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EXELOATION OF 4 S Ar TRON Ok DEPOSIT

STUDY CF THE FroNeCONTAINING 2 NE |
OF Vi ENTINES IN THi E,STEAN

JEPUR 1€ OF Unbglay

by !, Caorsi, Director

and ¢, Bossi, Geeclopist

Geologieal Institute of Uruguay

This report describes experience gained in the study and development of un

iron ore deposit in vhe castern Republic of Urugray, intended to supply the emersing
national iron and steel industry, which is being deveioped to cover internal require-
ments and to make produets in various stages of manufacture for export,

Uruguay is a country without much expericnes in the extractive indusrtries., und
with almost none in the exploitation of metalliferous ores, All its consumption f
metals is supplied by imported produets in various stuges of manufaeture,

The annual production of rolied steel products is about 12, 000 tonnes per annum,
part of which is imported and part volled in vruguay,

The REL.gapity consumption is 7 kn annually, o figure whieh is very tow, but
which, according to the growth curve, will inerease rapidiy in the next few Years,
It has therefore been thought nccessary to develop our iran and steel industry by
increusing and diversifyving its output, which is at sresent timfted to the rolling
of steel for reinforeced concrete, At the same time. tpe possibilities of supplying
‘ltﬂ‘l made from our cwn raw materialn are being more ciosely cxamined,

The existence of iron ore depusite in Urupiay has been known for many years,
uining eoneessions were apolied for as far back as 1891 . but the low consumption of
steel per head of population in the eurly decades of the century, together with
the lack of econnmic incentives. mude it fmpossible to consider the possibitity of
crcating an integrated iron and stm-.l industry in Urnguay, By 196, eircumstances
had so developed that it was thought possible to preduee g Large number of stee )
products in our own country, using our awn mineral rescurces,

Vith this in mind, ali the ¢Xisting information on iron o deposits which were

capable of commercial exploftation was investipated,
GE.63-14078
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chtheach the cve w L gm0 Cases ioun or in thin scans, whieh aceounted for the

facv thot it bhad + ircady boeen varked, thes. deposits were re=examined in 19956

by th Geaiigient nstitute of Uraggay, ue o reault of a private request,

The findines of these prelininery investieitions have drawn attention to the
Cervo Lujers dennaits,

after considerine the possibititios of making the relevant inveatigations with
the resourees of cupr own country, wrarkimz’thrvmgzh national ocganizations, or
alternatively of consutiing foreign experts or firms, it was cone luded thet the
Geologiecal Institute of Fruguay was at 1he necessary technical! levei to undertake
the tusl, In order tq deveton the rogrimee te the beat advantage, the collaboration
of an expert was requeste” and obtained £rom NG 6 help in the initinl stages of the
woerk,

Having made thix decinion, the soheme of study was finaneed Jointly, The manue
farturery promoting the pieje ¢ finanecd the neecssary direet eosts, the State
contributing un equal amount through the Gcological Institute of Uruguay, Thesec
Investments toba)jed ) MK dollars for thae 24 menths during which the main work
took plaen,

It will be sppropriate at this point to review briefly the organization which

hus corrfed aut the work, {ts origin, growth nd aims, 8o as to :‘sbtai’n‘a better idea
of {he levelopment of the ihvvstigatinn of the deposit, -
g The tivolopieat Institute of Uiuguay wus formed in 1912 under the name of the
Tnstitute or bGealogy and Npj Hing, with the ubjeet  of 'mdert&king a gealogieal
lnm—stigguun oF the nationat tervitory as o basis for the mineral and industrial
exploitation vor the whele of the country, [ta functions were summarized as follows
Vin i governuent deeree ip 192,

@) Overal) examination of the subesoi} of the country,

b) Study of the ecienents and resourees of materinls with agricultural

and induatrial applieations,

ey A fdtomguologienl investigation, and the utilization of the abundant

surplies of undvrground water oresent in the "ruguayan sub=gnj],

1) Study, eXtraetion and conservation of the fossij depogits,

e} preparation U a geologiend map of the nationni teriitory,
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£) Scientific and technical adviee n any sub cet: within its frame of
reference, as required by all Sttt Gduinistricive departments, in
relation to public works in genc-:.1,

g8) Advice of a similar nature at the rojuest of corporste hodies and

private individuals,

The present organization congimts of . < porgl wministrotion whieh ia dircetly
responsible for the museume and specimer stores, ang the administrative division,
responsible for the financcs and ataffing o v the ol unizatioen,

The organizetion also inctudes a gercral ieoloaicel division and o diviaion of
geological economics, responsible for the 1abo rtories of wining techmology,
petrography and mineralogienl chemistry,

Finally, there is g drilling servic:, wi.h vorkshoos, stoves und depots, for
the use of the teehnienl specialists required inr etlicient working,

A General Inspectorate of . ines was attach d to (he Geoloagieal Inmtitute by
the law pnssed on 2nd My 1933, This body is charpo 1 with the adminfstrutian of the
mineral resources of the country whien, uwier the ceovisions ot the law, are the
property of the State, The State conceder the rigut of corpornte Podies ond
individuals to exploit these resourecs . provided that such individuals satisfy the
conditions laid down in the wining Code, and nre interested in the exploftation of
minerals existing within tho country,

From this account of the functivns of the (reological Institute of Uruguay and
of its competence to enrry out investigatiors in the ficid of mining enginecring,
it can be clearly secn that it is i, & posicion to earry out suecessfully a study
of an iron ore deposit intended to supply the natisnal iron and stee] industry,

A complete plan of study hus heep devised of the region which includes Cerro
liulero, and to whieh we will give the nume of the iron-containing zone of Valentines,
since the deposits found there are part of o very large suterop zone which ineludes
the region studied,

The plan worked out by techniea) vxperts of the Institute was corricd through
with very few modifications of its original farm, and muy be deseribed a8 follnws,

In aecordance with the organization of the work, the DEogeet was enrried ot
under the supervision of g ehiei engineer, who was in charge of wlt operations, and
who was in direect control of the vetrogrupric and mining taborastory, the drawing

office and photographic‘seetinn, ‘he speeimen stores and the earps,  The | stenamed
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were under the supervision of o resident cnsinecr, responsible to the chief engincer,
and nssisted hy two av rmmmk, onc in el e of deiltline and the other of the team
uf surface workers,

The headquarters of the nrojret kept contaet with the chemical laboratory and
drilling servicos through the apuropriate seetions,

The first step wos to make o topogrophient map of the region, which eovered an

()’ b N () . oy

arca of 140 kn®,  This vork wes enriied out by the i litary Geographieal Serviee,

which made the genceal mips to o seale of | 15 000 apd detniled maps to a senle of

I 2000, These mang, torether with the sterrosconie pairs utilized for the survey,
were uscd throughoat withont difficul by,

The specinlized sooff of the Instilute werc responaibic for the complementary

topographical work f levelld ing and tuchymetry,
The mupe and shctehos provored during the prelininary investigations, whieh v .e
ulso undertaken by the geotogists oF the Institute, provided a basis for o geological

gtady of the region,

fving obtained these topeoraphien) ind menlogical data. it was vossible to

procecd with vhe muin objetive of ctudying the scams or stratn of ore, These tasks
cottld he divided romehly into surlaee Lork and drilling, The marfaec work econsisted
mainly of trenching in o diveetion at right angles to the st:ike of the ore acams and
exeavating to o dopth suftieiont to vliminate the surfaee wveathering, und to ﬁllaw
the piteh ¥ the seam to be deternined, n g«lnural, these treneches wvere spaeced at ;
intervals of 200w, o distanes witieh was more than sufficient, tuking the uniformity i,‘h
of the bands into a'c}cmmt. to obtuin accurate and complete information at the surface,

About twenty trenches were exeivated, eorresponding to o total volume of material

of 2 500 )
Fhe drill holes were made by Four type Colix Tngerscll itnnd shot drills with
steel shot, The hoales were made in the same profiles as the trenehes with, in general,

tvo For cieh profile, so as to be able te loente azeurately the floor and head.c\f

“he seams,

The whole of the deite eores were comined, o preliminary classification and
microseopie «Xominatjon being wade ot {he caap,

§

stter this prodinminery study. the simples were sent to the laboratory at

.‘;i‘l\t\ \'ii*yn . llh\'{”~ Y k”% LwRY

v whire they were troated us follows -
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Two series of stples were taken for ecach metre of drill hole;  thesce were
labelled and pluced in containers for subsequent control tests, The rest of the
sample was coarsely ground, and, when sufficiently homogeneous, was quartered so as
to obtain a weight of about 250 g, These samples were then ground o second time to
100 mesh, and about 10°C g sent to the laboratory, the rest being stored ae contrei
samples,

Small specimens we.e sent to the petrographie laboratery for microscopic exame
ination,

The chemical luboratory of the Institute analyzed the samples for iron, milica,
sulphur, phosphorus and titanium,

In the petrographie laboratory the ore was exumined under the microscope by
transmitted and reflected light, to determine the transparent and opague constituents,

All the plans required for the investigation were prepared by the drawing office,
vhich was also used for the cartographic work,

Having obtained all this information, the amount of ore eontained in the deposit
was measured, and its mean composition « the main objeet of the investigation - was
determined,

It will be appropriate ut this point to comment on the work, which was cariied
out entirely by Uruguayan specialist staff and workers, in the light of the experience
gained,

It was only to be expected, having aseé almost exelusively the material available
to the Geologieal Institute of Uruguay, which was not specifically andapted to the
purpose, thot difficulties would arise; however, these were surmounted ip every cuse,

The first modification was made to the drilling p ogramme, Then the true
geologicul structure was knowr, the 100 drill holes 20 m deep, provided for in the
original plan, werc replaced by about 20, 70 to £0 m in depth, Their planimetrie
location was modified as a result,

In order to reduce the drilling ecosta, the sites to be drilled were determined
with eare, without using a rigid locating system, so that it wnas possible to obtain
with a small number of drill holes complete informution relating to the depasit in
depth, and to reduec substantic tlly the final cost of the prujeet,

Under the conditions existing when the study commenced, the surtaee work and the

drilling operutions had to be started at the same time, with the resait that the choice
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of location of some of the first drillings wos not altogether satisfactory, To
solve this problem the work was arranged rs follows:
- First, o topographical survey of the ore-bearing arens was prepared
: = Prospecting and trenching was cur  ed out to enable the subterranean structure
E to be inferred,
= Finally, the drilling sites were located and drilling operations wore commenced,

In this way the cost of the programme was reduced considorably and the progress
of the work was necelerated,

One of the main drawbacks was the Ineck of high=performanee efficiont drilling
cquipment, whieh would have speeded up the work, Drills had to be uscd which were
designed speeifical ly for moking large=diameter holes for water, Although iv was
possible to complete oll the work which hid been planned, this equipment had the
drawbacks of low ratc penciration, the large amount of drill core obtained, nnd the

. S i S e i
. I w“ AN A S
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need to use steel shot, which complicuted the imterpretation of the sample in cames
wvhere the amount of eore reeovercd wam smali or non=existent, "hen the induitry is
established, it wil) cloarly be noecssary to make further investigations using
drilling equi pment designed speciclly for the purpose,

The need to cnm*v,x? earcfully a large quantity of somples from the camp to
Hontevideo (250 wpy awey), with a preliminary classificotion on the site followed by o
sccond one on arrivel ot the Laboratories, increamed the cost and delayed the reporting
of the analytienl datn,  Although the accuracy of the results is not thoreby affected,
this disadvantage will have to be aveided in future by setting up lnboratories for

mechanical preparation rd chemjen) analysis near to the denosit, ot any rnte for
routine testing,

nly the railway is available for the transport of stoff and materials, with a
Frequency of two Journeys of f{ye hours wer dey to eover g distance of 250 km; this
represents on obstacte to comruniention between the camp and the lzbﬂratnries, the

workshops and the ndministration, fsitunted in wonteviden, 1t would be necessary to

consider the poasibility of mope rapid and frequent traffic, to enable the work to

be sneeded un,

WESUCTS 0BT,y NLD

lhe peotogient study, the driiting perations, and the petrographic and chemienl
investigations of the surfiee

samples ond dri! cores, enabled the geologienl
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structure of the iron ore strat: and the mean concentrotion and amount of the ore
tested, proved, probuble ond possible, to be cstablished for the iron=containing
zone of Vuleitines,

Only a part of the deposits has so far beon inve stigated, vith 24 borings
representing n total of 1 500 m drilled and sbout 2 300 somples collceted, elussiticd,
analyzed =nd atorcd, ;

The information given below relotes to the part of the deposit which wan studied.
but the preliminary results suggest o high degroe of uniformity over the whole of the
region,

OO y -

The prineipal mineral=bearing zone in the mector studicd consists of stiata with
o meun thickness of 50 m, which form part of an &ntielimeal Fold with ~n axis of
N 70, The dip is conatant botween 6C and 70%, Various Fiesures hove 1od to
displocements of the blocks with respcet to coch other. Lach of these blocks forms
n ridge of the highest pvarts of the region,

The surface somples of our irom ore hLave o certain similarity, from a prtro=
graphie point of view, to the itabirite of Brozdl deseribed by , van N,Dorr 11,
and they have been so ide ntii‘ieﬂ provisionally,

The minern) itself consists of weliestratifica beds of qunrts und Emmatitp

Three main petrographie types enn be distinguished in the pr mmpnl mineruiiud
bed, which are all eonformnble with the exvosed geologienl structure, Thf ‘HE nFEe:
gg;gﬁgﬂxgghigigg, consiating of quartz, nuwite and sagnetite, n faet, t&in
represents a deep uctamorphic facies of the teeonite,

The freshlyeextracted roek has the following minernlogienl comjosition hy volume:

mognetite 3k
sugite k1924
quartz , 32,0

Eeldanatiized itabirite, resulting from the metasometic prowth of wieroeline on the

rock described nbove, or from the "ici o etion' of nnreow veins of fetdspathic quartsz

parallel to the secondury folietion nd determining the finil bed=hyebed structure,

ite s i cig From the ceonorie point of view, these ean hath

be considered to be bhar-cn rock,
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In order to eoleulote the tonnege present, it was nceessery to refoer to the exact
geologiend structee and tn obtain the voluies of eneh of the throc types of mineral
present in the ferr;forous dcposits, a3 the iron eontent varies significantly from
one type to anothor,

L .06 chemienl analyses were made of the normul it-birite, giving o mean iron
conten. of 3 %, The feldspethized itnbirite is o less frequentiy vecurring material;
only 150 analy.es have beon nade, indlecting a mean iron content of 32%.,

the roek eongidered to be barren contoins less than 10% nf iron,

all those ananlytienl rosults have been obteined by aeld cttack on the iron oxides,
which means that only the redueible eonstituent of tue ore was taken into account,

The volume ealeulation applies solely to the prinéipal deposits; beds less
than 10 m in vhieknces vore neglected, .

Under the given economie conditions, it wne envissged in the first instance that
open=cast mining would be used cxelusively; this method imposes limitations on the
thicknens of deposit which can be worked, In addition, the utilizable volume extends
to n depth of not more than 150 m, even when some borings show that ore exists at a
dopth of 220 m, (a fact which is confirmed by the geoiogical dete, which indicat.
that iron muy bo present at much groater depths), |

Toking the considerations discusscd above ns the main oritérion, we have arrived

ot the following total figurces, expressed in millions of tonnes of ore, proved and
probable, for the pert of the deposit investigatod:

Lpretado ) 19
Aurora t 9
Isabel ! 13,5
uovoshes t 3

totalling 46,5 million tonnes,

As far as the jron content {m concernad, the following comments ney be made;

©)  the figures correapond to the totnd deposit, inciuding the 'Larren'
wmd represent an overall total of 365 iron;

parts,
b) & preliminary bvnvficiutinn, probably by magnetie scparation, at the quarry

exit, would inercasc the iron eontent apareciably, to sbout 3% in the rorm

OF normal ituhiritn.
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a8 this ore is 1lov in fron, the questior srises s to whether T con be utilizd
direectly for reduetion, or whether it would be necessary to eoncentr te ind pggloe
merate the ore bofore use,

Sueh an ore, with o simple afruetuéﬁ§ and o particle size of nbeut | MmN, AP
to lend itself to the preparation . o coneentrate, expeciments in a0 Laborateries
abroad hoving shown that it is vossible to produce without diffieuity coneentrates
with an iron content of almest 0% »nd o recovery from the oxides of 9%,

Coneentration triale have becn made on this ero aing gfﬁvimvirie‘nné wipnelic
separ<tion techniques;  the results. which were satisfaetory in ench aa#v, give the
impression that the produet is obtainud more rapidly and ceonomically by mamwtie
scparetion, end with o better oxide regovery,

The pelletization trinls hove demonstrated the Posmibils bty of ohtnining pellets
vith 71% iron, 0,022% phosphorus . «,015% sulphur and 1,15 siliea. .nd contoind ng
no alwaina or 1lime, . ‘

As the particle size is sufficient, i,¢, about 1 mine the possibility of sinteving
as o method of egglomeration eould also he cnnsiéera&.

SONCUNSIONS ‘

The foliowing sonclusiona ecn be dravn from the roguits of our study of the frone

eontaining zone of Valentines: | ,

1, The svudy of iron ore deposits in cthor metelliferous zones could be mude
succeasfully with the organizntion and the means at uhe dsposnl of the
Geologieal Institute of Uruguay,

e  On the Lasis of the proved and romstblc tonsages catoblisxhed in the rtudy, it

.can be estimated that 46,5 million tons of arc are present in the Vilontines
Zone,

3o The porsibl: rescrves of the minerailized rogion eon be estimited ag 60 AL g
tonnes,

4 The nean iron ~ontent vorics between 36 and 3. wver the whelo of the o posit,

5. The ore has o simple structure ond econtuins quirtz, sugite e iron oxides g
the form of mamme’ite and hematite,

6, The iron is present in simnle compounds which will ecrteinly noble o ans enbrate

with 6:=70% iron to be produced with ar fron roeovery of Q2ei %,



STEEL. SVer, 1963/
Teehnical Papor/a,l
pege 10

T The iron oxide perticle size is about | mi,

£ These eonditions indicote the possibility of applying eravity scperation (the
Kuaphrey spiral) ov megnetic coneontration,

Y. After suitable prevarstion the ore could be nelletized or sintered, to Tive
a finnl produet with 4 hich iron centent,

10, The net cost of the study amounted to 0,0025 daliars per tonne of ore, eoéereé
by equal eontributions from the prometing eomnany ond the Ueolegienl Instdtute

of Uruguoy, .









