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Viev of Sherman sdne, eleetric pover shovel leading ore trein.
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in 19550 ‘.
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13. «erial view of South /gnev mine sioving truch sai; haulnpe.

14  View of iron ore docks, Great wakes iron ore vessels, orl iron
ore railroad cars.

15« View of Peter iitchell toconite uine showing electric-nower
; siovel londiing 85-ton=capocity, sice~dump truch-trnilers.
16«  Aerial view of Erie iining Company doyt Leles coneeatrating and
egglomerating plant.

} 17«  ierial view of the Z. . Davis conecentrating cad ez lomerating
plant, showing cre loading docl end storaye facilities.
I 18,  View of magnetic ond hycroseparntors ot Z. e Davis concentrating
' plant.

19« serial view of Teconite Harbour showing ore loading doeck, cre trains,
and Loke ore ccrrier, ,

40e  lerinl view of the town of Hoyt Lokes, ifflunesota.

2ls  Aerisl view of Virginia, Minnesota. The municipal water ond light
plant is in the left foreiround; the Wisssbe Mountain Mine, part

of the Rouchlenu group of mines opersted by the Oliver Iron
uining Division of Us 8. Steel Corp, is in the baeckground,
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L, Irnuinin, n - L'r ¢ secle is illusteotod by oxperience n the wes~bi
renoey whien hos Leen the (rined, oL s uree of iy ore in the Unite? Stotes for more
th n 50 yerrse  Tao wesobi rne is o ut=sousre=mile crer, cporoXiurtely 116 miles
lon y *n' 2t 1o niles wite, in whieh resicusl iren deposits were fomed frow
© treonite rocks fieoll de dinvesti ction o f the ron o hes prececel ~nd freilitoted

exXplorctions Treonite roel, which ums wevir wine eomi reiclly wnly since 1953, is

sugol-nting. residurl “epcsits of cnriede . . re -8 the wojor socurce of iren,  The
enricbe. residucl cre ars Leen wing (rineipnlly in cpen pits Uy power shovels ond {

reil nrule es ITUCKS mnt convey T osystens heve Sup demcato D oont pertinlly replneed

reil houlege sinee 1936, Treonite is dne’ in vpen pits by pover shovels with reil s;i
«r truek hrule,es Sota the residucl ~n' t-eonite “res “re bonefieiateds  Quality Ll
cintrol is rosionifie nt ort of cerotions, '

d.  Expericnce in expluiting tae wesnbi ronge iron cres hes shown thet 5 to 10
Yerrs el psc botween first interost in ~n iron e wuree ent construetion of o Ll-at
to exgloeit it on ¢ loe o secle, (‘r're;qul Jbenndn,, flexibility in ~dopting; new
cquigient cad notho s, i tequelity pIouety concern fur enployee wellebeing, and
£ovors Lile Governuent puliey i viin, toe clements lending t9 suceessful exploitotion

«f en o dron ore epusit un o~ 1nre aerle.
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1.  INTRODUCTION

3. Exploration and exploitntion of the Lesabi iron rence in the Stnte of
iiinnesotn, which is part of the Leake Superior iron i.inin: distriect of the United
States, hrs been selectod to illustrote lorge=scele iron minin,; proctices. sinny
probleus encountered in leveloping the iron leposits there are the some ns thoso
that can be expected in nny largeesenle iron winin, operation, The nethods used to
solve the problems are uaiversally applienble,

4, The lesebi iron renge, shown in fijure 1, lics rn overa.e of 75 miles
Nurthwest of the hend of irke Superior. 1t i rpproximately 110 iniloes lon;, its
width ranges from 2 to 10 miles, and it covers n totnl eren of nbout <00 sguore milés;
The ronge coumonly is divided into 3 areecs of sinilar type ore deyosits:s (1) Eestern
biesabi, metemorphosed by a yabbro intrusive, source of wrgnetite oxe, (2) Central
Mesnbi, oxidized irom forurtion, source of enriched dircet shipping ore, nnd
(3) Yestern iiesabi partly oxidized cnd leansched, souree of wesh ores,

5. The renge is ot clevation of 1400 to 1900 feet cbove sen level, The
climate is severc in winter and uild end plensent in swaer. Vinter weather yreatly
influences iron ore uining and transportaticu.  Suft nng hard wood tia;beé, henvy
underbrush, and nuske: swaups cover nost of the cress  Pine tvitber on the range wos
sut before iron ore mining sterted.

6. Geologienlly, the kesobi is in Zently dippin: selimentory rocks of the
Biwabik iron fomotion of the niddle Yreenmbrian tge. This formation is made up of
four prineiprl members, upper sloty, upper cherty, lower slety, cnd lower cherty,
The cherty members consist lergely of ferruyinous chert in relatively thick beds,
The slety nembers are physieally siniler to slote ond eve in relatively thin beds,
The Biwebik formation is sinilar to the hard metemorphosed quartz hematite negnetite
deposits of the world thet depending on loeclity nre called taccnite, jaspilite, or
itabirite,

7. Iron ore wha discovered on the wesabi ranie ot kountain Iron in 1890, It
was e relatively primitive aren at the time, althou.h luuberin. coarmps wore established
and two rnilroads eroased it., In the beginnin, erude ore wes vined frow open pits
by horse-drawn sesrapers ond wagons, cnd the first shipment of ore wns nade from the
range in 1892, In 1893 n steat~powered shovel wos brou ht to the nines overland
12 niles tarough heavy timber from the town of Lcsebs on the rr‘ilrornﬂ., rnd thet same
Year reil htllul",-'ge replaced the warons in the pits,  'ithin 2 Yenrs three railroads

served the ranje, and it hed bocome the principel source of iron ore for the United

States steel industry.




STEDL Stiat 1963/

1

L Ry St P N [ [
Bo e ty e of dron ore used by Lorte! Stotes industry lins ehrnged .reetly

since the wesoll was Jiscovercd,  Direct $ilppiag ore has been larccly replaced by
bencfieirte! ore, whica is eurrently bein. reyloce’ 1y Areonite eoncentrote pellets,
but the wesnbi ron o ies confinue. to be tae jrineipel source, T.we range hes
croducet wore then 2.+ billion tens of iron ore. snnual preduetion figures oare
siven in trble 1 of tuc pppetiiix, )
il.  BavuUsiTIox
Je Gegloly
fe - The  emercl gseology of the wesabi orer in 1891 wes deieﬁbed by
Nede on! a.V, Vinehell (33;.1/ Charles Leith (18) mepped the range' in the

carly 19.0's,  He ecneluded that the ore deposits were formed solely by

Yrecenbrien surfece wrtors lercnin | the silien cnd other iupurities,

teevin, ca enrichen residue, end detornined that the Cepusits were lergely

but not inveriably in (b roex synelines.  Leith's work has been the basis

for explorntion of cssentienldy ¢11 of the enriched ore bodies,

be - The lowe rode e shetite dejgosits ot the enstorn end of the imesnbi

Felle were teseribol by Broderiek (1) nnt Grout (11) in 19149, and Gruner (12)

eXtenied dotnilel study of the Biwnbik formation tu the western i%'esabi )

erer in 1924, |

e In 1954, ofior uinin, hrd oxposcd enouh of tie rocks on the range,

Deies hite (36) rofined the stroticrephy and strueturo,  His work has boen

wore theorcticel than ureetien] to date, but his interpvetation and the
pdedtional eclosdeel infommtion he obtrined undoubtedly will hove both

precticel end theoretien el velue in the future, In 1962, Gundersen and

Seawnrtz (13) publishe) o deteiled study of the stroti reyhy ond mineralogy

of the Biwabik fomuetion in il eastern part of the ranse, in which they

£ $ 3,0 et ) .
teontifivt 22 subividers, 4\ ouip vort will heve rent yroetionl volue dn |
future explorntion of treanite beenyse they cst

abilished cleap correlation

between litholo dc ty,os ong the coneentrnting ehe reeteristics of the

- L HEI

1 IR T e 3§ e T} - N : .

Yoo BRTIncers of the Bupooy of “inesy Ligte! S oatos Depertment of the
s}vstunzntlc!xlly Stupled it bonks and woste piles
over the L.n "‘(h of the ren oo,

Interior, (4, L, 3y, heve

tae ®rliples heve been enalyzed chemicelly

L7 Nulors i perentacses rotep 4, ttous in toe

this re opt, ' blb]1‘);rﬁ‘)1‘y "t the enl of




Yok Gad’ IRA
Toenndenl Poper/a.l

cievie Y
el

and subjected to sereen cnalysis, me;netie rnd heevy wedium scperation,
and petrogrophie studies, The)r have also elnssificd them recording to
their response to reduction rocsting and ma,netic seperation. Thus,
knowled e of the yeolouy, stroti_ rephy, stroeturc. ninereloy, and
tmenebility to Leneficia*ion Lrs preceded rnd continucs to preced- wine
developrient.
a. In the carly dnys, the iron deposits of the ilesabi were explored
by test pits du; with ;;.ick enl shovel. Tuis prectiee wns soon chenged to
exploretion usin; ehurn drills nn’ dinmond drills o8 the ersily nocessible
deposite marked by outcrops were found ond as the depths of overburden
’ inerersed.  The need to £ind and obtoin titles to ore deposits quickly wes-
I also instrumentel in cien;ing the oxploration proetice, Soft ore ot
shellowetommoderate depth wes explore! prineipelly with ehurn drillsy
harder ore at greater depths wos explored with dismond drills.
b, ikescbi engineers have depended on the jeclogie fentures and magnetic
anomalies to guide exploration in findii ; end outlining the ore bodes.
' " On the other hand, in exploration to deternine the resorves and delineate
the depusits for minin:, engineers heve been inclined to loente drill holes
systemetically, It has been usunl prretice to spree holes 200 to 300 feet
apert, the 200 foot spaein; beiny nluost stenderd for the avercge size ore

body. “Then the first holes indiente] unexXpeeted geologic fentures or lack
5 of continuity, the drill pettern wes modified to cecomuodate the econditions
| encountered,
1 ¢. Engineors have utilimed mn netic cnomslies end toposrephic and
iieologie maps to fix the drili petterns for exploring teconite deposits,
| ' Hole spocing has not been stonderdiged.
’ I11I. EXPLOITATION
11 Geperel
ne Iron ore hes been mnined both underyround cnd in open pits on the mesabi
range, but underground operntions rre exeluded from this disecussion becnuse
they heve become relatively insi;nificent. Open-pit minins on the ronice
neturclly folls into two cntejories: (1) Enriched ore mining, end
(2) teconite mining. unly the broed nspects of ecch eate.;ory will be

covere:d, The render is referred to the refercnees for the Cotnils of

operantions,
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ineludes oLl ores mined that

1A}

be The tern, “onriehodl sV oes use ! hers

heve o i oaer role then e orizin 1 treonite rock. gnriched ore rinin
Ove Do e R L ni i I

S g i went o 2tote Jdurin, 60 verrs of
preetices wve evolved o thodr present stote durin, Y .

constantly in.rvovin, techniques,  Chon o8 aeve beenn creduel and modified
by the need to ruertize oxerveling cguiptant cnl the reluetanee of the

en ineers to cdoot aew wethods vatil thoy were proved, therefore, the
tecinienl liternture »a oven ninin onsibeerin’ textbooks contain corplete,
detriled, 2nd in rost instanes, upetoelcte gecounts of nethods used.
mcreover, the vietl ods Jevelope! for vining the Jircet shipping and

highe rrde, earicho! sres of the wescbi heve been adopted for mining other
elciients besides drone end their use in iron nines hes spread throughout
the world,

¢ bLethols of mining toeonite have olso been improved since beyinning of
operetions in 1955, but in contrest to the enriehed cre mining, the oversll
prttern of ninin. hes boen cesontially unehensed,

Ceo  lagunito is ndned in sinnesots by the Erie winin; Comprny at the Erie
Cousereiol rit, ond by the deserve mining Coupany ot the Peter kitchell
wine,  Both ndnes are in the metrnorpiosed cren in the ecstern pert of the
mesabl ronge wikre the erineipel iron uinersl is Bonetites, Erie erude
ore is eonecntroted cnd oo lomerated in tue Hdoyt Lekes plent wt the mine.
Feter biteholl erude ore is erushel to minus 31 inelies ot the mine and
eomeentroted and v luwercted 42 miles from 4he uine, et the E,7, Davis

elant ot Silver Be Y oh the north shore of L ke Superior, These two mines

end eeeolipenyin: benefieir tion ,,L,z;gs d8Ve on ﬁpx;raximﬁte ranunl copaoity

of 13,500,000 lon: tons of selle ts whieh is ourrc mtly being ;nere&;eé to
16,500,000 lon, tons Ly expension of the BT, Devis plont.

€«  Commercinl eXploitetion of the teeonite ores is o recent cccomplishment,

but it took clmost 4. yonrs of researcdy 13 yoors of pilot plont tricl=-cnd-
error testin., ond rogtie revision of Stote

Government tox auenment
imlicy o cet ivhe un Tone, '
t D.C, Jrenli- Lo G e . .
. o, eixli by Wal gt llL. seined renown ng n piﬂneer in
lortemsenle winin . of ; Jyper .
SC- DS 3 F v N of ‘M)r‘,;ll’} (‘v(,t;,;*);;r "v"‘*‘"JUSl'hS, el "ssocintes beeama

intereste. in the ereonite Ao,
¢ “Ilte deposivs in 1912, end ecndueted o crilling

ecunolen ot o
POl ent v wetellur e investi rtion of the ores in 1915 ond 1916,

A
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Tuey forme:d the iesebi Iron Compony tu cxploit tic treonites and built e
mill and sintering plent for this purposc ot Duluth in 1916, This unit
cperated until it became unprofiteble in 1924,

4 Teconite mining on the meschi ran ¢ cetuclly 1id aot beconre
economicnlly feusible until 1941 when tic State of iinnesota passed o law '
limiting the nmoun. of ad velorem tox tuct could be nsscssel njainst
tneonite deposits and minin_ frcilities,

he Antieipating passc e of this law, the iescrve iining Compony wos
crganiged to explodt the reter libtehell mine in 1939, and cbtained ¢ lease
from the kesebi Iron Compeny that some yecre  The Eric doposit wos
delinected in 1938 ond 1939 by an extensive exploration campeizn, end the
Brie hining Coupeny wos formed to exploit the property in 1940.

1. Wien these compinies were formed, the methods for crushin;, grinding . .
- and comcentroting toconite aad cyglomerating the fine concentrate were .

woll understood. dmon; the many minin; an) processing techniques now
used in exploitin ’mconiteg, only r. satisfactory method for sinkin: blast
holes in the hord roeck hol not yet been doveloped pest +he laborutory
st ee  Nevertheless, the two compenies spent years in pilot plont
resenrch before deocidin; on the finel Cesizn of the commercinl
econeentrntion plents, ond the plrata A4d not produce until more then 1%
yeers cfter the operatin; companies came into existenece, |
12. Epriched Ores (15, 16, 30, 31, 40)

2. Plon anc Lryout

i. Eswsentinlly cll the large mines of the hesabi rangoe were

developed for ruil hnuloge. In every instence, the shope of #
the leposit was delincated by clevelopment drill holes. Truek
layouts were predetermined! to faeilitete stripping: and minin;
with spiral pattern preferred. Switcibacks werc used ns needed
t~ obtein complete extraetiorn, Track jrades were held to 13
pereent loaded, 5 percent empty. i st operctions were plonned
so thet stripping nad minin: could proceed simulinneously.  2it
benk rlopes renjed from 13l to 2§:1, dejencin: on the physienl
charceteristics of tho overburden and of the ore.

1£k. The meximum economienl stripgping retio inerensed from 1 to 1 in
the 1900's to os much a8 2 to 1 in reeent years ns more efficient

enrth-novin, equipment beenme cvaileble.  winin, enl strigping
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iii.

bencites ren & in hei Lt i'ror 25 4. 35 feet. . 20=-fo0t bemm

wes plenne! beotween the ore and cverburden, nnd elso, in the
overburden every 75 £t of depth,

aining plons in cll the lor ¢ Pits have been molified

T Tressively on’ hove kept prec witi ingrovements in equipment
tact provice' rester flexibility an’ elenner mining.  Heulege
Iryouts in meny instcnees wero cuitpletely ehoanged with inception
of off hi. hway trucks, conveyers, ond skip systems cand es the
sits were deplotel,  Truek heulege ronds were vlonned on n grade
of 5 to 10 percent for locded trucks nnd os much as 20 percent

for empties,

bs  Strippin:

i.

ii.

idi,

Stripuin, on the Hesabj renge hos been mestly n dirt-moving
creretion nnd is usuelly conduetce) during the winter months,

i terirl hns boen loeded with power shovels, first stennmpower,
then cleetric, nnd withiy, the lest 20 yeers diesel=eleoctric
vower shovels hevs e-me int couaon vse.  Dipger sizos have
rohged frow the first hels cubie yarl, to 8 and 10 cubie yardis,
Soiie sStris.in, shovels heve been equipred with interchen;cable
boonis ti form iregiines. Deegline huckets have renge!l in sise
frua 4 4o 3¢ cuvic yrr’g,

Hule; ¢ equizkent bu an with o 6=ton linkey steonm locomotive on
& 36=inch ;~ o troek, frosent sroctice is to mie the largest
stendar! on ¢ switen en ines ovril-Lle on heavy reil with 30
cubie ycr! uip “W ears,  Sinec the 193C's there hns been &
tren! to truex ane ciaveyor belt aculege, but in thet yeriod most

newly developin, enriched ope wincs on the «osabi have been
reletively smnll,

Overburlen hee been blrgte rg Necessnry., ere possible the

weste piles heve boep PUb in low ~pong end kept straijut to
freilitrt. mevin, the aeuls, trock,

e, iiiinin“

4 d1 . ey : yoas
YOOI cquignont i ninin, hing foll e
a8 thot in Strip;in;:,

e proctiend stonder ! Leeny

2Tecticelly the same pattern
faur enbie yors diover,

Juwer shovels have begeome
RC tiey yrovice sTrenter flexibility. Rail

o~
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houlage hos been supplanted by ‘ruek rlus rail, truck plus conveyor, and
truck plus skip to avoid excessive ;rodes on trock lenyth in the deeper
mines. Common prectiece is 4o mine in 25 to 35 foot bencles. The ore is
drilled with 6= to 9minch churn drills, rctery, or downethe=hole drills.
d.  Quality Control (23)

wurlity eontrol of iiesnbi ores begins rt tae mine. Blnsthole
sriisles ore used for qunlity eontrol nt the froe. In the tirst uining,
only the higheygrnde ore wnas trken. This soon geve vy to the prretico of
nuixing highe3rade ores with low;rede to obtnin the mamimum quoatity that
would meet unrket specifications, ~ practico which hrs continued to the
present but is fost disoppearing with demand for hi;her nnd higher ;rndo
netverinls.  Only the hich ;rede mects most specifiections, Oro quality
for market is controlled within the trrnsportation system ns exploined
inter in porngreph 12, e, idid,

i. Beneficintion
Ore benefieintion besen on the kessbi about 1907 when wrshing
plents were instnlled to exploit the cre hodies in the weatern
Pertd of the range ond sineo then benefieirtion hrns beeome
inerensingly signific~nt, and eurreatly more tham 60 percent of
the enriched ore produeed om the ringe is benefieinted, Jiys
rnd heavy wocium separctors using ferrosilieon or maznetite nre
comion. 4 flotetion unit wee instelled in 1957 to trent honvy
medie trilings. Plond sites heve been selcoted to freilitnte
tailings disposal in nenrby low arecs.

¢. Transportntion (21, 22, 23, 37)

i.  rreetienlly cll Les~bi ore moves by rnil froi the range to
locdin,; loeks nt the hecd of L ke Supericr where it is
tronsferred to ore errriers, then trken throush the Grent L-kes
Vo meriket.  The system is comprreble to that:of en iron mine
within 100 miles of rny ocecn port, except thnt winter westher
stops the operation for rbout 4 months ench yenr ~nd the ships

must be sucll enou.h to .¢88 throuh locks between tho L-kes.
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i, Lueh of tae tronscortotion systen ws in cXistence when ore
wes disecvere! on tho s 801 in 1850, e rrileends crossed
the v°n v, s of whie ro ul-rly tr"astmrtef{ iron ore from
the Veruillion ron o ts (e celis on L ke Superior nt Two
drreborss  Loriil oot vis extonlol tareu hout the ronge by 190¢,
mad new cre loeks servin due rra e were built on L ke Supericr
“t Duluth cn’ Su eri r, |
i, Tie lesiin of the sidy lociin o cks 4es ehonied very little
during the yerrs,  ore is lumpec cirectly from reilpoad enrs
into poekcts 12«£:01 cn eenter, Ecea soekat hol's 5 ecrlonds, *
Pro the posket orc is londe2 by srovity through ehutes into
, ahip hetehos, .
giiii. Tue trensportation syster. by whieh escbi iron opes are dolivered
© merket is ~ siinificnng ¢lement in qurlity eontrol and o
clossic exomle of sompling end reding teshniques, (29)
Briofly it ecnsists of scupling 4 op § ¢ore;roups at the mine and
Feporting the results to & sreding office, whioh tasizne ench
oFOUR to n block whie. is built uy 45 en 50 8ise, or several

bloocks rre sombinel to make o ®Lrsce  Scmpled eors are
recasomblel nt switehin; yerds on opder fron the gredin; offiee
and unlocded rnd pyxeq in ore poockets to make up the ship's

. 8Ar 0 of the desire! specifiention stedes By eareful pleaning
" Bixing the ope fropn MORY Gines, it fs pomsible to norket ore

i. Puel, P.wer enl Intop

Ccel rna o) °re delivere. ¢, 44 sescbi Ronge over the some system

te nerkets, Electrie power has been
Ten e fron np im’iependeat, Privetely owned,
PoWer eoupony wadeh uperriey both atenn tnd hydro-ele¢trie plents,

ched ures nng been ecsily obtained from
beny strenns o lekes jp the oy

thnt ‘elivers the irop ore
tveilable on the,

Tnter t. eXploit the enri

CTa
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In the enrlier hisiory of tae ran,e, nining conpanies constructo!

houses in communities near the mine and rented then to their

etployees, but there hes alweys been © large sesuent of privately

owned, independent coumunities. The propurtion of comprny-cwied
housing decrenscd nerkedly with the advent of the rutbon wobil-,

and for practicrl urposes, eompeny-omed housin; hins not existed

on the Wesebi renge for the lest 10 yoors,

¢« Flen and Lryout

'

ii.

iii,

flenning & toconito nine on the Kesabi range differed very
little frow plennin, n wine in the enrieh:d srecs of the iron
foruation exeept that the scale of operntion wns much larger.
The Erie mine was plenned to preduee more thon 69,000 long
tons of crude ore per dry., The ieter uitohell wine wns
plenned eventually to produce nore than 90,000 loa; tons

ver day,

The ore bodies, oceh spyroximetely 9 niles long end } nile
vide, wore delineated by drilliu, nnd sanpling end ccrefully
mepping the outorops and topography. EFits wore plamned so
thet stripuing of hard roek would not execod 2u fect.

Slopes in overburden end in the ore and heuloge ;iodus
presented no problew ns the grectest thicknesa of ineconite
to be mined will not exeeel 175 feot., The Exic ming wee
1842 out in 2 pits with the cverage haul to the eru:her in
the center nt present of cbout 3 miles, The Peter ..iicheil
mine was leid out in a 2lenile i whieh will be eln

o8 required, 3Both rines were designed for reil hevie e,
but the first cut throush of the Joter wdtehnll wee to '
pede with trucks hrulin; the ore.

Tae originel ;len ot the ieter uiteh:ll was to insie" 1 il
haulage after the first cut wns tarou,h the nil,  iowever,

e yeor of cvperatin; rxperience indierted thet the wuvent ges

to be obtazined from rail heule e would be moare () offans
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by tac divviendtics 0 odstn o b theonito roe;
in o norrew eut, nd o ih. houle o lun wes chanped to usc
truei troctor-treilor “a=lon =ton enLneity, side=dum,)

units,

b. Stripuing

Uverburden is strisoed fron the taconite dejposits with 2%, 5,

6y and deyard eloetric sliovels.  The motericl is transported to

weste piles in off hirhwey truc'.s, vXeuit that at the Erie mine all

roek overburden is roved by redil. Lt both mines, the top of the

toconite is elvoncd with the smaller sheveols woriking with tractors
mountud bulldozers, Uverburden is drilled with rotary osnd downethew
hole drills, At the Eric cperation to date, dowhetheehole drilling
has proved superior in the softcr portion uf the slaty layers; rotary
drilling has proved suporior in the harder portions, |

¢. lining (7, 27, 32, 39)

i,

ii,

The ore s loaded with S~yard shovels equipped with 5 oubie
yord dijjers ot the 74 p siltehell mine; he 8w=yard shovels
are equipned with Reyorg dippers ot the Erie pits.. Resorve
wining Company hay surehesed 1lleyard shovols under its
expansion 2ropram.  ining benches at both operations aro
30 to 35 foot 4. “8 mueh os ¢ maxinwi of 45 foet high with
the averep being 35, Gre is hauled on standord goge

treck dn cors of googep ¢paedty ot the Erio minc and in the
afurenentioned tractor=trailers gy the Peter iidtchell mine,

Under the ox)unsion Progran 85«ton enpacity troilors will
be usoed,

Oxypern eng fuel oj1 jot viereing and heavy rotary drills

Bre used b6 jut down all taconito blaay holes as ordinary
drilling Eethods § roveq inefficiont and impractical in the
at feter Liteholl mine have found

vattern pivey tho best results., At

thl.‘ L‘I"c i } ~ ¥
Lo mine, an j8a by 18-fout iottern is used in box
euts ng o 19

hard Toe.o ingineerpy

that o 20. by 20<taot

by 28-stagpereq #2%lorn is used in open faces.
H.los ap i11..
VRS are drilleq }to 9 poct below the vit floor, 4 TNT

i A1 s o s
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slurry is uscd fur blastin: in wet acles, nnd emmoniun

nitrete end fuel wil is used in ry holes. ~.1thouch

blastin, efficicney hes been inerenses nliosi unbelievably

since the stnrt of operctions, the cn_incers ct both mines

ore still experiuentin: sl striving for better

fro mentotion,
ds  Zuclity Control

Quelity control in minin: taconite be;ins nt the mine, the sanc
o8 in minin; the enrielic ores. The first control is exereised
throuh the results of the oxploration drillin; in which the cnalyses
of minernl chrrneteristics cnd struoture of eaeh eren cre ecerefully
notel. This informetion supplerientoc with thet obtoined from the
nining faee: is usel tc plan operaticns sc thot o feed of uniforn
grede, winerrlozy, and herdness will be delivered to the erusher,
4t the Erie mine, o Ransey 6oil messurcs the majnetie iron eontent
of ecel trein load of ore after it hos prassed through the pripery
erusher. & large veriatior frow the expeeted grode is investijnted
imuecictely, cnd the wining cperction is adjusted cecordingly,
Greding the orude ore to obtain e uniforu plont feed foeilitrtos
benefisintion anc results in o better quolity product.
i. Beneficintion (10, 17, 19, 335)

Coneentrotion of we netic tneonite is £ sinple thing 7

theoreticenlly, but o sauplex process practicslly. The ore

posses ihrou;h o eocrse erushin; plent, fine erushin, glent,

bollennferol fine ;rincin, uills, megnetie echbbers, mognetie

rouzher sepcrotors, ungnetic clenners, ond magnetic

finishers, At doyt urkes, the concentrrnte is further

upgraced in o thickener equippe! with wnter sizhons to

remove the finisied proluet, which reduces the silier

content <f the concentrnte by 0,7 percent. Erie

ccncentrote overn es rp-roxinntely 65 jercent ircn cnd 7.8

pserocent silien.  weserve cuncentrrtie cvernes cpproxinetely

643 percent iron cn' 9,2 sercent siliec.,

. %ﬁfﬁﬁ.m
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L ,..,1;.“ ¥ w o ‘s dv e FIg i hod & . ,(r‘s

oo ueconur e s owdnol vith tontenite on onvarneite

¢l rincs, oot ldn o~ Bellin e ruw, and then inlurated
Sedaeto dn o Jo et oorizonted irevellin greete

turiie o (0 LUt Aoyt uoccs slnnt, the concentrnte

by

18 Lixo . vith beatinile, fop. in oo ballin, lrum, and then
indurctol in o shodt furncec, (24} Tue finished produet
is roualy § 403/ incn ir 4 tlictery, eonteins 63 to 65
pereent iron, on’ is un:zi‘,.amﬂny herd end Surcble.
(c)e Trilings Jisposel,  «  Teilings from the E.7. Dovie
plant £l in i.,aauars to nearby Lke Suporior into
& 1ar ¢ notursl $rou u .k thet is 1,000 fect feep.
Teilings fron the 1 ¥t wnkes plont are putiped in n
slurry, 35 1o 50 _orcont solidsy to o speciclly
eonstruetel teilings spen whieh oventunlly will be
1} by 2f niles in size oot seversl hundred feet hih.

¢« Tronssortotion (33, 5, 8, 26}

i.

sev roeilroals gupo oo nstructol to serve both Mesebi
taeonite sierctivme,  Crulte ore is heuled spuroxinately
45 niles fron the APINCTY erushin: plant ot Bebbitt tc the
An¥is werks rt Silver 3y Ly treins of up to 110,
B3=ten ecoreity onrs, The ore, arter ficst bein: emhﬂd
o~ mexivag of 31 inches, ia Lindel inte the oors from
store o bins, it is yn} ondel nt $:lver By with » rotory
sellevs nre trnpg: sorted 72 niles
Lilos glont by 129 eary 85-ton eepneity ore

she o4 L RN o,
trodns to he ooox CuG o sidoin freilitios nt Treoonite
Lerbor,  Sren o ds equi,

ecr lwnor, Finishe.

from +he 4 ¥t

AR T B A U R
€0 with o Dotton dun;

neehnnisn, e “llows i4 o4, U el cutometicnlly while
the trodin ig ;.

P Loy
VSR N

PR L,

Shis Ulelin reiliigs

U Lreonite dorber hove o totel
- T A 3L - A
it Silver By, 2,500 foet. Lt

el owith Coivey-r helts, it Treonite

e 45 ¢ v -
il‘}llt-A 1 -, “o f{'("\:.

volle 8al o« - Poc e
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acrbor, the uek contring 25 pellced stor: e Lins, <8 foct
on center, ¢nch of which is sorviee' by © conveyor -2
inches vide with » shuttlc len t4 of 91 rfeet cnlon
meximur rencl bey:nd the Taek brse of e foet, In~sineh
o8 shi: heteles nre 24 fect on center, the ship has o
nege only cne nove et tiae Toeconite Harbor doek to be
completely loniels, The Coek hes n totol stornze enpoeity
of 11C,G00 %ons,
iils  Tho Silver Bey (oek has five 6,000 tons ernncity storee
- bins, served by two 60=inech belt econveyors oquipres with
retraetnble shuttles ond boon whieh receh o neximws of 40
feet from the dook edge. he conveyors move parnllel to
the doek freo cnd een Crtw pellets from cny of #he 5
storrge bins. - There is r paved ares behind the doek with
storn;e eroreity of 1,7CL,00C tons of pellets, The copen
is served by o 465ef00t trovellin; ore brid e equizgcc with
¢ 2A2=foot ocntilever section to eover o totel of 667 fect.
¢ £. TFroilities
i. Fuel
Corl is Celivered to Treonite H-rbor nnd Silver Bry over
the Great Lokes sysiems I is storel et doek silc and
usod in sdjoeent yower plants or tronsporte’ to the nines
o8 needed,
ii.  ower
Jover for the taecnite operntions is provided by eonl fire?
steen driven turbines. The plnnt ~t Tee-nite il roue,
wideir supplies cwer ¢ the entire Irio ocerntiicn hes o
ecoceity of 150,000 kilewntts, Too plant et Silver By
vileh sup_ lies pover 0 the entire Zescrve operntion hn’ o
engreity of 0,000 kilowntts with ru aveilrbility of
55,000 kilowntds, whieh curr:ntly is bein ex:-nle! t.

srovite © totnl ensneity of 120,000 kilowntus. Both

*

iastrioution sysiens ~3e tic” 45 the ironsnission lines of

tie indejenlent, sriveiely omme: LoWer conpony servin the

OIrCne
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Coother ot il anney cwny s erecan of umdelh is reeledrel.

[OSEE RS ST TS SO Y S (U R T S | Togey sul © neturnl

oo rosoivids eonvrdee by 1 30 feed B emrth fille:

Ceia AT Vs ¢ eenid LI USes fhotl 16,000

dloms 0 lee 4 roecss ool tea F concentrate; ot
Livoeoreldy 0 5,00 wue Lo yYeory, il poquires
TSR el ueyoae L oas e dor so3 ninute, ol of

WaieL AS v oLreeil;y free. wile Susceive,  Innsnueh o
tiac wrvis cloait wilio s . int the b.iiny cssenticlly coll

whier usel ot 4o plent is reelaiue!,

iiil.  ousteg

“hree eansletely now towns were built in viroin torritory
Lo sorve tio toeonito <uerntionag towm of ioyt Lekes
for the fric Coarmy olont, 4he town & Brbbitt for the
deserve Curtny Liney (il the town of Silver Bay for the
deserve Couunny srnte L1 three e tuunities were planned
il oecasiruele b Lpovit, i her whan avert e ateadrrds
of livin;, 1 wlain | eaigruies s.c:nsorel esscnticl
euidereiel, eduentisanl, relisdous, nag reereviions
eownity fecilities, nn® TEEO e sueeird fineneing to
encourt o otployee sotieomersii s, The f\:}‘.ms nre selfe
LYVETRin, within 30 fromewiyl of eounty, stirte, -~nd
Folertl Jovernient Iowse ae eciLrnies anve divested
thcuselves of ~11 but the casontic feeilitios. The homes
anve been s51° 45 4. resi'ints end the publie freilitios

turne’ over 4 e loenl SOverning Lodies,

IV, DISCUSSICH

-l‘;'.

iren ere Mnin ;o oon the senle

Jeserisol jg o trenentous
undertekin, {a-t Teuires o ro-t s:ill in bean cementy  the
event Linin , tetnllur;ierl, civil,
el incers, ~p img=tern investment

tolltese 10 §s rlse s hi hly

servicos of ad Ly e,
iecatnienl, -p! vleeirien)

SFoaunlre s of Lilli ong

?
i
I
H
?
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compenuvo buszncss in wiich minin; eoneerns in 11 ports of
10 world are &ngngod, qefyxxfg_gmbrrking on such rn enter*mise,
ir:n ore resourccs, cw2ivnl rnl o orcting costs, ~nd perkets
shoulc be investi ~tod earefully ond euripletely,

The tvo treonite operati-ns “eseribel hnve requirel lon =tern
investnent of ncre than 51 Lillion, Suoh eVelo-Jmenta on the
+e8tbl ronge woull L~ve Leen cut of the questzon without recess
*o low«-cu* cr'.uit ~ly Toserves jsnriag n long life, eompetent

;;terwnm.l to provile lov cpersting ccst, and Lr \,xinity of r

‘rtgu and exg&n iin t.:r‘rsiet inn resilienv ee.nouy,
ugioricnee on the iesr ..n. reage shows tnt tine is the prinnyy
requilite for ircn cre expl itntdon on o lerge secle, after

rescurces onl merkets hove been investinted ond fouad o be

mitszbla.: T:L.m is requirel to wep and plnn the operttion, tc
consiruel the noecsarry plant an.! ruxilinry fmilﬂitiéa, ~nd to
operate nnd naortize amy substontinl investient, It follows
tact lerjemsenle develo.ment of an iron desosit shiould be
undertriken only in n steble environuent, one in wiieh thorc is
8 lerje Jdegree of e n?icenco {Sét nei‘ther ,mxiétary ‘nor politienr}
conditicns will' ehen e lsufficiently 15 mcke the operetion
umprofiteble within the necessary lon. yeriol of expl:oitnticn,
The lar;;e-gc",}.e iron min?nh, ‘nerrtions of the ilesabi rense fren
the very be,innin: to the )reaenf have hed the fdiioﬂxg
oleuents in ccuon tast unﬂ.aubteuly recount for wueh of their
suscess: (1} Tho nines were errefully plenncl, (2) the plons
wero flexible ~nd eh~n.c’ cs new equipnent enl methods mwieperft,
(3) o pretiun= ra‘o. ore wrs produced t5 meet tho demends of the
werkot, ~nd (4) bettorethrnervors;c housin - end freilitics were
2rovided Ior enpluyces. It is rlsc noteworthy thot the Stote

 Guvornmeni's tox soliey wng ehnned, eontributin; tc the suceoss

of the treonite .uor-~tions when it wea rrovel tant the toe.nite

could not be ninec srofitelly under exisiing poliey,
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