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tie. serial view of  South ¿*nev mine  shoeing truck s*i? ],uula 

View of iron ore  clocks,  Great  Lokos iron ore  vessels, aiv.l iron 
ore railroad cars. 

View of Peter ¡.itcheil t&conite r.iino showing electric-power 
•¡¿ovel loadiiiè 85-tcm-e&paeiiy, siàe-dunp trucit~tr'r.iU>rs. 

¿©rial view of Erio l.iinin,, Conpany »ioyt udiva  COì.CCAUFàìIV   end 
r.tíülOKwrctintí plant. 

Aerini view of the 3.   ... ßr.vis concentrati^ cad c¿y, lome rati nc 

plant,  showing ere loading ¿nek r.a-1 storage i'ucilitias. 

View of magnetic r.nd hy^roseparr.tors r.t ¿.  '.,'.   Lavis concentrating 
plant. 

Afirial view of Tooonitc iïarbour »¡vowing ore loading flock, ¡re trains, 
and Lake ore carrier. 

Aerial view of the town of Hoyt  Lakes, Mi.uiesota. 

Aerial view of Virginia, Minnesota.      The municipal water and li^ht 
plftnt is in the left foreground}    the ilissabe Mountain Iviine, part 
of the ÄouchleriU ¿roup of mines operateti by the Oliver Iron 
fining Division of U.  S, Steel Corp.  is ir. the br.ckt'rouiid. 
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i.       Ir-ni..inin,   .n   -.   1- r v sc-.L   is»   i 1 lu.str" i, ¿  by t-xporifrici'    ti  the ¡«es^bi 

r-.n  ( ,   whicn h-.s  U.-t-n the  , rínci;   i s.urtu   ..i   irti . r«.> in the l/mtu ^ Strtos fur more 

th n  r>u ye- rs.      LU   i-i.sr.Li i"n,e is -\ ^üu-.s.^u- • re-mi le Ter,   'v^r^xiiurtcly HC  raile» 

Ion  f   >n    ¿ i    Lu ules   wi !, ,   in vili eh resi.'url  iron ¡'o^-.-ait* were  ferme! frei,. 

t-ccnito r..-ck.      Oi.r-l,, ir  inviti..-tion ,í th.- r~n ,- Ir* ¿re-eoa-:  r-.nd  frcilitfteri 

«Xi.ljrrtion.      ï'Cv-nit...  r, ck,  which ir*  ..e.-/. ...in,-: esarci ally uily since 1955»   is 

su^l-nUir   rysidurl  ^ositg of .nrie.u• :  ,:«  ns the ^ j;»r source   uf iron,      l'ho 

«nricUe.  residuai  ere Iva   i/iít.a ciftl..-  , rixici^iiy in ^,n rlts  l)y ^ur ghoVels  ^ 

rrll  Hr.ul-,jB.      ïnioU.   -ni   convoy, r ..y*^  h~ve «up.ltt, ut•      • ¡, •   ^rtir-lly replied 

rr.il  toulr,i0 «noe  1936.       T,e rute U ..ine '   in upen ,lu  by  „ver  ahc.vel» with  rr,il 

,r truck hfcul^e.      ¿i„th the roai-Iu-i -.«,>  feonite -res --.re  beneficiate,:.      gufili* 

c.Mitrol  is a ninificnt  ¿,-rt t,f .-¿.er-tiüna. 

2.      fej,«ric*e* in  o^l.itin, the „e^bi  n,,. ir,,u ere« ir.  «homi thr.t 5 to AC 

yo-.r.  ol-i,.c  btetw,.,.n fimt  interdi in -n iron  r. .„uree nV  ccnatructiun  ut ?. ,l-at 

-ci-. retui ^1-n.iUi .   flexibility  in   V.^tin, new 

f'V^Ue U.v^ent ,uliey  ^  ,.„n. tne  ,!*•«- le,:^  t,  succ^ful  exploitation 

V *' 



1.       INTRODUCTION 

3.      Exploration and exploitation of the Lescibi iron ran,;e  in the Stato of 

Minnesota, which i« part of the Lake Superi or iron „inlnj district of thu Initod 

States, bn. been «elected to illustrât.  Irrge-scele iron minia,; proctite«.      ,mny 

problems encountered in developing the  iron «Imposit* there  are tho .nut- r.<  tho... 

that can bo  expected in nay lcrrfe-.Caie  iron rainia-, operation.       Th, Choc's used to 
solve  tho problem»  are universally applicable, 

4. The i*esabi iren ran^e,  shown in figure 1,  Um m averse of 75 uiloa 

Northwest of tho head of 4,ke Superior.    " It U a.proxtoattly 110 PiloS lo„;,  it, 

width range« from 2 to lü »il.., and lt cover* r. total area of about HUÛ square »UP«. 

The range eoawonly is divided into .1 area« uf .^.lftr typo ore deposit«:     (1) Extern 

Me.abi, metaoorphosed by a gabbro intrusiva «ource of «apwtitt or«, (2) Central 

Ut-obi, oxidised iron formation, source of enriched direct shipping oro, and 

(3) Woltern »iaW    partly oxldiied and leached, no uro e of wash ore». 

5. The rang©  i. nt elevation of 1400 to 1900 feet above sea level.      Th« 

climate ii «evore in winter and aild and pleasant in «m,,      Tinter weather .^«atly 

influeneea iron ore toini% «aid transportation.      Soft and hnrd wood tiiaber,  heavy 

underbrush, and wuake, .«nup. cover root of the area.      iim ttob^r on tho ran^e was 

•ut before iron ore fining started. 

6. Qaologieally, the kesabi is in gently dippin; sediuentaiy rocks of the 

liwabik iron formation of the middle ïr^aobrian eye,      Thi. formation is mad« up of 

four principal members, upper slaty, upper oherty, low«r slrty, and lower eherty. 

The cherty members eonsist largely of ferruginous ehert in relatively thick beds. 

The slaty »embers aro physically .tail«, to slat« and are in relatively thin bod». 

The Biwabik formation is stellar to the hard »otaaorphosed quarta hematite «apetite 

deposits of the world that depending on loeelity are called taeonite, jaspilite,  or 
itabirite, 

7. Iron ore m discovered on the «.osabi ram,« at Mountain Iron in 1890.      It 

was a relatively primitive area at the time,  although Inderin, eoa,» w, ro established 

and two railroad« crossed it.      In the beginning «rude ore was fined fron o;,en pits 

by horse-drawn .erapers and wagons,  ani the first shipment   >f oro was nari* from the 

mage  in .1.892.       In 1893 a .tono-powered  shore 1 was brought to tho minos  overland 

12 milos through heavy timber from the town of fcosnbn on the  rrilroad,  and  that samo 

year rail haul,r¡9 replaced the wagons in the pits.        'ithin 2 years  threo railroads 

served the ran(¿e,   and  it had become the principal source of iron ore  for tho Unite«! 
State*  steel industry. 
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*.       Vin' tyA.t'  of  iron ore use1   by l,:.a>-'  Si.---t,.s»  industry hns chrnbud   greatly 

since  the ,.isr;-i wr.s  ^iscovt;r,.].      aiivci,  slii^-in*  ore  hna  been lnr.a-ly replaced by 

boncJ'ieirtu.!  or.-,   wliiea is currently U-in.,  r^-lnce :  l,v  tr.runitt  concentrate  pellets, 

but the- ^-sabi  trii,,. una eonUime,: t«. bt-  W  , rirwiyiu süure...       T.i«   ran,to hns 

, ro-.luc.,! ..,(,!-,. tiir.ii 2.-,  hillj on t,n* of iron ore.      Annuf.l production figures are 

,,ivv.n iii |. i,u.  i  ,i  t iK   ,-,),.,-l.iix. 

il.        KAI'IJUÌU.IÌC/.-. 

'-'•        Ooülu • V 
••III Il 

f..       ïh,-    ^m.rr-,1 :;<^l^  of thv .u-anbi r.rer.  in 1891 wns  described  by 

A...  ru! ...v. -ancholi  0«ì>'    <:lt,rl,S uith  (18) ar^l th,  ranrfe  in tho 

t-«rly hK^,.      & conclut:  tï,-t th. v,0 deposits wore formed solaly by 

¿•recubrir* surfr-c. vrt««  lurcain. tu, «ilio,  nial  other furiti*., 
leavin,  :a „nrlcitaí, r,.siJuo>  ut,  ítf4i;minef,  thf^t the   :eiüflitj|  werci  ^^ 

but not iiiVT.rinUv in  í'.i •  roe't «v-ndin  a        i    -A. r ruc.i inclín...«.      Pith's work h-i»  b«on the basis 
ffir  t'X¿/lurrtioii of  . sacriti." lit-     it     <• .*•, .   ,    , sn.rixi.,1^   ,11  A  tue ffnricíi,..-!  oro  bodies. 
k.       Th«.-  low- rt.-ic :.!• 

r."u.,,„  K-r, .ioscriU-1 by Br.-),:, rick  (1)  !:n. 
•m-tit.. -io,oSit« rt th«. fftstom «nei of the Wsnbi 

"rout (") in 1919,  find Grüner <12) 
t'Xtuli.i».'-    (.I'triln !   M + ii.i\.    if  ¿i      • •     i .. 

,r„,  in'„'2 ; ,°n"tloB *" *"* "»«•» *«» 

"<i<   i. ti.Oxli.1        ("t.líi    ipil]     jhf,   „j.. , 

•.r-.tl.rl -»•    , .1"i,"",;t1"" '"   <"«"»»* »l«bt..U, wiU ta„ both 
"""j!"    IWntic...!  V.-.1U., in 1I„. futul.„.       i„ „,,,    ,      , 
s~m. (i,) „.tu,,,, , , ,. .,   ,   ,  , ln 19w> «•»*>««, «id 

i^-ntifi,: ¿j s.ubl-,1.i.l.Ps. 
•m ¡.rrt .-,i' th,, rnn,,o,  in which they 

be tweon   lit:«.!.,   it.   1v ^  C1 

ruojts, 

.i 

•-« -^  the  cone.ntrntúw cte^teri8tiGa 

t»ar correlation 

of the 

'"       tolin-rs  of th, Buri.pu  ui, t 

interior,   (v,  2t     ^    >, '    "     "'' '"* °   ''" ûoï>nrtment of the V,,   ¿L,    i.lt   a;;Vi.   systeDflticriHv  -n.     ,    ,      ,      , 
'•vor thr   i,n,ih of  th,  nn ,        - »-»i'l'.-d ¿>it banks and waste pile 

"«• s?-^,!^ h!,ve  boün analyzed chemießll3r 

-   •'r-•  i» iwront;i..«.;¡«  r(.f(.r t, tins   ri.  (,rl< itei.is  in  tao  bibH, 
• rMiy nt the oni  of 
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and subjected to screen milysis, magnetic rat her.vy „ìediuu separation, 

and pétrographie studia.      i:uy have also classified them according to 

their response to reduction roasting and Magnetic separation.      Thus, 

knowledge of the ¿eolovy,   atreticraphy,  structure nântralo^y,  and 

amenability to beneficiati«»! hr.s proceed rAi continues to preced- mino 
development. 

M.    Qgillink- and Scculin« 

a.      In the  early days, the iron deposits of the ¡¿esabi were explorai 

by test pits du¿ with ..ick and shovel.      Tais, practice was soon changed to 

exploration usin^ ehurn drill? ,vnd diamond drills ns  the easily rcecssibi« 

deposite marked by outcrops were found and as the depths of overburden 

increased.      The need to find and obtain titles to ore deposits quickly was 

also instrumenta in changing the exploration practice.     Soft oro at 

•haliow-to-rooderate depth *as explored principally with churn drill«, 

harder ore at ¿renter depths was explored with diamond drills. 

%     b.      ¡ftesabi engineers have depended on the Seolo¿ic features and nrngnetie 

anomalies to guide exploration in findiî ; and outlining the orv bodes. 

On the other hand,   in exploration to detemine the reserves  and delineate 

the deposits for mining,  engineers here been inclined to locute drill holes 

systematically.      It has been usual practice to space holes 200 to 300 feet 

apart»  the 200 foot spacing being almost standard for the avernjo size ore 

body,      '.Then the first holes indicated unexpected geologic features or lr.ck 

of continuity,  the drill pattern was modified to accommodate the conditions 
encountered. 

c.     Engineers have atilixed magnetic anomalies and topographic and 

geologic map» to fix the drill patterns for exploring taconite deposits. 

Hole spacing has not been stenderai sed. 

Iti. EXPLOITATION 

H.    Geja^rcl 

a.      Iron ore has been mined both underground and in o^en pits on the fcesabi 

range,  but underground operations are excluded from this discussion because 

they hare become relatively insianificant.      Open-pit minimi on the ran^e 

naturally falls into two catégories!     (!)    Enriched ore mining and 

(2)    taconite minimi.      Only the   broad aspects   of each category will bo 

covered.      The reader is referred  to the  references  for the  details  of 
operations. 
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b,      ïho  t< rr..  "» ¡.rieh* •!  „r. "  rs  u«<-i  h. T..   includi.'«  r.Ll   uros  m i nod   that 

hí'M   "  hi dicr   (r-. .'<;   tli.-.n  t.¡«   ori;,in 1   t;pt aiti-  roa.       Enriched ore r.sinin,; 

piretico» 'ií ce   i.volví.,: to tii.. ir ,.rrs.-nt   ••»i: io durili,, 6Ü yvr.rs   of 

constantly ii.i,. rovin,,   tcohniqu- s.       Chr.n .• «  luve  boon ,:r<uli,rl  nnd modified 

by the need t..   riucrtizt.  oxcrvîitin^,  < ^uiäi..i nt  r.n 1 the reluctante  of the 

en .iiH.-t rs  t..  ;::    ,t  ,icv  .... ti-,  .'s  '.'.-¡ii.l  th. v  v/i r--  j-r-iVe-L.       'therefore,   the 

tvCiUiic'l iitiTctun-  • :i.  . vn. ...i;in    ,i\  iivi.r.iri.-: tt-xtbúuks  entrain complete, 

uttrilo'.,  -.-.ih',   lu i '-MX  insUi.c .s,   u^—t»J—lrt*   ftcecunts  ef uethods used. 

i.'..,rc.uv(.T,  t.'u'   ,ci: c;s •irivloju. : i\*r ;..inin..,  tiu   .'ir.ct »hippin-  end 

bialip-,. r^.le,   e-aricar. :    :res  ci  tii.-  ..;«.-«ri,i ¡rvo  boni r.loxite<?  for uii.nin0'  other 

element» be nid e» ir.ui.  r.nd their us«-  in iron i..im>s hes  spread  throughout 

tiu. vorld. 

c      ¿-fctii.-.-Ts cf i..inin;, taco»i te hrv«   ;>iso been improved »ince be¿innin¿ of 

oíoirtion. in 1935,  but in coutrr.r. to ta,  enriched ere mining  the overeU 

gettoni of Lìinin,. ars  l.;..L.¡i .• »nontisly unciinnji-d. 

d.      facilito  i H r..ine: in ..ánn.sot:. by f.i, Erie ,-inin ; Company nt the Erio 
CW«iM  Jii(    ,n,   hy  iUt;  :u^Tyv   Unin>   Ctiv^   pt   tho   nur   ,iicheii 

-aa*.      B.th «¡.in,. r.rr in th.. aet.,,«,^-! : rea in the extern pert of the 

^«n;,t rr.n.,o uiitr.- tV  ,,-inri^ 1  iriin ,,ul,rt;1  is Bft. n,ut0i       Erio cpude 

ore in c.neontr,^'  uv  , ..,LMU(!  ift w |J(^  ^  ,ilwit ^ ^ ^ 

-t,:r iitehai  crud, „re is crush. ]  t, .inua   Jj  inches ,t the mine «A 

r'"u ''¿ miltB  fr<*! the fine,  rt the E.V. Davi» 

'.«   noria Sm.ro  oí  u ke Suprior.       These  two mines 
rai., r.ectjiii ji¡,nv.iji. • beii:-..rii»i<- + * •.»    i-.   * 

- ,    .   ;    fc      ' X  •-1,,n ''lrntB 'mVi- • ^^oxiinr,te rnnuol enpnoity 

-        * 0l 'tllot- •"-> *• currently bei„;  increa.ed te 
I6,5üu,uüü Ion,.,  ton«   by cx.;riwi-.n of  th    y   -    »     •       , i   «JIX..H oí  tu»   ü.v. unviB plant. 
*'.       r,c:miri(.rci,".l   i-x--l'»it-•* ; - »i    ? +» 
.„.  .4   .    , l ol tllP tr:Punitl' ^» i« -^ recent nceompli.hiaent, 
but it tool, ri,;1(iSt ,,     ,,rrs 
„«,.,„  .     4. roscare.»,   ij. ycr.PS  of Ililjt    j     t triBl-«»U- 
errof to«tin. ,   m'   •r;i.sti, r, visi,.n of ....     . 
)nr.x   . ,     , -n oi   >trt" ^üvormnent trat cg.e.eoent 

policy  te  .;et   i-he   jub   :Dnu# 

f.       B.C.  Jrehli-»,,,   rhu àr,:  orrli.r    .„in   , - 

i^,:o.Sc,it. fclnla;,,. .„>r .,„,;„ ur -1';1--•»• "- " Pi-« i» 
tnt«..t,.; i„ tll„ "„,„;"?     -;•""  "'"""t"' »i »».Ute. bMMW 

1Crl invo»ti^«- ci ti« ore, in 1915 and W16. 

/i'' 
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They formel the kosabi  Iron Company to exploit tlie tac unites  an.1  built  r 

»ill end sintering niant for this purpose at Duluth in  1916.       This unit 

operated until it become unprofitable in 1^24. 

â»      ïaeonite mining on the kesahi ran, c rctudly lid  act become 

economically feasible until 1941 when the State of Minnesota passed o law 

limiting the amoun.  of ad valorem tax that could be assessed against 

taconite deposits end mioin^ facilities. 

h.      Anticipating pa§gr.(je of this law,  th.¡   te serve »*inin:J- Cc-npnny was 

organised to exploit the J ctcr Mitchell mine in 1939,   and obtained a lt-asc 

fro» the kesabi Iron Company that same yerr.      The Eric deposit was 

delineated in 1938 and 1939 by an extensive exploration campaign, and the 

Brie Mining Company was fortaed to exploit the property in 1940. 

i.     TThen these companies were formed, the methods for crushing ¿rinding 

and concentrating taconite and axiome rating the fine concentrate were 

well understood.     Anona the »any mining and processing techniques now 

used in exploiting taconite,   only r, satisfactory method for s initio,-, blast 

holes in the hard rock had not yet been developed past ^he laboratory 

•to,;««     Nevertheless, the two cotapanies spent years in pilot pL nt 

research before deciding on the final cesión of the commercial 

concentration plant«,  and the plmts did not produce until more than 15 

years after ine operating eot&panies enee into existence. 
12'    Bnricaed Ores (15,  16,  30,  31, 40) 

a.     Plan and. Layout 

i.     Essentially all the large tainos of the ktsabi ran^e were 

developed for nil haulage.      in every instance, the shape of  - 

the deposit was delineated by development drill holes.      Track 

layouts wer© predetermined to facilitate stripping and raining 

with spiral pattern preferred.      Switchback« were used as needed 

tn obtain couple te extraction.      Track grades were held to l| 

percent loaded, 5 percent empty.      M.st opetrtions were planned 

so that stripping and mininj could proceed simultaneously.      Pit 

bank rlopes ranged from 1*1 to 2|il, dopendin,-; on the physical 

characteristics of tho overburden and of the   ore. 

ii.      The maximum economical stripping ratio increased from 1 to 1  in 

the 1900's to as rauch as  2 to 1 in recent years as more efficient 

earth-movin,  equipment became available.      i-.inin^  ani strippili.; 
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iii. 

b. 

ii. 

iii. 

benches  rr.n.,d in hei.ht iron, 25  t,   35 feet.       1. 20-foot bona 

wcs  ¿.lr.nno,! between the vre r.nd overburden,  nnd  tuso,  in the 

overburden every 75 f..et  of de^th. 

-inin, plans ia r.ll the lp.r„o pits hnve  been modified 

impressively nnd have kc¿:t pr.co with improvements  in equipment 

thr.t previa,i  ;ror.tor flexibility an-' cler.ner r,inina.      Hn*lasc 

lryouta in mr.ny instances were completely changed with inception 

of off highway truck,,  conveyers,  and skip systems cad M the 

¿its were deleted.       Truok heulte rond* wer, planned on « grade 

of 5 to 1C percent tor lended trucks and M rauCh m 20 p.»«*   '   ' 
tor ematina. 

Strain.; 

1.      Strain,, on th. *»,.(,! „*,. to, boon w;,tly , alrt^„iná 

^.»M« »i t, u•,uy oo„,,uot,. ,;urin, tiK wint„ Bonttaf 

- t.rir.1 h,, boOT l0,i,„, „it, po.rer ,hoveli( flrjt ,to o 

tuen eleetric,  pnd iri4hi,   *•,    i     ^    * 

:;rrhrT- °• int" —• -• »**« •i.e. ^ 

boo,,, t,   f,„,  ._, ti'iU,i,;;'•", ",itil ">*'«*^M. 

tr» •• to *       r"""'5'     Drr'J,Í'U' bUCketi te• •^: »» *» *rua <r to 30 cubie yrrds. 

H-U1B¿,C equipment b,. rn wi + s „ e  J. 

cubi« yrr:,: r,     ^' cvrU'bi" « *•*» -i -it» » »"AW   jri.r..   í'.ir   ¿UM,,   enra s¡ 1  c..ri.      .Sincû the 19Kit« the*« k„- i 
tret! to truck -»-' * to* ^ fc 

truest «n-.  conveyor belt '^«l* u A   , 
newly dovoloin « , ^1^,  but in that period «o.t 

^iv0: ::;r l" ortMinos on the *~* ^ ^ 
Overbuy hr„* bcüíl w 

—tc pile, w   h **e..Rry.      ^ po„ible th, 

f-ili n ** ÍU lj" —8 ^ k-Pt strait to 

feinin 

"r,Un--" "iui-^t inuinin, ilM foU 

«  thnt in .trip^,.      Aur cubic v^"^" 1>rnCtÍCGUy thö SOffie ?»**•» 

*cr«c tw • r     • ,       * '  iîWOr 8h0Vela toT° b0e,Mne 

*   4'P<iV1,-°   •rwt« flexibility.      Rnil 
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tamia*, ha. been supplanted by truck plus rail, truck pitt, CQnVeyor, ^ 
truck plus .kir to avoid e*ce„ire ,rade, RM %rzQh lttMh ^ %h@ ^^ 

«ine».     Coiaaon practice i. to nine in 25 to 35 foot benches.      ïh. ore i, 

drilled with.6- to 9-inch «hum drill., rotary, or down-the-hole drill.. 
d.      Quality Control (25) 

Quality control of Me.nbi or«,. begin, at tue aim.      UnmU*U 

Br^UB DI. used far t„aU*y control at ite fa...      to ^e flm ^^^ 

only «h, iúgh.^ ore im. token.     m. tom gar# w to ^ pltftaii#o ^ 

DiaiiW iügh-jrnde ore. with lew^mde to «Mote in» »nia« ^tity that 

would M« «arket tpMittMUoM, it ptactice wM#h ha. continue to the 
ft—at hut 4. fo.t dtoapp*«»,^ with afeßl»d f„ htöÄ#r ^ Mgh#r g^e 

mariai.,     only the há,jh ¿rode HHI mo.t »piwiti^ti«»..     ore ^uty 

for market i. coat*oll.a within the importation m%m «. explain^ 
inter in paragraph 12. ., uiU 

4.      Beneficiation 

Or. benof ieiation be¿on on the ke.abi about 1907 when wa.hin¿ 

plant, were in.tall.d to exploit the ere bodie. in the we.tern 

part of the range and .incc then benefication ha. beeooe 

Inoren.injly .^nific^nt, ana currently M>ro than 60 percent of 

the enriched ore produced on th* r*,. i. bonefieiated.     Jiu. 

and henry uodiua .eparator. wias ferro.iU.on or magnetite are 

oo«aon.     A flotation unit wr. in.taUod in 1957 to treat heary 

«odia tailing.      Plant .He. hare been .elected to faciUtnte 
tailing, di.po.al in nearby low area.. 

•.     transportation (21, 22, 23, 3?) 

i.      hectically all Usnbi ore »ore. by rail twm the rai^e to 

loading lock, at the head of i, ko Superior where it i. 

tran.ferred to ore carrier., thon taken through the Great kkes 

to market.      The .y.tem i. eoiaparable to that of an iron mine 

within 1Ü0 mile, of any ocean port, except that winter wither 

»top. the operation for about 4 month, each ytar and the ship, 

must be small enoU:ih to ,,a»8 through lock,  between the L kos. 
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f. 

¿«cu rf tau truwoortrti.n system „:,"in existence when ore 

-s di.er.vcre-:  on tho ^i  in 189..       Ivo  r,il,c*l.  oro-..d 

tae rm;c, cn* cf wüic:; ro^ulrriy tr-a^ort«^" iron ore from 

the VcUllion r,n;a t, ^   ,:ee:;. on . ke Sufrió* Ri ^ 

**b,w.     , rr.il a,t ,--., ext.«»,' tarou^t the rango by 1900. 
.".ad new ero -Vei*« .„«M -    * *t -'.MI »ervir*.    tue r^.i e we ri.  httii*   -.«it      « 
rt ^uiutò r,n: Stt¿.*ri-r. 

üi.       T..«   ,'.É.«Í.jn   of   tac    SU;   1-     i-, „•-.    .. 

., jr.. r,.       .rv   J5   ^     ,iri.cUy fraj w 

into .jicut« l¿-í.ov .„.„„, „ . • 

fortin, tt. rwit, i0 /       4 
5 ^"V « «* «ta» «S • tauj-is io a irndiîk   ottima    -»*-> 

nTOttp   to  ft  biock „^ ,  \      *%   0m*V>   *W<* «rt#M  #«fc 
*W«ä waiea is built ui> ta **«.-       .* 

Moti«. .,„ eoEbljlol _     "' *° •«».•• ««, « ..«rej 

«i unlove:! «,, n4s  .  '.' * "'^ frw *• ««^*3 4l«i#i 

«^ »teins the ore fron El.      V 
% <m*tfttl ^fi»*% *c *ru.i tir.nv taina«     <*  * 

filiti.. '*   * ^ btífür« " i- «ÙM. 

*•     *»1, **wr ana 7ntor 

CCftl   ^   **   «**   doUTc^   t .   tñ     - 
ttet ,i.uver. tóe iroft      \ *CSÍ,'bá Ran-'e G^ *ht «em. «yti« 

^•ilnbl. on th. P^:ü uJl^U*      meetrie *W^ ^ ^~ 
Power eouvmny wIlieh ^..p^ n" lnde^»dent, prirctely «med, 

^- *^ o„i,it the _ic^d 2;^ ^ro^U^U pi«,-. 
AUV «trerx^ rJl.' lrk +u 

ar'8 bee^ er.«iiy obißi^a fr« 
Äts »n the r,ro-.. 



SIEEL S'¿.j?.i.i61/ 
Technical. ^aier/'A. î 

ii.     Housing 

In the earlier history of the raille, Kiinin* coiapanies eonstructo 1 

house» in eoiaisunities asar the taino and rented thee to their 

employees,  hut there has always been a lar^e sequent of privately 

©wed, independent eoraraunities.      The propurtion of company-owned 

housing decreased markedly with the advent of the automobil-, 

«uid for practical purposes, company-owned housing has not existed 

on the «esabi range for the last lü years, 
W*     «ftgettiie Ures (5, 6, 8, ¿6, 29) 

ft,   flan and Lryout 

1*      ¿leaning a taconito uine en the kiesabi ran¿e differed very 

little frota planning a ulne in the enrich?d areas of the iron 

formation except that the scale of operation was much larger. 

The Erie nine was planned to produce wore than 69,00ü Ion.; 

tons of crude ore per day.      The ¿eter Mitchell Une was 

planned eventually to produce u.oro than 90,ûCu loa,, tons 

per day. 

ii.      The  ore bodies,  each ftpproxinately 9 wiles Ion« and  \ mile 

wide, wore delineated by drilli;^ and ganplint, and carefully 

napping the outcrops and topography,      ¿-its wore planned so 

that stripping of hard roclt would not exceed 2u fett. 

Slopes in overburden and in the ore and haulage ,,i>.^a 

presented no probleu as the greatest thickness of taeouitr 

to be Mined will not exceed 175 feet.      ïhe Err* o Mí;..- •*•'••« 

laid out in 2 pits with the average haul to the cruther in 

the center at present of about 3 ailes.      The Pete*-   .¿i?heii 

laine was laid    out in a 2{-nile nit whi«*h will b« el*» ,^ 

as required.      Both eines wem designed for rait hrv'a.o, 

but the first cut through of the Pater ¿-¿tenon was. io ¿< 

Bade with trucks hrulin¿ the ore. 

iii.      Toe original plan at the ¿eter tiiteholl was to inrle ,1      il 

haulage after the first cut was through the pit,      i-.ow.vr, 

a year of operating experience indicated that the advanl 6f»s 

to be  obtained from rail haulrje would  bo noro   ih- ; <..ffî; r«; n 
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by  tiu   ¿iiL-icltû.«    .1   ..^..lin     i:i    ¡,   ,„   t aconit,  roci. 

in a  narro, cut,   ..n.i   ih,  ,l!íUl;; ,.    ,luj  ,,,_, chanRüd ^  ^ 

truci,  tractor-trrilor ..5-lou,-u„ cn.-aeity,  8ia.-0un,t> 
unità. 

Or.rburdcn i, ,tri;v,d fron the taeonit* esosità with 2*    5 

6,  aad 3-yard electric  shuv.i*.    ïhu -t.ri-l   i     + • '     ' iiiu ..-tunal is transported to 
wattu piltós in off Jii^3u^v truc  «      v„    * ¿u , 

"'*-> tluc^' -^;»t that at tho Erlu rain« all 
rock oTcrburdttn is nov^d hv r>*a        *  i   ., 
+        .4     . * ri"xl-    ••* boU» «in«.,   tho toÁ. of thü 

bòu. *m.       « " <lrUlt'd "ith Totùty Md d0•-«1'»- •      >.  .t th, £ri.. ,,,,r!rtiun t„ ^    dowa.th„.hola „,. 
nas proved suprior in ii,        *w «r****og ««* - :J: , ::t;/r:uf - -* ^». — 

'       u  ln tht hi-r^r portions. 
c      ianinfî (7, 27, 32,   ìQ) 

i.      The oro is ioail0(1 wltï 

v„ri ,„ yUa sbavuls oquxpped with 5 cubic 
ycjra divers at tho  r.,tlf  .-ltl,hfll     . 

«• ^X with ^r/X VIT" 8"y"d rt"Tel' 
«ini»,. C»w v, Eri° **"    Be"'"0 

expansion    ijro.Tnri :     • 

30 ,0 35 t..t r ''     mCi""a "* b0t" ^r0tlwl" •» 

bo „»..,,. "    '"'* ,,,-t,"1 «"•¡•«IV troU«. will 

**•    0xW»'- "-na fui,i oil   . 

«» — t*   ut ,, „     ! "* mÌ b~v T "**«• 
«1U„ ,^d;' 

n "" tee<mit0 ""* "»I« a. otiimy 
•' I"clnous irovL-u i*iuff-s„i    * 

*«<* roc-,    *•„, < »«-««I«* aud im,raetUal la ihe 

t]><t i: 2ü- hv ^n „   . «rtchuil raine haro found 

« 1-« ar,  drill   i  3 ' *'aU,!rn ** used in o^en faces. 
t0 4 ft"ot bt'iw tho á>it floor.    A TNT 
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slurry is uscii f^r blastin; in wet hole», nnà rxraoniuK 

nitrate end fuel oil is used in dry holes.     ;'.lthout;h 

blastin, efficiency has been increa.se'1 almost unbelievably 

since the start of operations, the engineers at both mine« 

are still exj@rii.ientin; and striving for better 

fraatHmtr.tion. 

dt      Quality Control 

Quality control in raining tneonite begins r.t the mine, the sono 

m in rainin¿ the enriched ore».      The first control is exercise«! 

taroujh the results of the exploration drilling in which the analyses 

cf dineral characteristics and structure of each rrea ere or.rofully 

noted.      This information supplemented with that obtained from the 

mining face,  is used te plan oiJeratiens so that a feed ©f uniform 

grade, Binomio^,  and hardness will be delivered to the crusher. 

JLt the Erio raine, o, Ramsey e oil Measures the Magnetic iron content 

of each train load of ore after it has passed through the primary 

crusher.     L lar;e reristior from the expected ¿rade is investigated 

immediately» and the usinin*; operation is adjusted accordingly, 

trading the crude ore to obtain ft uniform plant feed facilitates 

beneficiati®» tuia results in n better fuality product. 

i.     Benefieiation (10, 17, 19, 35) 

Concentration QÎ üa^netie taconite is f. siiapls thing 

theoretically,  but a complex process practically,      the or« 

posses through a coarse crus hin, plwit, fine crushine, plant» 

ball-and-rod fine ?irindin¿ îaills, magnetic cobbers, magnetic 

rougher separators, angnetie cleaners, end aa^netic 

finishers.     kt Hoyt «afees, the concentrate is further 

upgraded in a thickener equipped with water siphons to 

remove the finished product, which reduces the silica 

content cf the concentróte by 0,7 percent.     Erie 

concentrate averages approximately 65 percent iron and 7.8 

percent silica,      reserve c»ncentrate averages approximately 

64$  percent iran an' 9.2 percent  silica. 
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*>\ fu. xJ.'/.  Ij.r.vis works, 

• i-:'- ' ..'ìUaiit   "n'   r.nwur.cite 

'*•" •  '•' "  :' llili      ""-i»  •'•n.; t:-.c-n in'.urr.ted 

-1'   ;;    •'"•''f   •• riz.r.V'i   vr-Vüliin., .;rr,te 

.-i   t.u   :. yt   u-.yn   .i-uri.    -..lie  conccntfr-t© 

•f.i'...i;-.-,  /!•:..     in r  !.-.llin,.   '.run,   another 

*:•.•.!••. iurirc.      (¿4)      ;..o finished product 
i«  r,Ui-,   ¿  ;    3/* inc-.  ¿,.   .irI-ttor>  ccnt,iIla  63 to 65 

i^i-ccnt iron, rur  is unif ¿„.-.ciUy hr.vì r.nd durable. 

(:•-).   ï.»Ui:^. Ji.^.r.l.       „      T,ilin;g   froB  thc Eïi7>  Dfivi8 

;-l«nt il,- in lam.-or, t, ne„rby Lk{J Su¿?orlor into 

* lir , a-tur:l tr.û ï th.t i. l,u)C feet deep. 

Wün,« fr.1:.. tho li yt v±os   .lrjlt ^  puuj>0¿ 4n ft 

•lurry,  33 t • .*. ,(;rcont ,.,Ui,if  tfl ^ ..^^ 

,, . lllll-i'    re - vl»ica eventually will be 

.„.      4  *? ly
t
¿i :Í1;S Í:1 SÍZ<! :^n[ 8ev^l ^dred feet hi;h. 

-ns-.rtr-.tion ÍJ3,   >,  rí,  ¿0) 

-w.- rUir,-*   .,..ri, e-nstruct,,: to serve both Wbi 

''.."'*      .    ""' t:iU ',riurjy ""^ ^t ,t Babbitt te «to 
*••   •    ¿/"-VIS    -„-.-.f:;«    - +    <í-l..     .   -, 

H5__c,       . tS-hc^^triM0£upt3U0, 

+    .,„. ,   ' v   Jro' ÍUXcr f^"8t boin¿ «rushed 

•••- '*-us.      .tt is uni.ir-iV  -+ <i-i 
err   '*•    r       -   • aVOr By with - *<»*ft*r *•"*•*  ^r.       fruí TI 

fre- *•.     •.,... -<-11^*    ro tr^erto*: 72 rdlos 
 L  " >J iJ':'-a >l--nt  L-y 1-. c,      8« + 

ir.ina *k  ••-•-     •    .       , ' n c"pfvcity ore 

;.r> .. "•   '   fMH»Uo» nt Tuoniti 

•••     •-ilC.     11   ...a   ¿j    +      ,        i 

ti'ic tr-i" ^  ,•    r     . *   *    ""' 'Ui':e''   "ut^-tic^Hy while 
"• •-•• »-i-^. 

Shi >   '  *»'.- -1    .-•    • •. . i      -c_n    i-caUifs  .t 

lui ta    f   ^   -,    , Ut" rtTbor ^"^o R tota 
•w Silver fl-y,   2>5CÜ fe#t#      M S.li^ ^    -,v.   j 
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«crbor,   the   luck centén»  25 pellet storr _,o  bina,  48 fact 

on conter,  each of which is service' by r   conveyor 42 

indios rido with a shuttli,  len th of 91 f0et raj.: a 

Bir.xir.nan roach beyond tho dock base „f ^ foot.       tor.sutíoh 

RS sM4; hntehüß are 24 feet on center, the ahi,? has to 

tirite only cue UOVO et the Taeonite Harbor dock to bo 

oorxïletoiy loaded.      The dock lira r. tHal st.irr.;;o capacity 

of 11C,COG -ions. 

ï'ho Silver Bay dock ha» five 6,C0C tons c-vvieity storaje 

bin«,  served by two 60-inch bolt conveyors oquiy;:oi" with 

retractable shuttle» and boon which reach r. unxinwu of 4C 

feet fron the doek od¿0.      The conveyors novo parallel to 

the  look face r.na CCJI ¿rev pellets from any of tho  5 

sterbe bins.      There is r, paved area behind the dock -,dth 

storce canity of l,7C'w,OCC tons of jellets.      The area 

Is served by r. 405-f sot travelling ero bridge equino.1, with 

e 212-fcot cantilever section to oevor a total  of 667 feet. 
f«      facilities 

it     Fuel 

Coal is delivered to ïaconit© H-rbor and Silver Bay over 

the arer.t iVkos system.      I    is stored c.t dock side  and 

usod in adjacent ¿over plants or transported to the uines 

as needed, 

ii.     ¡rower 

Power for the tac caute operations is provided by coal fired 

stean driven turbines,      ïh© ;lant at Tac ni te ¡I rb^r, 

which supplies  v-vfor tr  tho  entire 7i,?io o.;craticn has  a 

capacity of 15ü,C,i, kilcwr-tts.      T ,o plant at Silver By 

which supplies ¿iûv/er t^ the  entire ¿eserve operation had n. 

capacity  of 4C,0CC kilowatts with an availability of 

55,COG kilovraitj, which currently is bein    ox-^ndol  t., 

próvido   r   t.:.t-.l capacity >f  120,CÜU kilowatt.       Both 

distribution systcus  aro  tied + 3 tho transmission linos of 

tho inde-, end ont, ;;rivatoly  ovncd ¿,-wor cor.uany aervin.; tho 
arca. I 
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t^  --vi- .I.;ú  Wh,,     .   lat.  thü  .,.   f   u„ontlrílly  fill 

•r-Ur us,' -í t:-., jlr.ni.  is r^i-i,^., 

iiii.       ijuaiuíj 

-"u^- e-cjlady n..v t.nms v,rr :,uiH in virjin territory 

U. .urv^fcu, lenite v^-i-iun the to«i ,f ünyt ¿ritos 
* *''  tili.' üriu Cw.i "IV    i ' n-*       >    i »... 

.  «O  •••>'•»    *v. W tovn  i.f Silver B.ny it the 

'•'<•">  •*- -.      ..11  fcireo e auuiiti©» were ¿dr-nnod 

.•r.\*..; ni .t_r X.íT.:í ,-.vor.,c »iRndr.ru« 

.f  livin,.       -.•U,-.i«.c.U^;;ie1,.;:„.,.rc:ci,|íntÍ6l 

c^cir.l,  ,;uc,u,t,lf  rcli..i,us,   «.-  rocre,iion,l 

»     n. -«.a».,«., s^oci-l  fineoeini tc> 
+ onc;:ur". fí <>r.'Iv vi-o     «• • . 

 '"'*"   ••a-"'^w:a,.      The t..-«. ,re ..if- 
^•"Vcrnui... vi'.hin u-  fríV..,,r „, 

.t 
ri -*---t if ooun-ly,   Btr.te,  "fld 

'**      i,l° c->v-nib3 «L-.VO rliveetec' 
Ai  ouv   b.u> essenti" 1  i>ein + {n.        T.     V 

turni,.  ro"  at" •- «» -u.U. initio. 
turne ovor i) •;,;..u i c.o -.,..,.._.  - ,. 

IV. BISCUSSIOií ' '"v^nin- -'^. 

J", iron ero uin|n - m  t- 

^•'"'^   •"*'•* rehuir...     r,-t  3'.ín   . 
services   jf la  slv ....      ,      t ,e»©ntf    the 
... '   ^       V'^¡U '-^in.,, uct-Mlur.;icM. civil ;.oca"nxc"i,   "n'  . i,.n-••-«•     . *-^*^--x,  civil, 

*>    -n-  >-ioci.'ic.",l   e«  incera    »n •   ¡ 
i' áun'j-r ,    f ,.oi- "'      ' *'jn.-J-tera investiaont 

-*.       -   is   r.lsc   -  hi0i»ly 
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competitivo business in which minia,, eterni in 'MX ^rt.  of 

the world «.jifca^rt.      Befor« ewbrrkin- on such nn enterprise, 

iron ore resource,  c^iw ^ o; onvtinj costs, \nd mikvU 

should bo investigated carefully r,tó ecn?lotoly. 

15. Tho iw tncortt«  opération, -.lowribcd hnve require- lû^-t«» 

investment of more thin ai billion.      Such ;1 o vol o omenta on tho 

Uir.bi r-jye would !.. vo been out cf tho question without ..cccss 

to lowest cr.oit'M,  reserves -.ssurinj -  Ion.  Ufo, content 

personnel t. ¿rovi.'o lo- evervtiaj cost,  w»ti ^roxirdty of .-. 

l-.r,¡o *n-'. expnnlin., u-rlut in r. resilient oe.noi.v. 

16. Sx^riune«    on the *,osr:;i rr.njo show» tV.t tine is tho primary 

requisite for iron r.rû ex:;l,if.ticn en r. 1-r ,e sc;.l3| after 

resources ana Market« hr.ve boon investigatoci anù foua(i to be 

suitable. .   T.W.i» require! to vs.? -n.; ilr41 iho operation,  tr 

construct the noceser.ry ¿lr,nt «ui.! luxilirry facilities, -uJ  to 

operate m.1 mortize «y substrntiil investuent.      It folios 

thr.t l-„r:)0-scr,le   level cvment sf r.n iron deposit should be 

undertr^en only in * »tr.ble environnent,   one in wich there  is 

a lr.r.,o   l«„reo  it c nfif.enca thrt neither nonetr.ry nor yolitiorM 

eondi tiena Tili ehm ..e Isufficiently t .-> mriio tho aeration 

«•¡profitable within the noces.^ry .lcn^eriou of ex^litrticn. 

IT.    TíMí lnr.:cae-,le irán uinin» o;)err.tions of the i/.esr.bi rr^c fren 

the very be0inaiaj t.- the present have hrvL tho follovinj 

.     oieuents in o-.usan ta.t undoubtedly account fer uuch of their 

»twees»!      (i)      Tilo nines wero.er.rofully plr-nncJI,  (2) tho ylnne 

wro flexible rjad eh-n^l r,s new équipent rjil me tho.! •  Wlcpe*, 

(3)  a pMßiwa-^rr.'.o- tfW.rJ ¿roc'uoed to rceet tho nonrjtó» of  the 

öftrkot, -nd (4)  bettor-thnn-rvertt-c houcin.; oitó fecilitios were 

movido,! for et^luyoes.      it ig r.Uc noteworthy that the State 

.. .. .. ö-wnwa^i tr* policy *?*• eh<*nt;ed, contributif to tho success 

of the trvconite   jper-.tions when it *?* ¿roved thr.t the tncnite 

eould not be nine»! ¿rofitr.bly unter existing ^cliey. 

li 
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