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•   A« basis of the realisation of iron or« projects the existence of a wirket for 

the product»  ia required.    This market «ay be worldwide for certain iron ores,    Recent 

development of ore sources and netallurgy »haw that only ore« nr conci titrate» of hi^h 

chemical and physical qualities have e chance to be gold on  the world market« 

Calculation« of pig iron coats indieaie that the coat advani've of hifch quality 

blast furnace feed generally cannot bo balanced by lower prices    { low quality »reti« 

Ore exploration is described exposing the» cliff «rent phi sos of field work 

concerning surface reconnaissance and underground ampline, Material testing and 

technical planning.    The necessity of cost estimations of the proposer! plants and 

operations accompanying each phase of research is eraphasised« 

deaerai viewpoints for the financing and the realisation of iron ore projects 

are discussed« 

The role of technical consultants is ;>ointe<! out, especially in connexion with 

the organisation of governmental ent irprises in iion ore,    Independent technical 

and econeaieal control should be guaranteed also in any ease. 
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1»    Ë&&..*i.a ^ the real; ,w ti on cf Iron ...   «,oel Moia<tt, „„  ^^ 
la     Market  C-n,U Liona 

"' lnt-««»-«os.    ote-til consumption figures ner h«^ ^-   ..,-t *   w    * 
- «... i^w.n,,,,,, ,f,. ,ouniry- -     ""h^ "r- *>•-« *•"•»««. 

.»m^ilÎT'h i'th" 'C=M7U'" in iran •* •*»» - «» *p«w ¿iff.,«,... 
c *   r o<",ntri"jf dif,orent m° 4mi^-* •**» ». —. 
n, ^     . *«HWi*íUx«*tiíai i» indicated. 
The question hov to ncy f*r such r* i— • 

•*« * *-«-auwces ana uf the own »fodtietisB nt i*nn *»* 
«ieel are reproached.    There exiii+ »«w*« i , proeMWon of im |tf 
» „ *«««"© exisu several economie recuiretaant« t,«« . ..   , 
fHlfiUcJ fasore such c ^l^ct M„>. ,. •P*»«»«.ts however that amt b« wu e ?rjJûct etm be realise--« 

3ound eeohoraie development deraecls âU^iv -f w,,,..^   , 
„«„ . w'Pv -a »ncuptritl producta et m>4*a. „Lì.I. 
«w «up«!» with those of .ther c,untrit-     'i-ßrflf„     „ P *** 
*«MNmtr«t^ ,n il e -».M -Urtfcr. eli em.ideratiaa .houle be 

A BiBT.tet survey investi-«tW ,,   ,   , pr^uee, j  *«Ym-gating es well inlrn' e-*-»«!«*-»*.« -*- 
i* nervio,  as bvsU t >* th    «        4. •-«•«n^tiwli 8« export possibilities 

, basi«, für the- capacity ùetumiftatior. £ad f,r the <V ,,«<« « 
• *"tto. .,.t liant.,    ft. gr#at vcrlety of irDû -^the -^^tio, o, m. 
a« rr» mp+ ,«i   t  n *n t/raae a»d ty^© »till a*nr<in» »» rf.w matériel for irvii pur1 «+^uf „•, ^    ^^ •**** »erving 

aiportotfn of irna .,,. ,„ th,rt,,,:rc • 

Th« iron   ,r.   ^ieou rualiaod in dovel-i^- -     * , 
-a c^eßci„; u fÄtupc    re ,iricoi "/ ;^ —**" ^ine the pa.t ^^ 
productif .,,t- in- ,.„» caât ^inin<    ,; M\aort8- t ^ «ferito, thi, treitó,   ««p 

P-rtetion «,.*, t, R -ultftbli, harbottr§u; ^^^ * "^ÌOn ^ 1« *«. 

eon.tóquence conir^   ¿ llltlustricl „c+iviu '"  " beflfÄe ür ep« bee»l^ ta 

«tí Brasil,   „f ;:nun.tr.nic,    a, rr^  Le ne J",'-. '^ ^^  °* ^^ Ve0e2^^ ?#« 
U,,n, ana Liberie may be cited. 
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Medina sized projects fin! their placo there, where insui'ficient >r. quality >r 

tonnage reserves or high oroduetion costa uro prohibitive far nuetio», the world «arrets 

competition, They are destinateci ta serve a local mur:*et a' costs -.»ich are ni 

significantly different frota those of imported producto. In Lho case , Í les» 

populated countries this market can and should possibly emprise ueif,'hbeurin*.; c »unirles. 

Clost co-operation of areas with siiail&r économie condition» i« the oUnniur, sud 

realisation of such projet« is by far more far.urnble than national pre j«et« without 

sufficient market background, 

lb  iltelftl liti» 
It Aft» been pointed out that only high grud« iron ore* or eo»e«utr«te» of «O;« r 

»ore have A chance today to supply a wider mtjft«t« Therefore an or» öf this quality 

is preferably required before starting »ay irou and  etuel project, »hi* »tatenenl, 

however, is not in accordance with the actual practice in exiting plants. In France» 

Britain» Tíest Germany» in Ifciasia and in many other countries plants aro usii^ 1 ** 

grade ores of l&f  iron, which may be upgraded by beneficiati on wtd thermal tr »a taunt 

to 4Qfi Pe. Secent investigations based on calculations of coke consumption and cost 

figures» however, have preved that the transformation of suet ores into pig iron in 

the blast furnace proceda is too costly to be balanced by co»t advantages of the ore 

itself. Some exenples for production coats are citen! in table 1, awarding the 

difference in production costs tor pit iron between the ,.re of &%  Ft- and that of 

Gt$ fe it is evident that per ton of pig iron  IB must be saved by cheaper ore to 

produce pig iron from both ares at the ame  costs. 

This means however a necessary coat advantage S  toe 1 •« krade >re which 

apparently cannot be achieved as l>ng as the high #irade ore is sold for  12-14 p«r to». 

therefore utmost care nust be taken not to start pr ject,- on ore that for all future 

prohibits an economic activity. 

Hie kinds of ore to be tallen into consideration are such whicu are enriched by 

natural processes already as it is the CB.HH in many ¿frican nue*. -ì>uth Aaerican 

deposits, derived from quarta banded ir^n ores and occurring within »«ch horizon« er 

deposits believed to be ~f raagmatic origin as in Northern »reden, or »vtjr  th« Pacific 

coast of 3outh and Middle ¿serica. Tuile the worl* reserves f th« first f;roup, known 

«o far can be estinated in the order of 25 billi.A.  tns in all continents, th< s« of 

the second type reach scarcely 3 billion tons. 
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i ¿¿O   .sil*;-'lu   Ct-T'iit«;     -'•    J-" 

ai'', more,   rhil»    ;: ,-       TS-^       -   ,- ••»H-U^n tons 

exeecrür*  10 nilU .n U^-'f    re. "^ ^ " "^    "^  ^ ^^   löilS°a' ^r®1* 

i ."iore;   ex i »s V.*-ï  ? * v,w* r  <-    -*v -i * -   ~   » „   s 

f *...,„ ,.,..   • """    "    "Uí-'i-1«'«-'»  C3ni6iuin¿.- billions   ;f billi-n. 
J   t-ns wi-cü iron content?   >•" 25 J"   W      - w*"i a» 

«ra«« .   • ' v"        '   Ci:at ean bfe' «wiche*", by beneficiati• «-« Cosses  and   is   >r .vi^jjvv  P   .-r-^*«. . »•»e«ci.tlwj pro« 
ferjVlnfe :>orcepiaí¿e of  the -resent or« cTawmti-n 

•tacWi.e* by M,«- C     ic^í •" *" &'   3««-^ief  -„tern ,fricB,  are 

^ . „..„et. * ; : ; ; rand artor ^i^•> -• *, th0 ' '   by ltollw.t  physical -roneptioü. 
inn < r.,  th0rof:)rft that ia ße(mm^ with      ; * 

% el ^pbcr^Piciati.n.r cosse, h,. f ,    , ' »-»ch «nn bo «oritlwí 

' ' ' — , „r Irjn ,,, <tMl ,r _ —    - - -«-«.. «-, b..i 

^;OÙUCÌÌTt  ,:f  prm»i.rj.r. ,.,  „•„ 

¿ ^.r:».t  rnníy.i, tn'rirv.   inL, c ...i.-', rrti »  -     i       , 
t:..- ^SüMüíí,,, i     .„n    „      .  '" Cil1 re^lii-er.lents ,f iron cr 

by .•xr.-.Ttn,    r.M.'jn' •>    ¡M. ,• '   "   '"'       '"  "" 0Uy fjrt,1t'n   r'-' nu»t be carried out 

^ •---.,  iní'^i.,'"r:.. "..' """ ü°°::,i0 Vi•-"iatí ^ «- -irti-. 

-"unti,.,   :r,:,,, r,r;i ,  p>p.:.. ..w    ;;    lt "0i* *en111« ^^ « «"«try!. „oacnil< 

j   o. ..  .),   c.:.i .lftc.I vit'-i-i   '   ^   i» 
•furtr.r (í..c-:,:   ,.. , v ;    ^ , ^M   _lt"1-1;   ^  3 ^t!:S.    It rrm, ^ be-ia ^ 

l,r»' >:ñ.í'  v.- ..i   tl j,  . 1v„   ... 

-rt,in ,nr1.,  n ^'„y ^^     " •*' ^  "' vt  otitic,-«- clitic» ,t ,re of ^^ 

'n  — —,     r, K, ^.^ ..,;;;. V"   ^    ** X' ^  '*••  ^-- in ^o.t 
M-  v.luac    f  .r..  b,:lM>   BurTirltiii...  ;";;1  ': "-1   t:^  "n^  ramena  „i.t tts io 

-  trauert  U,  hWirf   tta Polue.iwc;;..,"   "   in'^nSe "»«^ are Bbuûduatê    ^ 

*».«P«  nB.     T-   ,rivr ;, uc.   ftr(e'.n   ^   i
,lcn711^ -'^oHtUs  to che*^ ^^ 

ject,   t!u-  .x^rnti-n , r, ,,,1(,  :„or*/V' ^^   th0 e<5°n^ic íee.ibiUxy of e pro- 

oculati,«*,  beca dm. u.. a tbp „ a" r   L " "°U::"ly b° ecc^i^ by bonomie 
bility tj  3í../r   .,r                     _ ;;   ' *oc»-u- »afraneü^n,  5ad ?r.vi¿i 

J ••-lundi" • usel^.-- -,.,„           ..,                                           J-ssi- 
«V -c«l,.                                                                         " - -^ -    •-•-» is  true f„ Prcjtct8  in 
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2a     Or&aniaation uî exploratory activities 

Complet© exploration work includes thus a* well technical r.s economical research. 

Xne technical part can be groupe«! into - 

investigati an of the oref 

techiiiccl planning of raining aiu* bensf iciaiioi*! 

cost eatitaatian of ai nine **& be-nef iciation. 

First, attention is direeted upon the deposit itself «ml its- reconnaissance. 

Ìbis worts of geological research normally •torta from the iurff.ee and proceed* into 

the depth. 
Por a mediuB-aiied operation, aimed to prove reserves of ore  jr concentres in 

the order of 10 to 2$ million ton», to supply a audit»» siïed steel plant, producing 

200,000 to 500,000 t of steel the first iiivistifcations emprise geological napping» 

baaed on topographical information,  «aopling and eventually ge physical groundwork. 

Â basic topographical infornati;« is required. 

If, for this information new maps have t > be established,  this nay be done 

preferably fren aerial photographs,    *he aerial surrey of the outcrop area« can be 

combined with a geophysical survey which in the ease of iron    re nay be restricted to 

aeromagnetica.   Geophysical metb da nay indicate covered are bodies.    3uea pre- 

liainary iafoimation has to be eonf irned, however, by ground inveì tipa fcions, 

tb» planning staff of thia first phase should include engineers JT geologists 

who ara well acquainted with prospecting, geological mapping,  surface sampling, 

organi«*tion of geological field work, setting up of camps,  organisation  ¡f prospecting 

teams, etc.    Pield laboratories for «hsaieal or preparation tests are normally net 

required, due to the fact that reliable laboratories can be reached in ra« at eases 

within a reasonable tine.   The great importance of the exactness of an&lysea, on whieh 

all further calculations are be ¿ed, oust be stressed in this connexion« 

The administration requires personnel, acquainted with provisional storage    t 

supply and material, with transportation facilities, etc. 

1 Liany governmental and private teams have during the last decades carried uut 

I such field work in all parts of the world.   For many of the different branches of the 

| activities specialised firms and institutions are available.    This applies f«^r air- 
! borne surveys, for beneficiation test and for chemical analyses,  for g« 1 gical 

mapping and for raineralogical examinations.    Ther« are, however, from the very begin- 

ning personalities needed who understand ell these activities f.ni are able t- 
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e -'.ráinr.ía and to ¿irtct then,    fjuch general consultants v/h:, arc L<3 well fanili&r 

with tho tocvn-micf.l r.3 wit!-  the technical aspects    f an undertaking can bo found in 

cauiultin,   i-iij'inf£>riiv r rvrcjiif'3. 

2b      Ix-.l .riti ¿i t:ctivitius 
•     • • '        •' "'•• • • 

¿l>  (i)     <   ..-.'meticci   inf.jmr.ti -r. 

'.   -. < ;n.)!iic(.l 'iri,ja rji   tl.o ftmdixieni,  jf ail  ¡;;o >1 rical riiv! Keophyaical work. 

'i-mully tv<> 'U^Ia   f .-ir.ns nrf required.    Ont> is enncerr.inp r. wider area,  in 

which iiro.tp.ctin.« is cf.rrii•!    ut,     ai-pundiiig u-p.n the ty.>o -)f deposit.?,  this oan be 

any  surface bctv.M-n 50 r.:..: 1,00C kn*\    Inrr-e serde nena    f  ì  t  10,000 t 

Ì  I  25,000 can {»•- -.btr.irf.:  crsily fr^.i cerini ph ;t.)(;raphs vith a high grr-So af 

cxnetnoH».    «c-->l-,.;icai clolni 1 *na-piií¿;    f err depjai-La requires typographical maps 

1  t  1,000 tit  2,000.    Vhoy can r.lj-, be repr; Sliced fruí norial photograph«.    Often the 

ph t'.r^îi t!:.ï-::«.-iTi-.s  K..rv n* ehi ri,*   -n. vhich  Ilio ..lappin,• is dene.    3u«L jr> 

ctdurc- dmoii,^ II.WVIT In + .-r t„?J,;mplueal e-rroeti.-ns n^  eau be considere1 us 

in-.roviaati .».    nly.    T!.r r-ll win;, picture 9V>v tho uorirl  oh. í graphs and e 

cntour uap   f   tin   aw. c- n.roa,  vivid: v.r, produce :  in «cale 1  i  1.000 and »erveel as 

baso  for /;p.l:./:iei:l nr.ppiiv,   i. . »h .w.¡ in  the lc.it   ùcture   (picture lr.,   lb). 

¿orini ph t.;rR;iht. a nstituto the quickest and :.r at nsdem way ti procure 

toiKrrn.>hicr.l maps,    .i.m-linea, lvvov,r,   it :.r.y  ..ay t, uso  -round nettila for thia 

purpo....    Y   w,r't with c!.ni., «id e.-n *«. R* it via clvne in early pr.apectiona throuÉh- 

out tuo w,ri: i. ,,.t t- reeorneiu'.  in n ,t er.»*, -f Iren ore proapection due to the 

possible n.'u notte pr porti I>P    f   ¡,],e    vt 

Tho ^lone-table l.,,<vor constitutes r morn . f top, graphical napping, by which a» 

aren ,f „b. «t 20 :«,*• C<U1 >. e .Tcr,.,,  !ier ,.,I!th fcy R ^ C)nsi„Ullg of one.,urT<jyor 

and two helpora. « 

if the ntpping seolt^iat is errrylnr -,«t thia %otk himself,  the ©«obiaatio» of 

topography and geology ia aiir.-lifyir.j tho teak. 

For boater area, »..»ally ,n airborne survey i, Huch cheap« than toiK>gnj«if»l 
ground surveys, 

2b  <**>    Coal^ic»! rocjuaaisscneo,   ,.t. ^V8jMi   -,r:^>eetinf 

,    -Une, aurface * ,* i. ,.,rruül;,-  cheaper ti ,, unbound expiration it .hauld 

b. extend e. far nS faible.    .*rfeei. cUü,. h.^cr ^.tly .iff« aceording 
to cliCT&tic  c.;n--Iiti.jna, 
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3om. picture, may illustrate this variety. Th:> thin and «caree cover of soil 

and plants over iron or« outcrop, in sub-arctic climate In Canada (picture 2), in 

mountainous area* in Norway (picture 3) as ««11 as in the waterless Salt Range 

Mountain, in Pakistan (picture 4) result in a great number of ore and rock exposures 

«hieb enable a great deal of mapping without trenching or pitting. 

The contrary applie. for area, with rieh vegetation «here normally prevail 

weathering and more or le., deep riohing lateration of ti e outcropping rocks. Weture. 

fro« the Ea.tern part of the Congo Republic (picture 5) and fro« Mailand (picture 6) 

.how .uch condition.. ¿» .upport of surface finding, geophysics and geochemistry «ay 

be applied. 9M .i»pl«t «¿.opfcy.ical method, u.ed to outline iron ore depo.its are 

rn.gn.tic measurement.. Applied on magnetite depo.it. a. airborne methods they can 

indicate areas, on which further ground work should be concentrated. By application 

of ground m.tnod. the border, of outcropping but not exposed ore bodies may be located 

under a cover of overburden. 

The first geological reconnaissance U a ta.k of great important for a project. 

It recare, much mar. experience to Judge the po..ibiiities of an ore pmepect without 

mutò .«nloration work undertaken thin to pur.ue a very complete exploration programme, 

ansv.rinc all «u..tion. by inve.tigation.. Such a programme is certainly a necessary 

phes. of a project. The first reconnaissance work, however, will prepare the necessary 

dcei.ion if detailed inve.tigation. .hould be undertaken or not. Of great help in the 

f i„t r.conn»i..an«. phaae is the po..ibility to cla.sify a deposit after genetic view- 

point.. Snowing if an or. outcrop belong, to an itabiritic ore, to a magmatic deposit 

o« to an oolotic ore i. «o.t important for the concisions concerning .urface 

»Iteration, cnaracteri.tic. of unweathered ore, po.sibilities of continuation of the 

outcrop a.s.o. 

' To .upport geclogical reconn*i..anee a. well as mapping, surface digging ha. 

often to be undertaken to expose unweathered surfaces of ore and bedrock. 

Tni. i. normally realised by digging troche, or pits. Though modem machinery 

i. available for ,uch work, it is normally carried out without such investeent, » 

using local labour. 
In covered area, a network of opening* guarantees the best way of preparing a 

geological map. 
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«. ., U, 0, rotìt te u MMt>d^ - » « *i* «„ hol„ of „ . ^ 
m.rgnml „rUnUoB 

*»• •»>.. „e *. B0.t app)1 d"H« ""!'  «--Uta, »ä .lak4ng „ rttft,< 

••»«tela* .«p«,!,., "   ""*'» •"•» «. milaU. .. »„„, fr- 

'» *».».*.«„„ t..t„ tt. £*•""* °fl• — «fri.» i. «J^TL 

Z ÏTJT** ••*» *-*-• «ou* Jm ?,,Md •"»""•M* i. 

-—. ». ott„ uui JL"^' ;"•*"< «** « «*««.. « „^ 
«-UtaJ,. „wi, „„Tu 1 '= t 'tMt4'*' - -*•  

Por timt, ,lnki 

•»Wriaj hoMU 
M » P'toiti». ne„, 

* "" -»>«•«« PhM. o, . ^^ hlgh »»•<-«t. „a „. ^ 
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2b (iv) Material testing 

First requirement for testing th. ^ tf u or o a pec civ c deposit is n vory cr.rcrul 

sampling. Target of ell juapling is the collection f representativo materir.1 that 

can serve for analyses and tests.  If sufficient surface exposures aro exit) Une a 

«sapling pattern nay be spread over the (io?, «it, Samples, taken by trenching rr.- very 

useful. Applied ou layered deposita, such trenching ought to L>e carried out 

perpendicularly to the bowling, worfc which requires careful examination f tin 

deposit's structure, la ease of structureless ore uassos r network of sampling soots 

should allow a statistic evaluation. 

Surface alteration of ir; n oro deposits nay concern oxydation of oa^neiite and 

alteration into hematite, oxydation and solution ~>£  sulfides, linonitination <>f 

gangue rainerais, of iron carbonate., solution of gangue minerals. .'.11 tho^e processes 

are changing the chemical and partly the physical properties «f the or<, 

There even exist iron ores, derived from the v/oatherinj; of rock** in laieritie 

deposits. In all these eases the statement of the characteristics -f the unaltered 

material and of the borderlines between ore and roctc are of utmost importare».-. There- 

fore samples of fresh nre from unaltered parts ciust bo tali on. This may be done by 

drilling or by tunellin£. In both cto.os it should be tiO-d to eliminate arc Mental 

factors in applying a statistic pattern -f  san pi in,: spot's, that is of driJ1 h.Jes or 

of tunnels, ïïhon the general characteristics of r. dnposit are town, lar-er sini;l<> 

samples can be taken fron one spot, as they are ncede'-.fjr heneficiation L«;3ts. It 

should, however, in all cases be knovn, fr which .¡art <f »• deposit such wiiles cru 

representative, 

/* picture illustrates a scrupling ¡shaft in Patagonia and its punition ir- the 

deposit« Its aia was to reach unweathcre«. ore (pi »sture 10). 

In testing the material the following queatioiii, r.r. ¡O, be answeren; 

chemical compositions of the ore by chemical .••,.-• iyoeo 
physical properties of the re as density, fr.l:.i>ility an-' so ,n 
by density testa, aereen analyses a.s.o,, 'ypo •!' ;-re, .-its.iu.« 
of weathering, oro and ganguo minerals, indications f ,r  bone- 
ficiation by microscopic analyses, benof ícudioii pr- ; i-rties by 
beneficiati on tests, other Toiallurf, ical characteristic.»-.- cu 
agglomeration, reducibility r .s.o. 

Specialised laboratories aro existing f ,r all th'.-se tod to. V  v  a 1 3ti:i\ schedule 

and the exxent of a toatr.  application a centrul pliuxino, is advisable. 



STEEL ¿EI?. 1963/ 
Ti-cl;:.ier.l  ?r:,i-r/:.,2 
p:ìi;e  10 

2c      Xfcchnicaì \>lt~it.ii:u. 

Baser1  -y..   the  iaf ,ni ti  a,   ruc^ivr1 by  t" e  ex 1  rr/ìi  r.  ;f  r. deposit and by the 

rcaults  :.i m.tcrir.l  tisti..ta  th.   tcchi-iccl nlc.nr.in,-   e -raises: 

«•-jce^es   i~  bu a;rlii? dj 

¡•ir.-cMru.-:,   t    be  u«.j!f 

;iài-r»t H erti-n n.'  auxiliary faciiitivsf 

nou.4.*. ' lr.b ur t    hi, ervL>l yedf 

tiwia,,, 

in   n.n}   cf.stii  .-¡iv^r-I   ..ci:.le-.'   •    i.sililiii*     hevo V   be tc'.ioii  int > consideration, 

C-st calcule ti >r:¡< vili   \ ci :»     ?    i! ..• •: .it  >;c.->¡.- lie solution, 

!»•.-'*.T¡: ir i:   -r»     .-vi 1    in.;, i e      ri.,*.;! :u • r.!y exclusively   nan ce s '* mining;•     The 

.ri-nnons cr<.  ..vi, uni,   1 «.  o--oi&»     '   nine r   t n M'    re i.. r. ;;o-<1 orgraiized nino coats 

r.b-ut   ' O.VC.'i .r.-c* rs.ti ^   c.-.'it. . 'n  :>... f .r ht:,    un ' «¡rjroun * mining i» 

R1W(.,Vì4 :i, T.   *x>« .«ivt,     ,*•.   c>Kts 1' vv..r tJv' hi,,-ly depenlent uyon lucal canditici«. 

Lui» ui- c «t» c- ...«îittiti   in .i.'.riy e-mitri*«« \h.   hit hv, •".   >art of  the t. tal coats. 

rhere,  h.wov*.r,  .'   r   .»;<     iiTir*:ic4.; rr.- exiatir., ,    Plnnniiif; «toy take  int.) account a 

hi,;her   vL.rc. nie,       .   '»iv.i    1, 1   uv v: ich ritiri.:  1. .¡.-¡  inv^sir-iciil  in nu.chini.ry, if vc¿«s 

ur¿ tv.i  1 >w ü«  in :üjr»- .'tr.cr... : :>. ' :.aii.:v cur.trii.-s,     j-till  t..dr.y niners nay receive in 

th..M(.  .-in.is n   ; n-rv  V.i.>*.      0,?  :>..r   'f.y vhil,   L- :.,->yt:.,r:   :. »Tic VU;;M are up to 

; 20 .',.f   '».y.    Oh    \nv.i i       n.v     ¿r.:.h-,   ¿v:..--:.£hl    vr.^r.i sh.ul..' however b: anticipated, 

i  r   ìurl. i'uíiir., c,»* \ .-     ',   in.-jji.ry v i ' I   '   .¡j.        ..uffioie^l .ter. '.u 1    "  living for 

t't.-ob    y *• i.»l'iytl'   tîur.. 

Tn un.lor.;rMiP.i     -..rr'.i r..* tî • ,.ff iciency   tf  . n,> non ::u.y vuy between 6 and 20 

t/doy in  tochi:icftlî\   ::-.V.  „qui y .„.'. ;.,iiu.*f   Wr.1^,: u;,a the ueth.Is  eprliod on*1, on 

th« p.;s«ibintic3 .iifvro: hy il,   ,,», &it.    Tn ,^,- c..Bu hjWt.Vl,r uL.:'orÈ-rctti.: ainlac 

e^ati at lor^t 2 tn  3 ti«,>a n r,, than   -pen cr.st rùnini:,  in «cay cases 4 to 5 tiaea 

more, 

Buntificiaticœ   ïf  ir. n   ¡Tv % >Jrv i«  lini*iV  +-  tw M„4*--'.    ^*    ««*  i       J. ^» v-.v   J—  i«..i.-cv.  »    t*., mot;..--.s,  if tìnnehnent fron low 

(trade ,>re   t;.< Li,;h erti\- c ;-ccnLrrif-,.  is  ciis^U-ri-,"..     "•««-- -.-,^--. 

benoficir.tion with  l:»v iii-.o^ilv f• r ~(?i:oti ic  .«res cjì.l v; 

"•esj MOwV-as  ere ^e,;netie 

ith Li;;h intensity fsr e er te in 
herar.tito   Ti s  und ,.rnviív   c ncor.ir." + i ••-.  r r- • n ' *-•;•'•    - -».„•'».     « -•» '"n-  J v  A1"" •>.^rr.J.s>  ior coarse ¿reined ores 

M-n •... L, u.titie.    la cnsc   :- b*:icfieiation niants n pilot 

;1 "
;í;

     
(     rc    'r  "   ••'- '"•••«'i-'!- vivi   ermeitios  =f 5  to  20 

v     ;"-    ^   1C'1'"'' 1^>*    •^•i".i'icinti• n nlr-nts arc   «o locate 

1 •1-i,i's'"   '• '    ,;-- "••-    i   CíTJí¿_. rln.ti.li,  while efjcl^- 

^     :-.u.r  •    ;.f.rt u;r     r near the reduction  jlont. 

(picture  11), najnetitic 

yen: ti.;::,   ti st inj;  ti i 

t/V with  d-ij'ífrvr.t :;V'i.h 

near  ìhv   « ri   d» - sit   in 

aeration  cimila nirvv bt  si 
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2d  Coat estimations 

Cost estimations heve to cover investment eos ta and operoí MIR coat«. 

It is interesting to note that especially in the ceso oí' investment costs the 

first calculation often covers only half of the actual investment. Reason for this 

i» the fact that first estimations normally take into account only direct cost» for 

p^ants end equipment, neglecting such items as financing coats, preproduction 

interest, planning coat«, legal coats, working capital a.s.o. 

There are two kind* of laaking up cost estimations, both of which are to fee 

pursued in serious considerations! One is the comparison wiJh coats of similar 

projects, naturally providing only very crudo figures bul uaeful for the first 

estimates, the other one is the careful addition of cost figures for nil phases 

und branches of an enterprise. 

It racy be of interest to note SODO cenerai figures n.s to the investment costs 

of mining projects per ton of annual capacity. For open cast mining including nil 

costs of equipment, construction, financing, preproduetion, expenses, the investments, 

excluding tranepertation facilities aver long distance, hr.rbuur fucili ties, etc. 

range between 0 15 and 20 per ton of annual capacity. Plant«, comprising 

beneficiation facilities for magnetic or rfravity separation ur any combinatimi '»f 

them require investments in the order ?f . 3C to  35 per ton of annual capacity. 

Underground investments r,rc highly de ¡undent upon th<.' requirements of the 

deposit, While in open pit mining the costs for machinery í'um the gruatcut part 

of the investments in underground devolopmi?nt the openings, «hef t» rnd tunnel« 

constitute a relatively important portion. To siak n shaft for a capacity of 

500,000 t/ycar m*y cost r. 1500 - 2000 per m in depth;; down to 200 m. A ¿haft, 

designed for 3 million tons yearly capacity is requiring  5000 per m down to 900 m 

depth. 

The real difference in costs between opencast and underground raining exist« in 

operating costs. As already pointed out, direct operating cost* in oponci.it mining 

may amount to C 0,5 - 0,8 per ton. Including all general costs, capital costs n,s.o. 

costs for mining in open pit may sum up to . 1,5 - 2.Ü per ton of ore. In underground 

mines, however, costs figures of .. 5 to 7 per ton of ore are normal, .'teason:* ere the 

smaller raining faces, greater percentage of labour needed, smaller units for drilling, 

loading and transportation and complicated horizonte! and vertical haulage. 
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2l~      J-XT)Juration C-..SÍ, 

F'»r net! i un sizi-l oxpl-r-ti -na . t •   , 

- - «.c -.,.* ,w ¿^ u?J;zz r'ri; ^ io * * auu°n *- 
testin, «tay D,Pe or 1<t„  ^ ^ g f ^   "tU>'-a^^ report, ^ of ^„^ 

he r**1*• bof .re th, r.ali.fttiia „ „       "^  ^;,*t"'  *'" ^^ af «***«* *o 

•«art 1. influencia thc(1,t,  t-   -   -„   V     Jt,Ctm^ bi' •^•"«•a aa •.oncBieUjy 6 ' '• '..reit part, * 
The <liffc.r,.n-   e:   t 

g*"*^ (ft-ollmihurj. infoiti,«) 

lopWt-raplucfci nitas lini««/•-,, 
fron «irborntí ,^8

ln 25>°°û 'er 50C :«' 

Jo graphic nftp8 ,  in 1,000 fc* » W> 
G«olofïicûl ^^ ^ ,^2 

*opl»*r and chonica] aaftlysc8 

Botitiioiotii.n teats,   mpli  mtt x 

"**.I«*i.al i^,^^ «* 

20 000 .   30 000 

•0 000 -   go 000 

50 000 - 100 000 

IS 000 -   20 000 
5 000 -   10 000 

* 000 -   15 000 

17U 000 - 300 000 

n 

TU««« oasts  «*..,.* be e.t|ßftted ¿ 

factors as dibatte« of ^ ,        . ¿«Un«* M those of 

** depo»it from the ae«t ** « ***•••    a»^ 
"" «a -t«*, i*msporUti     ^^.Z^ ********* tmuw, mmiMr Qt 

° e*° BeM» *•«* aiffewmt 
?**y ÄpproÄimatB,v 

fi»!*»* far ^ *-" Üu, of «pio««« iÄ#lM## 

*    *• •1»,e*# pointed .;ut,   ln flnv 

4« taking thm  int, ^   CR8il tlic *««ult« of this inrir    *.    , 

1 * ri mai' bi  completo,: fyr carried out ly 

Ulis   t, ' '2   tj   1.0 .\'i-   . 
*"ut     t,        Costs    f   j.   _, , 
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-*       .'.'va exploitation SnteraeAiate... »ysle 

'"ho poeitive decision t-» .«tari an ore project aftjr promising resulta of   the 

rf.-^j! -ration work, market cons i derations and co&t estimation* is followed by securing 

tho •fintnçine   >f th< projet, 

Tao best ir;iy   ^ &sat«re firaiieing is to  provide for ore sales for c  sufficier.t 

Ic'ur   )07ioa.     There  t-xisi. lonp  t.er.i contracts  bttweer. inai »re enterprises mid steel 

•nv.   iccis .fhich enrbled the finuncing on tho base   ^ ore oriels, which ar« con- 

titi  -.ôîIV rd.'-ptec  xo tho reguir^nemts cf capital Amortisation. 

'¡.a other operations ore consumers tire naiu ahar.ihold«>rs and therefor*» financing 

tíav#raB#iit financing in another possibility. 

3b  ' 7tja% ...0oo»tfitetiaE 

0 nstïuetiin begins ritk issuing of tenders.    The preparation of ta® toad«*» 

s'áOFld » - conducted by person» who are well ftaniliar with the technical details, w 

which tho east estirastions were based,    /. technical bureau should to» sei up by to© ore 

COUH, y Gr tsay be provided by a general ecn^ultant. 

r.:c construction phase comprises in open pit nines strippine operatijns,   in 

ur... •• .r.^und nines sinking rjf shafts and cor ml*» ti ;n ¡:f tunnels, road construction,   >£Uv 

-f.ilwny construction a, s.o. 

tlndergiowul openings roouire their timo,  dépendis upon the progress which can bo 

r.tin :.\od in rhaft-i and tunnels.    '»Thilo for shaft sinking in hard rock tin ave-rrge of 

30 n/..'.0P.t»î rosy bo assumed,  the highest efficiency in tunnelling may be  100 n por month» 

•Mr:   >c;r>ver vith total mechanisation of drilling,   l:ndinß and transportation. 

i';o cor.str»iction tiae of an opon pit operation ra.-disci ¿cale, may be- estimated to 

vir.nh 1 to 2 yearJ for promring road construction, open pit buildings, maintenance 

ahofü, loading station, stock piles a.s.o. 

1 :uergxotmd operations are highly dependant upon Vu- kind of openings t-> be 

I-er^rmod before starting production.    Normally 2  11  3 years are r quired»     In many 

Oî-ïC.'-   not tau minea themselves,  but the constructor* of transitu „ion ways as  rail- 

-•ji.cV ii.d harfcnurrs tre decisive Î ,r the construction period. 

The construction tine for beneficiation plant«  is highly dependent upo t  th« time 

o.-?   'S".:vo7 £OT uachineiy and equipnoiut.  which mxy  un\:,vnt v, ono year for certain 

•liy fabricated parts of a plant. zn'U;.. 
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Tîi<- starting up   «ri! - 

«w ï^cC„e8,   » ritC(1"   ut?  "/' CritiC&1  phMe  * «V projet.     It  i« th«  « w »  •   »«cd    ut. oy pianni 
ll " th« *!«• when 

ju-tifieetion. ^ &n" th* —«.tion. n.do, hEVe  to ^^ ^ 

aer»for„ „,toIl tîife    j 

•*«** u, b,fore ^ _* ^;;~^ ******«. i8 «^ wiih tb9 

"""•» " "*• -i- ,,,ni,,,. 
% ca"<Uti^ --•" "- **t. .,.„ „.,„. 

•ht most uneertnirti*< „„ 
*«11 the or« „unii** L «-'»mlly with reSp#*i t- 4», polity un a^ eapget tu tfc© ar# it»elf#     *- 

m. u*itii opernti-n« f>*.*, j ei1 «*e sore oy 
Wore tJi(1 atorfci% *-« «. o^ ttp tt. d-pö 

t'aiiuîi per.-;«»,.! t , .              .                   lneltel *°re or lem* ft»**va „. 

^ iy-4S£iit  „ 

,rw V auch aß inati+,,44 «wy t®e«a f -    ,.  # 

- «.. --Mau ?:;; r ^ — *~ «**.. Z:i* -"**• 

n - «— <•-JI: ; rr: -*-. 
**• outfit should ^  , «"UJu bo hcadc-a W nj. ÖW       , 

«Home inciude Thiele* f . * •   » «PWiencd gealoti«,! 

urilli% »achine«. 

ffli-Tction pltiais rar^' b* ai lut tv •ccr r  ani- MJIU 
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In the cese of ureas of countries which are rich  in <iifferont miurrnl-s,   u 

beneficiatici tost station may pay, which night be connuetcd with n technical 

university. 

Ti. buy large drilling equipment or heavier machinery for exploration work pay« 

only in ease of very comprehensive programmes. 

Such t-quipnent night be rented from specialized firms, who aid.) may carry out thu 

exploration work« 

The amployraent of experts by any governmental development institution cannot be 

overemphasised.    In the past many projects in the iron and steel industry huve been 

pronoted for political or personal reasons without real  economical background»    There 

should at least «Rist someone who is able to judge upon the economic aspects properly. 
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em-criiifr 0..Ï km* 

K*. lb      TopoiwapHv and oology 
of th*! siane nr^r. 





S"-K;.;î, ,SV ,ì'.ì<H,i 

fig, 2     imn «re torti«« 

&*4fcefii ¿íorway 
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T«*chniri:l   Pr.por/. .2 

Pi«. 4 Iroa Oro Buda 
Salt Rango,  Pakiatcn 

Pi«. 5 Frtatiy ttorort Covering Ore«, 
Mrmieran,  Congo 
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fig* é Bosboo Forast over Iron Ore, 
Theilend 

W*. T Mtmnà Armin* «a If«» o• 
in Primary Fc»eit 
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Mf. 8   Mcmnâ Exploration Drilling, 
itorwny 
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Hl, 9   TtamelH«, i» imi *» *,,,« 

Thailand 
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ngi 10   Geological Section of Staling p|tt 
Argentine 
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Hg,il   fear«© Grcined HeantJto in -¿uarti, 
Poliahod Section, enlarged lOtl, 

Pi*, li    Pilot Plu* Wftbwrt Iron Ore Project, 
Canuda tf      ' 
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