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T 18%7 Fradervick Brunckow located and besan working the Rronco

claime Five miles From the present town of Tombastone. In 1877,
cd schieffelin,  the son of o forty-niner, visibed tho BruncKow
Wl wWhilo arn oo brip to Forl Moaachuoo: M Ty fyiend o
warned  him bhat  din this Sposche bterritory oll he  would  find
would  be  his own tombstone. Sehieffelin nobticed  that  the
direction of oro was btrending norvtheast From the Bronco,  and
Following  Lthiz  trond  he  Ffound wholt is  now  Enown T
Tombhslone Hindng Uistrich.

Mith  his sartners. SGohiefFfelin Locoated and staked o olaim Lo
the LuckKy Cosse  and then the Tousthnoat. They then split  Lhe
Contention and the Grand Centval with o new portner.e These bwo
mine wers o beoome the wmojor prodocing silver minss of  the
parly 188074,

2t

The town of Tombstone sprang aw in 1879, Following the news of
Sehieffelin’s strikey and  two o vears  latey il achieved

internationol notoriety after the funfisht ot the 0.E. Corral.

By 188F mony wojor mines hod become producers for the Towbstone
Mining District. These included the Flora Morrisons Haumi e,
sounth oxtension of the Grand Centeals Emerald, Moonlisht, Grand
Mippery Vizinoy, Heod Center,  Good Enoush, Tronguility and
Gilver Thread mines, Yearly production ot its peoak appears to
have exceeded $5,000,000 at the metal prices of thalt time.

Tueing  the wmid 18207s,  the wmining industry in  the Tombstons
district foced o nuamber of problems. Mony claims were biecd up
in o litigation  over ownershipy  wining costs were  increasindg,
working  mines hod ineffechbive pumeing  svstems, and  precious
metal prices were dropping: In the laote 18907, Mire Eo Be Gage
rodaed  snowsh money Lo consolidate 25% of the Tombstone mines
The compoany opevotod with many difficultices including fivos and
inadoguote 3tamm boilers to power their machinery. I bhe
warly  AR207 Tombastone Consolidated Mines sold all of  Lheir
hooldings Lo ﬂUHKGT Hill Minding Compony, a subsidiary of Phelps
Nodye . By bhis  bime bthe oumps had been shot downy and  the
water  had visen back to Lthe &00 fool level. Bunker Hill did
not  abtbempt  to dowater the minoes, hut reworKed the dob  or
bockfill  from the wotoer table Lo the surface, and did farthey
minding  on high grade wedins dn o the upper levels,  In the mid
TRE0 s they  sold  their  holdings Lo Tombstone  Oovelapmentd
Company (T.0.0, 0,




Q.

virtunlly ceosed. Hilw
wis o oh A with tha T DI
commanded  dn the  18707=¢  when  the mine werve i

and costs had dnoreased, oand wmindnsg wos on

shdn

In the earls after arolonged dormonocy of tho R
after the 1 Aot of World War ID had been  vescinde
T 00 wos sold o the Meownont Mining Company . Muring th
poriod  sold  remodined  constandt oab $35% an ounooe. ond i
increascd Trom the 19ED Tevel of $0.23 an ounce Lo $0.§
DT i peratineg costs had more Lhoan o Ly
Foeopeninsg of the mines ot that time appeared uansconomic
T.0.0.  was sold to o groun of MNebrasko investors who hove he
the propeviies to the present doyv.

NDver the past forby vears T.0.C. has leased sorbtions of 1
holding bo small minin COmMParios. It ds wirvtuolly diwmpossib
Lo obbtain production records from these comanies.

In Februarye 1979 Tombstone Fuploratior Tno. e rod
favorable mineval leose on all the minerol ridghts and Loand
T:.0.0, This nronsrhy covers almost 2000 acres ond incluades
potented and 18 anpatented cloims.
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nlod fourbeen DL AR RN ol
For inclinse shafh,

oand managemnent have loc
mineraliz Lo whioch ancluade oesortunitieo
vertiool shafte and open pat mininsg.

The mining  consualbing company, Tomes & Mooro., survoved  the
Girord -Toudghnut (Garacd  Undersdround Mine, o Gilhd) ol

scommended o two plhie drilling and development opreration.
Gt was  only  one of bthe mador wroducing min in the
svoand at o woudd not be unveasonable to assume thoal other
in the holdine: might  hove similar  potentinl.

A

z

Darinsg produchion ! in bhe Tombstone Mining Districh. the
Contention-Grand Ce ; mine hoas been the lorg Looopradus
This the site of the current open pit operation at TEY. As
with obther mines the orea, Lhere was very litlle producltion
nftor 1720, This wos not dus to o lack of mineralizabtion, but
rather, hidgh opevalting costs and low metal pricoes.

El7s efforts are, at present, concentrated on the Contention-
Givand Centyal  mine. fre gualities and  placomenty current
precious metol prices,  and compavative economic studies  hoawve

shown bthis to b the most viable bardel for develooment.




ERGOLUCTION

meirins recovds showed bthat the lav=gest tonnoage and mavhe
highost ¢Syade of are come From bhe are tive 300 fool
level. Production  toapered  off as the wminos moved Lo lower
lovaels, At the 400 P Toevel water waos encountorsd and pampoerd
ke ad loneding mindng T R AR TR tor Lhe 1000 Lereal Sime
of bhe  pumps burned owt and the woter oo v b Lhe  ADO
oot level where L6 ds hodoyvs Farly mining orodaction resorhs
fyom the Contention Mine doted LTEBO Lo 1885, 18910 4o 1911, 1928
oy 172, and 1940 dindicated the tobtal sroduction amountod Lo
almost B OE Lon  ounce of silver and N Loy ounoes 3
gold.  The ! P distribution is as follow

o

s lochad dis

HNAR million
HAN million
NAA miillion o,
MR wmillion oz
A ]
N/

{3 i Led omillion
100 - 2 1 12 million
200 - A00 lawvel Lo million
A00 - 400 level 0.8 million
AQQ -~ HOOQ lavel 0.% millio
hriedlow H00 level O3 million

The long sechtion (see Flate L) and cross o
A and 5 show the ore placement and distribution in the areo
currently being wined by TEIL. Im the lost thivty two  months,
HEY of  the elevaltion belwesn bthe original surfoce and the 41
level ol bthe old wine workinsts has been rEmoe i . Fioom  Lhe
410,000 tons of orve averading one ounce of silvey por bLon. TET
hos  recovered 210,000 ounces of dore’,  with an  averase  sold

content of

1, EY

sy and an averasie silver content of 92%.

The remodining moterial heltwucen Lhe sting pi
1 level {soc Flate 1) is shed to vield
duore it I ocurrent oroduaction rate this should take siws
months Lo cowmplebe

it bhobtom and
10000 ounces of




o

From information Ffrom tho U8, Burean of Mines

Files, TEI s
production ie o 207 of past production ot Grand  Central  and
Contention mines. TETD anticipates that this ratio will continue
to apply to the material between the First and second levels,
with o vield of 343,230 ounces of dore’. This projection  ia
considerad Lo be conservative becoaunse!

n)  the surface  to  $#£1 level had  been  much  more
extensively mined for high ¢rade ore  than  the
first and second level.

hY during  the Lime of undersround wining fFrom  the
First and second level, the price of silwver
dropped from $1.50 Lo $20.2% per ounco.

¢) mining costs become higsher with greater depths
and  arvound the Little Joe shaft the ore is  very
crimbly, further increasing mining costs.

d)  Butlery Bonsome and Blake hove all documenteod bLhat
the wvalues increase substantially  with  <reater
dapth {during the mine’s post production, wvalues
vere extrocted to Lhe 1,000 foob level).

At TEI s current production rate, excavation beltween the Firvst
and  second levels of the mine would take one ond o holf YEATS
Lo complete,
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CONTENTION-GRAND CENTRAL P17
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The pit hos an approdimte length of 1500 feel and approdimate
width of 1000 feelt (on Flate &y the present mining operation is
delineated by n solid dreen line). Tt is anticipated that it
wWill extend BOO feelt throndgh the south extension of  Grand
Central and o half mile north-west through the Flora Morrison,
Sulphuret,y Chances Boss and the West Side (on Flobte &4 the
broKen dgreen line delineates the prodected open pit overabtions
Flate 7 describes the West Side fissure in detoil)d. This will
maKe avoilable one mile of ore zones that coan be mined and
processed with existing TET foacilities.

12
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TEL Froduction?

The
TET

are monthly soles

1982,
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in 1981 and
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Sample crusher

SAMPLING

Trenches and excavator




TET considers  carvedfual  oand exact samplinsg Lo bhe  of  primary
importance) every phase of the minindg oreration is dependent on
a ovalid sampling technigue:

& study by TEI determined +that core drilling, PETCUSSLON
drilling oy veverse circulation drilling would not be effective
in  the area. Tt owns determined that o bebtter indicotion of
ore grade would be provided by chonnel sampling. o method which
nlso has the advantages of exposing the ore zone and pyaeparinsg
it For mininsg. Orilling costs to determine ore zones  would
exceed TEIs  total costs of mining and processing that orey
and  TEL believes +thalt results obtained fFfrom drilling  would
further need channel sampling to determine accurate ore  srades
for the operation of the open pit mine.

TEI uses o  srid syabem bosed on  the Cartesiaon  coordinate
syvstems incorporating northy east,y oand elevation coordinates
for dits samples, A Coterpilloar 225 Excavator is used to  dig
east/west  trenches ol intervals of 20 feety and Lo o moximam
depth of six feel. flong the trenches, ot intervals of no
more than ten feelty, with the actual interval dSoverned by rock
Fformation and structure, o channel approdimately three inches
wide and one inch deep is cult in the rock face. This vields n
sample weidhing approsimotely  twenty five pounds which
conforms to two reqguirementsd it ds representabive, and it is
manageable by ane person.

The collected sample is prepared for assay in Five stages. It
is crushed bto minus one inch and o split is taken. This split
in then impact wmilled ond another split dis taKen, which is Lthen
pulverized and sent to  the oassay  Iabhoratory. Ly neLng
progsressive  splitting, the final assay resualts are mach  more
rapresentative than those obtained by simple one gtnse
pulverizing.

When the assay  report is returnedy  the assoy voluz  of  the
gampley using  its specific coordinates, is plotted on a  wmap.
When all the assavs Ffor a particualar bench have bheen plobted,
grades are desisnated for the ore, using bthe weidshted averodge
method,



SAMPLING

Pulverizer
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o

TEL has  established four drades for the rockK which it mines,
hased on silver content per ton of rocky (sold content in the
ore ot TED hasy On averaso, an equivalent dollar value Lo the
silver content) The grades are! waste (less than (2% ounces
of silver per ton)e mid grade (0.25 to 1.0 ounces of silver per
tondy, ore (1,0 to 10,0 ounces of silver per tbtond, and  hidh
grade (obaove 10.0 ounces of silver per ton)d.

fAifter  the averadge dgrade has  been deltermined, tonnnge is
calculoted for the vwolume of ore. The ore zone iz Lhen marked
on the bench with color-coded Flags For mininsg.

The dndividual  soanples taken are each representative  of e on
averase, 190 tons  of ore, ollowing TET geolodists precise
dafinition of ore zones and deolodical structures.,







o

o

TET nses  the mining method of riperer and scraper  haoulade.
i L0

Less  than 104 of the rock regquires drilling and blastindg, and
the resulting mining cost per ton is low for an open pit opera-
Lion.

The mining is subcontracted to Moagini Leasing and Controcting.
Faguipment emploved by the contractor includes five 43 1LER
Coterpilliar scrapers and  three OY6 Caterpillar  bulldorers.

L Y o at

Modgini woves about 7500 tons of TEID material per day.

The mined ore is transported by soraper o o stockpile! From
there o Front end loader moves it to the crusher.
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CRUSHING CIRCUT

o AT A

bl b, b

P

A. Primary crusher

B. Shaker screen

C. Cone crusher

D. Pelletizer



Grushing Daepartment

Ore  from the stocKkpile is fed into the vibrating hopper of the
primary  crusher. The oversize orve is scalped by the dgrizely.
and  the rock is crashed bto 3" bto 4" in diometer. The fines
and crushed rvoclkk fall onto the under primary belty and are Lhen
dumped onto the feed belt <doindg Lo the shaker soreen, s the
are  passes  over  bthe scoroens all the fines and minus 340
material  ¢oss  bLhrowsgh  the screens and onto  bthe uanderscreon
helt. The oversize materiol continues across the soreening
decks  and into the secondary crusher, This ore falls onto a
return belts which dumps onto the same screen feed helt,
combrining the Inr€er il amaller ocrushed material, which
continues over Lhe screesen to Join the other material already on
the underscreen  belt. This material is then dumped on o
stacker belt vhich transports it to the pelletizer,

20



PELLETIZING




o,

After  the ore is crushed, lime is ndded. Then both the fines
and the lardger particles and fragments are grovity-fed into the
palletizer, The crushed ore slides down an inclined convevor
helt which  is  moving upward against the flow of ore. The
broKen ore is sprayed with cyanide. The lardger pavbticles or
fragments adhere to the fines, thereby increasing  their own
already relatively large mass. The advantases produced by this
process are sisnificant. The crushing tends Lo break the are-
heaving rock along its frocture or cleavade planes or  lines.
The smaller the post-crushing particles. the dreater the total
surface areo exposed. The fines (particles under one half inch
in  diameter) tend to be captured by the larger particles or
Frogments. They adhere in ivredgualar patterns, not in smoolh
concentric lavers, This prevents compachion of Fines into o
non-permeab e, low porosity mass. Increasing porosity  and
permeability  focilitotes dgreater recoveries from the leaching
process in less Lime.s

The pelletized ore is dumped onto stockKer belts and piled for
hauloge, E
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ching Depoartment

[P

=1 ohas four major ponds in their production circuilt (see plote
F9Y¥. o Spray pond "0 consists of havrrven solubion. 290 sollons
per minute of barren solution are pumped to the production pads
far silver and dgold styripping. The return, or effluent, from
the pads is ¢gathered in pred ponds "A" and "R", Fond A" acts
as oo settling pond which overflows into pres pond "B, Fumps
bring  the predgnated solution from pond "BY inte the plants
where  oan odeouate amouant of =inc dust is  added. Zine  dust
conses  bhe precipitation of  the dgold and  silver from the
salution. Simple sodium sulfide tests are performed to justify
Lhe anount of =ince usede. There is a third main pred pond Oy
which collects Y execess predgdnant solation From mond "R,
This excess 15 punped back when pond "BY ds low. The  harren
solution, stripped of silver and €oldy  leaves the plants, and
daps  directly to  spray pond "I oot an averadge  rate  of 250
gollons  per minube, In return, 250 ¢ollons per minute of
solution with the adeguate cyvanide content i pumped to  the
production  pads. In excess of one pound of cyanide per  Lon
of solution is needed to extract silver and €old from the ore.
Lime ond coustic soda are added to Keep the pH level above 9:35.

The +tails pad consists of ore bthat has already been  leoached.
When  the effluoent return From an ore  pad gets  down bto Ay
ouncs  of silver per ton, the spraving there is stopped,. &1l
Gre ot that level is btransfered to the tails pad for further
lTeaching:  dApproximately 320 Zallons of boarrvren and recirculated
Jljght1y prognated solution is beindg spraved ob one time on the
tails pad. & wash plant has been installed to extract further
ynlues (see Innovabtions and Frojects).

The mid-¢grade pads consist of uncrushed and unpelletized wid-
grade ore. Cvanide and lime are added to Ffresh water from the
roservolr in oo mix tanky  and the resultant harren solution is
apraved onto the pile. A three million bton mid-grade paod  is
currantly under constraction (see Innovoations and FProjects).,

N

There are fFive ore production padse  each 1007 0 2007 = 87,
locoated ol the Housghton cloim. Fach poad holds 5,000 tons  of
0T The presnant solution from mid-grade and tailings  pads
ig used as spray solution for the ore pods. This has  Lhe
correct amount of cyvanide and limey and already has silver and
sold  values. These wvalues in the solubion tend to allow o
grooter  extraction of silver and fold from the ore than  if o
barren selution is used.
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PLANT DEPARTMENT

One precipitation plant

>

TP =t e ;vn-"

(2 PN OVN

Secure collection area



Flant Deparkment

TEI has  incorporated four Merrill Crowe =inc precipitation
plants manufactured by the Stote of Maine Mining Company.  Each
plant haos o rating of 300 tons of solution per dayy for a total
of 1200 tons of solution per day. Innovations and efficient
operation by the plant supervisor have increased the capacity
of the plants to o total of 1400 tons of solution per day. Each
precipitating  plant can operate separately or in  conJjunction
with the others. In the event of any component failure on one
plant, the entire processing does not shul down.

The precipitates are pumped into o secure area, where access is
Limited Lo o few Key personnel. They are then dried in  a
drying oven and shipped to the sweltery, Chrysoor Loboratories,
located on TEI property.

»
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SMELTING
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Vibrating table & slag
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Chrysaor  hoas o Fully automated tilt furnoce bhat uses
crucible. Fresent smelbting 18 94 hours or 2600

artment

! o
s
b
b
i=
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precipitaotes per week, approximately 50% of copacity.

The dore’, in cone formy is shipped to a refinery

o

armored

car  or by plane. A TEI representative is present

welghing and assay of the dore’. A vacuum  tube is
TEI’s  observation, to collect o homodeneous sample

molten dore’ . The sample dis cut into thirds. One third

with the refinery, one is sent to an independent
3 and one returns to TEI's testing department.

From the smelbting process, TETI has o lardge volume of

Laboratory,

nppreciable metal values. & vibrating table and impact
have been installed to process this materianle Tae

efficient operation of the Smelting Department, this

@ can be done by the Smelting Department personnely incurring

extra labor costs.

Law 1
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TESTING

Atomic absorption spectrometer

Fire assay equipment




Testing Department

This department wuses an atomic absorption spectrometer and fuall
fire assay equipment. Sample testing is  provided for  the
mining, leaching, plant and smelter departments.

Mining lepartmenti

it samples received daily are assayed for fgold and silver by
both atomic absorvption and Fire assay. The mining  department
nses  the assay resort to desidnate the sampled aren aos  either
wastey mid-dgrade, ore, or hish-dgrade.

Leaching Department?

Hourly samples are taken from the orey, mid-gradey, and tails

pads . The testing department assayvs for gold and  silver
values in  solution. & careful monitoring of pH and cyanide

content is conducted.

The testing department runs controls on the heads and tails  of
pod Ore. This includes five assaoy for dold and  silvery, and
barrel tests for leachability and expected percentage recovery.

Flant Department:

Hourly samples are taken to determine the <old and  silver
values in the predgnant and barren solutions. Results of these
assave are used for quality control by the plant supervisor.

Smelter Departmenti

Fire assaovs are run daily on precipitate lots recelved by  the
spmelter  from the plant department. This allows manasement Lo
compare  actual  dore’  ounces to both plant  results and  pit
gomples From the mining department.




WASH PLANT
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TEI  hos accumnlianted wmore than 410,000 tons of crushed material

which has already been leached on the production poad. S04 Lo
5% of  the available silver aond 85%% of the =old has  been
recovered, To extract o Ffurther 10% to 15% of the precious
metal wvoalues TEI  has constructed a wash plant  that uses a
dilute cyanide solutione. The wmateriaol is classified and
spraved on 0o triple deck shakKer screeny the Finer woteriol
doing  as  slurry to a settling pond. The waoteriol  from the

decks  hos  the fines dropped outbt, leaving o clear pregnant
solution to 4o to the processing plant.

The sorted and washed materinl from the screen is of specific

size  to be markKketable as rood surfacing. TET maoteriaol has an
averase hardness of 4,  which makes it acceptable for thalt use.
fs  the materinl dis already mined and crushed, “pense  isg

minimaly so TEI  can be very competitive in  suapplying rood
surfacing to Sounthern Arizona,. The marketable price is $7 - %8
pey ton.

Gales  have already been wmade to the town of Tombstone ond  the
State of Arizonas,  In effecty the normal waste products of a
mining operation have become o wvaluwable oand marketable
commodity,



i is curvently leaching on approximately 220,000 tons of ore
that has been assayved to be between 2% and 1 ounce silver per
ton. The effluent and pregnant solution from the portion of
materiaol under leach has indicated very favorable results for o
conventional heap leaching process on this mid-grade ore.

TEY s stripping  ratio shows an increased amount of  mid-grade
ore with depth containing 2% to 1 ounce per ton of silver. To
process  this moterial, TEI is constructing approximately 20
acres  of wodular leaching pads,  with o capacity of 3 wmillion
tons  and o separate collection pond with a  copacity of 3
million #Hallons of solution. It will be possible Lo spray o
total  of 2400 Hallons per minute in a recirvoulating systemy
until the prednant solution is one ounce per ton or better,
when it will be pumped to TEI‘s current processing focilities.
The pads are being constructed in a natural valley, using waste
material as o sub-base and an indigenous lime cement called

coliche as the impermeable base. In the course of wmining,
wastbe  must be moved to reach the ore of one ounce per ton  and
higher. By placing this waste as construction material  for
pads  and  as mid-grade orey  TEI is creating a lordge leaching
operation ot minimal  expense. & conventionol heap  leach

extracts approximately 173 of bthe precious metal values.

Tf  precious metal prices increasey  the mid-grode ore will be
processed throush TEID/s crushing and pelletizing facilities.
ot a figure of $1& per troy ounce of silvery the cut off in the
pit would he lowvered to 172 oz. silver per ton, Lripling the
volume of ore  thot could be economically »rocessed, The
previounsly  leached mide-grade moterinl would also  bhecome o
processable orebody.




High Grade Ore

avens in Lhe pit Lhat are ranning in excess
idver per ton and up to btwoa ounces  of  gold

isting facilities, Elods able to process
these  concurrently  but  separately  from  obther produaction,
maintaining the diffevent controls in cvanide amounts nece
for hisgh Hrade ore, The ore is crushed Finer than normal and
placed on o o saparate pode The predgnant  solution is  then
blended into Lthe presnant solution Ffrom other production  poads,
brvinsgin e From one ounce ar to a po tho Lhiree

0 pre
or four ounces

hos encount
ten ounces of
per hons With

BOTY

poer Lon.

gunces of silver par Ltoan will be procoss

Any are of above 2 gl
vy means of o mmend mi Ll TET has used o pilot mwmill Lo
determing percentosge of  roecovery  and  optimum aperating
procedures.  Extrapolating Trom the results of these testse TET
should be able Lo build and operate a mill with o copocity of
150 to 200 tons  per doay ot o construction cost  of  aboul
$200,:, 000, There is  olso, Four miles auway, o custom mill
capaile of handling high €rade ore.




RESERVOIR
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In  the course of wmining and processing operations TELD  uses o
Iorde amount of Fresh woler. This ds used at the cruashers the
pads. and alzo by Lhe Lo bruok e whidoh spraves Lo Keep dost
From bhe air. To ensure adequoate wabter supply at all  times,
the company hos built o reservoir with o gopacity of bwo and o
fralf million ¢gallons. The reservoilr was constructed with waste
material,  at o cost of about 000, The wabter supply for the
reservolr ds Freom oo well on TETD property and from wells  owned
iy bhe bown of Tombstons.
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ant haulage system,  woving the pelletized ore to the
of one 30 ton pavhouler and one 12 vard loader.
With increocsecd production this will he inadeguale. o op blm
solution  would be  the parchose or lease  of  oan additio
poavhauler. This option wouldy however, hove o cmnt1numu5
impact  on operoating costs,  and involve odditional  labor. ﬁ
proposed  alternotive is the instoallaotion of o conveyor syvsbem.
ASdvontages of this ared
i3 snerating constant delivery Lo bLhe pods
2 arly Lo mointenance and roepair coshs
) hllmlnmtimn of operating personnel
Ay Twpleomentation with wmivdwal interraption of operations
3 Moticeable decrease in operationol cost per fton in o
short period of time.

TETI & pros

nodsy, consists

The cost of installation and maintenance of bthe convevor svshem
would hetl

FPelletizer to production pads? 1500 feelt ob 3130 per Ffool
: E225,00 (one Lime)

Froduction pads to tails podsi 2500 feet ot #1590 per fool

FAPEHLO00 (one Lime)
Repairs and maintenancesd $500 poay monthy $4,000 annunlly
The present sysbem, ubtilizing the paovhouler and  looder. has
annual costs as Follows?

A0 pavhaulerd indtiar cost 228,000 ot $5.17% per month
$E2, 100 wer vear

HAYUy D00 at $5,835 per month
HF0L 020 per yvear

A

P

~

3oloanader§ indtial cost

-
P
o

Hopadr and mointenance? 70,3455 par vear
Labori 2 men, aob $240 por weeKki P25 poer vear

Totol annual costi BT 445



.\,

The projected cost of the present svesltem, with  an additionnl
payhauler, and related additional labor ond maintenance costs
i HAFEL000 annually. The praoposed conveyaoar s

on dnstallaotion cost of $400,000, and annual cos of BEL000.
Comparison of bthese costs shows that the proposed Lem has o
1 than two vear pavbocky and would then operate al 2% of tho
cost of o conventional syvastom.

¥
altem would have

BYH

MGVE more  ore
acddition of

apac ity

Tha  conveyor yatoem wonld hoave the
thaor o ot crusher circuit produc
ongther  shorlt  head  cone crasber and BE cbald led  and
incorporatee with  the present  corusher  configurationy  would
increase crushed ore production by 80X, with o minimam tobtal of
EZ:+000  tons of  crushed ore pey  doave Thi=z purchase and
instollaotion would cost $300,000, bt in conJunction with Lthe
conveyvaor  systom Lt i beli

b

doved Lhat the overall cost per  ton
could be decrsased substantiaollys
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General

Tomszstone  deposits are vein structures which are characterise
tically drresdgalar lopses and pods in fovorable seolodgic hedding
planes or =lips, faults, Fissures and brecoiated sheor zones.
The Faovorable deolodic horizons are in or near the Noaoco
limestone, the Novaculite and the Blue limeostone. Original 1y
the ore solutions  come wup throudgh rising verbtical froim e 05
epigentic replacemnent deposits wvhere release of  pressure and
the chemical  changes  induced precipitation  of  the wmineval

vilues,
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Regional

The vock  fFormations  of the Tombstone Hills randge  from Frao-
Combriaon to Recent. The Fro-Combrian dis representsd by oo
dranodiorvite dntruasive. Foleosoic rocls are the Cabriaon Bolso
Auartizite and Abridgo Limestone, and the Fennsylvanian-Fermian
Hoco  group sediments. Mesozelo sediments are the Cretacoous
Bishee «roup sedimenhts, The Tertiary FPeriod is repressnhed hy
the Schieffelin Grancdiorvite intrusive and andesite  porphory
dikes, the lUncle Sam Tuff and the Bronco Volcocanios. Recont
sediments consid g haaternary AlLuaviam.

The Faleozoic and Mesorodoc sediments in the Tombstone Hills
have beoen folded, fovlited during aplifh, and dintraded by late
stode dikes of the Schieffelin Granodiorite.

Foldings  of the sediments has produced anticlines (rolls) which
trend northwest: Later tectoniswm produced northeast Lroending
Fissures along which several dikKes dintruded the sediments.
Emplacements of  the Schieffelin Granodiorite and its late
stage  dikes, nlong with the extrusion of Lthe Uncle Sam  Tuff,
ook place in the Tertiary Tollowing the structural  deformo-
tion: Mineralizaltion has heen inferred to be of the same ase.
Several episodes of Ffaulting followed in Terbtiary Limes ofter
the dintrosive emplacement . Late Tertiary and Guaternary have
ooy on @rosional period for the Tombstong Hills,
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SEQUENCE OF GEOLOGIC UNITS

Geologic Units

8rief Description of Units

QUATERNARY

Phonolite porphyry dike

-very pale orange to pale yellowish-brown pnonolite.

Basalt intrusive

-dark gray to grayish black basalt has a micro-
crystalline texture.

Quaternary undivided

-Plio-Pleistocene Gila Conglomerate and modern
gravel and alluvial deposits.

TERTIARY

Rhyolite porphyry: 63 m.y.

-grayish pink rhyolite with medium to fine grained
phenocrysts in a devitrified groundmass.

CRETACEOUS

Hornblende andesite intrusives

-medium bluish gray to light olive gray andesite.

Rhyodacite

-very pale orange to dark yellowish-orange rock with
porpnyritic-glassy texture.

Granophyre dike

-grayish-orange-pink to pale yellowish-orange, medium
grained rock with micrographic texture.

Quartz latite porphyry

-1ight gray, holocrystalline rock with medium grained
phenocrysts. This lacks a vitric groundmass and a
pyroclastic texture.

Uncle Sam Tuff: 71.9 + 2.4 m.y.

-light yellowish-brown to light brown tuff- a lithic,
crystal, vitric quartz latite porphyry intrusive.

Schieffelin Granodiorite: 72 m.y.

-light gray to grayish pink, medium grained
granodiorite. .

Andesite porphyry dikes

- 5 dikes, including the Boss dike. Dark greenish
gray to grayish-orange andesite.

Bronco volcanics
Upper rnyolite member
Lower andesite member

-pale orange to light gray rhyolite (tuffaceous beds
and flows.)
-greenish-gray to moderate-red andesite.

Bisbee Formation: 2000 ft +

-Basal Glance Conglomerate. Maroon sandstone and
mudstones, minor limestone beds, and brown to buff
sandstone.

PERMIAN

PENNSYLVANIAN

GROUP

NACO

Concha Limestone: 1500 ft.

-medium-gray, thin to medium thick, silty limestone.

Scherrer Quartzite: 150 ft.

-lower-red siltstone, then white to brownish sandstone
and minor 1imestone, limestone and dolomite, and upper
Tight brown to pink sandstone.

Epitaph Dolomite: 780 ft.

-lower dolomite, then calcitic siltstone, dolomite,
and upper limestone.

Colina Limestone: 635 ft.

-dark gray to nearly black, medium to thick becded,
crystalline limestone. Color weathers to pale gray.

Earp Limestone: 595 ft,

-extremely varied; lower-dominantly shale with minor
sandstone; upper - pink to reddish brown, medium to
very thick limestone and dolomite beds.

Horquilla Limestone: 1100 ft.

-light to dark gray, medium bedded to massive 1ime-
stone; contains red and green mudstones.

MISSISSIPPIAN

Escabrosa Limestone: 780 ft.

-lower: white to light gray, massive limestone and
dolomite. Two chert horizons - dark gray to black
chert beds and brown nodules. Sandstone and shale
are absent; corals, crinoids, and brachiopods are
present.

DEVONIAN

Martin Limestone: 230 ft.

-dark gray to brownish black; chemt, limestone,
sandstone, and shale. At Tombstone sandstone and
shale predominates.

CAMBRIAN

Abrigo Limestone: 844 ft.

-grayish-olive green to dark greenish-gray colors,
thin beds of conglomerates. 3 parts: 1. lower shale,
limestone, and conglomerates, Z. med. crystalline
limestone, 3. upper sandy limestone and quartzite.

Bolsa Quartzite: 440 ft.

-pale orange on fresh surfaces; light brown on
weathering. Thick to very thick bedded medium to
very coarse grained, somewnat cross-beaded quartzite.

PRECAMBRIAN

Granite

-pinkish-gray to lignt-gray, medium grained, biotite
granite, with a poorly to moderately well aefined
gneissoid structure.

Pinai Scnist

>

-dark greenisn-gray to brownish-gray, moderately to
well-foliated, fine grained, quartz sericite scnist.
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MINERALS PRESENT IN THE TOMBSTONE MINING DISTRICT

H designates hypogene mineralization

S designates supergene mineralization

Silver minerals

Gold mineral

Lead minerals

Copper minerals

argentite (acanthite) Agzs
stromeyerite AgZS. Cuzs
hessite Ange
argentojarosite

native silver Ag
cerargyrite AgCl

embolite Ag(Br,Cl)
bromyrite AgBr

argentiferous tetrahedrite

argentiferous galena
native gold Au

galena PbS
bournonite Cuzs.ZPbS.SbZS

cerrussite PbCO3

3

pyromorphite 9Pb0.3P_0..PbCl

2°5

vanadinite 9Pb0.3V205.PbCl2

descloizite 4(Pb,Zn)0.V205.H20
mottramite (cuprodescloizite) Pb(Cu,Zn)OH.(V04)3

anglesite PbSO4

wulfenite PbMoO

plumbojarosite PbO. 3Fe 0. 4510,. 6H,0

3

B Im v »nn tnn n tno o @m »nown

bindheimite-hydrous antimonate of lead

native copper Cu
chalcocite CuZS
stromeyerite AgZS.CuS

40



Manganese
minerals

Zinc minerals

covellite CuS

bornite CuSFeS4

chalcopyrite CuFeS H
bournonite CuZS.ZPbS.SbZS3
tetrahedrite 5Cu28.2(Cu,Fe)S.ZSbZS3 H

famatinite 3CuZS.Sb235

cuprite Cuzo

tenorite CuO

malachite CuCO3.Cu(OH)2

azurite ZCuCO3.cu(0H)2

rosasite (Cu,Zn)CO3.(Cu,Zn)OH2
aurichalcite 2(Zn,Cu)CO3.3(Zn,Cu)OH2

chrysocolla CuSiO3.2H20

connellite CuSOA.ZCuClz.19Cu(0H)2.H20
brochantite CuSOA.BCu(OH)2

beaverite CuO.Pb0.Fe,0 .2803.4H

293 0

2

alabandite MnS H
hataerolite ZnO.Mn203

polianite MnO2
pyrolusite MnO2
manganite Mn203.H20 S
psilomelane HaMnO5

rhodochrosite MnCO3

"black” calcite contains minute Mn oxides

sphalerite ZnS H
smithsonite ZnCO3
hydrozincite ZnCO3.22n(OH)2

rosasite (Cu,Zn)CO3.(Cu,Zn)(OH)2
aurichalcite 2(Zn,Cu)CO3.3(Zn,Cu)(OH)2
calamine (hemimorphite) ZZnO.SiOZ.HZO

41
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Fondol International . 1 peoan dndependont mineral econo-
mics consulting Firm specialising in extractive metollurgicnl
evaoluations.

The rFresident  of  Randol  Internoational, Ty . Hans  won
Michoelis. compiled the report on TEIL. He  has o brood
background in chemistry and geochemisbry with « metolliurgicnl
biwos, and hos consulbting exdperience in the mineval indusltiries
on four continents.,

Fandol  International’s most  recent wmojor wark has  been o
survey of the free world’s silver and 9old mining induszbtries
the six volumes includ information on innovoltive

concepts, and equipment ., and define metollursical
thoat hove  sisnificant  efFecht  on Lhe  =silwver  and eyl
industries. flsc included are watry  contact
addresses. and several bthousand literary ye

aver 1000

The Randol
Fecow
SO L s
incuastiee .

gaotion into Innovations in Gold ang vLlver
racred by oaboot 80 minins onc ErEineering
15 nearly oll bthe leading componiss in bthis




TOMBSTONE EXPLORATION INC

Summary Report

by

Randol International Limited
7510 West Mississippi Avenue
Suite 210
Lakewood, Colorado 80226

20 March, 1982.



INTRCOUCT | ON

At the request of Mr. Tom Schloss, President of Tombstone Exploration Inc.,
Rando! International Ltd. has undertaken this summary review of the silver
recovery operations at Tombstone Exploration Inc.'s open cast silver and gold
minina operation at Torbstone, Arizcna.

This report is written on the basis of information gathered during a two hour

visit to the property during May, 1981 durina which data was collected for the
Rendo! multi-client investigation on 'Innovations in Gold and Silver Recovery.'
This was followed up by a visit for discussions with Mr. Tom Schloss in the New
York offices of Tonbstone Exploration Inc. and a further half day visit to the

mine and plantsite on Thursday, February 18, 1982,

All information sumarised in this report was provided by employees of
Tortystone Exploration Inc. (TEl) and has not been quantitatively audited by Randol
International L.td. The helpful assistance of TEl employees, particularly Dustin
L. Escapule Vice President and General Manager, is acknowledged. The objectives

set for this assigrment are as fol lows:

o To review the metallurgical process and procedure applied at TEI
with a view to assessing the overall economics and efficiency of
the metal lurgical extraction process employed.

0 To review the many innovations employed by TEl in the recovery
process.

o To review the overall caliber of the operations, to comment on the
degree of conpetence of the management team and the management
philosophy enployed at TEI.

This investigation specifically avoids the critical issue of general geology
nf the area as well as any assessment of ore reserves either proven, probable or
potential on TE! claims as these will be independently assessed by other con-

sultants.

It should also be noted that Randol International Ltd. has not received any
remuneration from TEl other than for minor travel and accommodation expenses
associated with the second visit. TEl is a Sponsor of the Randol multi-client
investigation into Innovations in Gold and Silver Recovery. Randol International
accepts no responsibility for any inaccuracies that may inadvertantly be included
in this report.

CONCLUS IONS

1. From a metallurgical point of view Tombstone Exploration Inc. is a very
fine operation with competent and innovative management appropriate for an
operation of this size. .

2. Several innovations employed at TEl have enabled recoveries to be
significantly improved over earlier operations at the site. These
innovations make this operation one of the most efficient of its kind in
the world.
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The innovations employed by TEIl are specifically described below, and most
cf the innovations and experience at TEl could be applied to advantage at
similar operations elsewherc.

. One particularly noteworthy aspect of the TEIl operation is the elegant

simplicity of most of the innovations and the operation. There are no
unnecessary frills or mechanical complexities that cannct be readily
optimised or easily maintained on site. Wherever possible low maintenance
items have been selected.

. The TEIl operation at Tombstone, Arizona is a mediun scale operation at

2,000 short tons per day. The company is operated in a practical fashion
with a management structure that enables rapid decisionmaking and maximum
flexibility. The operation is however large enough to justify the
necessary facilities and services reguired for a high class operation.
That is, it is large enough to be able to avoid Heath-Robinson or
makeshi ft methods or equipment.

. The heap leaching process as practised at TEl can readily be applied on a

larcer scale, and the operation could easily be expanded if additional ore
reserves were to be proven. The heap leaching process is applicable to
oxidised ores such as those encountered thus far in the surface ores at
TEI. As deeper ores are mined recoveries may be influenced if unoxidised
sul fides are encountered. This applies both to ores recovered from the
surface mining operation as the pit deepens as well as to ores from
reopenec underground workings.

. Grades of surface ore currently being mined runs 1.5 oz Ag/st and

0.03-0.04 oz Au/st are relatively low. Heap leaching is the only process
that would be applicable for the recovery of values from ores with this
grade.

. Cold and silver recoveries of 60-70% of the silver and 85% of the gold

values are considered good for this type of ore and process.

. After agalomerated ore has been leached at TEIl, it is lifted from the pad

and placed on the tailings heap where it is subjected to a second leaching
process. This makes it possible to 'have a second bite at the cherry.' On

the tailings heap there will be a different solution channel pattern which
will rake some of the ore that was not wetted on the primary heaps acces-

sible to leaching.

. Based on crc grades and recoveries and current metal prices of $7.25/0z

fer silver and $325/0z for gold, the recoverable values are $7.31/st for
silver and $8.29 - 11.55/st for gold and $15.60-$18.86/st ore total.
Although general lv recognized as a silver district the gold silver ratio
of heap leachable ores at TE!l has been steadi ly |ncre35|ng and the point
has now been reached where gold has become the primary product.

. TEl uses a trenching technique to sample ore which is then mined in

benches. Ore from each bench is crushed and agglomerated for heap leaching
on the primary pad.



‘Wasterock is separated into low grade protore which is stockpiled and
barren wasterock which is discarded to a wasterock pile. In this way a
low grade resource is accurulating which can easily be reclaimed when
iustified by higher gold and silver prices.



TOVBSTONE EXPLORATION INC.

INNOVAT IONS

Several innovations were observed at the Tombstone Explopration Inc.
operation which are summarised below:

1.

[ ]
@ 6
@
@ 9
10.
.;
11.
.}
12,

Trenching and channel sanpling of the ore zones provides a better
indication of ore grades than has been found using drilling.

The innovative crusher & screening circuit is designed to require a

minimum of operators and the crushing operation has now been innovatively

intearated with the aaglomeration step.

A recently installed magnetic scalper on the crusher circuit conveyor
belt has resulted in an improved operational availability of the crushing

circuit.

The effective fine ore agglomeration step is low cost to operate and

greatly enhances recovery by heap leaching.

Leaching in two stages firstly on the primary pad followed by

intermittant leaching cn the tailings heap provides a means of getting

"two bites at the cherry.'

The prudent use of small inventory settling ponds for preg solutions

recovered from the leaching heaps provides a means of preclarifying the

pregnant solution before it is fed to the recovery plant.

The application of off the shelf modular Merrill-Crowe zinc precipitation

units reduces capital cost of the metallurgical plant and by using

nultiple units the plant has a very flexible capacity and an excel lent

operational availability.

The design of the metallurgical plant layout, despite the low capital

cost is nevertheless designed for optimum security.

Continuous solution sampling devices make it possible to measure the
precious metals in the pregnant and barrens solutions and make it

possible to inplement an operator incentive program based on the plant

throughput and metal losses in the barrens.

TEIl have designed and installed a low capital cost but very effective

precipitate drying cven.

Valves which can be expensive and cause downtime due to mechanical

failure have been replaced by extremely rudimentary three way gate valves
of home design which are not only easy to build but also very easy to

operate.

TEl have adapted a most elegant method for sampling cdore bars during the

snelting step. This technique was borrowed from the steel

industry.



By charging dried precipitate to the crucible furnace in preweighed paper
bags the smelting precess is simplified. This simple step makes it
possible to keep the smelter room much cleaner and reduce airborne losses

of precipitate.

The remote controled tilting furnaces are designed for maximum operator
safety and operator convenience and comfort. It is possible to operate
this smelting step cleanly and efficiently because the operator can keep

cool.

TE| have developed a mini-computor process control system for their heap
leaching process which once perfected will meke it possible to greatly
irprove the day to day control and efficiency of the process.




TOVBSTONE EXPLORATION [INC.

ADVANTACES

Tombstone Exploration Inc., despite the fact that the ore is relatively low
grade, is blessed with several advantages which have an impact on both the
operating and capital cost of the plant:

VWarm,arid climate permitting year-round outdoor operations.

The relatively clean ore is claimed to be low in base metals and other
cyanicides or species that would render the ore refractory.

Excellent existing infrastructure due to location in the outskirts of the
small town of Tombstone.

Adequate local labor pool residing in the vicinity.

Very favorable contract for mining ore and overburden at an excellent
contract price.

Soft oxidized ore which requires virtually no blasting.

Available coliche material from which to build the leaching pads.

Suitable topography and available land on which to build the leaching pade
and the tailings and waste piles.

Very creative and experienced local management and staff leadership.

Recause the ore contains both gold and silver there is some
diversification of products.



MINE

TELEPHONE

QONTACT
HEAD CFFICE
TELEPHONE

QONTACT
LOCATICN

CLINATE

HISTORY

CRE TYPE

TAOVBSTONE EXPLORATION INC.
P.0O. Box 610
Tonbstone, AZ 85638

(602) 457-2231

Custin L. Escapule, Ceneral Manager & Vice President
A. Joe GCraves, Mine Superintendent

TOVBSTONE EXPLCRATION [INC.
17 E. 76 Street .
New York City, NY 10022

(212) 628-8466
Tom Schloss, President

On the outskirts of the historic silver mining town of Tombstone,
Arizona.

Located at about 3,000 ft altitude in southern Arizona, Tonbstone
Exploration Inc. is located in a hot arid climate tempered to some
extent by altitude. The climate is ideal for the operation of a
heap leaching plant as problems with freezing in winter are
altogether avoided. Cther problems avoided are the crushlng
problems that can arise when wet ore is crushed .

Very occasionally storms may be anticipated which result in short
periods of very high rainfall which could temporarily upset the
water balance of the plant, but such occurrences are likely to be
very infrequent and not disasterous to the operation.

The history of this property is described by McQuiston and
Sheemaker (1980) under the title of 71 MINERALS LTD which closed
cowm in 1978. 71 MINERALS LTD. processed several million tons of
wasterock from earlier deep vein mining operations in the area with
typical grades of 1.0 oz/st silver and around 0.01 - 0.02 oz gold
per short ton.

TElI now control about four square miles in the Tombstone district
covering numerous small underground workings. TEl own 87 patented
claims which is about 80% of the total number of patented claims in
the area and in addition control a further 18 unpatented claims.

A map of the claims and known underground workings in the area
shows an extensive area from which high grade veins weré mined in
earlier times, and implies that a significant tonnage of lowgrade
ore backfill and ore that was below the earlier mining cutoff
qrades could have been left underground.

TEI have delineated an area reaching from the surface to an as yet
untested depth which is mineralised in fissures in the Bisbee
Formation along three porphyry andesite dikes which have intruded
into sandstone, quartzite, shales and |imestone.



SAMPL ING

CAPACITY

STRIP RATIC

MINING

CRADE

A known granodiorite intrusion is located 1-2 miles away but no
mineralisation is directly associated with it. The geology of the
area has been described by Ransome of the USBM first in the 1890's
and later in 1926, and more recently by Butler in the 1930's and
by Blake.

Ore currently being mined appears to be completely oxidized and the
actual mineral species in which the gold and silver occurs was not
discussed.

The orebody is delineated and sampled by trenching at roughly 20ft
intervals across the E-W trending ore zone, to a depth of 6 ft
using a Cat 225 excavator that belongs to TE! and is operated by
TEl employees. Channel sarples are taken at 6' intervals along the
walls of the trenches which are assayed. This technique is found to
be more reliable than drilling which is the more commonly practised
technique observed on other projects.

2000 st per day ore is mined and prepared for leaching 5 days per
weels.

About 4:1

All mining is carried out by a subcontractor, namely Magini Leasing
and Contracting. The contracted price is $0.74 per cubic yard which
works out to about- $0.50 per short ton of rock moved. The contract
covers mining and moving rock as appropriate to the plant crusher,
to the low grade stockpile or to the waste rock dump. The ore is
friable and usually does not require blasting. When necessary,
however, the contractor also is responsible for blasting which is
charged at the rate of $2.84 per blasthole foot drilled.

Mining ecuipment employed by the contractor includes:

Seven Cat 631C Scrapers
Three Cat DC9 Dozers

About 1.5 oz Ag per short ton and 0.03-0.04 oz Au per short ton.

PROCESS SUMVARY

CRUSHING

Mine, Crush, agglomerate with |ime and cyanide, cure, stack heaps,
leach with sprinkler irrigated solution, clarify, de-aerate, zinc
precipitation, vacuum dewatering of precipitate, dry precipitate in
oven, smelting to Dore.

The crusher system was supplied by Kolberg ‘Manufacturing
Cerporation of Yankton, South Dakota. It consists of a two stage
crushing and screening plant.



ACCLOVERAT ION

Ore is dumped onto a vibrating feeder and screened across a
vibrating grizzly. +23" material is fed to a Cedar Rapids jaw
crusher rated at 150 tph at -5/8". More recently the crusher has
been set to give a product that is -3/4" and throughput has been
increased to 240 tph. Operating at two shifts per day over a five
day week, an average production rate of 2400-2500 st per day can be
achieved.

The -23" screen fraction is passed over a shaking screen with two |
decks (13" and 3/4" apertures) in closed circuit with an ELJAY 54"Q®
cone crusher set to crush at -3/4". Minus 3/4" crushed ore is
stacked on a fine ore stockpile with a live bottom.

Recent improvements in the crusher circuit include the insertion of
a magnetic scalper which removes considerable amounts of tramp
steel including old iron tools from the earlier underground
workings. Lime is added to the crushed ore directly onto the
conveyor feeding the crushed ore stockpile. A new centrally located
crusher control room is under construction from which the whole
crushing and agglomeration operation can be observed. This is
expected to meke it possible to eliminate one of the crusher
operators.

The crushed ore stockpile feeds a belt by gravity via a gate that
is pneumatically controled from the control room. About 10% of the
crushed ore is minus 100# (150 microns). 35-40% is minus 1".
Agalommeration is considered necessary to achieve adequate per-
meability of the heaps and has been found to result is a signi-
ficant irprovement in gold and silver recoveries.

Crushed ore with |ime already added at the end of the crushing
circuit is agglomerated on a sloping 48" wide conveyor belt which
runs uphill against the flow of the material which rolls down the
conveyor which being sprayed with cyanide solution. In this
fashion fine particles attach themselves to the larger ones.

10 Ibs lime and a total of one pound of sodium cyanide per ton of
ore are added. The cyanide is added by spraving as a solution with
a cencentration of 30 pounds of NaCN per ton.

After agglomeration the ore is stacked in a heap on the ground and
allowed to cure for at least 24 hours.

The agglomeration belt at TElI functions very well and appears to be
relatively simple to operate and to control. TEI offers this
system to others together with their knowhow for around $100,000.

PAD CONSTRUCT ION

Leach pads are constructed from a naturally occurring coliche
material that is available on the property, augmented by old mill
tailings from earlier mining operations. The pads are constructed
from 2' thick compacted material built up in 3-4" layers with
10-12% moisture content.



HEAPS

TEI property includes a considerable area of generally flat terrain
that is suitable for the primary leaching pads.

A second pad also constructed of 2' thick coliche in 2-3" compacted
layers has been constructed on which the tailings from the primary
leaching pads are deposited in a very large heap. This provides a
second leaching process applied to the same ore but this time in a
heap with a new solution channel pattern ard a much longer res-
idence time

Pads are constructed using a Gallion T600 motor grader, a front end
loader and a pneumatic compactor which is similar in appearance to
the reguiar sheepsfoot compactor..

Heaps of cured agglomerated ore are stacked to heights varying
between 10-12' on the primary leaching heaps. There are five
primary leaching heaps that are rotated. Each is leached for four
days before being lifted and dumped on the tailings heap which
serves as a secondary leaching heap.

TEl owned equipment used for heap construction includes:

One International 400 12yd? loader

Cne International 560 6yd? loader

One International 350B Payhauler dumptruck
One Euclid R50 durptruck.

HEAP CONSTRUCT ION

Heaps are constructed using TEl owned and operated equipment.

SOLUTION APPLICATION

Solution is applied through Nelson Beta 45 sprinkler heads on a
10ft spacing along solution feeder lines.

1200 short tons per day of solution is applied to one of the
primary leaching heaps containing 7000 st ore. Based on a 12' heap
height and 100 Ibs per ft3 bulk density, the area occupied by each
primary heap would be about 12,000 ft2. This works out to 0.23 US
gallons per square foot per minute assuming that the full 1200 st
of solution is applied to only cne primary leaching heap.

If 1200 st of solution is applied to 7000 st ore for 4 days this
irplies that 0.68 st of pregnant solution is recovered for each ton
of ore treated in the primary leaching pad. Of course there will be
some reduction in the volume of solution recovered on account of
evaporation.

The much smaller rate of solution application on the larger
tailings heaps also generates additional solutions containing gold
and silver. These solutions are irrigated over only a small part of
the heap at a time and the solutions are recirculated to bring the
grades up. This purp recirculates 350 US gpm.
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WATER SUPPLY

f VM PCWER

TEl water is supplied by two wells. One is in an old mineshaft and
the secend is located near the metallurgical plant. In the old
underground workings excess water was one of the problems faced in
earlier years which required special pumps, consequently it is
inplied that despite the arid climate at Tombstone, water supply is
not likely to be a problem.

The TEI operation is located in the town of Tombstone where it
appears to be the largest employer. Apart from tourism and one or
two smaller mines in the area there does not appear to be much
other industry in the area. Southern Arizona offers a pleasant
living enviromment and consequently TEI claims that they have
little difficulty attracting manpower with an adequate aptitude for
this type of operation.

The Vice President and Ceneral Manager in charge of the operation
Mr. Dustin L.Escapule is clearly well organised, innovative,
capable and able to control his workforce.

Mining costs are very low because of the contract arrangement which
is very favorable indeed. Currently while capital spending and
construction is in a severe recession in other sectors of the
economy, it would appear that favorable contract terms will con-
tinue to be achieved. The viability of such a favorable contract
when the rest of the economy improves might require some thought.

A schecule of TEl erployees was not provided, but judging by the
general appearance of the operation it is clear that TEl is neither
overstaffed nor urderstaffed. The crushing and agglomerating
station is operated in a way that requires a very small nurber of
operators and this is being further streamlined. The Metallurgical
plant is operated by one operator with one helper which is very
labor efficient.

CYANIDE COMSIMPT ION

LIME ADDITION

FOWER SUPPLY

1.8 Ibs Na(N per ton of ore maximum. Cyanide costs $0.60 per Ib
delivered in 20 ton lots to Tombstone.

A maximum of 10 Ib lime is added per ton ore on the stacker belt
ahead of agglomeration. By February 1982 the |ime consurptior had
been cut back to 5 Ibs per ton ore.

Lime purchased as Ca(OH), costs $0.01 per Ib.

~

TEI is located literally in the town of Tombstone and is served by
utility power. A standby diesel generator is however installed in
case there ever is a power failure. This generator is seldom if
ever used and corrosion caused by rain entering the vertical
exhaust pipe during infrequent desert storms might be a problem
were it not for a very simple solution to the problem developed by
TEI.
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SCALING

DUST GONTROL

TEl experiences a scaling problem both on sprinklers and in the
plastic pipes used to convey solutions. Baroid S35 is used to
inhibit scaling to some degree and appears to keep the problem
under control. The anti-scaling reagent is added into the preg
pond.

It is found that when the weather is hot (60° water), there is less
of a tendency for scale formation. Below 40°F, however, scaling
becomes more serious.

Since Torbstone Exploration Inc. is within the city limits careful
dust control is excercised by applying water through a hose spray
from a tank truck.

METALLURGICAL PLANT

The metallurgical silver and gold recovery plant is simple and
compact. 1200st per day of pregnant solution is processed through
four State of Maine clarification and zinc precipitation modules
each rated at 300 stpd. These units are each rated at 50 USgpm, but

were operating at 55-60 USgpm at the time of the Februrary 1982
visit,

Solution feed lines to the plant are PMC schedule 40 pipe.

ZINC PRECIPITATION

BARRENS

Tambstone Exploration Inc has installed four State of Maine Mining
units for clarification of pregnant liquor, de-aeration, and zinc
precipitation. Each of these innovative units is rated at 300 st
per day solution and cost $20,000 each.

When one of the Merrill-Crowe modules is filled to capacity, Zinc
precipitated silver and gold is backflushed from the State of Maine
modules to a series of filters located inside the security

zone of the plant which is separated by a locked door. Outside the
security area the zinc precipitate is not handled directly by any
operator.

The complete metallurgical plant is operated by one operator and
one helper whose main functions are to watch for pressure bui Idup
in the filters as a signal for the need to recycle the filters and

add fresh precoat after durping the contents of the precipitate
filters.

The plant operates on an employee incentive basis with a bonus paid
for extra throughput and penalties for high barrens exceeding 0.50z
Ag per st solution. Average barrens are 0.01-0.02 oz Ag per st
solution. Cold barrens are said to be much lower than this but were
not specified.
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SAMPLING

SVELTING

NAINTENANCE

Barrens are sampled hourly. There is a further automatic sampler
which collects a one gallon sample of barrens solution over each 8
hour shift. This latter composite sample is used to monitor the
operztor performance. The automatic sampler is locked and the
operator has no access to it.

Zinc precipitated silver and gold are backflushed from the State of
Maine zinc precipitation units in the metal lurgical plant and
puped to a row of filters in the secure room at one end of the
plant. When these filters are filled the contents are dumped into a
tong trough shaped vacuum pan filter and dewatered to about 30%
moisture by applying vacuum. After dewatering, the precipitate
which contains some silica added as precoat, is scooped out of the
pan filter into steel pans made from steel oil drum ends, and
placed into a homebuilt drying oven heated by the heating elements

. from a household cooking stovetop. The drying oven is made from

steel sheet and is insulated. After drying for several hours at
about 120°F the dry precipitate is carefully removed from the oven
trays and placed into paper bags.

Dry precipitate in preweighed paper bags which prevent airborne
losses is next taken to the smelter building which is kept separate
from the other buildings for securiy reasons.

The dried silver-gold precipitate mixed with flux in the paper bags
is charged into the gas fired crucible furnace. By loading the
precipitate in this way TEIl avoids airblown losses which would
occur if precipitate were to be hand charged directly into the hot
furnace using a shovel. The furnaces have been designed so that
they can be tipped mechanically by remote control by one operator
from behind a heat shielded glass screen. The conical molds into
which the slag and metal contents of the furnace are poured are
mounted on rails for easy handling, and maximum operator safety.
The smelter area is fitted with a powerful extractor fan to with-
draw any urwanted fumes.

TEl enploy a very clean glass tube sanpling device as a means of
drawing a sanple of hot silver from below the slag level in the
mold. This is a much cleaner, faster and more reliable method of
drawing a sample than the older technique of drilling into the
final dore bar.

2-4 full time maintenance workers are employed in the TEI
workshops. Major repair jobs are contracted out. The mining
equipment is maintained by the contractors on site using their own
maintenance shop.

ASSAY FACILITIES

AA - Perkin Elmer 290
Fire Assay
Test Leaching - Lab scale bucket tests.

13
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LEACH REQXNVERY TEST

SECURITY

Torbstone Exploration Inc. carries out leaching tests regularly on
2 laboratory scale. A split down crushed sanple of ore is drawn to
fill a 5 gallon plastic bucket with perforated |id and bottom. The
bucket with ore in it is placed in a plastic trough and a standard
volume of cyanide solution added to the bath. Solution is recircu-
lated to the top of the perforated lid of the bucket by a small
submerged purp.

Pregnant solutions recirculated in this way are analysed by AA to
determine the percentage of the gold and silver values that can be
leached. Such tests are found to provide a good comparative measure
of the leachability of one ore zone to the next. The procedure is
simple and inexpensive and can be performed on several samples at
once.

I't was pointed out that the plastic evaporative cooler purp made by
American Excelsior Company which is available in most hardware
stores works very well for the purpose of recirculating solutions.
TEl point out that pumps with brass shafts must be avoided for this
application.

In other operations it was noted that a small carbon colum was
inserted in the recirculating solution circuit to remove gold and
silver from the solution before re-azpplying it to the colum. It is
believed that in the absence of this measure, the results obtained
by the TEIl test may underestimate the leach recoveries obtainable
in practice.

Torbstone Exploration enploys several levels of security
precautions. Firstly, a security guard screens and records details
of each person entering or leaving the premises.

Secondly, in the metallurgical plant the operator and helper have
no access to zinc precipitate which is backflushed directly from
the filters into a secure area which is locked except when a
responsible official is present during the recovery of precipitate.

The precipitate is dried and bagged in the secure area where at
most one or two enployees have any access to it. Bagged precipitate
is added to the smelting furnace thereby avoiding further direct
handl ing.

The smelter building is in a separate fenced in building in sight
of the security guard.

Full details of the security system were not revealed to Randol
International Ltd and are known to a very |imited nurber of people
which in itself is an added safety measure.

14
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CPERATING COSTS

Operating costs were not fully disclosed during the brief visits.
However, based on the following assumptions the direct operating
costs per short ton of ore appear to be in the range of $9-$10.00

Per Day

(5 days/week)

Supervision & Management 3 men @ $150/d 450.00
Operators & Labor: 42 men $ 75/d 3,150.00
Contract Mining Costs 2,000st/d ore
8,000st/d protore & waste
10,000st/d total @ $0.50/st 5,000.00
Crushing, Agglomeration, Heap & Pad constr.
2,000st/d ore @ $1.50/st 3,000.00
Tails pile constr. & management
2,000st.d @ $0.50/st 1,000.00
Metallurgical Costs:
NaQN 2,000st/d x 1.8lbs x $0.60 2,160.00
Lime 2,000st/d x 10 Ibs x $0.01 200.00
Zinc guestimate 500.00
Precoat guestimate 200.00
Fluxes, crucibles etc 100.00
Power Costs guestimate (Crushing, Purmps,etc) 1,000.00
Maintenance Supplies 500.00
Diesel Costs : Included in cost of heaps etc.
Laboratory & Office Supplies, Telephone etc. guesst. 300.00
TOTAL for 2,000 st/day ore $17.560.00

Based on the above hypothetical cost structure the direct cost per
ton of cre treated would be $8.78 /st. Additional costs would be

incurred for taxes, insurances and claim fees, as weel as any
royalties payable. This together with contingencies would bring

total direct costs to the $9.00-10.00 per ton range.
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MANPOYER ESTIMATE

The above cost estimate assumed 42 employees which was derived as fol lows:

Mote:

3

Trenching & Sampling
l.aboratory

Geologist

Mine Supervision
Maintenance

Metallurgical Plant 2 x 3 shifts
Heap supervision & operation
Heap construction

Tailinas Pile construction
Leachpad construction
Watertruck operators
Refinery & Smelting

General Labour

Supplies

Accounts

Clerical

Security (1 per shift)

WINN—= =2 NN SN N—= N

£
N

TOTAL

The Operating cost estimate and the Manpower Estimate are a best efforts
guestimate by Randol International Ltd. and can be used to gain an order of
magnitude estimate of costs only. These numbers are subject to correction
by Torbstone Exploration Inc. who can provide actual data.
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