized Kitchi on the north
side of the troughs Other phases of this older series seemed

more like some phases of the granitized Mesnard quartzite that
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had previously been studied on the south side of the Marquette
Range between Marquette and Palmer.

In the mile wide belt of Ajibik south of Champion
the true thickness of the Ajibik is again but a small fraction
of its width, as four major anticlines and several minor ones
were mappede The folds were tightly closed with both limbs in
general parallel and dipping 60° to 80° northward, Swamps
occupy most of the narrew valleys between anticlines. A swamp
also usually lies between the Ajibik quartzite and the iron
formation to the north, in which swampy area a few low eutcrops
of slate were found.

Pegmatites, mostly striking about parallel to the axis
of the folds, are abundant near the crests of the anticlines of
Ajibik quartZite south and southwest of Champion. These peg=—
matites are younger than any of the metamorphosed rocks in the
vicinity and will be described later.

Southeast of Champion the Ajibik quartzite, mostly
quite thoroughly granitized, strikes more nearly southeasterly
with steep northeasterly dips.

The Ajibik quartzite on the south side of the trough
from Lake Michigamme to the eastern limits of the map area
shows all stages of granitization,and dozens of trimmed specimens
were taken showing almost overy phasc from the vitreous Ajibik
to the most thoroughly granitized material,

Some of the progressive stages in the granitization
seem to have been the development or addition of sericitec or
other fine mica; enlargement of the quartz grains by silica
deposited around them in parallel position, partly to completely

masking the gramular character; development of secondary



feldspar in some of the small irregular sericitic areas,

and finally such a complete recrystallization that the rock
becomes practically indistinguishable from what is usually
called a granite., The feldspar pseudo-phenocrysts often attain
a length of 15 to 20™ and in some places they have been found

more than SOmm in length, and the rock becomes what is often

C.As Iamey has described similar granitization effects
along the south side of the Marquette Roange, in several articles
including one on "Some Metamorphic Effcects of the Republie
Granite" in the Journal of Geology, Vol, XLII, 1934, nnd in
another acticle on "The Palmer Gneiss" in the Bull. Geol, Soc.
America, Vol. XIVI, 1935,

T.T. Quirkc has discussed the granitization on
the north shore of Lake Huron in his article on the "Killarney
Gneisses and Migmatites", Bulletin, Geological Society of

America, December 30, 1927,
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THE NEGAUNEE _IRON FORMATION

EXTENT AND THICKNESS:

Southenst and cast of Beacon abundant outcrops of
the Negaunee iron formation are found for about onc mile along
the strike. In a few places the overlying Goodrich can be
found either in contact with the iron formation or within a
few paces above it. The extreme bottom of the iron formation
was not found in any of the outcrops, but the gap between
exposures of the iron formation and the foot-wall formations
is less than 100 paces wide in some pléces and the dip needle
readings drop off rapidly to a nearly uniform low near the
iron formation side of this gap. Thus the lower limit of the
iron formation can usually be determined to within quite close
limits,

In this stretch of the iron formation its width varies
from about 500 feet to nearly 1,000 feet. Near the west line
of Section 32 (T. 48 N., R. 29 W.) where the width is about 500
feet the formation dips 60° or steeper and is only moderately
crumpled. Enough exposures are available to make sure that there
are no intrusives more than a few inches in width present. One
small fold was mapped in this area, and this, together with the
visible crumpling and faulting would exaggerate the thickness
by probably not less than 50 feet nor more than 150 feet, so the
true thickness here is probably close to 400 feet,

Near the south 1/4 post of Section 32 (same township),
the iron formation has a width of 800 to 900 feet but there is
little room for doubting that the greater width of the formation

is due almost entirely to the difference in structure as
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considerable folding can be seen here and many of the dips
are rather flat with some outcrops showing a southward dip for
a short distance,

Another wide place in the iron formation was seen in the
SE}+ of the SE} of Section 31 (Te 48 N., Re 29 W.)s Here there is
not only a great deal of folding, but there are also at least two
dikes or sills having a total combined width of more than 260 feet.,

In the western part of the map area the Negaunee iron
formation is quite well exposed along the northern 1limb from near
the center of Section 22 (T. 48 N,, R. 31 W.), eastward into
Section 20 (T. 48 Ne, R. 30 W.)s The width varies from 300 to
nearly 500 paces (or from about 800 to 1300 feet)s In each
traverse across it, one or more large basic intrusions and
considerable folding are to be seen.

Just east of the Michigamme Mine the width is nearly
400 paces, or about 1,000 feet, from the Goodrich conglomerate at
the top of the sudden drop in dip needle readings about 40 paces
from the exposed foot-wall slates. Two hundred and fifty feet
of this distance is across outcroppings of a basic sill or dike
and another basic dike is exposed for a width of about 50 feet.
There are other narrower dikes,and one anticline in the iron
formation is exposed that is about 75 feet across. This leaves
only about 650 feet for the net width of the iron formation
with a dip generally between 60° and 80° southward., There is,
of course, the strong probability that there are other folds
that were not seen and also probably more dike material than can
be seen in the outcrops. Furthermore, the edge of the larger dike

is closely sheared for a width of several feet and other indications



33
of thrust faulting were noted. Taking all of this into

consideration it is believed that the true thickness of the
iron formation here is not less than 300 feet nor more than
500 feet, or about the same as the thickness near Champion on
the south side of the trough.

Eastward from Section 20 (T. 48 N., R, 30 W.), the
Negaunee iron formation was not found to outcrop within the
map area, but the formation could be followed quite easily
and accurately with the dip needle. The magnetic work indicated
that it continued practically unbroken to near the Peshekee River
nearly four miles further east., There it appeared to bend, or
be faulted to the northward and continued as a strong magnetic
belt eastward past the southeast corner of Scction 20 (T. 48 N.,
Re 29 W.) near Martin's Landing, From there castward thers are
some gaps in the belt due to faulting in two places and in
another locality probably dus to an overlap of younger formations,
A sufficient amount of detailed work has not yet been done along
this part of the north limb,

A great deal of magnetic work was done across the
outcrops of the iron formation so that the dip needle readings
could be better interpreted across the buried parts of the
formation. No two lines of dip needle readings across the out=
crops checked very close as regards the location of the highest
readings nor the differences between readings taken at equal
intervals. This was to be expected considering the great difference
in structures to be seen with a few paces along the strike. How-
ever, while the readings on successive traverse differed radically
each traverse usually showed a rapid rise nsar the base of the

iren formation, then a more gradusl rise until a peak was reached,



34
from which there was a gradual decrease in readings. In the
more closely folded and faulted areas, or where the formation
was cut by dikes or sills, there would usually be more than
one peak reading. Plate VI shows a magnetic profile across
the entire Negaunee iron formation a short distance east of the
Michigamme Mine.
The following list gives thc meximum adjusted reading
in each of 12 complete traverses across the iron formation where
it outcrops south of Champion. The traverses were about 200
paces apart and are recorded below in order from near the west
end to near the east end,
650, 24°, 75°, 27°, 50°, 51°, 77°, 60°, 40°, 23°, 29°, 40 °.
The iron formation was mapped magnetically both east-
ward and westward from the mile long exposurcs near Beacon and
Champion, The following maximum adjusted values were obtained
in crossing the unexposed iron formation in Section 4 (T. 47 N.,
R. 29 W.), the traverses being spaced at nearly equal intervals
and each one east of the preceding one.
250, 22°, 23°, 21°, 20°, 18°, The adjusted value of
the readings in the foot-wall formations in cach case were about 3°,
Westward from the eastern part of Section 31 (T. 48N.,
R. 29 W.) the following maximum adjusted values were noted, each
traverse being farther west than the preceding one. 65°, 60°
(near Champion Mine cave-in), 55° (near #5 shaft), L4° (near #,
shaft, 36° (near #7 shaft), 20°, 22°, 27°, 25°, 27°, 23°, 20°.
The last six of thesec readings were in Section 36 (T. 48 N., R. 30W.).
In the entire mapped length of this belt of the Negaunee
iron formation, which was about four miles long, including the mile

leng belt of outcrops, the formation appeared to vary frem 400 to



1200 feet in width. The narrowest part was about a half mile
west of #7 shaft where, though the Negaunee iron formation
did not outcrop, both the overlying Bijiki and the underlying
Ajibik were found in place for a considerable distance, The
dips increasing toward the foot from the 70° of the Bijiki to
about 80° for the Ajibik, It was concluded that the Negaunee
iron formation was not much narrower than its apparent width
unless unseen faulting or intrusions were present to make the
true thickness less than the apparent thickness thers of about
350 fect.

lowhore within thc map area was any evidence found
indicating that the thickness of the Negaunee iron formation
hed been appreciably effected by pre~Goedrich erosion. All
evidence pointed to the erosion intcrval below the Geodrich
being of short duration and only the crests of anticlines and
upthrust portions of the Negaunse were appreciably modified by

the erosion.

CHARACTER of the NEGAUNEE IRON FORMATION

The Negaunese iron formation in the Lake Michigamme
area is predominantly of the grgnerite-magnetite phase except
near the top where the formation was oxidized before.
metamorphism. This upper part, ranging from O to 50 or more
feet in thickness is apt to be either the magnetite-granular
quartz phase or a jaspilitic phase depending upon the degree
of metamorphism it has undergone.

Because several phases of the iron formation, more
or less common elscwhere, arc comparatively rare in this area,

it was considered advisable to study the character of this
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formation in other parts of the Marquette Range before any
conclusions were drawn as to the relations and significance of
the phases to be seen near Lake Michigamme.

Many different types of the iron formation were found
and carefully examined in the field in various parts of the
Marquette Range and hundreds of specimens were collected and
studied, together with the record of their field occurrence,

It became apparent that the different phases of the iron
formation had been derived from either original cherty iron
carbonate, from "greenalite", or from both,

The following tabulation shows the apparent relations
between the different phases of the iron formation. A
sufficient number of specimens were taken so that nearly all
gradations between the types listed were represented,

The herizontal arrows in the table point to oxidation
products of the original cherty iron earbonate (or of the
"greenalite") and the vertical arrows show some of the progressive

stages in the metamorphism,
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COMON TYPES of IRON FCORMATTON

(1) Cherty iron -Nw-“§> (2) Chert, iron ... mf>(3) Ferruginous chert
carbonate carbonate & : or
z "1imonite" Siliceous "limonite"
| ‘ (or carthyhematite)
; !
¥ |
\/ V4 N
(1a) Recrystallized (4a) Granular quartz (5) Jaspilite
carbonate & (or chert),spec~
chert ( + magnetite) ular hematite
’ - (or m%gnetite)
% & "gruncrite"
; s
v v
(4) "Gruneritce!, mag- {4b) Granmlar quartsz, (6) Magnetite
netite & gramular magnetite & { &+ specular
guartz forunerite® Fomatite &
granular quartz
(7)  "GreemaliteM . o e et (8) Granular ferrug-
‘ g inous chert
or
Granular Siliceous
"Linomite! or
earthy hematite
!
|
(4e) M"Grinerite", meg- (6a) Magnotite (or
netite & granular hematite) &
quartz (or chert) granular chert

(or quarts)



37a

Seme of the localities on the Marquette Range where each of the
above listed types of the iron formation are unusually well

exposed in the outcrop:-

(1) Cherty siderite

(1a) Recrystallized
cherty siderite

(2) Oxidized product

(3)  Ferruginous chert

or
Siliceous "limonite"
(or earthy hematite)

1\ s n a

4) Grunerits", mag-

(4a) netite & granular

(4b)  quartz

(5) Jaspilite
{("Pragmental

phase)

(6) Magnetite and
granular quartz
with hematite

(6a)

(7) "Greenalite"

(8) Oxidized “"greenalite"

(9) Various altersd

phases

Railroad cut between Athens and Negaunee
Mines, in Negaunee. North Volunteer
Pit, Palmer.

Near Barnum shaft, Ishpeming.

Same localities as (1).

Southgast of the Lucky Star shaft,Negaunes.
Chicago & Northwestern Railroad cut near
Mary Charlotte Mine, Negaunee.

Many of the mine dumps around Negaunee

and Ishpeming,

West end of main pit, Spurr Mine,

Michigamme.

Jasper Hill, Ishpeming.

South edge of Palmer, either side of M-35,
1% miles west of Spurr Mine, US-4l.

Michigamma Mins.

Mine dumps, Barron Mine, Humboldt.
Maitland Pit, Palmer.

" f n

Almost any mine dump and many of the
old pits.
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DESCRIPTION OF TYPES

(The numbers in parentheses correspond with the
numbers in the table)
(1) Cherty Iron Carbonate.

Usually chert and siderite in bands less than 0.1 to
over 2™ in thickness., Both minerals may be the same color,
Either of them may be light gray, dark gray or almost blacke. The
siderite is often somewhat yellowish from oxidation, The siderite
cleavage faces are generally too small to be seen with the hand
lens and are usually lessthan 0.1™ across unless there has been
some recrystallizations, Usually from 40 to 60% chert. Occasionally
contains ankerite instead of siderite in some horizons and some
thin layers of slate or other argillaceous material may be seen in
some beds. Where partly recrystallized (la) the carbonate may

show cleavage faces up to several millimeters across where it has

may occur in varying small amounts. In any one bed the carbonate
is usually recrystallized to nearly uniform size except where
the bed is closely folded or faulted.
(2) The cherty iron carbonate rusts along exposed surfaces,
cracks, Joint planes and less rapidly along the bedding in some
layers, with "limonite" or earth hematite developing, until
eventually all of the carbonate is (3) oxidized. The chert may
be stained yellowish, brownish or occasionally reddish,
(4) "Grunerite" Rocks.

"Grinerite" as used here is a general term including

n
grunerite, cummingtonite and other amphiboles high in ferrous
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iron but usually low or lacking in alumina, common in the
iron formaiion.

The "grﬁnerite" may be almost microscopic in size or
more commonly reach a length of 2 to 6™ and frequently even longer.
It is commonly developed nearly perpendicular to the bedding,
extending across the boundary between the ferruginous and the
siliceous layers. It is generally lacking in the thicker layers
that were originally either nearly pure chert or pure siderite.
The "grgnerite" seldom oceurs in rosettes in type (4), although
rosettes are common in type (42) and (4b) and predominant in type
(4e)s In type (4) it is commonly in partly radiated tufts
roughly perpendicular to the bedding. Another common occurrent is
in interlecing needles or fine prisms with their long directions
parallel or nearly parallel to the bedding. This was ofton seen
where the iron formation had boen sheared nearly parallel to the
bedding, but such shearing may not have been noecessary to produce

this effect

In type {4) the magnetite wis disseminated in many
instances, but more commonly occurred in rather well defined bands.
It was found almost microscopically fine and compact in the beds
in some places, and in other localities the magnetite was quite
coarsely crystalline, occasionally showing octahedral faces
several millimeters across.,

The granular quartz may be looscely coherent and from
very fine to more than 1™ in diametor of grain. The iron
formation may then resemble a highly ferruginous sandstone.
On the other hand, the granular quartz may be much less "Sugary"
in appearance and may even be strongly bound together in inter-

locking particles that it is easy to trim specimens across the

bedding. This phase often resembles a ferruginous quartzite.
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The finer granular quartz is sometimes accompanied by more
or less unchanged chert,

Garnetz, usually under 1™ in diameter, and usually
pale yellow, brown or reddish, are frequently found in some
beds. Occasionally beds are found containing garnets up to
L™ or larger and moking up more than 10% by volume of the
bed. Small amounts of chlorite and either light or dark mica
are found in some beds,

In types (42) and (4b) the "grgnerite" is subordinate
in amount to the magnetite and granular quartz, and is more
commonly in imperfect roscttes. Therc is apt to be more or
less fine specular hematite in type (4a)e Type (4c) differs
from (4a) in that the "grgnerite" is usually in small, well
developed roscttes and there may be more granular chert present,
(5) Jaspilite.

Chert, commonly colored red, and specular hematite
in alternate bands from less than 0.1™ to morc than 2™ in
thickness. Appreciable quantities of fine magnetite are
usually disseminated in the hematite bands,.

The chert appears fragmental in somec of the bands
in many localities, either because of an original granular
character due to greenalitic material, or from some mechanical
cause.

The hematite varies from very fine specular with sub-
ordinate fine, disseminated magnetite, to the types with
hematite scales over 1" in diameter and with coarscr and more
abundant magnetite,

East of Champion, practically all graduations between

(3) and (5) were seen, while west of Michigamme the types from
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(5) to (6) were more common, the more intensive metamorphism
apparently having converted most of the hematite of the
jaspilite into magnetite and caused the reerystalligation of
much of the chert into gramular quartze No sharp line of
division could be drawn between type (5), (Jaspilite) and type
(6) closely resembling type (4) but lacking the "grﬁnerite".
The granular quartz layers in some places were "sugary" and
loosely coherent with occasionally some chert remaininge 1In
other places the interlocking granular quartz gave the rock
the appearance of a highly ferruginous quartzites
(6a) This type differs from‘(é) mainly in that the magnetite
(and hematite) is also usudlly more granular in appearance than
(6), resulting in the entire rock being usually more sandy in
character.
(7) "Greenalite".

The torm "greenalite" is used in this work, ecspecially
in the field, for three or morec substances, cach seemingly a
hydrous ferrous siiicate containing considerable irone Included
were varying amounts of a fine scaly minecral, a fine fibrous
mineral and an earthy mineral with a more or less granular or
cBlitic character to the aggregates Undor a strong hand lens
the colitic character was often less apparent than to the unaided
eyes These threce or more substances were generally pale in color
with greenish tinges predominant.

The groenalitic material occurs abundantly in some
places, especially near the base of the iron formation, in beds,

lenses and disseminated through some of the sideritic layers.
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(8) Tho greenalitic material rusts upon exposure and scems to
weather to a somewhat sandy appearing, loosely coherent
aggregate of "limonite", or earthy hematite, through which
is disseminated abundant small, somewhat granular particles
of chert or gquartz,.
(9) The term "taconyte" is frequently loosely used for some of

the phases of the iron formations, especially for the types
(4), (6) and (8).

A11 of theo phases of the iron formation as listed
above were seen in various stages of alteration, up to and
including soft carthy siliceous "limonite" or hematite and
ferruginous quartz and cherte.

The magnetite is commonly altered, partly or entirely,
to hematite ("martite") and in menmyinstances to "limonite".
Much ef the chert or gramular quartz in many cases hos been
dissolved out and deposited in cavitics and seams as quartz
crystals. These are frequently double bermimated and may be
of any slze up to several millimeters and in any color as well
as coleorless and black,

The term "limonite" as here used includes what is
probably very fine ggthite as well as an earthy or colleidal
iron hydrate. Co2rse ggthite,in erystals up to several
millimeters in length are abundant in much of the &ltered
iron formation.

The following minerals were found in the Negaunece
iron formation at the Champion Mine. The majority of them were

also found at the Spurr and Michigamme Mines.
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Graphite « in graneritic phases af the iron formation.

Pyrrhetite - rare. In small amounts with Chalcopyrite.

Chalcopyrite =~ CuFeS,. In veinlets and disseminated. Aso,
rarely, in sphenoids to 3™%,
Pyrite = FeS,_ - Very abundant, sometimes in masses of over 100
pounds. In crystals and also coarsely granular
with magnetite.

2

Marcasite = FeS_. Not abundant. Secems to disintegrate more
rapidly on the dumps than does pyrite.

Quartz - 510, (Deseribed above).
Chalcedony -  Chert, jasper, etc, (Described above).

Hematite -~ Fe 03. Besides the earthy and specular as described
2 above, quite a number of thick, broad plates
up to 3 inches across were found in veins,
"Martite" (hematite pseudomorph after magnetite)
is abundant,. Octahedrons to severdl millimeters.

mm
Magnetite -~ Fe304. In octahedrons up te 6 &as well as coarse
to microscopically fines

Pyrolumitc or other manganesc oxide, altered from manganite.

Manganite - Mno (CH). In crystals, cspecially with berite. Not
abu}ndant .

G3thite and "limonite". Fe203, (NOH) Described above.

Caleite - CaC03. Crystals of various habits and size, also coarse
to fine cleavable., In veins and cavities.

Dolomite ~ (CaMg) Oy Rhombs and granular clcavable in seams
and cavities.

Ankerite - (CoMgFe) COB° An original consiituent ef the iron
formation, but all that was found in the
Negaunce iron formation was in veins and
cavities. Small rhombs and coarsely cleavable.

Siderite - FeCOB. Also a common original constituent of the iron
formation, but found here only in veins. 1In
rhombs up to 3 inches across. Also coarsely
to finely cleavable,

Rhodochrosite - MnCO,. In veins and vugs in the ore and iron
formation, Usually small crystals and
granmularly cleavable..



Adularia - KA1Si308,

Cumpingtonite,
Grunetrite,etc,

Garnet ~ Sil. of
Mg, Fe, otc.

Chlorite ~ Hyd. Mg.
Al, silicate

"Sericite", - Hyd.Sil,
of K (or Na) and Al,

Apatite -~ Phosphate
of Ca, etec,

Barite -~ BaSo4.

Anhydrite - (aSo4.

O

Gypsum - CaSo4. 2H2

Melanterite - FeS04,
7H20.

A potash feldspar in small, pale and often
transparent crystals in seams and cavities.
Crystals show prominent m and ¢ facess Up
to Bmmo

Amphibole high in dron, low in alumina and
with or without Mge. etc. Fibrous to
prismatic. Described above.

Minute traps and dodeass to some 6mm in dia~
meter., Pale colors, generally brownish to
reddishe Large reddish to blackish dodeca
bedrons that measurcd up to 4 inches across
the flats were found along the edges of
basic dikes, but not in the iron formation
itself,

Minute plates disseminated rather sparingly
through some beds of the iron formation., Large
plates of Clinochlore and considerable chlorite
of other types werc found in veins in the iron
formation but not derived from it.

mm
Fine clay like to scaly material 1 in diameter.
In veins and cavitics,.

Crystals up to 2 of ™ 4in vugs and seams,
especially in the ore, Crystals prismatic to
tabular. ALpparently the chief source of
Phosphorus in the ore.

In seams and vugs in the iron formation and in
the orees In parallel pletes and rosettes.
Insoluble form of sulphur in the ore.

In secams and cavities. No abundant but
probably less rare than gypsume.

In seales and plates disseminated through the ore
and in scams and cavities. Also in broad plates
sometimes found several inches across.

As an alteration product of pyrite.

The following minerals were also found a2t the Champion
Mine, but not intimately associated with the ore or the iron formation.

Molybdenite - MoSz.

In thin to thick cleavage plates up to 15 in
diameter. In pegmatites and in or near basic
dikes that cut the iron formation. Associated
with black tourmaline, large dark red garnet,
chloritoid, quartz, pyrite, chalcopyrite and
c¢linochlore.



Microcline, KA1Si;Og
Albite -

Calcic Feldspar, =
S5il of Ca,Ba,Al.

Augite - 5il. of Ca,
Mg, Fe, Al.

Uralite - Sil. of Mg,
Fe, Al.

-

Hornblende ~ Sil, of
Ca,Mg,Fe,Al,)

Actinolite - Sil. of
Ca,Mg,Fe.

Beryl -« Be,Al,Sil,

Andalusite - AlzsiOS.

Epidote - Sil.Ca,Fe,
Al,
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) In small to large plates in pegmetites that
NaA15130g ) cut the iron formation.

Up to several inches to lengthe Usually less
that 5T leng. Some tabular parallel to b and
others tubular parallel to ce In basic dikes
cutting the iron formation.

In basic dikes cutting the iron formatione.
Mostly altered to uralite (an amphibole).

Usually makes up about half the volume of the
Clarksburg intrusives into the iron formetion.
Some specimens show uralite several inches in
length, Because of its pscudomorphous origin
(after augite usually) it is more fibrous than
hornblende and not usually as dark, Usually
accompanicd by fine but visible disseminated
pyrite and more or less carbonate and sericite,

Amphiboles found in some of the schistose and
gneissoid rocks in the foot of the iron
formation.

In smnll pale greenish to bluish green crystals
with quartz, muscovite, andalusite and green
apatite in feldspar-poor pegmatites cutting
the iron formation,

Pale liloc to nearly colorless crystals and
cleavage masses in feldspar-poor pegmatitese
(See under Beryl).

Mostly fine granular, Disseminated through or
in seams in basic dikes cutting the iron
formation.

Tourmaline - Boro~-sil. In black crystals, ranging from very fine

of Mg,Fe,Al,ctec,

bundles of parallel needles to stellate groups
and individual crystals up to 10 or 15™ in
diameter. In quartz veins and feldspar-poor
pegmatites. Also with large garnet dodees and
chlorite and "martite" in sheared and altered
basic dikes near thc edges.
in sericitic schist derived from slaty phases in
and near the base of the Goodrich.

Clinochlore - Hyd. Sil.In plates up to 15™ in veins with molybdenite

Of Mg. (FB), Al.

(q.ve) and ntaer minerals in veins.

tuff,

Also with chloritoid

Also in some
of the schists in the foot of the iron formatione.
Also observed frequently in the nearby Clarksburg



Aphrosiderite ~ Hy.
Sil. Mg,Fe,Al.

Muscovite, - potash
mica.

Serieite - potash
mica,

Chloritoid - Hyd. Sil,
Mg, Fe, A,

Apatite - Phos. of Ca,
ete,
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A term applied to the very fine scale to almost
earthy alteration of many of the basic dikes
cutting the iron formation. This chloritic
material forms most of the matrix for the large
dark brownish red gernets (up to 4 inches in
diameter) that are 8o abundant in this area.
The garnets are not generally altered to
chlorite as is often believed, but are imbedded
in the chlorite, and associated with scattered
octs of magnetite in various stages in their
alteration to hematite ("martite") and frequently
with long radiated tufts of cummingtonite or
other pale colored iron bearing amphibole.

Plates up to 25" in pegmatite dikes that cut
the iron formation., {lso in smaller scales in
the gneisses and some of the schists in the
foot of the iron formation.

The term sericite is used rather looscly in the
field for very fine light colored mica and may
include paragonite. Developed from feldspar

in the altered dike rocks. Abundant, and sometimes
the principle constituent of the fine mica schists
developed from slaty phases of the Goodrich and
older sediments. Also very abundant in the
granitizoed sediments in the foot of the iron
formatior.

While most of the chloritoid from the Lake
Michigemme area is usually referred to masonite,
much of it may be some other chloriteid as
comparatively little of it has been tested,

There are two distinct methods of occurremce, =

1) In plates commoniy up to 1 inch in diameter and
frequens’y Iu.nd ipn plates more than 2 inches acros
in a sloaty . r sericitic phase of the Goodrich
conglomerate or a slate immediately below ite

2) In broad plates in altered basic dikes with
tburmaline, garnet, chlorite and "martite".

Besides the occurrence already mentioned as

small traisparent to reddish crystals in the iron
formation and ore, apatite also occurs in grecnish
prismatic crystals up to 3 inches in length and an
inch in dinmeter in some of the feldspir-poor
pegmatites that cut the iron formation.

The iron formation does not scem to vary a great deal im

original iron content throughout most of its thickness, but does

vary markedly in mineralogical composition in most sections acrosss

it due to the difference in metamorphism, The lower part of the iron

formation is apt to be

cherty siderite or "greemalite" except wher-e



metamorphosed to grﬂneritic material., The upper, oxidized
portion may vary from O %o more than 50% of the thickness,
usually being deepest in those areas where the formation is
less highly metamorphosed but wes disturbed enough to have been
sufficiently elevated and broken to permit of more rapid and
deeper oxidation.

In many localities the iron formation quite near the
base is quite well oxidized, perhaps due to fracturing that
permitted ready alteration previous to the time when so much

of the formation was subjected to great metamorphosing influences.
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GOODRICH

The Goodrich conglomerate rests either directly upon
the Negaunee iron formation or else upon whiat was a thin
emergence 8late that may have been deposited upon the iron
formation in those parts of the area where the iron sea became
shallewer, but the sea bottom did not emerge, during the upheaval
that accompanied the Ishpeming voleanic action farther to the oast,
Where the Goodrich lies across the seemingly rather gentle pre-
Goodrich anticlines of the iron formation, the erosion does not
appear to be deep in any place and the thickness of the under-
lying iron formation does not seem to be appreciably diminished.

In no place was any evidence found that the iron
formation had been deeply croded before the Goodrich was deposited.
The deepest erosion apparently took place where anticlines of the
iron formation, especially those that were faulted and overthrust,
presented conditions favorable to relatively deep and rapid, but
local, eresion.

There are some localities where the Goodrich seems to lie
directly upon pre-Negaunee rocks but this is gencrally interpreted
as an overlap, the comparatively gentle rolling iron formation
having been locally depressed at the time of the Ishpeming
voleanics, partly compensating for its elevation in other parts
of the area, with the Goodrich~Bijiki sea locally advancing farther
than the shore line of the previous Negaunce seas. In at least one
place north of Champion, the Goodrich appears to lie directly upon
the Kitchi, but this appears to be because of faulting. This
faulting is strongly suggested by the structure of the iron

formation as mapped by magnetic work north of the Pascoe pit, and



had 2lso been previously indicated by mapping in the foot-
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rocks northwest of there.

There is a considerable stretch of territory along the
south limb of the iron bearing series, both east and west of
Champion, where the Negaunee iron formation has been previously
mapped as having been completcly eroded, but the dip needle mapping
shows that it continues through these stretches with apparently
undiminished thickness,.
Where the Goodrich conglomerate does not rest directly
upon the Negaunes iron formation, there is apt to be considerable
slaty material (or mica schist) in the conglomerates Locally
there may be so much of this material in the Goodrich that the
subordinate amount of chert, jasper and other material from the
iron formation is rather inconspicuouss

Slaty or mica schist beds in or just below the Goodrich
conglomerate are apt to have an abundnnce of chloritold developed.
This is particularly noticeable along the south limb in some
places as just south and southeast of Chnmpion where the
chloritoid plates are frequently found more than an inch in
diametore

Above the Goodrich conglomerate there is usually found
a considerable thickness of quartazite, which is white and vitreous
in some places but almost black in otherse. This quartzite scems
to be thicker on the north limb where it has a width of 35 to
40 paces (dip about 60° southward) in an open cross-cut at the
Michigamme Mine, This would indicate & thickness of about 80 or
90 feet, but it appears to be thicker to the eastward and thinner

to the south and west. Southward, farther from the main shore line,
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this quartzite appears to thin out considerably and to be partly
replaced by graywacke and perhaps by slates This quartzite and
graywacke to the southward mey have a total thickness greater
than that of the quartzite alone to the northward, though the
quartzite member alone may be thinner.

ibove the Goodrich quartzite and graywacke there is
usually a considerable thickness of slate, though this slate
is generally lacking on the north limb close to the old shore
line. The total thickness of the Goodrich on the north 1imb may
be about 100 feet almost all of which is usually quartzite.
Farther southward, the total thickness mny be as much as 200 to
300 feet, though the average is likely to be lesse. Of this
thickness to the southward, graywacke and slate will each probably
total more than the quartzites The apparent thickness of this
Goodrich may be two or three times the amount just given, due to
repetition by folding and faulting. That is, in drilling, it
might be nec go through many of the beds two or more
times for n total of 300 to more than 600 feete
The tabulation given below which has been compiled from

the evidence available in a great many exposures, each of quite
limited stratigraphic range, is probably fairly close to a
representative succession of the Goodrich where not too close
to the north limb of the basin,
7) Slate, usually quite graphitic and in many

places more of a slaty graphite, with a few

thin beds of dark graywacke. The graphite

is microscopically fine. 20 to 60 feet,

6) Slaty graywacke, with thin beds of coarser
graywacke and a few thin slate beds 10 to 100 feets



5)

4)

3)

2)

1)

Mottled slate and thin bedded graywacke

Slaty graywacke, similar to 6 (which may
be & fault repetition of it, 3 and 4.)

Graywacke with subordinate beds of quartzite
and a little slate

Quartzite with seme graywacke

Conglomerate

Total =~
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5 to 15 feet,
10 to 50 feect.

20 to 50 feet.
50 to 100 feet,

1 %o 10 feet

200 feot ()



BIJIKI IRON FORMATION

The Bijiki iron formation is not well exposed along
the north limb of the basin but outcrops frequently and for
considerable distances along the southern limb in Section 36
(48-30) and again in Sections 4 and 5 (T« 47 N., Re 29 W,)
southeast of Champione. There are also abundant exposures of 1t
throughout much of the central and north central portions of the
trough.

At the Michigamme Mine the Bijiki lies directly and
conformably upon the Goodrich quartzite with no slate or gray-
wacke betweene The mapping indicates that this relation may
hold in general along the north limb, close to the original
shore line, A little farther south it lies upon graywacke or
slate which appears to thicken to the southward. The foot-wall
slate is usually more or less graphitics

In the central part of the trough the Bijiki is usually
found intricately folded or crumpled and the formation could be
followed only by the most careful and detailed mappinge

The Bijiki iron formation is much thinner than the
Negaunee. Measured thickness are difficult to obtain because
of the intricate folding and faulting and also because seldom
were both the foot and hanging formations exposed in the out-
crops. The mapping indicated that the thickness was almost
certainl& not less than 30 feet nor more than 150 feet and it
is believed that a thickness of about 50 fect is fairly
representative, from which it can be seen that with the prevalent
folding and faulting, the distance through it can be expected

to vary between 60 and 150 fect,



The Bijiki is not only thinner than the Negaunee but
in many places is somewhat leaner., One indication of this
leaner character is to be seen in the greater abundance of an
iron carbomate lighter in weight than siderite and apparently
nearer to ankerite,

In general character the Bijiki is very similar 1o
the Negaunee iron formation but more specimens were obtained that
showed abundant small garnets, graphite and chloritic material
than in the older, thicker Negaunee., A number of outcrops,
especially in Section 5 (T 47 N., R.29 W,) showed abundant cherty
iron carbonate in various stages of recrystallization, even near
the top of the formation. Much more of the Bijiki, though, has
been metamorphosed to o granorite phase and a good deal of it is
limonitic. Considerable of the limonitic type is an alteration
of the grﬁneritic phase as shown by specimens from the Webster,
Beaufort and other mines. Much of the ore at the Imperial,
Webster, Portland, Beaufort and other mines were derived from the
grﬂneritic rbege, the "grﬁnerite" having weathered to "limonite"
and the magnetitoto hematite and "limonite". The granular quartz
beds were partly dissolved out with often an abundance of quartsz
erystals forming in veins and cavities, The result was a
considerable amount of low grade siliceous limonitic ores The
same alteration of grgneritic rock to lean siliceous "limonite"
was also noted in 1944 on Section 12 (T 47 N., R, 31 W.) where
such alteration was then thought to be a local condition, not
generally prevalent in the area,

The graphite, often seen in fairly large amounts

intermingled with the "grunerite", magnetic and granular quarts,

53



54
is very unequally distributed through the formation, both
across the strike and aleong it. It secms most abundant where
the footwall slates are also high in graphite, and as there is
no evidence that the iron formation and the slates were rich
in organic material in those places, it seems likely that the
graphite may have been derived from the dis-association of the
iron carbonates originally present, Enough finely disseminated
magnetite is frequently present in the graphite slates to permit
them to be followed quite readily in the magnetic mappinge

The Bijiki shows little or none of the jaspilitic
phases and very little of the magnetite~granular quartz phase
that lacks "grﬂnerite“, which are found in the Negaunee in the
same areas, This difference may be due to there having been
little if any appreciable amount or depth of oxidation in the
Bijiki before it was metamorphoseds The character of the hang-
ing-wall formations and their relations to the Bijiki indicate that
there was probably no emergence of the Bijiki before the next
formation was 12id down and hence less chance of its becoming
oxidizeds As previously stated, some considerable amount of the
weathering in the Bijiki that has resulted in the familiar
limonitic phasc, took place after the cherty iren carbonate had
been metamorphosed to graneritic material,

The deposition of the Bijiki was stepped by violent and
wide spread volcanic activity near Lake Michigamme and in the
area immediately to the eastward. Depending upon thc amount of
the uplift occasioned by, proximity to and direction from the
voleanic activity, the Bijiki was (l), considerably clevated and
si* {ected to weathering and erosion; (2), succeeded by clasgic

sediments, especially a slaty formation; or (3), had basic
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volcanic matter embedded directly in its top layers.

Condition (1), though not casy to prove, was indicated
as & probability in small areas mear Champion, such as near the
Dalliba Mine, where much of the upper part of the Bijiki consists
of interbedded limonitic chert, with no evidence that any later
pre~Cambrian formations had been deposited and consolidated upon it,.

Condition (2), was probably prevalent over most of the
area west of the Peshekee River and in some of the area north of
Champion and probably in much of the other nearby areas of Bijiki.

Condition (3), prevailed in the immediate vicinity of
Champion and to the eastward for at least a mile or more. In Section
5 {T. 47 Noy, R. 29 W.) the Bijiki does not appear to have emerged
from the sea at the close of the Bijiki as the practically
unoxidized phase shows occasional large, unsorted fragments of
basic material partly embedded in its top layers and abundant basic
ash deposited directly upon it.

The intricate folding of the Bijiki in the central part

o e - 7 K 4
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parent even on the small scale Key Map (Plate

rough is ap
I), especially in Sections29, 30, 31 and 32 (T. 48 N., R. 29 W.)

north of Champions The belt of Bijiki shown was followed practically
every foot of the way from where it outcrops near the mohth of the
Peshekee River (from which it takes its name) near the center of
Section 25 (Te 48 N., R. 30 W,), across Section 30 and most of Section
29, where it was found to turn sharply back, as shown in the Key

Map, to near the south 1/4 post of Section 30, 48-29, Near the

south 1/4 post of Section 30, the Bijiki forms & crumpled anticline
from which the formation continues back eastward and south-eastward,

still dipping steeply southward, to east of the center of Section

32 where it again bends sharply and continues back westward to
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Champion. Near the west line of Section 32, the formation again
is folded sharply and was followed back sastward for about one-
half a mile to where it was apparently displaced by a fault., In
Champion, in the SWi of Section 32, the Bijiki forms a syncline,
overlain by crumpled Clarkburg tuff, and reappears, dipping
northward, near the south line of the section.

In a Michigan Geological Survey map, dated 1930, most
of the portion of this belt just described i1s properly designated
as Bijiki, but that part of it south of Champion is labeled
"Greenwood", Also, on the same 1930 Survey map, in the north half
of Section 29, the southern part of the belt shown there is called
Bijiki, but the continuation of the belt which bends sharply back
eastward near the west line of Seetion 29 is shown as an independent
parallel belt and was classified as "Greenwood" formation, an iron
formation that was believed to lie betwesn the Nagaunee and Bijiki
iron formations. No evidence of the "Greenwood Iron Formation"
was found during this survey and the occurrences of it noted on
the 1930 map were either (1)} traced directly into what the same
map called Bijiki, or (2) traced into the Negaunee iron formation,
or (3) were not found. In the area covered by the map of 1930 the
strata within the synclinal trough are very much contorted and it
was only by extremely detailed magnetic work that the absence of
the "Greenwood" formation was shown in this area.
CLARKSBURG

The Clarksburg tuff in some places, as in Section 4
(T. 48 No, R. 29 W.), lies directly upon unoxidized cherty iron
carbonate of the Bijiki iron formation. In other localities it

lies upon the emergence slete above the Bijiki, and nearer to the
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north side of the trough it lies close upon oxidized Bijiki
and it is probable that still nearer to the old local shore line
there may be fine ash mingled with the Goodrich where the latter,
being close to the local shore, would be later than the Goodrich
deposited earlier when the local shore line was farther to the
souths
The Clarksburg tuff appears coarsest and thickest in the
vicinity of Champion and eastward, and in the central and southern
part of the trough. Close southeast of Champion the tuff has an
exposed width of about 150 paces, This width is apparently eome-
what more than half way across the crumpled syncline and the thick-
ness of the tuff is probably between 150 and 400 feet. Farther to
the eastward it appears to be appreociably thicker, but is probably
less than 1,000 fest in general.
On some of the islands in Loke Michigamme it is comparatively
thin, there being usually several beds of coarse tuff, each from 1
to 10 feet in thickness, and several beds of tuffaceous graywacke
perhaps totalling 30 feet. The total thickness of tuff and
tuffaceous material near the west shore of Lake Michigamme is probably
near 50 feet and it probably thins out rather rapidly farther westward.
The Clarksburg tuff generally consists of abundant
fragments of basic igneous material, much of it now altered to dark
amphibole, with many fragments of quartzite, iron formation, gneisses
and schists from older formations in a matrix of basic ash and gray-—
wackes Near Champion many of the fragments are several feet in
diameter but the size of the fragments diminishes rapidly in all
directions from theres, Four miles to the westward, on islands in
Leke Michigemme, it was rare to find fragments more than a few inches

in diameter, and four or five miles to the eastward from Champion
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most of the fragments are still smaller,

In some few limited areas, presumably where the
voleanic fragments foll into shallow water, there is considerable
conglomeratic material at or near the base of the Glarksburg.

Clarksburg dikes and sills are abundant throughout the
area, several of them having a thickness of more than 100 fcete
The material was a diabasc or gabbro, now quite thoroughly
uralitized. Representative specimens from various localities show
dark greenish black uralite (altered from a pyroxene, usually augite)

L3 » L3 "l 1.
in various sizes up to more than 5o

in length; calcic feldspar,

some tabular parallel to b and some tabular parallel to c; subordinate
mica, mostly near biotite; chloritic material, from fine earthy to
plates several millimetors across and almost always visible,
disseminated pyrite. Secondary quartz, often quite bluish is
frequently prescnt in considerable amount. Pyrrhotite, chalcopyrite
and ocecasionally pentlandite were seen, but only along or near sheer
zZones.

The dikes strike about cast and west with varying dips,
Some are vertical and others dip at varying angles with many of
them so nearly the dip of the intruded beds thet it was difficult
to tell whethor they were dikes or sills.

Where the dikes and sills cut the iron formations, the
more nearly vertical dikes, even wherc no contacts were available
could often be distinguished from the sills and the dikes nearly
parallel to the bedding by the dip needle readings. The more
nearly vertical dikes usually gave low readings I—lo to # 20),
while the others often gave quite high readings attributed to the
underlying iron formation, as no appreciable amount of magnetic

minerals could be detected in the intrusion themselves.
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Volcanic necks and plugs were not positively
identified as most of the field work consisted of tracing, mapping
and correlating the iron formations, It was suspected that certain
exposures of coarse uralitized gabbro and related rocks near the
cast side of Lake Michigamme, and the coarse uralitized gabbro
between the center and the east 1/4 post of Scction 31 (T. 48 N.,

R. 29 W.) may have been volcanic plugs. Several roughly oval

o

areas, devoid of outcreps, giving very low magnetic readings an
surrounded by crumpled belts of iron formation that give quite high
readings arc also suspccted of being volcanic plugs or ventse One
such area is just southeast of the Michigamme Cemetery. It is
roughly crescent shaped; convex to the north, about 300 feet long
east and west and about 150 feet wide. It is surrounded by crumpled
belts of iron formation, giving very high readings, with the belts
stopping abruptly at the margin of the arca of very low readings.
The Bijiki iron formation outcropped in the vicinity and was badly
faulted and crumpled.

The principal Clarksburg volcanic vent (or vents) will
probably be found near the south side of the trough and within
two miles of Champion,
MICHIGAMME

The Clarksburg tuff grades rapidly into the overlying
graywacke and slates that are usually mapped as Michigamme. The
tuff thins out rapidly to the westward and is replaced by generally
thick graywacke and slates containing a great deal of basic ash
in some layers. The lower part of the graywacke is quite conglemeratic
in places. The coarse graywacke grades up through 2 finer and

generally concretionary graywacke into slate. The slate also has
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much fine basic ash in several horizens, especially near the
base. It is not certain that all of the ash came directly from
the volcanie vents as it seems likely that ash falling on the nearby
shore to the northward might be washed down into the shallow water
deposits for a long time after the volcanic activity had ceased,

The concretions in the graywacke are commonly several
inches in diameter and usually elliptical in cross-section with
the shortest dimension from north to south perpendicular to the
nearly vertical cleavage in the graywacke. The longest dimension
of the concretions is almost invariably down the dip of the
cleavage, These quartzitic concretions are often solid and
usually differ from the matrix in having lessmica er chlorite»‘

Some of them have a small hollow center, now lined with imperfectly
developed quartz crystals and occasionally pyrite.

Between this concretionary zone, which is only a few feet
thick, and the overlying mica schist and slate, is uswally a belt
from 5 to 30 feet thick in which are abundant x-twinned stauroli
between 5 and 30 millimeters in length. Small reddish garnets also
may be locally abundant,

The mica schist above the staurolitic belt grades up,
through mica schist with less basic material (probably from fine
basic volcanic ash) into more nearly pure mica schist and finally
to slate,

It is possible that there are two beldts of concretionary
graywacke each overlain by staurolitic schist, but so far as was
determined in the field, it was the same belt of each that so
frequently re-appeared on the various islands near the west side

of Lake Michigamme, In most instances the folding was obvious and

the structure comprised a series of synclines and anticlines with



both limbs usually dipping in the same direction. In some cases,
where the concretionary graywacke and the staurolitic schist
appeared in the same order on adjacent islands it was not
determined whether one limb of a fold had been missed, or if
there were a fault between, or 1f there were actually twe
similar appearing belts of each,

while the cleavage in the graywacke, schist and slate
was generally nearly vertical, the bedding was often quite
distinet, especially on the rocky, wave washed and ice scoured
jelands and the structure was not too difficult to determine.
The widest area of Michigamme formations are intermittently
exposed for about two miles along near the west shore of Lake
Michigamme and nearby islands. The exposures consist mainly of
the crests of anticlines. The thickness was not determined
except that it is not less than 200 feet and is probably not
more than 1,000 feet,

Many pegmatites, striking about east and west and
dipping steeply, were seen cutting the various Michigamme
formations. Some of the pegmatites were over 10 feet wide,

Many of them are feldspar-poor and contain rather coarse green

apatite and pale reddish andalusite.

SIBLEY

No formations definitely identified as Sibley were
found in the Lake Michigamme area, but & series of east and
west striking disbaese dikes that are intrusive into the
Clarksburg are believed to be of Sibley ages These dikes have
the augite only partly uralitized and appear much fresher than

the Clarksburg. Specimens of dikes presumedto be of Sibvley
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age are listed as such in the stratigrophic index that precedes
the petrographic descriptions of the hand specimens collected
in the arcae
Both lava flows and dikes of Sibley age are found a
fow miles to the westward in Baraga and Houghton counties. They
have often been confused with the later Keweeckawan, or post—

Superior, lavas that predominate in the Copper Countrys.

SUPERICR PEGMATITES and GRANITIZATTON

Pegmatites, many of them passing into quarta veins along
the strike, are abundant in the Ajibik quartzite and in the
Michigsmme formations. Fewer were seen in the less well exposed
formations stratigraphically between theses One small pegmatite

was found in a Aisbase dike intrusive into the Clarksburg in Section

>

22 (Ts 48 Noy Re 31 We)o
The pegmaetites contnin quarts, feldspar (predominantly
alkalic) and muscovite in varying amounts, =nd irregularly
distributed, In many of the pesmatites there arc areas up to
several fect across that are almost entirely feldspar, often in
cleavage slabs several inches in lengthe There ars usually other
apens that are predominently quartz over several square feet of
area. A few good samples of graphic granite were obtained. Many
of the pegmatites contain one or more of the following mineralss=-
molybdenite, apatite, beryl, andalusite and tourmaline. Other
minerals are either quite rare or occur in relatively insignificant
amount,
The majority of the pegmatites strike about parallel to

the trend of the country rock and secm most abundant near the

erests of anticlines. The intruded formations adjacent to the
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pegmatites do not seem to be any more highly metamorphosed
near; or in contact with them, than they are elsewhere. In
many instances the country rock appears considerably more
highly metamorphosed on the limbs of the folds at a considerable
distance from the pegmatites. No evidence was seen that these
pegmatites had any granitizing effect on the nearby sediments,
nor was any evidence found that the pegmetites and the granitization
was caused by & granite intrusion. It ﬁay be that the pegmatites,
the granitization and the formation of granitic appearing areas
into which the bedding of the sediments gradually disappears,
are all manifestations of the same processes involving the
tremendous pressure, consequent heat and accompanying mineralizing
vapors, of great crustal movements.

The cause of the crustal movements may not be
found in any one relatively small area as it was widespread at
this time throughout the Lake Superior region and probebly far
beyond. Influences, perhaps extra-terrastial, may have caused
a sudden change in the rate of the earth's rotation, or in the
position of the poles, to produce the tremendous amount of fold-
ing, faulting, metamorphism and telescoping of the formations over
such a large area,

The folding that accompanied the Superior granitization
is responsible for much of the predominant east and west strike
of the formations in the Iron and Michigamme series, Many of the
anticlines of Ajibik, Negaunee, Bijiki and other formations are
overturned with both limbs dipping steeply to the northwards Much
faulting accompanied the folding, many of the folds passing into
thrust faults somewhere along their strike.

The granitized Kitchi on the north limb of the main



trough seems, in places, to haove heen thrust up over the
younger formetions, The Kitehi, that had becn compressed into
north and south striking folds and granitized during the
Champion revolution, was further granitized and squeczed from
the north and south during the Superior revolution. This
resulted in the previously north and south striking anticlines
being further folded so that they now occur in somewhat dome

like knobs, separated by deep valleys, trending east and west

fiie}

and connected by shorter, irregular valleys running more nearly
north and south,

Numerous pegmatites were encountered in the mapping
of the Kitchi sediments north of Lake Michigamme, but where no
post-Mesnard formations were identified, the age of the
pegmatites was usually not determined. In many places two
series of pegmatites were found, one cutting the other, and
in a fow instances three series werc seen, In some instances
basic dikes that cut one series of pegmatites were found, in
turn, cut by other pegmatites,but in most other cases no
evidence was seen to indicate whether the different series of

pegmatites were widely separated as to age.

No Kewcenawan dikes were found within the area of
the iron formations but a few were found farther north, The
gne nearest to the iron formation was an east and west striking
olivine diabase in Section 6 (T. 48 N., R. 30 W.), about three
miles north of the iron formation. It was intrusive into all

formations exposed in the vicinity, including the pegmatites,
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A larger dike,about 10 feect wide, also striking
cast and west and dipping about 60° north, was seen near
the Rolling Dap on the West Branch of the Peshekee River in
Section 28 (T. 49 N., R. 30 W,) not far from the south 1/4

post. This was a fresh, columnar olivine diabase.

GLACIAL and POST=-GLAGIAL

Glaciatien has plucked the tops of manyof the anti-
clines leaving them quite rough, but generally thé less abrupt
knobs were smoothed and are still almost devoid of soil. The
material was mostly carried southward and glacial boulders up
to mere than 1,000 tons weight are scattered south of the out—
crops over a gone several miles widee

Many of the rather angular boulders of iron formation
are upwards of 40 feet long, 20 feet wide and over 10 feet thicke.
Those that are partly buried gave 2 great deal of trouble in the
mapping ot times, as meny of thom ars so dsaeply embedded in the
surrounding gravel and soil that they closely resemble outerops.
Cne such boulder, lying so that the apparent strike and dip are
close to what might be expected of an outecrop of the iron
fbrmation, had evidently been mistaken for ledge and a test pit
had been sunk in it near the edge. It was evident that some of the
small, somewhat oval arezs of high magnetics that do not connect
with any magnetic belts, may be due to similar boulders that are
cempletely buriede

The glacial till is deep cnough in some areas so that
almest no ocutcrops are available. Township 47 North, Range 31
West is partieularly lacking in outerops, onc magnetic belt

being traced for almost three miles with only one outcroo found



te indicate that the megnetic belt was duec to underlying iron
formation.

The glacial gravel was not gencrally separated in the
mapping from that which was post-Glacial and much of the latter
appeared to be glacial material reworked by streams and by the
former lake in the area which was about twice the size of the
present Lake Michigamme. There arse numerous, fairly cextensive
beds of this reworked gravel, in some of which the gravel is over
20 feet thicke The best grdvel, not contaminated with ferruginous
material, appears to lie north of the northernmost limit of the
iron formations. Glacial or post-Glacial gravel, where lying
diroctly or close upon the iron formetion is freguently found so
well consolidated that trimmed specimens can be obtained with-out
difficulty, Therc arc also some sand and hordpan horizons so
well consolidated that they can not well be handled with a power

shovele
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nd remnants of glaeinl lakes and post-Glacial
lakes occupy & considerable part of the area betweeon anticlinal
ridges and knobs of Michigamme and older formationse. Iake Michi~
gamme is roported to be in the neighborhood of 100 feet deep
over considerable of its arca and it is likely that the water and
muck in some of the muskeogs and other lakes may be as deep.
Although the glaciation appcars to have come mainly
from the north, the north sides of knobs and ridges usually have
very few outcrops, while the southern sides are frequently cliffs
or stecp slopes of bare rocke In some instances these southward

facing cliffs are fault scarps.

66



67
ECONGMIC GEOLOGY

IRON ORE

Ore bodies have resulted from (1) mechanical
concoentration (especially in the base of the Goodrich conglomerate),
(2) Removal of Silica, (3) Addition of iron oxide. (4) Some
combination of two or morc of these processes.

A good example of a combination of these processes was
scen at the National Minec, south of Ishpeming, where specimens were
collected that showed the following stages in the formation of ore
in the base of the Goodrich conglomerateas (1)s Mechanical
concentration of iron bearing fragments from the immediately under=
lying Negaunce iron formation. (2) Progressive stages in the
romoval of siliccous materisl, with some spocimens showing only a
few of tho siliccous pebbles partly dissolved out, others showing
considerable solution and fin:lly, in some spocimens, practically
all of the siliccous fragments complotely romoved loaving @ porous
¢ hoavy from tho iron oxide in the matrix and
remaining pebbles, (3) Specimens showing solution cavities with
various amounts of iron exide in them, ranging from those specimens
with only a thin coating of small magnetite erystals lining the
cavities to specimens where the former covitles are completely
filled with magnetite (or hematite altered from magnotite)e

Kiril Spiroff has shown that magnetite con be formed
under conditions of low temperature and pressure. In an article in
Economic Geology, Vole XXXIII, No. 8, December 1938, Spiroff states
that "primary magnetite crystals occur in vugs and as a filling
in leached iron orc conglomerzte on the lMeszbi Range, Minnesota,

From the field observations and from magnetite crystals developed
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in the laboratory, the conclusion is drawn that mognetite can be
formed as & precipitate from meteoric waters",

No attempt wes made to determine which of the above
processes was responsible for the ore in any given part of the
area, nor ot what time the ore may have been formed. It was
clear, however, that at least some small amount of ore mdy
have been formed by Goodrich time and also that a large portion
of some deposits has been formed since the last main folding
and faulting in the aren as the position and trend of meny of the
ore bodies were apparently determined by structures induced by
doformation of the iron formation during the Superior revolution.

Tn both the Negeunee and the Bijiki horizons the ore
occurs where circulation of underground waters or solutions up
or down tho dip or slong the strike have heen guided or impeded by
rells or folds in the formation, or by dikes or faults that cut ite

It now appears that orc hhs beon formod from practically
all phases of the iron formationms, inecluding even the grﬁneritie
phases that have usually been considered ton resistznt to ore
forming processes. Considerable of the ore formed, presumably since
the time of the Superior revolution, has been formed from grﬁneritic
rocks in the Bijiki iron formation west of Michigamme, and probably
in other localities,.

Tn the Lake Michigamme arsa, o5 in the Marquette Range
in general, ore occurs in the following horizons. (1), The Negaunee
jron formation, especially, but not necessarily, at or near the top.
(2), The base of the Goodrich conglomerate where it rests directly

upon the Negaunee iron formation. (3), The Bijiki iron formation,
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Of thesc three horizons it can be expected that the

largest tonnage of ore will probably come from the thicker
Negaunee iron formation when thut formation is sufficiently
explored and developed. In the past, most of the development
work in this srea has been done in the Bijiki horizon,

To date the only large producers in the Negaunee horizon
have been the Champion Mine at Beacon, the Michigamme Mine at
Michigamme and the Spurr Mine Jjust west of there,

Each of the above mines have produced some ore from
the horizon at the base of the Goodrich.

Mmong the mines that have produced ore from the Bijiki
horizon are, from east to west, the Hortense, Pasco or North
Phocnix, Dalliba or Phoonix, and the Marine, 21l east of the
Peshekec Rivere No producing mines were opened on this horizon
in Township 48 North, Range 30 Vest, Yeptward from Michigamme
the mines in the Bijiki horizon included the Imperial, Webster,

East Portland, Ohio, Norwood, Besnufort nnd the Titan,

RECOMMENDATIONS FCR EXPLORATION

The following portions of the Lake Michigamme ared are
considered the morc favorable for exploration,  They are unders
lnin by either the Negaunee or the Bijiki iron formation, or by
bothes No recommendations are being made seperately for the Good-
rich, as that horizon is not likely to be productive unless the
underlying Negrunee iron formation also contains ore,

These recommendstions are based upon the indications of
structure obtained from the eomparttively few outcrops in the
arcas montioned, the interpretation of the topography and the

ovidence obtained from the magnetic survey. Outcrops of the iron
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fermations are scarce or entirely lacking in much of the area
under discussion, and drilling records are either non-existent
or were not available, so the following account should not be
considered as a definite statement of the structure and potential
value of any particular part of this area, It is hoped, though,
that the recommendations, together with the information shown on
the accompanying maps, may be of some service 2s a guide to
future explorations,.

The results from one drill hole, 2s will be frequently
indicated in the toxt, may have & greut effect upon the
recommendations given for adjocent parts of the arct.

Te 47 Noy Re 29 We
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The topography and the dip necdle rendings, taken in
conjunction with the indications from outcrops in the western
part of this scction, suggest that there may be a mile long,
crumpled trough of iron formation, striking cust and west through
tert of sections 3 and 4 just south of the east 1/4 post of
Section 4e This arca is underlain by the Bijiki iron formetion
and 2t grenter depth by the Negaunce. Both of these formations

arc probably within mining depthe Both arc probably mostly
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grineritic except nenr the top.

Any vertical, or steeply south dipping, drill hole in the
center of the NWk of the SEf, and another similar hole about 600
yerds due cast of there, noar the east line of the NE} of the SEf,
should show the character of, and depth to the formations. These
holes should furnish sufficient evidence to determine whether a
north and south line of holes across the NWp SBf and into the
south half of the NE} would be advisable, and also whether exploration
should be continued into the north half of the SW} or the SEf of
the SE3 of the section, all of which forties are underlain by one
or both iron formations.

Any oxploration in the NWi of the section should be
deforred until information from the above drilling is obtaineds
The west half of the NW hts numerous ouberops of Bijiki and
Clarksburg and the structure is quite complicated by close folding,
faulting and the probeble presence of intrusives, hence early
exploration is not recommended for this purt of the sectlone

Most of the S% of the SW and part of the SWi of the
SE} are not underlain by any iron formation and can not be expected
to osontain orse

The diagram obove shows (1) the most promising forties,
(2) the forties that should be explored if the first arcas show
ore, (3) the least favorable forties underlain by iron formation,
and (0) thosec forties that do not carry enough of the iron
formations to warrant oxploration at present.
Section 53

Very 13%ttle of this section, except the northeastern
part, is underlain by any iron formation, and in most of this

portion the structurc is so complieated by folding, faulting
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and intrusives that exploration may not be ndvisable at
present, although there m2y be some ore found close to the
great fault that roughly parallels the Ce Mo Ste P. & P.
trocks through part of the By of the NBi. Ore may lic against
or close to this fault in the swamp on tho east side of it and
just west of the east 1// post of the section, or on gither

side of the fault near the west edge of the NE} of the NEi.

Section 6.
No part of this section is underlain by the iron

formation,.

Te 47 Noy Re 31 We
Section 10,

A fairly strong, persistent and straight magnetic belt,
probably due to northward dipping Bijiki iron formation, runs
westward from just north of the east 1/4 post of the section,

Drill holes, located about 700 feet west and 250
feet north, and cbout 1400 feet west and 100 feet north of the
enst 1/4 post, and inclined about 60° to the southward would show
the character of this formation which is close to surface here
but does not outcrop in this nor adjacent scctionse
Section 1l.

| The same megnetic belt that was mapped in Section 10,
crosses section 11, without outcropping, from near the west 1/4
post to a point about 1300 feet south of the northeast corners.

If drilling is done, it should probably be close to the belt and
on the north side of it with the holes inclined southwarde
Section 12,

The same belt that was followed across sections 10 and
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11, extends diagonally from about 1300 feet south of the northwast
corner of Section 12 te near the southeast corner, Near the
center of the southeastern quarter of the section are & few

low outcrops of grgneritic material dipping northeastward.

The material, both from the ledge and some shallow pits in the
vieinity, is a limonitic alteration quite similar to much of

the material seen at the Webster and other old mines in the
Bijiki horizon westward from Michigamme.

The pits appear to be too far in the foot for
satisfactory results, It would seem that a better place for
exploration would be abeut 2,000 feet to the northwestward, with
drill holes put down well to the northeastward of the belt and

inclined to the southwestward.

Te 48 Noy Re 29 W
Section 19,

A strong megnetic belt that is probably due to south=
ward dipping Negaunee iron formation, exbends a short distancs
eastward from a point about 700 feet north of the southwest
corner. The iron formation does not outcrop within several miles
of here, but the magnetics are so located relative to the exposed
base of the Ajibik to the northward, and the Bijiki to the south-
east, that there can be little doubt that this belt is due
to the Negaunee iron formation. The iron formation may continue
eastward across the southern tier of forties in this section, but
the magnetics are wesk and no explorations are recommended here
until drilling is done on the adjacent section (Section 30)

to the south,.
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Section 28.

A magnetic belt, probably due to south dipping
Negaunee iron formation, was crossed about 500 paces south of
the northeast corner. What is probably the same belt was found
a few paces south of the northwest corner and followed for a
short distance, but not far enough to determine whether or not
it continued across the section. In each case the belt was
about 200 paces in width and moderately strong, giving a dip
needle rise of from 6° to 12° (adjusted values)s No outerops
exist along this stretch of sweep and low blueberry plains,

On cach side of the section, the magnetic belt was about 150
paces south of the cliffs of northeasterly striking granitized
Kitchi sediments.

Drilling along this stretch is not recommended until
more geological mapping hes been done as in the bluffs to the
northwest there is faulting of such character that portions
of the iron formation may be locally cut out, with the result
that the drill holes might go from the Goodrich into the old
granitic rocks without intersecting any of the Negaunee iron
formation. There is no indication, however, that the Negaunee
was removed by erosion before Goodrich time.

A strong but narrow magnetic belt was followed from
a point about 200 paces north of the west 1/4 post toward the
center of the section., Somewhere east of where the mapping
was disecontinued this belt is either folded or faulted out of
position, as it was not picked up in the line of strike in a
northeast line that was run across the SEf of the section. This
belt may bs due to southward dipping Bijiki, possibly a tight

fold with both limbs dipping southerly. The megnetic belt 1is
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continuous westward through the Hortense Mine in the next
section. There are several shallow test pits on this
magnetic belt in this section, many of them showing only
graphitic slate.

Future explorations in this section may find ore hut no
recommendations can be’made at this time as the geological
mepping is not yet complete.

Section 29,

= Dullibe (or Phoenix Mine)
Pascoe (or North Phoenix)

W
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+F % & + ¥ Hortense Mine
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Either not underlain by iron
formation or the iron formation

% ¥ T g % N
‘ ' /;:'2 is too deep.
"w\

2 T4n. _4 ,
PP N N 1 = The most promising areas

0 0 0 0 2 = Apparently poorer areas for

exploration.

+ & 3 + +

3 = Underlain, at least in part, by iron
formation, but geological mapping
not comolethed.

C

4 = Probably underlain by iron formation
but not much chance for ore.

Above is a diegram of Section 29 and a list of the symbdols
usede

No mapping was done north of the Chicago and Northwestern
Railroad except near the ecast line of the section where the south
dinping Negaunee iron formation was located magnetically. The
faulting problems, mentioned in the discussion of Section 28 to
the east, applies still more emphatically to this section, and
should be worked out by careful geological mapping before drilling

in the north tier of forties can be recommended.
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From the Pascoc (or North Phoenix) pit in the SWi
of the NE}, a strong magnetic belt was followed westward to
just across the west line of the section, where it was found
to bend back sharply te the eastward to & point about 700
paces east and 450 south of the northwest corner, Here it
either stops abruptly in a zons of lew readings, or slee bends
rather suddenly to the southeastward and continues, with greatly
reduced megnetism, to the north side of the Pascoe pite Vhere
the fold in this belt is the widest, about 500 or 600 paces
east of the west line, the two belts are about 600 feet aparts
From the dip needle readings this apprars to be an cagtward
pitching syncline with both limbs dipping southward, If such is
the case then there may be ore in this trough, going deeper to
the cestwards A drill hole, looctted about the center of the SWi
of the NWr, inclined 50° o 60° to the northward should cut the
formations of cach bolt {(both sides of the fold) within about
1,000 feet from surfacc. If there are favorable indications at
this place, then the deeper part of the trough to the eastward
could be explored and also the sharp fold or cross fault just
west of the Pascoe,

Between the Pascos (SWh of the NE}Y and the Hortense
(SEL of NEX) there is seemingly some chance fer additional,
low grade ore. The dip nendle readings indicate that iron
formation underlies much of the southern half of the Hortense
forty and the north part of the forty immediately to the south,
but it is likely that the ore may lie rather deep or be of low
gradee

In the forty immediately east of the Dallibs - (or

Phoenix), which is in the NEf ef the SEf, there seems little
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likelihood of any considerable amount of ore, but in the forty
just west of the Dalliba there might be an appreciable amount
of fair grade ore, especially at depth.

In most of this section south of the C. & N. W. R.R.,
the magnetic belts are due to the Bijikl but the Negaunce iron
formation alse underlies much of the area but probably at depths
generally greater than 2,000 feets There should be some ore in
the Negaunee horizon, but it will probably be difficult to locate.
While there is only a minor unconformity between the Bijiki and
the Negounee, the upper formations are quite apt to be much more
intricately folded than the lowor, and so & moderately broad trough
of the Nogaunee might underlie several smaller folds of the Bijiki,
and the center of a Negaunee trough might conceivably be directly
under one of the anticlines of Bijiki,

The rost of this section is not very promising as there
are east and west striking anticlinas of Goodrich, such as the one
exposed just south of the Dalliba (Phoenix).

Section 30. (48-29)

LN SR * + 0 = Either not underlain by iron
0 formation or formation not favorable
4 4 4
for ore,.
L \Q‘\ 3 o }'—
. 1 = Area most likely to contain orec.

2 = Area wherc geological conditions

L * * warrant explorations
#3 0
7 e o il 2T 3 = Exploration not recommended at present.
e i
¥ * ¥ fFTj>” * = Poor chance for ore, or ores bodies too
2 1 e 0 deep or too difficult to locate at
& + 45( " . present,

M = Marine Mine

The northwest quarter of this scction, judging from the dip
necdle readings, appears to be underlain by iron formation although

no outcrops were found. Several strong to moderately strong



magnetic belts were mapped but none of them were traceable
for more than a few hundred feet and are ppobably due to small
tight folds in the Bijiki. BExploration of this part of the
section should perhaps best wait upon results of drilling in
the forties immediately to the west (in Section 25, T. 48 N.,
R. 30 W.), where the geological conditions appear to be more
favorable for the occurrence of ore bodies.

Most of the northeast quarter of the section was not

mapped in detail as the only definite magnetic belt found

ot

striking into it is the one that runs just across the east line,
from the direction of the Pascoe Mine in section 29; and almost
immediately is bent back out of the section,

From the Marine Mine, near the center of the SEf of
the section, & trough of Bijiki extends a little north of
east to the Dalliba in Section 20 so it is probable that a
little lean ore may be found in the southern part of the NEZ
of the SEi.

Southesst of the Marine, the southern limb of this
trough swings to the southward past the south 1/4 post and is
anticlinal in general structure with probably only small

synelines with only a little lean ore likely to ocour in thema

The SE} of the SEf appears to be mostly Goodrich that

is probably considerably folded, faulted and generally anticlinal

in structure. What appears to be Michigamme schist was found,
apparen%ly in place, near Goodrich graywacke with no indication
of the Bijiki between. Lack of outcrops or magnetic belts
rendered it difficult to determine whether the relations were

due to faulting or to a volcanic vent in this area.
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There is a small, vater filled pit, about 700 feet
northwest of the Marine, that appears to be on the north limb
of the same trough, although there are some indications that
there may be minor anticline between. This north limb, dipping
steeply southward, was followed practically continuously for about
a mile and a half westward to the mouth of the Peshekee River, and
it seems likely that there may be some ore just south of this belt
in the northern part of the S of the SWi. No evidence of
explorations along this belt were saen between a small, water filled
pit, about 150 paces west and 520 north of the south 1/4 post, and
Lake Michigamme,

Most of the NEE of the SWi of this section is underlain
by anticlinal Goodrich, but in the NWE of the SWi there are &
couple of narrow troughs, outlined by high magnetic readings, in
which no evidence of exploratory work was found except for a line
of shallow test pits crossing the formation near the west line of
the section.

Section 3l.

+ + f?\ + + Section 31 (T. 48 N., R. 30 W.)

~ ~ C = Champion Cave-in.
+ + + * % o
0 . .
0 0 0 J o = Champion mine shafts.
* * * + * 1 = Most promising area

- Beacon 2 = Probable ore at depth, should be
LA o C? + further explored.
o © 2 T s,
,// %‘ /f//ﬂf/‘g \‘(2// 3 = Mostly worked out near surface, but
AT * + + probably some more Ore.
4 = Ore probably too deep, or low grade.
0 = Little or no chance for ore.
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The northwest quarter of this section is probably
underlain by Michigamme formation and Clarksburg volecanics,
with the iron formations, where present, mostly too deep to
be of much value,

The northeast quarter contains Bijiki iron formation
in a badly crumpled, interrupted and steeply south dipping belte
The Bijiki horizon is not apt to contain any large or readily
accessible ore bodies and the Negaunee formation is probebly
deeply buried.

The southeast quarter shows outerops of grﬁneritic
Negaunee iron formation with a relatively thin zone of
magnetite, specular hematite and granular quartz at the top.
This is overlain by Goodrich, Bijiki and a great deal of Clarks-
burge The dips are quite steep to the northward. In this part
of the section, the Negaunee and Goodrich horizons have been
pretty well explored and mined except ot depth, where there is
a good chance for more ore.

The NWh of the SWi is underlain hy the Negaunee and
Bijiki iron formations, both of which are probably mostly
on the nosec of & northeasterly plunging anticline.

The NE of the SW is probably underlain by a deep trough
of the iron formations pitching to the northeastward., This is
apt to‘contain much ore at considerabls, but probably not
prohibitive, depth, in both the Negaunce and the Goodrich horizons.

The SEf of the SW} contains the mein workings of the
Champion Mine and is presumably pretty well worked out except in
depth where a considerable tonnage of ore should still be found

in both the Negaunce and the Goodrich formations.



The SW} of the SWf appears to carry 2 northeastward
pitching trough of iron formations that is likely to carry ore,
especially in the Negaunee horizon, at moderate to considerable
depthe

Section 32 (T. 48 N,, R. 29 W.)

¥ ¥ + + * 1 = Good chance for ore.
0 0 0 0
2 = Likely to bec orc at considerable dept
- F o F i +
L // 0 0 3 = Probably small ore bodies,mostly at
Champion§$w,wn“$\ . depth.
6viilﬂ§3“<>2f““q 4 = Possibly ore at depth,
. » 21;4 + € = Little or no chance for ore.
6 “\.3 \ 2 N <
v,g\?\\\\ \Q\\ ‘ Yg\\ OO
+ S 3 © = Small open pits.

The entire northeast quarter of this section is devoid
of any definite magnetic belts and contains several outcrops of
Goodrich quartzitec. The Negounee iron formation probably under-
lies much of this quarter section but too deeply to warrant
exploration at present as its structurc htis not been determined.

The north half ef the NWE is also underlain by Goodrich
and perhaps in places by volcanics and any iron formation that
may be present is probably too deep for exploration. Exploration
should be postpened until more is known about the structure.

The SWt of the NW} is mostly low and swampy with a contorted,
broken belt of steeply south dipping Bijiki iron formation skirting
the northern cdge. Ore might underlie part of this swemp but the
indications are that it would be very deep and the grade and
tonnage rather lowe. It is also probable that a considerable thick-—
ness of Clarksburg or Michigamme would be encountered in any

drilling here.
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In the SE} of the NW} there is strong evidence of
a trough of graneritic Bijiki iron formation pitching steeply
to the southwest. This trough is likely to contain some ore of
satisfactory grade, If drilling is done on this forty it would
probably be best to locate the first vertical hole about 1800
or 1900 feet east and 950 to 1,000 feet north of the west 1/4
post. Another hole might be drilled near the forks in the road,
about 1650 feet east and 550 feet north of the west 1/4 post, so
that this hole would go down south of what may be a minor anticline
in the trough.

The NW: of the SW: is underlain by Clarksburg and
Michigamme formations with what is probably a faulted anticline
of Bijiki striking east and west near the north edge of the
fortye, There saems to be no reasonable chance for ore and as the
main street of Champion Village runs through this forty no
exploration is recommended.

The NW} of the SW includes much of the town of
Chempion, the railroad yards and highways. The only likely look=-
ing place for orc is in the northeast corner of this forty where
a vertical drill hole, located a few feect southwest of the center
of the section, might encounter a moderate amount of rather lean
ore in what appears to be a westward pitching syncline in
gruneritie Bijiki iron formation,

The SWE of the SW*+ carries a belt of grgneritic Negaunee
iron formation, similar to that already described in Section 31
to the west. The dips are steep to the north and the Negaunee
is directly overlain by the Goodrich iron bearing horizon and

the Bijiki, This area seems to have becn quite thoroughly
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explored and considerable mining was done near the surface.
Additional orc may be expectod in depth, especially where the
formation locally flattens down the dip or where it is cut
by dikes.

The SEf of the SW carries the continuation of the Belt
of grﬁneritic flogaunes iron formation that occurs on the forty to
the west, but here the formation has begun to curve to the south=-
east, is mainly anticlinal with only minor troughs and offers
1little chance for much ore. Thore are numerous shallow pits
in this forty and a little mining was done along the Goodrich contact.

In the SWt of the SB}, the Negaunee iron formation
strikes about southenst and the chance for any important tonnage
of ore in either the Hegaunee or Goodrich horizons seems rather
remote except in what may be an eastward pltching trough near the
middle of the cast line of this forty. This probable trough may
cxist between the northeast dipping Negrunee and Bijiki iron
formations and what is probably a minor nnticline near the north-
east corner of thc forty, where there is a fairly strong magnetic
belt. This belt is apparently due to the Bijiki coming close
enough to the surface beneath the Clarksburg to give a fairly
strong mignetic belt extending for several hundred feet in an
east-southeast dircction toward and across into the adjoining
forty to the east. The only outcrops found along this narrow
belt were of Clarksburg graywacke, apparently near its basc.

The SE} of the SEi, The probable trough, discussed in the
description of the forty to the west, pitches down into the north-
western part of this forty and may cond ageinst a north and south
fault that presumably lies under the swamp along the C.M. St.

P & P railrond. A vertical drill hole put down about 600



feet north and 1250 to 1300 fect west of the southeast corner
might encounter ore in the Negaunce horizon after going through
the Bijiki and the base of the Goodrich, either of which may
also carry some orce If ore is found in the Nogaunes formation
it is apt to be over 2,000 fecet down, but it would probably
continue down the trough to the north and south fault mentioned.

In the southeastern part of this same forty there are
abundant outerops of Bijiki and the immediately overlying
Clarksburg tuff. The Bijiki is partly grﬁneritic and partly
unoxidized iron carbonzte at the tops It occurs in 2 series of
crumpled and foulted folds, most of which are striking south-
casterly, but some of them are twisted around at about right
angles to the general trond.

In the M} of the SE} there may be a considerable tonnage
of ore deep under the swamp north of the D.S.S. & A, Railroad,
but this would probably be low gradc ore in the Bijiki horizon,
as the Negaunce is likely to lie 2t an almost prohibitivé depth
along here,

There is a westward pitching syncline of considerably
crumpled gruneritic Bijiki lying elomg the north line of the N}
of the SE} but it is not likely to carry much ore except near the
center of the section,
Section 33,

No detailed mapping was done in this section but a few
careful traverses were run in the southern tier of forties and
in the north half of the NWl, No magnetic belts were crossed on any
of these traverses. Time did not permit the running of this section,
nor of any of the other sections in this township east of the east

line of Sections 21, 28 and 33,
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Section 19,

% + +! % + 2 = Probably ore at depth
0 0 0 0 3 = Small ore bodies near surface,with
Py + + & % probably more ore in depth.
0 0 0 0 0 = Not underlain by iron formations.
——_ ¥ + + +
¥ . MM = Michigamme Mine
\ T e -
T3—3 33T
* 3 ..-T'\ "'}’f"‘"‘—\%

\\h

2 2772 /
Village of
fMichigmmneQbfﬁ ‘7 *

No part of the north half of this section is underlain
by iron formations, other than a thin, non-productive zone at the
bagse of the Negiunece

The N of the SW: and the N} of the SE} are crossed by
several nearly parallel belts of Negrunee iron formation separated
by Clarksburg dikes or sills of cotrse uralitic gabbro, These four
forties also carry the Goodrich and Bijiki horizons. The only
mining operations in this section were errried on at the Michigamme
Mine, in the N of the SE#, and were almost entirely confined to
the top of the Negaunee and the base of the Goodriche

The iron formations dip steeply southward, are highly
grﬂneritic and are separated by less than 100 feet of the intervening
Goodrich which is mostly dark quertzite. All of the exposed Nogaunec
iron formation is of the grﬁnerite-magnetite phase except for a
relatively thin zone directly below the Goodriche This upper pert
of the formation consists of magnetitc banded with medium coarse
to very fine granular quartz. It wes not dotermined whether or
not any similar belts of the iron formation exist immediately below

any of the Clarksburg intrusives as no exposures were found close on
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the north side of the intrusives.

Along the south tier of forties in this section there
is probablyla long trough of iron formation, as about 2,000 feet
to the south of the Goodrich contact there is an anticline or
upthrust of Bijiki with indications of another one about half way
betweene This trough, or the north ome in particular if there are
two, will be rather narrew but probably quite deep and may have
both limbs dipping southwarde It is apt to contain ore in the
Negaunee horizon deep under part of the town of Michiganmme, If
a large ore body does exist here it might be possible to reach it,
either by following down the Goodrich contact to it, or by deep
drilling in the low ground south of the D.S.S. & A. tracks. This
trough may also contain some lean ore in the Bijiki horizon and
a little ore in the bottom of the Goodrich.

Section 20.

+ * + 1 + 3 = Small ore bodies near surface, with
0 0 0 0 probably more ore in depth.
% % % + 4 /, = Possible ore at depths

0 = Rither no underlying iron formations

* ot -t--7/q' (in ths northern half)
~f—— of Db o

g L 0 = Underlain, at least in part, by
_,.:-“'-:ft::- % P iron formation but beneath Lake
-::;y,J Michigamme.
-3 0 0 0
+ + + + +

There are no iron formations underlying the north half of
this section. The N of the SWE: carries the same belts of Negaunee
iron formation, separated by Clarksburg dikes or sills, as occur in
Section 19 immediately to the west. These forties lie entirely north
of the Goodrich contact, and seem to offer but little promise of much o1
The SW of the SWE carries the top of the Negaunee, the

Goodrich and probably part of the Bijiki closs to the shore of Lake
Michigamme, but these formations are under Lake Michigamme except
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close to the west line of the section.
The rest of the section either carries only the lower
part of the Negaunee iron formation or is under the lakes

Section 21,

* * * + * 3 = Underlain by Negaunee, Goodrich

0 0 0 0 and Bijiki. Has some possibilities

of ores

* * + + +

0 0 0 0 4 = Underlain only by lower part of the
. Negaunee and by Glarksburg
*‘}\\\* * + * or else

&% Y S A Is mostly under lLske Michigamme

R P S 0 = Not underlain by iron formation.

There are no iron formations in the northern half of this
section,

The Nt of the SW: and the NW} of the SWg are underlain by
the lower part of the Negaunee iron formation and by Clarksburg
intrusives. There arc no outcrops of iron formation or Goodrich,
but from the magnetic survey, the structurc is probably similar to
that in the NWE of the SWh of Section 20, and these forties are not
likely to carry any appreciable amount of orec.

The N} of the SB} has a little of the bottom part of the
Negaunese cutting somewhat diagonally across the extreme southwestern
part. Probably no ore.

The SE} of the SEZ is underlain by the top of the Negaunee,
there being a very strongmagnotic belt occurring in the northern
part of this forty, crossing the road to Presbytery Point near its
junction with the road to Brown's Beach. Just south of this strong
belt, the Goodrich and the Bijiki were located only by the dip

needle survey. All formations appear to be dipping southward,
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There may be ore on this forty and perhaps also
on the forties to the west as a long bay of Lake Michigamme
that runs east from the mouth of Ketchewn Bay may indicate
a synclinal structure or a fault, although the dip needle
gave no positive indications of such a structure favorable for
orca

Section 22.

% + * + * 3 = Possible trough and ore.

>~
u

Lower part of Negaunee iron
+ * % * +* formation and Clarksburg
intrusives with not much

aY 8}
hd e 0 0 chance for ore.
) % 4 * *
) ) 0 = No underlying iron formations,
Lo 4L 4 4 L8
+ £ + + % No iron formation occurs in the
\\ . .
north half of this section.
& % % 4 <

The N} of the SW and the My of the SEi are underlain
by bands of the lower part of the Negaunee iron formation between
which lie one or more Clarksburg sills or dikess The only out-
crops found south of the bluffs of granitized Kitchi were the
Ajibik quartzite, near the north edge of this tier of forties,
and knobs or ridges of Clarksburg coarse uralitic gabbro, all
striking about east and west.

In the southern tier of forties there is a fairly stirong
magnetic belt, near the D.S.S. & A. RR., probably due to under-
lying Negaunee iron formation, Another belt of quite high reading=
runs close to the south line of the ssction, The zone of somewhat
lower readings between these two magnetic belts may represent the
Goodrich, a Clarksburg intrusive, a syncline or a fault zone.

Because of a long swamp across the south part of this section, just



89
south of the railroad, it scoms more likely that there may be
a trough close to the south line, in which case there may be
a good chance for ore in these fortiese
Section 23.

» * + 3 + 3 = Possible ore under Clarksburg gabbro.

4 = Partly underlain by the lower part of
* + + + + the Negaunce iron formation; but no
0 0 0 0 probable ores
+ + $ + + 0 = No iron formations present,
0 0 ° 0 B = Location of dip check "B" at base
T, ¥ 3 + + campe

3 3=3_

e * ‘f:\‘f§‘+

There are no iron formations in the B} of tho SWh, the Ny
of the SEX nor the entire north half of this section.

At loast the lower part of the Negaunee iron formation
underlies a portion of each forty in the southern tier of forties,
A uralitic gabbro ridge of Clarksburg strikes about N 85° W across
the southern part of the SEX of the SV and the SWE of the SEi.
The south 1//4 post of the section is on the south edge of this
ridge, Footwall slates of the iron scrics outcrop along the northern
flank of the ridge and fairly strong magnetic belt occurs near the
edge of the long swamp on the south side of thc same ridge.

A fow dip needle traverses were run northward from
the magnetic belt to well beyond the north edge of the ridge and
the rather high readings obtained indicate that iron formation
undorlies both the gabbro and the footwall slate, and that a
thrust fault probably occurs along the north edge of the ridge.
An apparent break in the iron formations about 3/4 of a mile to the

gastward lines up with this probable fault. With such a fault in
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this position there may be ore in a narrow trough just north

of, and perhaps partly below, the gabbro. Ore is even more
probable on the south side of the gabbro ridge but mostly in
Section 26 immediately to the south, and this possibility will
‘be discussed where that section is deseribed,

Seation 24

* * * * * 3 = Underlain by Negaunee iron

0 0 0 0 formation with chance for ore.
* * * + * 4 = Underlain by Negaunee iron

0 0 0 0 formation with little chance for

[eaaiS 7Y

* * * + -
0 0 0 0 0 0 = No iron formations presents.,
4 4 4+ + ¥

0 0 e N

3 4

- * ¢ 7o ¥

There are bluffs of gneissoid Kitchi on all forties in
this section, in some places the granitized sedimenis coming to
within 350 paces of the south line.

A strong magnetic belt, presumably due to south dipping
Negaunee iron formation, crosses the east line of the section about
200 paces north ef the southeast corner, and from 200 to 250 paces
south of the bluffs of Kitchi graywackes This belt runs westward
across the 5% of the SEf to within 200 paces §f a bayou of the
Peshekee River, where it curves southward toward the south 1/4 post
with the dip needle readings decreasing rapidly as the belt nears
the quarterpost. The magnetic survey does not show whether this
decrease in magnetism of the belt is because it is (1), faulted
off in the vicinity of the river, (2) fades out because of increase
in the depth of overburden, (3) has a flatter dip, (4) was less
highly metamorphosed, (5) has been more weathered here than usual,

or (6) has hecome less strongly magnetic for some other reasons
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Whichever of the above conditions that have prevailed

it seems that exploration in this forty might be warranted as

there appears to be a reasonably good chance for ore in the

vicinity of this bend in the magnetic belt. A drill hole might

best be located about 600 feet east and 100 feet north of the

quarterpost, the hole inclined steeply northwest.

Section 25« (Te 48 No, Re 30 W.)
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Probably some ore.

May carry ore, but ore probably low
grade or else quite deep.

Underlain by iron formations but not
likely to carry much ore except at

a considerable depth.

Underlain by iron formation but at
considerable depth or elss under
the lake.

Base Camp.

Except for Clarksburg intrusives, this entire section is

underlain by the Negaunee iron formation, and all but the N& of the

NW# probably also carries both the Goodrich and the Bijiki horizons.

A fairly strong, well defined magnetic belt enters the

NWE: of the NWi from the west, but near the middle of the forty this

belt rapidly broadens into a zone about 300 paces wide with the

dip needle readings less than 4" higher than in the adjacent area on

either side. In the south central part of the NEf of the NW: the

belt weakens still more and then disappears into the Peshekee River,

where it was not followed.

The belt emerges on the sast side of the

river a little east of and about 500 paces south of the north 1/4

poste From this place it gradually becomes stronger and syings )

northeastward until it again becomes a well defined, fairly strong

belt where it is striking northeasterly about the middle of the NWi
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of the NB}, from wherc it hools rather sharply to the northward
and is lost in a zone of low readings.

What is probably the same belt, offset 300 or more
paces to the westward, starts near the north 1/4 post, runs
northeasterly toward the middle of the SWE of the SE+ of Section
2/, immediately to the north, and then turns eastward.

The Clarksburg gabbro that outerops ncar the morth 1/4
post of Section 26, immediately to the west, strikes directly into
the zone of lower dip necdle rsadings that soparate the two
portions of this belte It would seem that in the extreme northern
part of this forty there is likely to be a southeastward pitching
syncline, cut off or modified by an east nnd west thrust fault,
This structure should faver the prescnce of an ore body. There
is apt to be basic dike material in and nerr the thrust fault.

The NE} of the NEZ mey carry a contimuation of any ore
body located in the forty just described.

The 83 of the NEZ is underlnin by both iron formations and
is probably a grumpled syncline with small troughs, some pitching
westward and some to the north of eastward. Both formations are
probably quite deepe These two forties are included in Van Riper
Park,

The S of the NWE is underlain by the Negauneco and also
probably by the Bijiki and the Goodrich. There may be ore in this
forty although the magnetic survey gave no indication of any
particularly favorable structurc. About half of this forty lies
in Lake Michigamme,

The SEf of the NW} is underlain by iron formations at

considerable depthes The structure is probably anticlinal with
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small, deep lying irregular troughs pitching mostly to the
westwards The conditions do not appear especially favorable
for ore. This forty is also included in the Van Riper Park area.

The NE} of the SW contains outcrops of anticlinal
graneritic Bijiki striking and pitching about S 70° W, Tho only
likely place for ore would be 2 deep under the mouth of the Peshekec
River and the ors would probably be low grade.

The rest of the SWE of this section is entirely in
Leke Michigamme,

The N4 of the SE} contains numerous outcrops of
grﬂneritic Bijiki and a little of the footwall graphitic slate
in a serics of small sharp badly crumpled folds. There seems to
be little chance for ore within 2,000 feet of surface except for
relatively small amounts of low grade material just southwest
of the east 1/ post. As these two forties are also underlain
by the Negaunce iron formation, therc is of course a chance for
some orc in the Goodrich and Negaunce horizons at depth, but it
would probably be difficult to locate it until deep exploration
work is carried out in some of the ncarby areas that seem to be
more favorsble, These forties are also a part of Van Riper Park,

The S3 of the SE} is practiecally all under Lake

Michigamme,
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The geological mapping of this section was not completed
despite the fact that the base camp was located on it near the
northeast corner., The entire section was so handy to the camp that
most of the mapping was deferred until such time as poor weather or
other eircumstances might render field work farther from camp
impractical, Hence this conveniently located area was held in reserve
so long that it has not yet heen properly mapped. Most of the mapping
that was started in this section was done hy assistants during the
early part of their training while their mapping and dip needle work
had not yet been proved reliable,

Such work as has been done shows that a very strong
magnetic belt, striking between S 80° and 85° east, occurs about
400 paces west of the north 1/4 post, crosses the center line about
50 paces south of the north 1/4 post and passes out of the section
about 300 paces south of the northezst corner, with the dip needle
readings steadily diminishing for the last 200 poces in the eastern
part of the section. For asbout one-quarter of a mile on each side
of the north and south center line this belt is about parallel to

a prominent Clarksburg ridge of uralitic gabbro which stands up as



a nearly vertical cliff from 50 to 100 paces north of the
magnetic belt,

Several other magnetic belts, most of them quite
strong, occur between this northern belt and the lake shore.
These belts strike from about N 80° W to N 80° E and are in
two main groups that seem to represent two crumpled anticlines
between the gabbro ridge and the lake shore. Numerous outcrops
of gruneritic material were found along these belts, especially
the southern group which, dipping southward, forms a good deal
of the north shore line of Lake Michigamme,

It seems that there are two main synclines of Bijiki,
one north of each Bijiki anticline, running east and west across
this section. In either of these there may be ore in the
Bijiki horizon. The northern trough is also likely to contain
ore in the Goodrich and Negaunee horizons that will probably
be within mining depth of the surface., This could probably
be determined by a series of north and south drill holes across
the swamp, south of the railroad, on either side of the small
lake that lies just south of the north 1/4 post.

Section 27. (T. 48 N., R. 30 W.)
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The strong belt of Negaunee iron formation lies entirely
north of this section, its closest approach being to within about
100 paces north of the northeast corner.,

Only two dip needle traverses were run across the other
iron belts in this section. The east line is crossed by a strong
magnetic belt 110 paces south of the northeast corner, a weak
belt asbout 350 paces south and another strong belt 550 paces south
of the northeast corner. On the latter belt there was found out-
crops of crumpled graphitic slate and Bijiki iron formation.

A strong belt was crossed at a point 500 paces east
and 260 south of the northwest corner where nearly vertical
graphitic slate was found in contact with grgneritic iron formation
to the south. The dips were apparently 85° to the north but the
dip needle readings indicate that the formations were overturned
here. This belt strikes about east and west but does not line
up with either of the strong magnetic belts that cross the east
line of the section. No mapping was done in the area between, so
the relationshin of these belts is not known.

The only recommendation for exploration that can be made
for this section at present is that the dip needle survey should
be completed and the magnetic belts and outcrops should be located
and accurately mapped,

A wooded island, several hundred paces long, in the SEx
of this section was not mapped, but it is probably underlain by

the Michigamme formation.,
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This section was not mapped in detail, but the three
uwarter mile long peninsula, running westward into Lake Michigamme,
near the northwest corner is probably an anticline of Bijiki.

The half mile long peninsula, running eastward, in the
south half of this section, and the islands in the SE2 of the
SE%, are mostly Michigamme formation cut by east and west Superior
pegmatites. The Michigamme formation consists here of mica schist,
staurolitic schist and concretionary graywacke. The pegmatites
are mostly feldspar~poor and some of them have a considerable

amount of andalusite,

Section 29 (T. 48 N., R. 30 W.)
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This section was not mapped but several outcrops were
visited and examined near the south line, where Michigamme
schist and concretionary graywacke were found in the south tier
of forties on the south side of the lake. It is suspected that
either an anticline or upthrust of Bijiki occurs near the south
line.

The peninsula, jutting eastward into Lake Michigamme,
in the N}t of the NW} 1s apparently an anticline of Bijiki, butb
no mapping was done there.

Section 30. (T, 48 N., R. 30 W.)
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In the NW} of the NW} there may be a chance for ore in the
Goodrich and Negaunee horizons if they are folded in the same manner
as the overlying Bijiki which forms a crumpled syncline, pitching
eastward into Lake Michigamme, in the NE} of the NWi. There may be
some low grade ore in the Bijiki horizon at moderate depth in this
forty.

In the NE} of the NE} an anticline of Bijiki strikes east-
ward near the north line of the section. An east and west syncline

of Bijiki probably underlies Lake Michigamme about the center of the
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NE: of this section.

The NW} of the NEZ is mostly in a bay of the lake.

In the SWH of the NWi the grgneritic Bijiki outcrops
in a2 badly crumpled and faulted anticline that pitches east-
ward and disappears into the lake near the center of the SE}
of the N

The N of the 3W+ and the N of the SEf are probably
underlain by iron formations deep under the lake.

The south tier of the forties, on the south side of the
Inlet Bay are almost entirely underlain by Michigamme schist
and graywackes
Section 31e (T, 48N., R. 30 W.)

No maepping was done in this scction and the only out-
crops examined were Michigamme schist and graywacke near the north
line, Most of the section is probably similar, with the iron

formations so déeply buried that they have little effect upon a

folds with the cleavage nearly verticale. This section is south of
the west arm of Lake Michigamme.
Section 32, (Te 48 No, Re 30 W.)

The above description of Section 31 also applies to this

section,
Section 33. (Te 48 Noy Re 30 W)
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The mapping in this section was confined to that
part of the west shore of Lake Michigamme that showed outcrops,
and to all of the islands in the lake on this section.

A1l of the outcrops are of the Michigamme and Clarks-
burg férmations with east and west quartz veilns and pegmatites.
The Michigamme consists of east and west striking folds of
concretionary and mica graywacke, mica and staurolitic mica
schist. The Clarksburg appeared to be confined to a few beds
of rather coarse tuff, none of them over a few feet in thickness.,
Several of the feldspar-poor pegmatites have an abundance of
quite fresh appearing andalusite in crystals from one or two
millimeters to several centimeters in diameter.

Section 34e (T 48 Ney Re 30 W.)

#Q'Qaaau@‘v_aaa'ﬁeaaaa‘a‘a:aaaf‘
‘\ °Rums\y Lo : :
\3’ o -_ . . °
o

"‘.00."’0..!."0\0.‘0}"'«—.000

. ‘}\ PR Qatchlo Manitou I
. C )
N “RiGRic I..

%'oqoa.'?’uocoo?‘o-.oof‘oaucs
° . . .

°
°
3
*
] L] « 2 ® ®
° Lake Michigamme o
® . & ° v
fo.ooo‘f‘oe-oa‘eocnoo"’oyi "'
o L ik 0 *
. ° . . .
*> L] l' e [ ] L]
“'ooo-o’!‘o’fc-o‘?‘ooooe“'ooocn"‘

The only mapping done in this section was of the islands
in the lake as shown in the accompanying small section pap. The
same formations were found as in Section 33 and with the same

gencral strike and dip.
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The only mapping done in this section was in the SE:
of the SE} close to the south line., The outcrops were granitized
Aiibik with numerous Superior pegmatites, all striking in general
about S 60° W and dipping steeply northwestward. The shore of
Lake Michigamme and Flat Island were examined but not mapped as
the only outcrops found were of Michigamme or Clarksburge No
outcrops were found on Flat Island.

Magnotic work should be done in this scction as the
iron formations were mapped into the SWE of the SWE of Section

36 immediately to the caste

Section 36. (T. 48 N., R. 30 W,)

rd

- structure favorable for ore.
#7 Shaft, Champion Mine.

f"‘t‘f""'f""’f""‘f/ J = Underlain by iron formations

. . . . . but structure not favorable

: 0 . 0 : 0 . 0 : for ore.
SoocsestocscePoosoesPTonasoei

. 5 » o . 3 = Underlain by iron formations but
. 0 . 0 : 0 : 0 : not manped and structure unknown
. o o . ° but not likely to be favorable.
Asoosstoossofoocssotecsced

. 3 . 5 . 5 . 4 . 2 = Underlain by iron formations but
: . . c . +# ore oither low grade or at great
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From the Champion Mine worlkings, in the SWi of the swt
of Section 31 (T. 48 N., R. 29 W.), & wide magnetic belt continues
about S 60° W to near the township corner. It then turns (probably
both folded and faulted) to the northwestward, then bends back
westward and enters this section, with a strike of about S 70° W,
about 500 paces north of the southeast (township) corner. The
belt then runs along the south tier of forties in this section,
gradually curving more westerly, and near the south 1/4 post is
striking east and west with the base of the belt very close to the
1/4 postes Just west of the north and south center line the belt
appears to jog to the northward and then contimies to the westward
across the SEE of the SW: with a strike a little north of west,

The magnetic crest of this belt is about 200 paces north
of its baso nnd at the Champion Mine is cbout 100 feet in the
hanging of the Goodrich contact. This leaves a width of from 400
to 450 fect for the Nogaunee iron formntion and as the dip 1s
generally quite steep to the north, tho probable width of the
Negaunee is betweoen 350 and 400 feot which secems to be about normal,

Clarksburg tuff and graoywacke outcrop 300 paces north
of the south 1/4 post or about 100 paces north of the crest of the
magnetic belt. The Clarksburg strikes S 70° W and dips 75° north-
ward. There are indications of a fault striking about S 65° W,
and probably dipping northward, along the south edge of the ridge
of Clarksburge Whether such a fault is present or not, there would
appear to be a possibility for ore, probably pitching northeasterly,
in the Negaunee iron formation about 200 paces north of the south
line in the SE} of the SWi and in the SWE of the SEfe There may

also be orec in the base of the Goodrich,
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A grinerite-magnetite phase of the Bijiki iron
formation outcrops at frequent intervals for severl hundred
pices along another strong magnetic belt that is 200 paces
north of and about parallel to the broad foot belt. This belt
is widest and strongest near the north and south center line
of the scetion but fades out a few hundred ptces on either
side of it. Tt is prebably due to on upthrust or anticline
of the Bijiki. The Clarksburg graywacke and tuff outecrop again,
dipping northward, in the proper position parallel to and just
north of this belt.

Time did not permit the cémpletion of the dip needle
survey in this section and the only work done in the SW of the
SWE was the running of the enst and south boundaries. The dip
needls rendings along the south line of this forty continued
low with a slight rise near the southwest corner indicating that,
although the iron formstion had not crossed the south line, it
might be swinging ~ little closer to it. Numerous outcrops of
granitized Ajibik, cut by pegmatites, ali striking in general
somewhat south of west and dipping northward, also indicated that
the iron formation was still north of the line.

There is & row of old test pits, across the lower part
of the Negmunec iron formation, near the morth and south center
line and 2 few pits along other north and south forty lines but no
conclusive evidence was found that many of them reached ledge.
Numerous pits, many of which reached ledge but got no ore, were
also found across and along the belt of Bijiki that lies from 400
to 500 paces north of the south linc. Any ore in this Bijiki
horizon would more likely be found by drilling north of the

Bijiki belt with the holes slanted to the south. The ore would
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probably he loan and the tonnvge small,

In the north half of Section 36 no ¥agnetic belts
were found and the iron formations, if present, are presumably
very decply buried. The only outcrops found “tere of Michigamme
and Clarksburg formations.

The W of the SWh of this section and the S# of Section
35 to the west should be thoroughly mappede It scems likely that
the iron formations may cross the scuth line of Section 35 near,
or beyond, the south 1/4 post and either continue southwesterly
across the NE} of Section 2 (T. 47 N., Re 30 W.) or recross the
township line forming still another trough before swinging southe
ward to conncet with the iron formation on the northeast side of
the Republic trough.

Seetion 22, (T. 48 N., R. 31 W,)

Fooseetesscatocsrseteseset 0 = Not underlain by iron formations.
. . . \.Coon Inke
f\\é; : 0 : 0 \S\ 0 : 4 = Undorlein, at least in part, by iron
N . o e forwition but structure not favor-
Teesee +iﬁiv‘ii'&'56iii‘£‘ﬁiiii+ .
:";;i.\ . R . able for orse.
W3 :" §\://’2.-' .X :
-\\¢:§\3 ‘e \:f\\ \\, 3 = May contain loan ore near surface or
?{é::(?""'f;"°'*<ifi?“ good ore at considerable depth
. AN ..\\~‘-':’ : N _;
o 3 ‘L~;2~.: 1 . < . 2 = Probably some good ore in Negaunee
t;;‘ '*"ﬁi::?:"'f""'f horizon and lean ore in Bijiki or
Beaufort « . v e A e O . orc in base of Goodrich.
Inke o 3 Je 4 o3 . ?H\‘; © h
L (o .‘f'.-:o.l ¢eessosbecane? l - Probably cons iderﬂble gOOd ore in
B = Beaufort forty and Mine the Negaunee horizone. Probably lcon
N = Norwood Mine orec in the Bijiki and some ore in
H = Chio Mine Goodriche

In the NE} of the NE} therc is no iron formation, Ajibik
slate and graywacke outcropping along the south shore of Coon lake
which covers most of this forty.

There is no iron formation in the NW: of the NEZ which is

underlain by Ajibik and by Clarksburg intrusives.
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The ¥ of the NW} is mostly occupied by part of a
large Clarksburg intrusion that extends across much of the
northern part of this sections There is some buried iron
formation, indicated by an outcrop of taconitic material and by
two or three discontinuous magnetic belts, south of the river, in
the NWE of the NWle

The SEF of the NEF has southwest dipping Negaunee
iron formation striking diagonally across its southwestern part
and a coarse Clarksburg intrusion, cut by an east and west
Sibley dike, 1in the northeastern half, Only a little concentration
was seen in the outcrop where the iron formation is cut by the
vertical 3ibley. dike, forming a westward pltching trough on the
north gide of the dike, but there may be ore deeper down in this
trough, especizlly to the westward.

South of this Siblev dike the iron formation dips toward
the river, presumably flattening out in depth from the surface
dips of from 45 to 60°. Another magnetic belt, probably due to
the Bijiki formation, strikes southeasterly across near the south-
west corner of this forty and lies about 300 paces above and
parallel to the base of the Negaunee. This would indicate a
width of about 800 feet for the combined Negaunee and Goodrich
or a thickness, from the observed dip of the Negaunee, of about
600 feet without any allowance for folds, faults or hidden
intrusives, The Negaunee probably accounts for between 300 to
500 feet of this thickness,
The outcrops of the Negaunee show a progressive change

in strike from N 70° W near the west line to about N 450 W near

the center of the forty. This curving of the formation indicates



a trough pitching southwestward under the river. Such a
trough, probably cut by other dikes not seen in the outcrops,
may contain ore in the Negaunee horizon as well as some
additional ore in the base of the Goodrich.

In the SW of the NE}, the conditions are similar
to those in the forty just discussed except that the entire
forty is underlain by the Negaunee iron formation, the large
Clarksburg dike passing almost entirely north of this forty,

The S% of the NWp is underlain by iron formations
as evidenced by several strong but somewhat discontinuous magneti
belts that appear to represent two narrow synclines of Bijiki
that are separated by a broader anticline. There may be a
moderate amount of low grade ore in the synclines, The Negaunee
is less likely to be as closely folded and there may be ore in
the Negaunee horizon but it is apt to lie at such a depth that
exploratory work for it in these forties might better await
developments on the adjacent forties to the east and southeast.

The N of the SWt includes the Beaufort Mine, in the
Bijiki horizon, which is probably pretty well worked out except
perhaps at greater depthe There is a fairly strong magnetic
belt, somewhat interrupted, along the north side of the Béaufort
pits, The formation is dipping steeply southward. There is
another interrupted belt just south of the pits. This belt may
be due to northward dipping Bijikil on the south limb of the
trough but the dip needle readings suggest that this belt is
alse dipping southward and may be a repetition or upthrust of
the northern belt, in which case there may be more Bijiki ore to
the south of i% and also under the gapt end of Lake Beaufort on

the forty immediately to the south.
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The SW of the SWE: is mostly under the east end of

Lake Beaufort and may be underlain by ore in the Bijiki horizon.
The underlying Negaunee may also carry ore but is probably at
a considerable depth.

The NE} of the SW+ is presumably largely anticlinal
and unfavorable for ore except perhaps for a small, narrow trough
of Bijiki near the center.

The SE} of the SWh carries an extension, worked by the
Norwood Mine, of the ore body at the Beaufort. Only one small
open pit, less than 500 feet long, and a few shallow test pits
or shafts were found on this forty, and the ore appears to have
been low grade,

The SE} of this section is mostly under part of the
large swamp that extends southward from ‘the river, and very
little of this area could be run because of the high water.

The NW: of the SE} is underlain by the iron formations
and may contain ore in the Negaunee horizon &t moderate depth in
addition to possibilities of a little high grade ore at the base
of the Goodrich and some lean ore in the Bijiki horizon,

The NE} of the SE} is underlain by both iron formations
and seems to have possibilities for ore in its western part but
the magnetic belts swing more to the eastward near the east line
of the forty which suggests the beginning of an anticlinal
structure, although it is likely that crumpling and probable dikes
may result in structural conditions favorable to the formation
of some smaller ore bedies.

The SBE} of the SEE includes the workings of the Ohio
Mine in the Bijiki horizon. The magnetic belt passing near some

of the old shafts and just north of the cave-in does not line up
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with the belt extending east-southeast from the Norwood. Due

to the high water level in the intervening Sswamp this magnetice
belt could not be followed between the Norwood and the Ohio but
it appears that the north side of the trough is displaced by a
sharp fold or northwesterly striking fault, If so, it would seem
that the best place to look for additional ore would be about the
middle of the west line of this forty or in the southwest part
of it,

The SWi of the SEX carries an extension of the magnetic
belt that is just north of andin the foot of the Norwood pit.
This belt, which could not be followed cast of the center of
this forty becausge of high water in the big swamp, strikes about
150 paces south of what ig presumably the same belt that lies
Just north of the Chio Mine cave-in, The topography suggests a
fault striking about S 55° east passing through near the north-
west corner of this forty. The ridge extonding for several hundred
feet castward into the big swamp from a point just south of the
northwest corner of the forty may be dus to an upthrust on the
south side of this probable fault and had probably best be avoided
in drilling,

Cre might be found in steeply northward slanted drill
holes located about 400 Paces north and from 700 to 800 paces
west of the southeast eorner, or on the south side of the ridge,
in similar holes located about 300 paces north and between 900 and
1,000 paces west, The Bijiki horizon mly carry lean ore and the
underlying Negaunee, which is likely to be encountered in 2,000

feet or less, may carry oree.
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Section 23 (Te 48 Nu, Re 31 W)

t';'1'?"°"f""'f“"‘f 0 = Not underlain by iron formation

S 0Js 0 « 0 s 0 - :

. . o . . L = Only a little of the lower part of the
“essstosceotosscetecceet Negaunce iron formation in narrow

[} T8 e _,Q_’w_.‘_._ “_).Q

=0 . 0 TETIL belts.

;.....;,,.,.;.,,,,;e,f}zl 3 = Underlain by iron formations but ore
RN SN bodies small and lean, or else good

ore at considerable depth.

= Probable ore at less than 3,000 feat.
Some lean ore at less depthe

N
i

1 = Probzble ore at less than 1,000 feet.
Some leuan ore at less depth,

The Mt of this section contains no iron formation except for
a few narrow belts of the lower part of the Negaunee caught up
between forks of the large cast and west Clarksburg intrusion. 1In
the SE: of the NEZ therc are two or more such narrow troughs that
may be lurge enough to contain a workable ore body, but this forty
is not promising.

The N} of the SW} is underlain by Negaunes iron formation
with the southern part of these forties also underlain by the
Goodrich and the Bijiki. The dip is steep southward at surface but
anticlines of Bijiki in the forties to the south of here indicate
that the Negaunee may also reverse its dip near the south line of
these forties, thus forming a trough in which ore might occur. Even
if the Negaunee does not come up again as the Bijiki does, it is
likely that it will flatten out considerably and, as there is a
strong probability that it will be cut by stringers of the large
east and west Clarksburg dike just to the north, there is scemingly
a fair chance for ore at workable depths,

The N} of the SE} appears to have a chance for ore as the

conditions are similar to those in the forties to the west, and in
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addition therc seems %o bo zn nppraciable curvature fo the

strike of the Nogaunce suggesting a frough or troughs pitching
southward under the river. The Goodrich quartzite close about
the Negaunee iron formation outcrops about 400 paces west and
200 south of the center of the section and dips less than 30°
to the southward which is about the lowest dip seen along the
north limb anywhere in the Lake Michigemme areas. This relatively
low dip, coupled with the comparatively slow drop in the dip
ncedle readings in going southward from outcrops of the Negaunce
may indicate that ore bodies in this iron formation may be found
closer to surface in thesc forties over a greater acreage than
ig usual for this area.

The SW of the SW: is underlain by crumpled Bijiki iron

s Except near the southwest

o)
Q
(]

formation quite closec to surfs
corner of this forty, the Bijiki appoars to be folded into a
series of small, narro synclines with wider anticlines between
and the bost chance for ore in this horizon is probably Jjust
south of the magnetic belt in the southwest cornore This belt is
due to south dipping Bijiki and lics closc in the footwall of the
Ohio Mine workings to the west and the Portland pit tothe south,
This forty is also probably underlain by the Negaunce iron
formation but its structure is not yot known though it may not beo
as closcly folded as the overlying Bijiki. It is probably not too
deep to be mined if ore bodies are loeated in it though search for
ore in the Negaunee horizon on this forty had perhaps best be
deferred until the forties to the north are tested.

The SE+ of the SW: is probably mostly anticlinal with only
small nerrow troughs of Bijiki. This forty may also contain ore

in the underlying Goodrich and Negaunce horizons but exploration
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for it might await developments on the forties to the north.

The S% of the SEf is underlain at no great depth by

the Bijiki, a great deal of which is probably anticlinal in

structure and not very promising.

Deeper down there may be ore

in the Negaunee horizon but tests should await the exploration of

the forties to the north or to the east in Section 24.

Section 24. (T« 48 N., R. 31 W.)
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Little or no iron formation and no ore.

A 1little ore near surface and a moderat:
amount at depthe

A 1little ore near surface with & chance
for considerable ore at depths

Probably good ore at depth.
Spurr Mine. A = Anderson Saw Mill

Small open pitse.

A large Clarksburg intrusion strikes ahout east and west

through the middle of this section. North of this intrusion there

appears to be only a little of the lower part of the Negaunee iron

formation, with some narrow belts also canght up or included in,

or between forks of, the Clarksburg. It does not seem likely that

any profitable ore body will be found in the north half of this

section.

In the next tier of forties to the south, branch dikes

or sills of Clarksburg alternate with belts of the upper part of

the Negaunee, with the Goodrich and Bijiki lying mostly to the

south of the Clarksburg,.

There are probabilities of small ore

bodies lying against or between some of the Clarksburg dikes and

along the Goodrich contact,
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In the NW} of the SW a narrow ore boedy, in a
magnetite-granular quartz phase of the Negaunee, was mined
at the Spurr. The workings were along the south edge of a
Clarksburg dike or sill and do not appear to have gone very
deepe As there are dip nsedle indications of an anticline or
upthrust to the south of this forty, it is probable that the
jron formation forms a trough or at least flattens considerably
a%t moderate depth and that more ore might be found by carrying
the Spurr Mine workings deeper,

In the NE} of the SWt the iron formation strikes nearly
east and west and the Clarksburg intrusive seems somewhat thinner.
A small open pit near the center of this forty was apparently in
ore though quite thin., The conditions for encountering more ore
at depth seem better in this forty than in the forty to the west.

In the N} of the SEf the conditions also seem favorable
for ore, especially at depth and at or near the Goodrich contacte

el vzl R

The SW; of the SWg has some apparent possibilities for
a little ore in its northeastern part under the swamp south of
the railroad. The northwest part of this forty is probably
partly over an anticline.

The SEf of the SW and the 5% of the SEf seem to offer
good possibilitiss of ore in a moderately deep trough near the
north line of these forties, and what is probably an anticline or
upthrust of iron formation seems to cross the southern part.

The dip needle readings suggest that both limbs of this anticline, if

such it is, will probably be found dipping south.
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Seetion 25, (T. 48 N., Ro31 W)

Foecoctoereoteceoctoces oM Z,_ = Undoerlain by iron formations but
fe . ) ® ° .
structure not favorable for ore in
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depth,
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The NEs In this quarter section on definite magnetic belts

were found north of an anticline of grgneritic Bijiki that outcrops

at intervals, near the north shore of an arm of Lake Michigamme,

from 400 paces west to about 100 paces north of the east 1/4 post.

The dip needle readings from the north line gradually decrease until

near this anticline, While it is probable that there are folds and

perhaps ore bearing troughs in these forties, the dip needle

indications are that they are so deeply buried that the structure

was nolt revealed by the magnetics,

In the N& of the NW} the dip needle readings varied but
1little except for local rises of two or three degrees., No definite
pattern to the slightly higher readings was noted and they may have
been due to small, deeply buried folds or even boulders,

The S& of the NWi. The strong magnetic belt of gruneritic
Bijikl that was followed and mapped along the northern edge of Lake
Michigamme toward the center of this secction, was lost at the edge
of the swamp along the river. A strong belt, considered likely to
be the same one, either faulted or folded sharply back, was picked
up just north of the center and followod northeasterly a short

distance wherc it curved through north to the west and was followed



to a point about 500 paces north of the west 1/4 post where it
was lost. This belt skirted the north side of the workings of
the Imperial Mine, which are confined to a half mile long fold
in the formation. It is probable that a south dipping thrust
fault, striking about N 60° W and about parallel to the river,
miy form the southern limit of the Imperial ore bodys. There may
be morc ore in this Bijiki horizon under the river south of this
probable fault, There may also be ore in the Negaunee horizon
deep below the Bijiki in this part of the area.

The south half of this scction is mostly a valley
occupied by swamp, river and bayous, and may be underlain by
ore although the only favorable indications are topographic as,
going southward, the dip nocedle readings steadily diminish.

Section 26, (T. 48 Ne, R. 31 W,)

SoesocetiesoecTansecotesneod zp Ll Und@rl vin by iron fOrmationS bu'b

© PPP \\\° \\\\g structure not very favorable for

e 3 o 3ETUTinre 3-1 ore excent perhaps at considerable
‘;‘oocoo;‘aooec""oooeo*ﬁé d@pt}l.

S 4 L4 L 3, f E 3 - Probable ore in Bijiki horizon near
LS i ,{ H jk\ o surface and possibility of ore in
ST Bijiki and Negaunee horizons at depth.
e Lo 4 e L ¥ 4o )
‘;'ilooo‘;"ooooo';“oooo.‘;‘oc-cc';‘ E = EaSt Portland Mlne

. . . . . P - Portland Mine.

: : : : : W.=- Webster Minec.
;"Q..’;‘.‘...;...O.;‘..O..‘;

The NEf of the NEf is underlain by both iron formations
and probably contains some¢ narrow troughs of Bijiki ore as it is
traversed by several magnotic belts, most of them rather short.
The magnetic belt, from the Imperial Mine to the east, passes through
near the southeast corner of this forty snd the break in this belt
near the east line together with the arrangement of short and

apparently broken belts on this fort suggest a thrust fault
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striking about 70° W through the southeast corner. There
might be ore in both the Bijiki ahd the Negaunee iron formations
on the north side of such a fault.

The NW} of the NE} contains the pits of the Webster Mine
and more ore in the Bijiki formation might be found at greater
depth as the dip needle mapping indicates the probability of an
anticline or upthrust close south of the Webster. Such an anti-
cline might have both limbs dipping southward and ore might be
found on the north side under such an overturned fold. Such a
fold or faulbt might also be the start of another trough a short
distance south of the Webstor ore bodye.

The NBE: of the NV contains the pit of the East Portland
Mine, and the east end of the large pit at the Portland, on the
continuation of thao Bijiki orc body from the Webster, and at the
latter mine, therc might be another ore body encountered to the
south of the old workings 2s the dip necdlc mapping indicated
the probability of an anticline or upthrust shout 100 to 200 paces
south of the east Portland pite.

The NW¢ of the NW} contains the Portland pit in which
might be found additional ore at depth as well as in what may prove
to be anothor trough to the southe The ore body at the Portland
is a continuation of that at the East Portlsnd and Webster, only
minor faulting and undulations in the iron formation narrowing the
ore body betweons

The S} of the NW: showed steadily decreasing dip ncedle
readings to the southward, but all rendings were sufficiently high
to indicate that these forties arec underlain by iron formation.

Although the magnotic work gave no indication of structure favorable
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for ore, except that the dip had probably become much flatter, a
swamp across these forties might be taken as a favorable topographic
indication,

The SW of the NEf showed dip needle rcadings diminishing
very gradually to the southward but high enough to indicate that
there is iron formation at no very great depth. No favorable
structure for ore was indicated by the magnetic work but most of
this forty is occupied by a swamp and as the magnetic reading
decreases so gradually it would indicate that the dip may have
flattened a great deal and the possibility of ore beneath this
swanp should be considered,

The SE# of the NE} is partly occupied by the main part
of Bass Lake, to the east of which a few short indefinite magnetic
belts were found, The land on the sast side of Bass Lake is about
50 feet higher than the lake and swamp level and may be due to glacial
111 but this greater clevotion may also be at least partly caused
in the discussion of the forty fto the north., The chances for ore
in this forty arc not considered promising.

*  The entire south half of this saection shows steadily
decreasing dip needle readings and the iron formations probably
lie at too great a depth for effective exploration at present,
although there is probably a broad, somewhat crumpled, deeply
buried syncline from herc southward in which there may be ore
at 2 depth perhaps not too great for mining.

Section 27. (T. 48 N., R. 31 W.)

This section is underlain by the iron formetions but

except for the north tier of forties the dip needle readings indicate

that it may lie at considerable, although not necessarily prohibitive
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depth. Exnloration in this section should perhaps best start

in the NE} of the NE} (south of the Ohio Mine) where there is

a reasonable chance of locating ore at moderate depth, especially
on one side or the other of a probable thrust fault that may be
striking sbout N 60° W near the northeast corner of the section,
This probable fault is shown on the small section map that
accompanies the description of Section 22 to the north. Another
probable parallel fault, also indieated on the same map, probably
enters this section east of the magnetic belt near the north
quarter post, and ore bodies might be found near it is the NWg
of the NE} and perhaps in the forty to the west of there.

In the rest of the section the dip needle readings
generally dscronse stendily to the south and it is likely that
the iron formations arc quite deep. A small elliptical area
of fairly high dip necdle readings was found about 450 paces
south and less than 100 paces west of tho enst quarter post
and while they may have been due to a belt of iron formation
coming near the surface, it is considored mors likely that these
high readings may be caused by a buried boulder of iron formation,
several of which only partly buried and up to 1,000 tons weight,
were observed in the sections to the east of theres No out-
crops werc found in this section.

Section 34. (T. 48 N., R. 31 W.), is apparently devoid of outerops
and the magnetic rendings decreased steadily to the southward and
in no part of the area gave any indication that the underlying
iron formations were near enough to surface to warrant exploration

at prascnt,
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Section 35. (Te 48 Nuy Re 31 U,)

The dip needle readings on this scction become
progressively lower to the south and southwest and no magnetic
helts were found. The only readings that might have indicated
proximity to an iron formation were found near thse cast quarter-
post, about 500 paces west and 100 south of the northeast cornecr
and near the center. In the first two instances a partially
buried boulder, of graneritic iron formation, and about 1,000 tons
welght accounted for the anomoly. Near thce center of the section
the rendings in a small oval were slightly higher than the surrounde
ing readings and were probably due to a completely buried boulder,
Many other similar arcas would have undoubtedly been cncountered
had the magnetic surveying not avoided boulder strewn areas
devoid of outcrops,

Therc arce outerops of cust and west striking Michigamme
schist in the SE} of the SE.

It is assumed that any productive iron boaring horlzons
are probubly from seversl hundred to more than 2,000 feet deep
over most of this section, and that drilling on this section is
probably not warranted until section 26 to the north has been tested.
Section 36. (T. 48 N., R. 31 w:)

No magnetic belts were found on this section though
irregularly scattered high dip needle readings near abnormally
low (negative) ones were found in a boulder strewn area, of two or
three acres extont, near the south quarter post. Considerable test
pitting and tronching had becon done there but thé only pit that
appeared to have renched ledge was sunk in the edge of what seemed

to be & large angular boulder of magnetite interbedded with granular
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quartz, This appeared to be & fragmont of the Negaunee iron
formation and showed, both in the hand specimens and the

outcrop, well developed polarity -- a condition that has frequently
been observed in loose boulders of this material elscwhere in

the districte This loeality was deseribed in Progress Report #11,
"Geology of the Spruce River Arca", 1944, Michigan Geological Survey,

Quterops of east and west striking Michigamme formations
were mapped near the northeast and the southwest corners of this
section,

This section is probably largely underlain by the Bijiki
and the Negaunee iron formations but at depths probably ranging from
1,000 to more than 2,000 feet and exploration is not considered
advisable until work had been done in the south part of section

25 immediately to the north,

NOTE: The detailed description of a large number of
specimens from this area has been omitted, but
these descriptions can be obtained from the
Michigan Geological Survey Offices
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