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iE_GOGERIC RANGE,
By ¥. O. Hotahkiss, 19233,
Director of VWisconsin Geolegical Survey,

Vith the vyast demands for ore made upon the mines of
the Lake Superior Iron Distriot the question of the continuation
of the supply becomes one of vital importanoce to one of the
leading industries of the country. It is the function of
geologists and mining engineers to study this question mﬁst
intensively, as on their goamclusions must be based the investment
ef many aillions of dollars in exploration, new shafts and
equipment and mine development work. Imsofar as their oonclusiens
are sorrect this money will be well invested K and insofar as
they are incorrect it will be spant wastefully. Consequently
they zust give the fullest possible consideration tc every faot
of observation, to every soientifie theory, and to every detail
of practisal mine operation and finanoe,

There are three important geclogic questions relating to .

on this range,

the occurrence of ore /conoerning which much information is needed,
and to which much study should be given. ’One ie the relation of
ore deposits to the vqrious horigons of the iron formation, The
second is the depth to which ore forming processes have been
active., The third question is the relation of ore to the small
cross faults,

With regard to the first - the relation of ore bodies teo

specific horizome - much informetion has been obtained, With



Tegard to the depth to which ore will de found relatively littie
is known, Vith regard to the third much remains to be learned.

RELATIOR OF ORE BODIES 70 DEFINITE HORIZONS

In the mines from Bessemer to Wakefield 32 different

recognizable bede in the iron formation have been identified so
clearly tﬁgtjgglfhmﬁlgera and mine management use them in
desoribing the location of exploration work., In five of these
ore Dbodies have been found, In xy series of articleas in the
Engineering and Xining Journal I described six major divisioms
of the formation which are readily identifieble in moit minss,
From the foot northward these are:

1. Flymouth wavy bedded gramlar cherty format.lon,

2, Igle slaty ircn formation with bede of ochertiy
formation,

3. XNgrrie wavy bedded granular cherty formation,
4. 2Pence slaty iron formation.

5. Anyil wavy bedded gramular cherty and red Jjaspery
formation,

6. Pgbst conglomeratic, cherty and slaty formation,
Of these 1, 3, 5, and 6 carry important ore bodies, and in
exceptionally favorable situations ore may make in mll s8ix as
in the Norrie and Newport ore dbodies. What 1is needed is closer
subdivision of these membere of the formation in each mine and

careful observgtion of the conditione faverable for the formation

of ore in each one,



RELATIOE OF ORE BODIES TO CROSS FAULTS.

The relation of ore bodies to the sross faults needs a
great amount of study. Ve know that these faults favor the
formation of ore bodies in some places, and yet we find no
concentration in similar situations where all the factors we
knov are just a® faverable. Ve find one ore body lying on the
west side of a fault. At the nsxt fault the ore may liec east
of the fault. In a third case the ore may lie or both sides of
the fault. VWhy this is we camnot say, and consequently prudent
exploration demands that both sides of the fault be investigated.

One thing that handicaps us in this study is that these
eross faults have not been mapped with sufficient ecare. They
are not sasily identified in many instances, as the threw is
usually very slight, In many cases the footwall may not be
offset at all, and the only way the fanlt can be identifiec is
by offsets in dikes or by a broken rubbly condition of the beds,
This rubbly condition is also produced by slump in the vicinity
of ore bodies so it rejuires close ebservation, in many cases, to
identify the faults, Again many faults tldat slightly offset the
footwall are mapped a8 minor "rolls® of the foot., In following
the quartzite with a footwall drift it often happens that the
footwall is lost 6 8o the drift is turmed gently to the south until
the foot is encountered again, and the presence of a fault may
not be detected. It is important that eareful study of the bedding
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of the formation be made {n 2)l such czses to determine whether
it is really a fault or aotug;ly only a gentle roll in the
formation, as 80 many cases are mapped. The identifiocation eof
these ocrose faults should be made as workings are being driven,
a8 they may furnish important guides to exploration on other

levels of the mine,

¢y PTH OF O

The question of most acute interest at the present time
is probdably that of the depth to which ore bodies may be feund in
sufficient abundance to wmrzant the sxpense of mining. Shafts
are being sunk and others are under consideration that are
designed to go ultimately to depths of 4000 feet. The cost ef
such a shaft and its equipment is in the neighborhood of one and a
half million dollars, so it is very important to use eovery bit of
knowledge we posgeee that hae gny bearing on the probability of
the occurrence of ore at this depth. The theories of origin of
the ore, and the conditions under which the iron formation was
deposited become of vital importance in such & consideration.
Of definite information we have the following:
1, §§j{oth east and wdst extremes of the productive part
of the range ~ the Castile and Atlantic mines - narrow ore
bodies and favorable conditions as to oxidation and leaching
vertically
of the formation are known at depths of about 2000 feet/from

surface in drill holes from the bottoms of the mines,
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2, ToWard the sentral part sf the range ore is kmown at
somewhat greater depths - about 2400 to 2600 feet below
the sarface in the Montreal, Pabst, Hewport and Gsneva
mines. Favorable conditions for ore -~ well ex:idized
and leached iron formation are known at the Eureka mine
nearly 3000 feet below the surface.

Origin ef the Ore, Recent studies of the ore todies have
discloeed nothing to change the origingl idea of Yan Hise that
the ore bodies were produced by the oxidation and leaching of _
the iron formation by the circulation of exygen bearing waters,
which were localiged in their course through the formatien by
the impervious dikes and the footwall. However K considerable
advance in the detailed applisation of this theory bhas been made,
It has been recogrnized that those beds of the iron formation
vhich were originagily more porous &and richer in iron are more
favorable for the localization of ore deposits; the richer beds
because it took less leaching of silica to make an ore body,6 and
the more porous beds because they favored an abundent circulation
of the water., Conversely it hss been recognized that several of
the less porous beds often times serve as Qecondary footwalls
and in conjunction with the dikxes make the same sort of conditions
that produced ore on the quartzite footwzll,

As already described it has been recognized that the
fracturing of the formation by faults hae greatly increased the
possibilities for water circulation, and in many cases has favored

the formation of ore., With this K6 however, must be considered
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the pollibility that ghq formation may hawe been made so poroue
along some of the faults that the circulating water was too
widely diffused to produce the desired conceatration.

Zhe Work of Ciroulating Water, If we knew all the details
of the circulation of the water through the past hisfory of the
iron formation we could prediet accurately the position, grade
and size of eror;;Eody on the range, Buch being the case it is
unfortunate that we know so little about this important subject.

In gll the early history of the range many kining men and
geologists belisved that the water circulation was stopped by the
uppermost dike 6 and conssquently that little or mo ere would be
found below the dike by deeper exploration. It was ulso believed
by many that all ore bodies started at ledge and sontinued down
the trough of dike and footwall and when that ore Scdy snded ns
more ore would be found farther down that trough, These motions
were not entirely abandoned until J. R. Thompson went below the
bottom of the 0ld Newport ore body through 800 feet g¢f barren
formation and found the continuation of the Pabst ore body.

Now we know that many large bodies of ore have no connection

with the surface, K and that water has foudﬁ its way to gfeat

depths leaving ore bodies here and there in its course in
situations speclally favorable, but going through intervening

parts of the formaetion without doing sufficient leaching to develop
ore bodies,

Ve Ikmow bsyond question that a vasi amount of silioa -

probably in excess of 100,000,000 tons, encugh to cover sn 40 acre
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tract 1000 deep - has been dissolved and removed from fhe
productive part of the range. Just when or how this has been done

we do not know, nor can we answer the question as to where it

has gone.
Jhch valuable information that might have been gained has

escaped us in the past, If we had complete analyses of the
water taken at various depths from the nurf;oe' in each mine as
it was opened, #o that we knew the ahange in mineral sontent of
the water with depth, it would afford us an important clue to

the depth we might expsct ore to go. Analyses of samples taken
from different depths in a mine at preeent cannot give a true

idea of the water composition as it was originally,6 as the
interfered with

natural circulation has been dsakrsysd by pumping.

Much has been published on the compositlon of mine waters
ang any one interegsted in persting this study ahoulo “y all means

of the Lake Superior districts,6 chiefly by A, C. Lane/ I haveéitf@-” ]‘LO
11S Pub-

prepared a table, chiefly of unpublished shalyses K6 which indicate?\ll“‘

ons

rather clearly that water changes in composition with depth.



NATER ABNALYSRS.

@iven in parts per million.

' 7 ' * ¥ *
Bource of Vater E Total H g1 | ga ce, scoz |xa £5a
| Bolids)! |
L : .
! B ; ;
Creek Water, Near Plumer Mine:| €4 (6.4 | 10 | 8.9 15.,9| 4.5 7
| ¥ i ! o
Spring * . » * i 152 18 111.8 72 | 47.31: 18 12,5
Plumer Mine Water, 13th level. 426 142 30 [ 78 |18.3/30 = 7.1

From well leached formation, ﬂ ) , % | ,

' H 5 i |
Montreal Mine, From flowing i 2507 076! 43 | ¢2 | 3,7 ! 8500 | 20
 drill hole from below bottom ! - E : I '

level, In little leached : F |

formaticn. : | l f : .
Gernania Minees §§1493 i?ssa{ 43 %zv 4.2 81 12,7
Asbland Ninexss ]': 4500+ | ! 60+ {

i i j :

+&#

the ore bdody,

Perceatage iz ¥ ef total sclids made by the sonstituent named,
A. C. Lane, J'n'l., Can. Ming. Inst. i90%, Vol. XII, p. 124,
Anal, furnished by Emil Kronguist, Water from 24th level near

I ax informed by Mr. M., C. Lake that he is maiing a careful

study of the water in the Ashland Mine, and hopes to have
conolusione to present at an early date,

compositicn is in progress at the Plumer and Nontreal Mines,

some

OCther work on water

The above table of analyses shows that the chlorine content

increases greatly with depth,

In the deeper waters the chlorine

occurs chiefly in combination with lime,

Further study and continued observation as mines are worked

deeper may eventually give us sufficient information so that we
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can draw valid inferenoc* from the water composition as to the
ultimate depth of ore in‘s given part of the range. At present,
however, we must admit that we do not know enough to make this
possible., We camnot ever be sure that we can eventually predict
this safely from water composition, but the dewi of accumlating
the information is 8o slight that this avemue of approach to the
solution of such a vital gquestion should not be neglected. As
new and deeper levela are epened the water should be analysed
before its composition is altered by the drailnage of the workings,
Only in this way can we acquire the needed body of facts from
which to draw valid dedn#tionl.

¥rom sur present kﬁnuledgo of the runge we c¢annoi give
any figure as the ultimate depth to which merchantable ore will
be found. Ve can say with reasonable assuranoe that ci'e will be
mined to a depth of 3000 feet in mome mines, but how much deeper
it will go there is too little evidenoe for us to say. In
general it may be said tﬁat 8o far the largest ore bodies are the

deepest 6 but no one_knowﬁ how long this will oontimue to be true.

In meny mines, if not all, fairly large sized blucks of
the formetion are unleached and even unoxidized’ but for the most
part these are surrounde& by formation that is thoroughly oxidigzed
and more or less 1eached.é Az the bottom of profitable mining is
approached thecse unoxidiﬂéd parts should be an inoreasing percentage
of the formation, It may be that a ecareful quantitative study of
the mines with this in mind would reveal facts of great importance,

So far a8 I em gware, however, nc such study hee been made, so we

.



must comfert ourulvur,) with the statement that at present we do
not know of any tacts'thax 1ndicf33/that the end of the ore bodies
with depth is in sight. "

THE EAST AND WEST PROVINCES,

The Gogebic iron formation is kmown to exiend from mear
Hamakagon Lake in Wisconsin K nearly to Gogebic Lake in Michigan -
a total distance of about 65 miles. Of this length about 25
miles is in Hichigan and 40 in Wis consin. The eastern end, from
Remsay eastward is much broken by feulting and by intrusives - &
length of about 17 miles - dut in this Tegion the formaution is
quite well oxidiged and leached., On the western eud there is a
somevhat similar ocourrence of faulting and intrusien, but here
the formation has been differently altered so that there are
high percentages of magnetite and some development of iron
silicates. These are the extremes of the razge,

Another difference that serves to distinguish the ezst
and west provinces is ore production. Kost of the ore has come
from ¥iohigam. The shipments from the Wiscpnsin end have been
only a small fraction of the production of the range, The western-
most shipment of ore was from the Tylers Fork Mine, abcut 16
miles west of the state boundary. But this must be rated as an
unsuccessful exploration at present rather than as a csse of resl
mine production. The westernmost real mine was the Iron Belt

which is 9 miles west of the state boundary.
The productive part of the range is about 13 miles long in
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Michigan and 9 miles 1in Wisconsin, a total length of 22 miles,
with well oxidized and leadhed iron formation extending east of
it for 12 miles in Nichigan, and at leasi a2 far west as Tylers
Fork in Wisconsin - 8 miles. This gives a total actually
productive length of 22 miles with an additional leng:ih of 20
miles more on its two ends, known to be worthy of expioration.

¥We may put the division between the western amd eastern
provinces of the Gogevic iron formation at absut Tylers Fork.
There is no hard and fast boundary. It is probable that the
formation west of Tylers Fork may be oxidized and leached
sufficiently te ocarry merchantable ore, dut present exploration
is too meager to disclose this. Placing this dividing line
hers is done fer the purpose of giving a general descriptien of
the two provimcses, snd should mot be takexn to imply that it sheuld
be the western boundary of exploration for merchantable ore mor
that it is the eastern boundary of exploration for magnetic s
concentrating ore, It is merely a conveniently describecd place,
with & commonly known location that serves the purpose. It
really lies toward the ezet end of a gradation gzone several miles
in length,

The chief distinguishing features of the esstery province
of the iron formetion may be stated categorically as follows:

1, Produces all the natursl merchantable ore,

L

2, Iron formetion characteristioally thoroughly oxidized,
prevailing red or brown in color, and well leached
and porous,

3. Dikes abundant,
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4. Z¥sults avundant, felds in frequent amd minor,
5. Little or nc magnetite or iron silicate present,

6. Keveenawan Trap Range to north e strong topcgraphic
feature,

7. ZYopographie relief in the iron formation 100' te 300!,
In contrast the characteristies of the Xestisrn province may
be stated as follows:

1. Has produced no naturally merchantable ore,

2. Iron formstion much less oxidised, and while much is
red or black at surface,6 the ariiling shows mostly
green and black unoxidized, little leached or unleached,
dense, impervious formation,

3. Dikes apparently less abundant than in the east province -
although this msy be an impression due to lack of
exploration,

4. Jolds of considerable magnitude present as well as faults,

S. Much ¢f the iron present 2= magnetite with iron silicates
common,

6., Keweenawan Trap Range a much less notable topographic
feature ~ not standing much higher than elevations in
the Tyler Slate,

7. Topographic reliefrin the iron formation 200G to 400°,
The highest point /the Gogebic Range country is Mount
VWhittlesey K where the Berkshire Mining Company is
working southeast of Mellen,

From these differences betweea the two provinces cerfain
economic facts of importance become evident,

l, Exploration by diamond drilling for naturally
merchantable ore bodies is warranted in an area extencing fully

9 piles west of any modern exploration, Modern exploration has

extended the eastern 1limits of the productive part cf the range.
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The wstem unit has not 'bun Oxplorod hut orrorl apportunittes
at lout as tavan’alc and is 3uat as proais:l.ns to tha oxplom.

| af.' xxmorauon in the yest Brevinge should be umtcd to
the dileoﬂry of pru of the 1rcn formation tlut ean 'bc
suoccessfully oonoentrated. The presenoe of magnetite disseminated
through most of the hematite probably offers the readiest means
of experimental attaok, It is hardly neocedeary to e¢all to the
attention of members of this Institute that cermercially aﬁobuaful
concentration #f iron ore in the lake SBuperior region is a
matter that is necessarily precided by much grief. Pioneers in
any line of business either jo broke or make mych. To insure
the latter requirés a cembination of good luck, 'hoen pard
: amnytioal stud,y ef the problem, and mmch eapit&l.

In the !m Brovinge of thé Gogebio Rango there are the
same differences between various beds of the iron formation that
are so well known to the east, It is practically sertain that
suooessful concentration will of necessity confine _its aotivities
to particularly favorable 'beds.

There is 1little doubt that a relatively few years will see
a much keener interest in iron ore concentratibn, as the reserves
of the Mesabi Range are depleted,

In conclusion then let me state that the future of the Gogebie
lies along two lines; 1. Deeper' and farther east and west extsnsions
of production of naturally merchzntable ore, and 2, Concentration,
both of magnetic and of hematite ores. V¥With regard to depth we
know no factor that indicates that the bottom is naar.r It may
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well be that ore bodies can be found as deep as it is practicadle
to mine and hoiat ere,



