University of Wisconsin-Extension

GEOLOGICAL AND NATURAL HISTORY SURVEY
3817 Mineral Point Road
Madison, Wisconsin 53705

M.E. Ostrom,

State Geologist and Director

EXPLORATION METHODS ON THE GOGEBIC RANGE

by

W.0. Hotchkiss

Open-File Report 23-4

11 p.

This report represents work performed by the Geological and

Natural History Survey,

and is released to the open files in the

interest of making the information more readily available. This
report has not been edited or reviewed for conformity with
Geological and Natural History Survey standards and

nomenclature.

1923



o y,fg;no_gmiu, Btate a..;s;agi 1}' and 1 ﬁ“.. o

’f”ja acsential mgntal eqﬂiPﬂ°nt 1br ’1‘33183 "Pl.r‘-'

tion il the fhllelt pessible,knhviiﬁse of thc !!y in thidh $he
ore bodies chur 1n the region %e be oxplereé. Added %o thil
knovlldsz'thera must be the thorough realizatien that 4n »o
mining diatrict is thia knovledge zuaplete sad that nct facts
of 1mportanco vill be revealed to the axplsrcx in nvazv 2xplora~
tion he undertakes 1f ho is in the propor traa' ef niaﬂ to sraqp
them. co T

!ho seology of the ara dayosits gf :hg ﬂgsgbie S!Bsa; ff{ff‘
haa for a lcag tims baon thaught gg be ,31‘3*,533 !inwia, §Et .?::_‘__w

work 1n-reenn¢ years %y nsveral men has proved that these eld |
ideas of its eimplieity dgkgg;e us all the facts. ¥e now have
a more perfect realization that we are far from knowing &ll1 the
factors that have resulted in the localization of ore deposits.
For example, we hzve long known that the‘intbrseetiens of the
dikes and the footwall were favorasble places to 1ook for ore,
but ohly within the last few years have we'learned that there
are several horiszons in the various members, well morth of the
footwall, that are likely to carry ore. The influence of the
numerous cross faults on ore bodies is not known or appreciated
at the present time much beyond a genersl realization that they
are important. Just how, in detail, they are favorable or un-
favorable to the localization of ore is not known. Such ele-
mentary information &s the positions of these faults is just

beginning to appear on the mine maps.
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_ _ Such being the eondition one tenm hardly overestimate
the 1mportance to the various operators and Tee owners of careful
studies of conditions in their properties for the‘rarpose of
nssnring them.olres that they are not nissing valuable ore -~ that
they are doing all the ezploration that their situation demands in
order to secure maximum returns. Valuadble ores have been missed
in the past and will be missed in the future. Only '1th~complete
knoiledge of 811 the factors which have united to §roducé ore
cbuld anything else de expected. The purpose of this psper 1o.to
call attentionrtb these facts briefly and to suggest a few of the
principles at present known which should guide effective explora-
tion. The foremost §rinciple,-g- which I would aﬁﬁhasise most
strongly --, is that the man who starts out with the idea that he
knows all about the mine geology of the Gegedic nnge is éturting

with & very heavy handicap.

Brief Outline of Gogebic Range Geoleogy

The 1ron'bearing series on this range ig similar
to that in the other Lake Supericr ranges. The important economic
festure is the iron formation -- on this range nemed the Ironwood
formetion -~ with which are atssecizted the footwall quartzite
and the slate hanging wsll. These formations dip northward st
an angle of approximstely 60°,

Humerous dikes cut these formations nearly at right
anglesg to the bedding. Most of them pitch 20° to 30° from the
horizontal downward toward the easst, but some of them pitch at
similar angles to the west., A1l of them make relatively imper-
vious pitching troughs with the footwall and with other impervious

beds which occur within the iron formation. It is chiefly in
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these pitching troughs that ore bodies occur.

' - The term iron formation in this paper is taken to
include all the beds which are known to bear ore, and 80 includes
the basal part of the hanging wall formation as well as the Ironm-
weed formetion. | |

In a recent doscripfion of thé geology of this range(l)
I divided the Ironwood formatiom into two major divisions and

five subdivisions. ‘These are as f7llows:
& '

Tyler Formetion (henging well) Pabst Member (ore bearing)

. ' (Anvil Member
Upper Ironwoed {Pence Member

Ironwoed Formation : Y¥orrie ¥ember
Iower Iromwood (Yale Member
- {Flymouth Member

Palms Qusrt® Slate (Footwall)

For a detsiled description of the varioua members of
the iron formation and their characteristics the reader is re-
ferred to the article mentioned.

These 8ix major members sare recognizadble throughout
the main pfoducing paert of the renge, and’are convenient guides
for reference. Howevér, when explorationm of a single mine is
under study, these £ix divisions are not sufficient. The smailer
the recognizable divisions that can be m;de the more intelligently
will the work be done. In one mine the enginsers hsve made over
twenty divisions for‘cerrelating the geology of the various cross-
cuts and drillholes. 8o defihitely can the successive beds be ‘

determined, thet the auplication or ellipsis of one or more beds

(1) Geol. of trhe Gogebic Range and Ites Relation to Recent ¥ining
Developments - E.& HZEDN\W.O.Hotchkiss
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by fhnlting‘iﬁ otténtiaes evident in the drill core, and thus
the point where the drill cut the fsult, and the direction and
emount of throw, ia determined and -apped ovea though the eore

itself gives no onggestxon of a ihnlt.

_ The iron formation and the dik&s ;re cut by a great
fault which is practically parallel to the bedé. The nerth part,
or top of tﬁe formation has been moved several hundred feet‘east-
ward in relation to the part beleow or msouth of the fault. There
are also murmerous faults which are nearly at right angles to the;
beds, Xost of these are vertical, but there sre some that have
about the same position as the eastward pitehing d4ikes. There afe
also a few faults cutting the formationm at other amgles, but it
is not mecessary to describe them for my presenmt purpose.

Origin of Ore Bedies
The ore bodies of the Gogebic range, with only a few

uninportant exceptions, are caused by the lesching of the silieca
from the mixture of chert and iron oxide which mskes up the iren
formation. %This leaching is done by the water which more or less
slowvly finds its way through the formation. Any condition that
favors thislwater circulation is favorable to the formation of ere
bodies. Any condition which hinders or prevents the circulatien
is unfavorable.

If a particuler bed of the iren formation were
originally hizh in iron and low in silica, it would reqguire lees
leaching to produce ore. $0 if two beds were egually well
gsituated with regzard to water circulation and eéually porous, thé
one that had the least silica would be first ahénged to ore.

However, the bed having the least silica might be so extremely




dense and non porona that the bed that was more poroal and con-
tained a much larger poreentago of silica night alter ‘g; ore
!hile the first was not affected.

The ere dearing harizons at y:nscnt known are :a
tbllovs -~ nemed in order from the footwall north:

1. The baze of the Plymouth Hemder. Thies is where most
of the ore has bean mined. :

2. Hear the top of the Plymouth Nember.

3. In the bedding fault gsone. ¥Where this fault has ;
broken the ferruginous cherts, it hae favored the .
circulation of water, and in a number of places
ore has resulted. 1In most places the fault is in
an impervious black slaty carbonate, and no ore is
found. _ _

4. The top of the Norrie and base o? the Pence members.

5. The base of the Anvil Member. |

6. About 100 feet morth of the base of the Auvil.

7. The Pabst Member.

In a few of the largest sre bodies the ore is con-
tinuous from foot to hanging, but even in these bodies the rich
porous beds of the formation are altered to ore farther from
the dike than the other beds.

Among the known conditions fgvorable to localizing
the leaching effect of the water - and hence favorable to the
formation of ore - are: 1. Intersections of dikes and the foot-
wall or of dikes and impervious beds of the formation; 2. the
more pervious beds of the iron formation; 3. those parts of tha
formation which have been broken by faults.

Exploration
In order of time in a well planned explbration tr.ere

are three general things to be determined. }irst the positions

of the various dikes both north and south of the great bedding
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| -fiult must be known oitherrfreﬁ drilling or umderground workings.
Second the partisular beds which are known to bear ers should dbe
leocated frem same dofinit; reference plams such as the footwall,
80 that the places where these beds sre cut by ﬁhe dikes can be
determined with the necesssary degfee of'accnracy. These inter-
sections ars the ebjecgivss that exploration should aim for. Bvery
drill hole, or exploration drift or erosscut should be plenned

té cut & favorazble pari of the formation just sbove a dike. Third
the sffect of faults must be considered. Faults can be located
in many csaszs bj careful msgnetic pbservatians,'aa p?intgd eut in
the paper by ¥r.H.R.Aldrich at this mseting. This has beka doue
succesefully in both the eaet and west ends of the range, end
doubtlees ean be done in manyAplaeea'in the central part by .
working elong the Pabdbst Haméer of the formation. A careful
exeminstion of mine workings hes served tc identify many emall
¢ross faulte thet hove never been observed before becsus2 their
throw was teco smsll to azttract gttention. Theese cross faul ts
apparently die out toward the south so that the throw is often
only & vefy few feet at the footwall, but toward the.north eide
of the formstion the throw increases and they esre of grester im.
portence in plsznning both exploration and mining work.

These crose faults hzve, in many cases, made excellent
epportunit}es for the water to get through anéd leach the fgrmar
tion, and ore shoots have been followed verticelly hundreds of
feet along thesm.

The nature of the influence of ercss faults on the
locelizgetion of ore bodies is little known -- except for the

case where the fault zone itself is sltered to ore. Between two
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faults a perticular bed may be altered to ore on a dike. In

. the bleck next eaﬁt this came.hod on the same dike may be elmost
‘wholly unleached and the ore may be found in a different bed,
-eithqrwnearer 20 gr_tarthor from the footwall, or the entire
bleck may bdbe barreﬁ. The !nt;f.has evidently gone'threugh one
fault block in o?é 2one on a given dike. ¥hen it reached s
cress fault, it dropped down that fault anu found ite way
through the noxt‘bloek on some lower dike and perheps ir some
cther bed which oifered a more favorable shaunnel. SOmet%nes
it has gons through seversl fault blocks on the seme dike, and
the crose faulte are marked mainly by enlargements of the ore
body due to the f;varable situation'graated by the breaking up
of the formatiom by the fault. '

All these facts should be comsidered iﬁ planning

explorstion and interpreting the results. Suceessful gork
demarde close obhservation of the fo:maticn and eareful study

of all the possibilities for finding ore.

Drillin
The iron formation of the Gogebic rang2 is notoriocusly

difficult drilling. The leaching of the. formstion attacks fevor-
able beds and leaves more or less untouched the less favorable
ones. The result is an elternation of hard dense beds and more
or less Boft vuggy beds. There is conseguently much difficulty
in getting a proper return of samples, and &lso a great deal of
trouble in operating the drill. The alternsting herd ang soft
bede make it almost impossible to keep a drill hole straiéht for

more thr*n 2 few hurdred feet. In order to keep the samples from




-8

 eontun1nattoa itkis RecessaYy fo ietp-easing elo}e to the bit ms
soon ae the d4rill enters soft grcund If this is not done an
ore body aay be passed through andftha samples be 80 diluted by
the soft leached chert vora off thn tnlln of the hole that the
analy-ea show nothing of value. |

The large amount of time snd trouble necessa:y to
handle caving holea and to fi11 open Tugs naken dismond drill opera-
tien Soth difficult and expensija; The great expense and the
inability t6 keep the drill siraight en its course mekes moﬁt-holés'
of greater lengfh than 1000 to 1500 feet of doﬁbtful utiliiy if
there 1is any reasonable possibility of reaching the objective in
any sther way. S : : o

In conseguence of thé torﬁéoing facts the'belief hﬁi
gredually grewn upon me that_fhs aain fn#;tion 6! the drill om
this range is to Aeternine general eonditioni rather than to find
ore. Diamond drilling can be used to excellent advantage to show
the nature asnd con&ition of the formatiom in advance of anrd for
the purpose of guiding drifting and crosseutting and going to
greater depth. But these extensions should not depend wholly
on the actual findingg of ore by the drill. 1If the drill shows a
" well leached formstion on & good sized dike, the dike is well worth
exploring by mine openinge. Oftentimes a hole lost 8s the result
of caving is an excellent indication of ore below. ¥hen the drill
gete into the broken formation which sometimee overlies an ore
body -- broken by the'slamp of the ore on account of leaching out
of the silics -~ it is very difficult and sometimes impo;sible to

get through.
The core recovery from about 25,000 feet of diamond

drilling was computed and found to average 30.7%. This composite

result was made from 26 holes of widely varying depths. The core
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recovery from.tho.;odividﬁol'hoioo-iafiod from 6.4% to 58.1%.
The lowest recovery vao'froizo'ohort'hole practically all 13
well leached tbxnation ond tho highoot wags from a hole that
extended through hanging glatee and ‘the full thickness of the
formation. This hole happonad to go through an almost whelly
unleached part of %he formation. It probably represents adout
the maximum core recovery from average drilling.

The foregoing otatemenxs inﬁioata strongly that
drilling is not satisfactory as the sele pethod of exploration.
This statement must not be misinterpreted o imply that drilling
iz not a uoefal method. The statements naﬂe have had as their
purpose the proper placing of onyhooio. Drilling should be done
far mere extenoivoly than nino operatoro have done in the paot
but even though the drill may not be fertunate enough to fimd
ore, it must be kept in mind that it may show up a condition of
the formstion which warrants extending exploratory mine workings
to determire whao really existe in favorsble situstions that
the drill may find. |

Exploratory Drifts and Cross Cuts.

There constitute the most shtiofactory method of
exploring, but such work igs tco expensive to carry on without
having the definite objective that should be shown up in ad-
vance by drilling. In the past, before it was known 8o
definitely a5 at present just wvhat are the beds most likely
to carry ore, many long crosscuts were driven morth to §he
hanging wall. A few of them found ore but most of them did
aot. siost of them were drivenr with little or no knowledge in
advence of where the dikes lay north of the great bedding

feult, snd more often than not when they did penetrate dikes
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they were in bedd'ihgt:jgri'unlikeiy to contain ore. Some of
these o0ld barreniéro:acﬁts éonld'be uged to great advantage at
present by drzvzng drirts or ratsea from them to cxplore the
good ore bearing horizons Just akove ‘the dikes. o

| Byery expzoratoxy drift or cresscut ekhould be
‘planned to give the maximum possible information with regard

me\mcf

to . the sevdh known ore bearing horizons where they are cut by

A
fair sized dikes. If the pitch of the dike is sufficiently
great to make its strike cut the strike of the beds at a
fairly large angle the best resulta are obtainable by driving
along the top of the dike ~=northeast, vith an east pltdhing
dike, and northwest with ene pitching west.

The creaa faults should glso be 3ivcn careful eon-
sideration in planning ean expleratery crosscut or arift. A
crosscut that strikes a favorable ore herizon on a good dike'
where the formstion is faulted has probably the best chance Sf
finding ofB. These crosgs faults cut the fermstion up intoe
blocks that are seldom more thén one fourth mila long east and

wesl end are often only & few humndred feet long. In order to

test the formation thoroughly every fault block should have

every favorable ore horizon testsd om gvexy fair sized dike.

This statement is mode with full realization that it is not
always advissble to explors a proparty thoroughly. . The object
of exploration must always be to find ore -- not te prove that
no ore is there. General indications of the eharacter of a

certain block on a certain dike may make such a tcrrité:y 8
good one to neglect. But if one bed on a dike is well_leached

or carries ore, the other faversbdle bads also should be tested

on this dike. I examined 2 mine in which failure to do this
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resulted in the _J,»_o_s;s of'va'_x_ory_ large tennage of ere.

Bxplorati-oxi' on "..the‘ éose’bic_rtmge offers great_p'essi-‘

. _-hilitiea of reward. 'Btegi the footwell has been only partly ez-_‘
plored down to 'the iop’th '6?__§resg'nt sperations. When to this
unexplored footwall aré idéed the parts of the. fnmatiwn' o= little
known but well vefth axploriag ~~ morth of the footwall; the
greater and unknown depths below to which ore may go; and the
neglected parts of the range east and west of the producing mines
it is cbvioﬁs that this range has a leng and ]}roﬁtnb{.e futiu‘e
before 1f. : Thé subject of ex_ploration methods must contimie
to be a 1ive one for many years and much goed ecan come frani a
full diecussion which it is heped this present brief paper may
start. o | .




