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T H E  M A K I N G  O F  A  M I N E  

The prospector and the investing publ ic  may not a lways be fu l ly aware of  the 
complex steps usual ly found necessary in transforming a mineral  discovery into a 
pro f i t ab le  m ine.  Who le  l ibrar i es  o f  books  and  ar t i c les  in  per iod ica ls  a re  ava i l ab le  
on a l l  aspec ts  o f  minera l  d i scovery  and deve lopment ,  but  i t  was  though t  that  a  
brief statement of the various steps and the possible costs involved might have some 
value for the layman who is interested in gett ing into the min ing business. 

The usefulness of the prospector with rudimentary train ing in the recognit ion 
of valuable minerals has been demonstrated amply in the intensive search for uranium 
ores s t i l l  in  progress .  True enough,  many prospec tors  qu ick ly  acqu i re pro fess iona l  
sk i l ls  in the use of  instruments such as the geiger counter or the sc int i l lator in the 
search for  uran ium,  or the u l t ravio let  lamp in  the search fo r  tungsten,  and in  their  
abi l i ty to recognize and fol low favorable formations which have been pointed out in 
geo l og i c a l  maps  and  r epo r t s .  Never the le s s ,  b l i nd  chance  has  l ed  to  no tab l e  
d iscover ies ,  ow ing in  par t  to  large numbers of  prospec tors  fann ing out  over  w ide 
areas w i thout  wai t ing to f ind out  the best  p lace to  look.  A lso ,  the minera l  indust ry  
st i l l  needs the cowboy or Ind ian who br ings in  a  "funny- look ing rock"  to  a  
state survey laboratory for test ing. 

Though the prospector may make the discovery,  the technical ly tra ined geologist  
and engineer ,  and la ter  the meta l lu rg is t  o r  the test ing laboratory,  commonly p lay 
major ro les in the succeeding steps that  lead to  prof i tab le exploi tat ion of a mineral  
depos i t .  Even many d iscover ies  o f  uran ium have been made by  the sk i l l ed and 
experienced geologist  or engineer,  and i t has been pointed out that for many other 
mater i a l s  the  eas i l y  d i scoverab le  depos i t s  have been  found .  Never the less ,  mos t  
mineral deposi ts are segregated in rather restr icted geological  environments, whether 
they  be  ce r ta in  rocks  o r  ce r ta in  s t ruc tures  o r  ce r ta in  s t rat i g raph ic  hor i zons.  
Therefore,  state and federal geological  surveys carry on geological  mapping programs 

and basic studies which, though they may not result in the immediate discovery of ore, 
eventual ly wil l  prove useful  to the prospector who may be looking for minerals which 
today  have  no  va lue.  Sc i en t i f i c  r esearch ,  even  o f  the  long- range  or  " long  ha i red"  
va r i e t y ,  a lmos t  i n var i ab l y  i s  f ound even tua l l y  t o  have  p rac t i c a l  do l l a r s -and-cen t s  
value.  This has been pointed out so often that i t  is  unnecessary to belabor the 
point. 

The subject which does require emphasis,  however,  deals  with the steps which 
must be taken before an initial descovery can be transformed into a profitable mining 
enterpr ise.  I t  is here that more fortunes,  even in the bonanza days,  have been lost 
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than have  perhaps  been won!  Un less cer ta in  log ica l  s teps  are  carefu l ly  f o l lowed,  
even the most favorable-appear ing mineral  depos i t  may prove a fa i lure,  w ith dis-
couragement to the operator and,  possibly,  t ragedy to the investor.  Unless al l  the 
factors of  value of  the ore,  cost of  benef ic iat ion,  avai labi l i ty  of  market,  permanence 
of market, distance of transportation, and many others have been taken into considera-
t ion  by those in terested in  deve lop ing the depos i t ,  that  depos i t  may prove to  be a 
fa i lure and a disappointment. 

In the f ie ld  of  meta l l ic  o res,  such as those of  go ld,  s i l ver ,  copper,  lead,  z inc,  
and many others,  these carefu l ly thought-out stages in development are of  importance,  
of  course,  but i t  is  in the f ie ld  of  development  of  the nonmetal l ic  or  industr ia l  minerals 
and  rocks,  w i th  wh ich  modern  indust r y  i s  becoming  more  and  more concerned,  tha t  
carefu l  cons iderat ion  o f  each o f  these s teps becomes imperat ive.  Most  nonmeta ls  are 
low-cost  produc t s ,  hence the  marg in  o f  p ro f i t  may  be  very  s l i ght  indeed .  The  d i f fe r-
ence of  a few cents in the market price and the dif ference in a few mi les of  transporta-
t ion  may  mean  the d i f f e rence  between red and  b lack in  the  l edger .  Comprehens i ve  
appraisal of these factors in mining has been obscured only too often by the lure of the 
bonanza.  In these days of  "uranium fever" espec ia l ly,  we must remember  that min ing 
is a tough business and that only one out of  a thousand claims wil l  ever be a mine!  
The successful enterprise today must be thought out and run like any other business, 
with the gambl ing factor reduced to a minimum. 

Perhaps the modern definit ion of "ore" wil l  give us a start on this analysis. 
"Ore" is  any rock or mineral  substance which can be mined,  treated,  and so ld 
at a prof it .

The f i rst  step in the mak ing of  a mine i s,  of  course,  discovery of  the deposit .  
This may be accompl i shed by the prospector,  by a s tate o r  federa l  survey,  or  by 
pr ivate-company operat ions.  The d iscovery may have cost  a  few hundred do l lars ,  
or it may have cost many thousands of dollars; i t may have taken only a few weeks, 
or i t  may have taken many years. 

 What may not be ore today may become ore tomorrow; the main factor here 
i s  supply  and demand.  Yesterday the uran ium depos i ts  o f  the Co lo rado P lateau were 
not o re.  Many of  them were known and passed over,  s ince there was no market  fo r  
uran ium.  Converse ly ,  what  i s  o re today may not  be ore tomorrow.  When the Un i ted 
States was unable dur ing Wor ld War  II  to obta in  quicksi lver  f rom the mines in  Spain  
and I ta ly ,  many depos i ts  in  the West  became ore,  and mines were deve loped.  When 
the war was over and we again imported cheap quicksi lver,  those mines c losed down. 

Some of the items to be considered seriously in a prospecting campaign, aside 
f rom locat ing the depos it ,  are,  of  course,  the s tatus o f  the land to  be examined 
(each di f ferent category of  land ownership may involve ent i re ly di f ferent k inds of  
legal  approach and degree of expense) and the laws which apply to the location of  
new deposits and to their  development (different in many states -  a proposed new 
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Texas law is designed to prevent aerial prospecting without permission from the 

owners of the land:). 

On the char t  i s  ind icated the  "cos t"  in  terms  o f  "un i ts , "  wh ich  may  vary  
cons iderab ly  w i th  the t ype  o f  depos i t .  For  sma l l ,  h igh -grade  ore depos i t s  wh ich  
require l i tt le or no mi l l ing,  treatment,  or benefic iat ion,  such as lode gold, chromite,  
and pegmatite minerals,  the unit  may be as low as $5,000; for larger, lower grade 
deposit s,  i t  may be $10,000-$50,000; for the great porphyry coppers,  i t  may amount 
to half  a mil l ion dol lars or more. 

The second step is the prel iminary examination of  the deposit .  This is divided 
usua l ly  in to  two  par t s  des igned to  determ ine,  f i r s t ,  the  presence  o f  potent i a l l y  
valuable mineral in amounts suff ic ient to just ify further investigation, and second, 
whether  that  minera l  can be mined and t reated or  benef i c ia ted at  a  pro f i t .  The 
geo log ica l  o r  min ing exper t  makes an examinat ion  in  the f ie ld  and samples the 
accessible parts of the deposit for  assay,  maps the outl ines of the inferred ore body,  
and from these data makes tentative estimates of the value of  the ore.  He then considers 
the economic factors which affect  the possible value, such as distance to market, cost 
of  min ing,  the need of  t reatment to enr ich the mater ia l,  and a mult itude of  other 

factors which must have a favorable balance to just i fy further investment and expenditure 

As early as possible the composit ion and nature of the prospective ore should be 
determined,  as  wel l  as  i t s  amenabi l i ty to  treatment and recovery o f  the potent ia l l y 
va luab le  cons t i tuent s .  In  th i s  phase cooperat ion  between  the geo log is t ,  eng ineer ,  
and meta l lurg is t  i s  necessary .  Assays revea l  on ly  the presence and amount  of  the 
element  for  wh ich  the test  i s  made.  The ore-dressing and metal lurgica l  laborator ies  
must determine if  the valuable materia l is in a form for which economical recovery is 
possible. Some potential ores contain other elements which may prove to be valuable 
byproducts.  On the o ther hand,  a l l  examin ing engineers  and geo log ists  are fami l ia r  
with the prospector who has secured an analysis of  h is ore and has calcu lated the value 
of  each i tem, including the s i l icon and the calc ium: Some metal  deposits, such as those 
of copper, may be weathered to a considerable depth, and a zone of secondary sulfide 
enrichment may l ie between the weathered and unweathered ore.  Each of  these three 
c lasses of  copper  ore may requ ire radical ly  di f ferent  treatment  methods,  a l l  of  wh ich  
have a pronounced ef fec t  on the economic  conc lusions as to  the exp lo i ta t ion  of  the 
deposit .  For deposi t s of  industr ia l  minerals and rocks,  such as l imestone,  the presence 
or  absence o f  impur i t i es  o r  de lete r ious  cons t i tuent s  may  be  c r i t i ca l .  Mater i a l  wh ich  
cannot meet specif ications cannot be exploited. It is obvious that the earl iest possible 
determination of these factors may save useless subsequent expenditure. 

The examining engineer or geologist not only must analyze the deposit  itself ,  
but should take into consideration such business factors as supply and demand, 
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compet i t i on ,  marke t  l o c a t i on ,  l abo r  cond i t i ons ,  government  po l i c y ,  t ax  s t ruc tu re ,  
t a r i f f s ,  e t c . ,  be fo re  he  can  dec ide  whether  th i s  pa r t i cu la r  depo s i t  con ta ins  "o r e . "  
Usual ly a report of  th is sort , i f  favorable and made by a reputable expert,  then can be 
used to interest those who can f inance further steps.  The cost of  th is stage in the 
development of a given deposit ranges from a few thousand dol lars to tens of thousands 
o f  do l lars,  and may be accompl i shed in  a  few weeks to  a few months.  I f  the dec is ion  
i s  favorab le ,  and i t  i s  dec ided that  a l l  these condi t ions  seem to  a l low  a  reasonable 
prof it on further investments,  step three then may be taken.  

This step consists of preliminary development of the deposit by surface trenching, 
diamond dr i l l ing,  detai led geo logical  mapping of  the depos it  i t sel f ,  and perhaps 
geophysical or geochemical prospecting, al l  to determine the outl ine and borders and 
probable to ta l  ava i lab le  tonnage in  a  pre l im inary way.  Th is  s tep usua l ly  is  f inanced 
by a partnership,  syndicate,  or min ing company,  or by sale of  stock in a company formed 
to  deve lop  the  depos i t .  I t  may  t ake  f rom 6  months  to  3  year s  to  comp le te  such  
prel iminary development, and may cost f rom $10,000 to as much as a mil l ion dol lars. 

The fourth step in a  wel l -planned and conservat ive program consists of  development 
by pits and shafts or tunnels,  or perhaps by c losely spaced dri l l ing, to determine more 
def in i te ly  and b lock out  o re reserves,  and to  appra ise the i r  grade and charac ter .  The 
ore body is c lassif ied in three ways: ore measured, ore indicated, and ore inferred. The 
value of  the mine must be suf f ic ient in the f i rst  and second categor ies to amort ize the 
to ta l  investment.  The poss ib le  pro f i t  l i es  in  the th i rd category.  This  i s  the s tep,  the 
omiss ion  of  wh ich so  of ten in  the past  has led to  gr ief :  The min ing camps of  the West  
are dotted with the ruins of costly mil ls which were constructed to treat ore that wasn't  
the re.  S tep  fou r  i s  f i nanced  usua l l y  by  funds  o f  the  m in ing  company  or  by  sa le  o f  
company cap i ta l  s tock.  I t  may take f rom 2 to  5  years  to  complete,  and i t  may cost ,  
depending upon the grade and s i ze o f  the depos it ,  tens of  thousands of  do l lars more.  
Th is  s tep in  the  deve lopment  o f  the  g reat  new San Manue l  copper  depos i t  o f  Ar i zona  
has been completed recent ly at  a  cost of  over $10 mi l l ion. 

Now,  i f  you  a r e  becoming  opt im i s t i c  abou t  th e  co s t  o f  chang i ng  a  r oc k  o r  
mineral  deposi t  to an operat ing mineral  industry, we come to the f i fth and frequent ly 
mos t  expens i ve  s tep  o f  a l l ,  t hat  o f  in s ta l l i ng  a  m in ing  and  t reatment  p lan t .  Th i s  
inc ludes the further development of  the mine for min ing operat ion,  power and water 
supp ly ,  t r anspor tat i on  fac i l i t i e s ,  and,  in  the  case  o f  l arge  i so l a ted  depos i t s ,  the  
towns ite.  Th is again  may be f inanced as was the prev ious step.  I t  wi l l  take f rom 

2 to 3 years to complete, and its cost may be anywhere from one hundred thousand 
dol lars to many mi l l ions of  do l lars.  

For mi l l ing uranium, it  has been estimated that the capita l  investment necessary 
per ton of  capac ity per day is about $10,000 to $15,000,  and that the smal lest 
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assuredly economic mi l l  wi l l  have a capac ity  of  at  least  400 tons per day 
($4-$6 mil l ion!). 

The sixth and f inal  step,  invo lving the period of  tuning up the mine and mi l l  
and transi t ion into the product ion state, is less cost ly and may take from 1 to 6 
months. 

You w i l l  note that  a l l  but  the last  s tep invo lve investment  o f  inc reas ing amounts 
of  capital,  and that af ter or dur ing each of  the f irst  four steps the enterpr ise may be 
abandoned with min imum loss,  should progress prove at  any stage that  further invest-
ment would be unprofitable. Successful businessmen today certainly operate their own 
enterprises on this basis, but investors in mining enterprises stil l frequently forget these 
pr inciples,  with disastrous consequences.  Beware of  the stocksel  ler  who is bui ld ing 
a mi l l  but  can ' t  give at least the min imum extent  and grade of  the ore body:  

An ar t ic le  in  the September  1954 i ssue of  the  Engineer ing and Min ing 

Journal   

1.  Over the long pull ,  the biggest prof its l ie in a well-planned, long-term 
explorat ion program. 

reemphas izes ,  in  terms o f  the min ing o f  uran ium,  these fundamenta l  pr inc ip les  
o f  development, and points out some new ones. They are summarized under seven 
headings: 

2.  Regardless of quantity or qual ity of experience elsewhere, the record shows 
that i t takes about two years for engineers, prospectors and geologists to 
become ef fect ive in  uran ium explo rat ion.  

3.  Make sure that you learn both state and federal  min ing laws,  and equal ly 
important, f ind out what is the prevai l ing local custom regarding the mining 
laws. 

4.  Think of min ing in terms of pounds of uranium rather than necessari ly in tons 
of  ore but don' t  get  the idea that  th is e l iminates large enterpr i ses.  

5.  There  i s  gener a l l y  more  p ro f i t  i n  m in ing  than  i n  m i l l i ng .  
6.  If you ser iously intend to explore for and mine uranium, you can get a lot of 

helpful  information and save yoursel f  t ime and money by talk ing with on-the-
spot AEC of f ic ia l s  f i rs t  [and one might add,  the New Mex ico Bureau of  Mines 
and Mineral  Resources]. 

7.  I f  you are going into the uranium business by buying uranium stocks,  be carefu l !  

It is only on such sound business principles that the min ing industry, l ike any 
other industry,  can hope to gain  and retain  the conf idence of  the invest ing publ ic .  
In recent years such confidence has been deserved by the great majority of mining 
developments. 
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PR OS PE CT OR ' S  RO AD -G U I D E  F RO M  PR OS PE CT  T O  M I NE  

I .  D i scovery  o f  o re-minera l  ($1 ,000-$5,000)  

a.  If on public domain, set up discovery post, f i l l  out location papers, and f i le 
the la t ter  at  the county cour thouse (Fowler  and Ta lmage,  1941).  Set  up 
c la im corners  and d ig d iscovery cut w ith in  90 days.  

b.  If on private or state land, arrange lease from the owner with the help of a 
competent  min ing lawyer.  

I I .  Pre l im inary examinat ion  ($2,000-$5,000) 

a. Sample outcrops thoroughly (Gunther, 1932) and have samples assayed by a 
competent  ana lyst  (K laho ld,  1954) .  I f  favorab le ,  have: 

b.  Examination and mapping by competent economic geologist or mining 
engineer, who wil l  give tentative outlines of the ore body and initial 
calcu lat ion of  reserves,  and wi l l  recommend either abandonment or 
further  deve lopment.  Then make:  

c. Prel iminary considerat ion of economic factors favorable and unfavorable 
to cont inued development. 

This is about as far  as the average prospector,  without outs ide capital,  can expect 
to  go .  The  nex t  s tep ,  t ha t  o f  p r e l im inar y  deve lopment ,  w i l l  c o s t  f rom $10 ,000  to  
$50,000,  depending upon the type of  deposi t  and the thoroughness of  examinat ion.  
F inanc ing a mine is  not  an easy s tep (Ba i ley et  u l ,  1953),  and the prospector usua l ly  
leases or sel ls his property at  this po int,  retain ing a small  royalty or interest .  Most 
prospectors aren' t  interested in going beyond this po int anyway: 
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