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Th i·". ·:· E~I'Ur·t 1.,.1() <::. F'"f'i.?I"'O. ·i·C·'d :i.ll Drder tD ':i:i.\IC- o.rl 0\1('::"1'"011 \l:i.c\·.! Dr 
Crl ,(.::, r·ot.:i. Ctl'l::; cClriciI.lCt.(:.'cl hy Tc"mh·:o.t.onc' F::-:pJO"j'(1t.:i.c!n I II ·le.: Ccr'i...I):i.n 
.i.nfo f· H,flt.iol·1 l;.Io.~: ; ci.!11(':,c:i:.c-:'cI frul"II I~) ;< t. c-:'rn(\l ':;u urC:E'<"· 'I: .. ho.t. TEl 
c::ol1'::.:i.dr:-r:,:. r·c, l:i.obJc'< ThE"::; C- ij ',cludE' t.hc' Ill.ltlc-r· F:UPCiy't (hlT:i.ttr.-r, 
by tho U,S . Bur-eou of Mines ond the Univer s ity of Arizona),lhe 
1:;:on ·;:,(J lllt.' F\(~'!'nrtl the i····!P\\IE·Jl :O:i{:;!;; c·.'r·t(l"LiDn~, ond cioto <jo.thE'l ' F:d by 
Dr. David Rabb frol"ll the files of the AIME one! the Ar:i.zona 
l~ U l' C, ( I I.! CI f i'''l ::. i ', [.' '::;. < D t h C,- l' :i. n f D r In (i t :i. n n Ii (\ j.; b C) (,) n 'v' c" J' :i. f :i. i:-.. d b y 
:i. n de! " c~ n d c- n ·i.. c C) ITI pan :i. c,;; ~:; '.\ c: h a ':::· F () ;.; Inc D r pur a t ('.;' d ~ . c h (j )". t c' 'j" C~ d 
public accountant s~ and Dames & Moore, consultinj enjin021's. 

(~, ~:;:!Cl!""::;(l"j-y 1 ':::' 11·1C.l'.J.dc:'cI ot t,hc) c'ntl Df l.h:i. !:; r(;~pD·rt .. tu dc·f:i.I,(·:: 
I.:: c:' r t a :i. n IJ n f (1 fli :i. :I. :i. a '(' t e l' 1'It ~:; , 
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In 1857 Fr2deri~k BruncKaw located and besun worKing the Bronco 
C::!O:i.HI~' f:i.\!c:' IllilL'~:'. {j'oln t ·I ·li·.: p)"·e~:;c·.'nt tD!'~li clf TDI"b~;; t.D np, In :l.B)''.I'~, 
:::: cI ~::; chi '.:~ f ' f ~::, .I. :i. n '! t I i c·, <;; 0 n u f (i f ' D '1' t Y _. n i n l:~ r y '/ i·;;; :i. t C~ d t h C) B run c I< D \".' 

III :i. Ii C·) t·'! h :i. ], c, D n (1 t i"" :i. p t . D "'. () r t . 1·11.1 (1 c: h I.l C 1:.\ , r"J n (l rill y -r j" :l. (.? n CI h 0. d 
\-,1 (1 l' n l:! ci h :i. In t h 0::\ t. :i. nth :i. S {' I' o. c. h P t (.? P r :i. t [) 'I~ Y (11 J h C H D!..II d f :i. n d 
I,'J 0 1.,1. ), cI b (.) h :i. ',; 0 1.,.1 n to HI b :;; t. el n 12 , !~; chi t:·~ f f 0: 1 :i. I) n n ·t ice d t h Q -1,-, the 
ci:i.r-cc:tiun of Dr'C: l·J(\~; tr-(·?nd:i.n~i I'lD'f, thp(\!;t PI'om th(;: B'i ' ClncD~' onc! 
followins this trond he found what is now Known as the 
T U III h ':; l () II C' ( 'i :i. n :i. n <:! :U :i. <:; t r' :i. c: t ,. 

With his par-tner s , Schioff211n located (lne! staKod a claim 
tl 'll~' LU.cKy CIJ. < ".~:;~, (\nd thc'n ·i .. hc' TnlJ~:;hnl..l-l: .. ,. Th<:~ )' thun ·::.plit 
CDnte·'nt.:i.ol) (Inti til!': Gr'clncl CE'ntY'111 I'Jith 11 nel" pOY'tn<-:''j'·,. Thc ~;:. c 

I'll ], n c' ~;; l.oJ (-) r (;-) t Cl b ::) C () I'll e t. h 1;;.) HI (l,j 0 r pro d 1.1 C i n <j '~:i. 1 '/ (:.~ r HI i n :C~ ~;;. D f 
CO. '(':I.}' :I. [lCO J ';" 

to 
t.h(i~ 

tl .. .iO 

t.h c! 

The town of Tombstone spranj up in :1.879, followins the news of 
~! chi E' -F +' Co 1 :i. Ii J ~ ~ !:; t r i I, (,.' )' O. lid t hi (J Y <-:~ I). 'C.~::. 1 (A t E~ Y' :i. t. (l C h :i. (:~ \' e c1 
international not.oriety aft er the gunfight at the O,K. Corral. 

By If:lB3 III00ny llIo.,jDr lfIilH:,'~:; ho.d bl-:'CD IIII.'! prDduceY's for- the' TnllJh!;,tDni':~ 
I"j :i. n :i. n '3 D :i. s t )-. :i. c t , T h (1 .:::. (,~ :i. Ii c: 11..1. d c! cI -1,-, h (,' F :I. D r (1 i'i Cl r r :i. ~:; 0 n \' i"',! (11..\1111'; (.~, ':1 !' 

south oxtension of the Grand Ce ntral , Emerald , Moonlishty Grand 
Dipper, Vi z ina~ Heod Centcr~ Goud EnDugh r Tronquility and 
Silver Throad mines. Yearly pr-oduction at it s peaK appears to 
hQ\11-:' G~>;cL'E'd!:,cI ~!;::':;I' OOO~OO() I) t. th(·:~ mc-:··tol pr:i.c:e~; o -f thot '\'.:i.IIII::!, 

II 1.1 r :i. n ;:l t h (.:) rfl :i. cI .l 8 '"} 0 .' <;; y t h c-: III :i. n i n :l :i. n d 1.1 S t T' Y :i. nth E' Tom b s; t Cl n f::' 
d :i. !~, ·t r :i. c t -r 0. c c' d 0 n 1.1111 b [~ r' D -r p r D b :I. (,' Irl !:; • ly1 (1 nyc :I Q i In ~:; hi <-:~ Y" 0) t :i. ( :~ d 1..\ p 

:i. n :I. :i. t :i. ~:i (1 t :i. D no ... ' E' r- D l-! n p 'j" ·:c· Ii :i. P ~' HI :i. 1'1 :i. n J c: D~; t ~ :; hi c r- (,! :i. ncr C' (\ ~:;. :i. n ~J ~' 

working mines hud ineffecl:i.ve pumping systems, ond precious 
1(1 n t ().:I. Ii .(. :i. c: E'S l-.I ('::' Y' E cI r- u!' pill ':i , lilt h (.! ], (l t i·:·: 1. n <} (} / !;!' I'j 'I' ,. E, B ,. G (l 5 (;~ 
raised enou9h money tel consellidate 95% of the Tombstone mines . 
The:, CDlrlpo.ny DPc'·j'·o.tc,d l.):i. th III(il1}' cI:i.rf:i. clJltiE' ~:; :i. nc:J.ucl:i.n'5 f:i. ,(·c, !:> (And 
:i. n (1 cI c: q IJ. (\ t (':! ~j t c, 0. n, b u :i. It:: r !:; t C) P D I,) 1::) T' thE' i T' rtlll c: h :i. 1"1 (~ y-. Y ., 11"1 t h r::: 

E' 0 Y' J y :l ?:? 0 J ~:; I Tn III b ~:; t. () n c' en 11 .:;; D :I. i d (l t (,:' d ,"1 i Ii (.:~ ~:; ~~, () 1 cI (\ 11 i:) -f' t. h (~:i. r 

h D :I. Ii :i. n ~3 !::. t D :H I.J n 1< C 'j' 1·::i.:I.]' t"j :i. Ii :i. n ';i C OJl, P (\ n y )' o !::, 1.1 b ~ : :. :i. d i (~ r- y Cl f Ph F' :I. p ':;; 

DociSe, By this time the pumps hod been s hut down, ancl t.he 
hi (1 t (;" 'j' h o. d j'" :i. ~; (:! n h (1 c: J( t C) t h () 6 0 0 f () 0 t . :I. <01 V c!:I. c Bun I'; ( i} r H :i. :I. :I. d :i. d 
not attempt to d o wator- the mines, but reworKed the job or­
bocl:;fi:l.l -('r ' DITI the· l·,1otC'I· t(lbl(;-.' t .o th(·::' ~:.l..!r-f().c(:;), (AIle! did fl .. l·('t.h(·.~r 

mining on hi1h jrQcle veins in t.he upper levels, In the mid 
1~;1:':~O/~:; they <:;()lcl ·Lh(·:~:i . r· hDld :i . n ~J ~:;. to TOlllb~:; t(jIlC':' Dc\'(.';:,lnPIJI!·.-..nt 

Compol"lY (T.D.C . » 

") 

" 



r' r n cil..l c: t . :i. 0 II :i. n t. h c T U Iii b '::. ton c! II :i. ~::. t . 'i' :i. c: t . \I:i. 'j' l.u o. :I. J y C. i'! () ~:; cd, ::; :i. 1 'i E' 1" 

was now at to:)3 an ounce, comrar~d wjth th 2 $1.20 an ounC2 it 
h <) (I C D HI iii (i Ii ci (;) d :i. nth t" 1 ~:r.? 0 I :::, j ' \,t/H) n t. h C·) If! :i. n (.:,,;; hi C 'f' (.:.:, f :i. 'i"::. t .. 
e! :i. s; r.: DVC' '('(;)ci , I..) o. -j (,~ ~:; (I n d c () ';;; t .. s:· h Q d :i. n c: Y'F!a!;; i.:)ci y Co. n cI I'll :i. n :i. n ~:! 1 .. 0) 0. ~:; not. 
<O! C D n C! III :i. c: (\ 11 Y 'v' :i. 0 b 1 c:' < 

I n t 1\ c·:' (:' (( )'" :I. Y :I.? ~5 0 f ';, :, c\ F't (-;. r ::> '(' DID n '~;, ::! d d D r fli r:~ n C'y' r:l f t h (':' m :I. n ;.:.) ':;;;' O. n d 
(\ fte 'j" til c! CiC! J d C J U~:· :i. n ::; tiL t . of !,.,ID r:l. d [0,1(1 'f ' II Ii (lc\ b (·,'en 'j"E',~C :i. J'I c! (·:·d \' 
T,D,C , \,.!,:I·,". ~ ·;u:i.Li t.\) t.11(·.:· ()ch!ll'IUnt H:i.n:j.l'l~j CC1IIIP(1ny, :OlJ'i'·:i.n ~.-i t .. I·I :i.<;:. 
P8rioe! sole! rema:i.ned constant at $35 an ounce~ and silver 
:i.ncrco!::.c·.j fr'o!lI th(·::· :l.930·',:;, l(::·\'c·l of ~~O,:~::'::; 0.1') uU.nc:c,' t.D <1;()·:f:l~5 (:In 
ounce, but wa9~s and opero.t:i.nj costs ho.d more thantr:i.pled . 
r·; (;) n p c' n :i. n ~j () r t h ('~I III :i. n p .:;:, 0. t t h (l t tilT! e Q P P (.;:0 0. r' (,' d I..l n E' C D n 0 Il'I :i. c (( J , 
T,D.C . was sold to a jroup of NebrasKa :i.nvestors who havo held 
th(~ P·(·(JP(·:rtiE!::~' t.o thE! P r·e~~,(·:~nt do.Y, 

Over the past forty years T,D.C. has leo.sed port:i.ons of it.s 
h 0 :I. d :i. n '~i t D ':. !'il tj 11 ill :i. II :i. I " J c CJ III P 0. n i c' I:; ,. 1 t :i. ~::, v :i. 'j' t IJ O. ], J '/ :i. HI P C) <;; !:;. :i. b :I. c 

'1:, nob -1:, (\ :i. n 0. n ./ P '(' () d l..l c: t . i un r E' c: Ci r d <;; f i' () fli '1:- h (:! ';5 C·) COrti ::) 11 n :i. c' !;; , 

In Februl1ry, 1979, Tombstone ExpJorQtiol'l Inc, acquired a 
-(-\1 \! (,) 'I' 0:.\ b :I. C Il'I :i. ncr 0. 1 ], c' o. c=.. C D n (111 t h 0.' In :i. n E' r (1 :I. r :i. <j h t. ':; <::t 1'1 d 1 0. n oj :::. 0 f 
T.D.C, Thi s property covers o.lmost 2000 acres o.nd includes 87 
P().t(·:~l'Itr:)c1 one! 113 I.1l'lpot.f.:· n'!:,c'd c:Jo.ilTlsc. 

;' 
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T r' :r ';; c' C! J D ::l i ~; t <.' 
rt, :i. 11 C' r o. J i ;:,~ (i I: .. :i. un,· 
\ ." (-;' j'" t :i. C (I, :I. ~:. h (I f t . \ 

~:; J T[~:; 
... . ...... - .... . . 

CI n d Ii, 0. n ,) '.1l-:!1I'I c: j'j t h (X \'(:~ ]. coc: (\ t. (,~ci .;-:' DIJ r ' l~ c' (.::! n (). 'j' C, ;:!. :;:. D f 
which in~lude oprortuniti6s for incline shaft~ 

(l n d 0 P Co n I) :i. t III :i. n :i. n ~j < 

Th(·:' m:i.n:in:J cC'ln~:; !JJtin::J CDlfJPOI 'I /!, Dalrlii~!;:' ~~ i'·j(')D·j·(:.'I' ,,; IJ f'\lC\,C'c! t h(~ 

Gii'().'j'd " Tul,I. ~i hnl.!.t (Giro.I··lI Undc':'rJrounci rl:i.n~'!!\, Df' GI...I,·';) (lnd 
'f' F:OC UllltrIE'n dc'c1 'J thlD pho. ~:;c cl "i· :i.l1:i.n~1 (\nd dc:'v(~'lC!plr, pnt DP(:~'('(\t.:i.Dn <. 

Tho GUM was only enD of the major Pf'uducins minos in the 
d :i . ~::tr:!. c:t." one! :i. t l-,IDI..lJd no": .. be IJn'j'C(l~~'DnQbli:' t.u O.<"·!:-, I..lI'i,C' t.ho.'\:. ot,·h (.:., 'j" 
HI :i. n (,":c' :i.n t h c' ,],L I h u:l. d :i. n <:i~::· 11'1 :i. :jh t I') 0'\"(·:) ~;; :i.lld. J (1 'f' P ut.Pi'! t. :i. a:l. < 

Durln~ rroduction 
Cun t(:!1'l t:i. Dn-·-·G -:' on d 

h:i_ <:;.-1: .. 0 'I';i 

Cen tr'o:!' 
in the Tombstone Minins Districlt the 
~l'I :i. n (.:: h (\ E b c~:?n th c' :I 0. r<jC:' ',; t prod '.'.e: (0} j" < 

This is the si te of the curren'l open pit operation at TEl . As 
1·,I:i.tll othcY' IYlin(-;~~: ; :i.1'1 thf:.' o.r-(:~o ~ l.hE'rE· \-,I(l~::· ',,'(,.' '(')1 l:i.ttlu p'i'oduct:i.orl 
aftor 1920. This was not due to Q lack of mineralization, but 
r(lthC:.'y ' ! h :i.<:{h uP(·:~ r·(lt :i.n<:; CD·:;> t~::. (il',ei 101.) IrIr~tol pr :i.cc~c,<. 

TEl's efforts o.rep CIt presGnt, concentrated on the Contention '" 
G ·j-o.nd CCI',tr'ol ll'I :i nc', Ch'(.' q'.!.(\l:i.t:i.E'~~. one! pJoccmc.'nt.j' CIJT'T"'c'nt 
p)"c~t.iDIJ!:> ITI(:-tOJ p·(':i.cc~~".~. (llld CDli'lp(lr'(ltiv(-'~ econom:i.C: stlJd:i.(;~~;; 11.)\1(-::' 

shown this to be the most viable target fDT' devolopment • 



• 

• 

Curl -;." 111 : i . n:j.JI~; rc-:.'(".uy··d': .. ~;:,h()\,lcd ·tho.t the' lo"(·::;(,·)~::.t tonn.:1:}f.' OJ ·leI JfJ.::t"/be 

L h ('~ h:i. ;:lli '.::' ,,; t ::; l' 0 d {,) C) F () r· ;;:' c o. ill e fro HI t h C) o. r \;.:' 0. ~;; o. b 0 \.' C) t h :,., 300 f D U t 
lc~v(":t, r'rDduc:t:i.on t(l. pC.'"j'('·~cI off O~;;· t.he-) m:j . nc~!:, movc:·d t .. c! lO\.,tc'r· 
lQv~l sl At t h e 600 Pout level woter wos encountered and pumped 
D 1..1. t \' o. 11 i.) I:,' :i. n <:i III :i. n :i. 1·' " j "\-.. (1 con t .. :i. n 1..\ c' t D t h (.; :1. r (> 0 () f 0 Co t. 1 E:''''' c J , ~:; (.! Ili c: 
Df thc-:' pU.IJlp~;;. bt ... ·i'I",Cc! ClI..t.t. (\nd "l:,I"1<:.' 1,.)(.tt::!1"' o:Jo:i.n rD·:;;.(:~ t.o the·:·' 1.)00 
foot levol where it is todo.y . Early minin 9 production reports 
f i·' C) Iii t. he,' C Ct n t (~, n t :i. D n i·yI :i. ned I) t c: d :!. r: BOt D J n B ::.:j I' :I.!? JOt. D J? :I :1.! ll?? H 
·tu :I.?~?9 :, Co.ne! :I.')...:~O inclico. -I:.; :·~d "I:,hc, tDtQl :·iT'Ddl.lct:i.Dn ol1lol .. \n·I: .. c:d -I." •. u 
0. :I Il"I () ~:; t ::i < :::.; lil:i 11 :i. 0 n CJ 1..1. n c: E' ·:c· 0 f ·::; :i. :I. \' E' r· .J n d N'/ ('I t .. 1"' 0 YOU. n C (i,' ~:; D f 
:jold, Th e' j"l' . .i<:;"I".I.;.l o.t!::·: d d:i. ·:::\"..r·ii:Jut.i()n :1.'::; (:.'::; fDI1DI.')~:;; 

0 :i. 00 :I. (~.' \1 C':I. .. . .:. In:i. 1 J :i. CHI U~·~ ~::. :1. :l.vE't"" N/t! m:i. 
., 

:I. :J. on C) :~::. .::; ell ci .I. e \ .. ' ,. .1 • I 

:1.00 . _. '"} '" I. 1 c\'(·~, :I. :I. '") ill:i. 
, :I. :i. on D:;:~ ·:;;:i. J'v'CT' N/r"l lil:i. :I. :I. :i.Dn 0:;·:·: ::i c.. J d ...... ,)1. .. , A',. .'. .; I 

200 . .. 300 1 E!V(~]. .I. , 0 rfl :i. 1 :I. i on C)"Z. • ::; I 1 \/(":.'1' N/f'l 111 :i. :I. :I. i on C) :~.: , ~jo:l.d 
:300 .. . 400 :I. (;)\,(:!:I. 0 ,. 8 irl:i. ]. ]. :i. on Cl:;::: ,. ~:> :i. ]. v [.~ Y' Nlt"1 lfI :i. ]. :I. iClll C):;~ , ~jol d 
l~·OO !::iOO 1 (·:!vc']. 0 ,::" 

HI:!. :I. :I. Ion DZ s; :i. Iv(:·r· N/r~1 Hli :I. ., ion C);;~ j(j:l.d ., .. ..I ,. ... ., 
b E,l Dhl ~:;oo Ip\'(:~l () c ,:) Jlli :I. :I. :i. un () :~.;: c ~:; i J. 'v' (0 T' N/~I llI:i. :I. ]. ion D:;'~ c· ~jn 1 d 

The Ions section (see P:l.o. ·te 1) and cross sectiun (P:l.utes 2y 3, 
4 (lnd :5) ~;hDl,j the' (JT'(:~ p:l.';lc:eIlIE'nt (lnd distribl .. ltiDn :i.n the ';l·r'(·:~o. 
c 1..1. "f' r E' n t :I. y b c' :i. n ::i III :i. n (,~ db>' T [: I , I Ii t h (:: :I. t) ,; t. t h :i. r· t. y t ( . .! c) Ii'! 0 nth ::; I 

65% of the e:l.evation between the orijinal surface ond the ~:I. 
J eVE.' J Dr -1: .. h E: D 1 ci III :i. n C \-J ("l y'l< :i. n ':; .::;. h (l ~:; b c (! nrc ITt C! \0' E' d <. F "f' CJ Ii"! "l. h c 
410,000 tons Df ol'e Qverasinj one Dunce of silver per ton~ TEl 
ho:?, y·ccCJvP"i'c' d ?:l.OI·OOO Dunce:;:, of d()T'C:'! \. \,;t:i.th on (1' ... ' ('~r(l"JF~ <jDld 
content of 1,5Z, and un averoje silv0"f' content Df 92% • 

·(he:' ·1~c:lTlo.inin<:; !flot.c.'"I':i.o:l bt!tl:.lc~crl the,:' (;.':;·::i. ';,t.:i. I·I::; p:i. t bot.tull"! oncl th(·,; 
t:l. :l.eve:l. (SD~ Plate 1) is exp0cted to yield l:1.0~OOO ouncos of 
dare!, At TEl current production rote this should take six 
m 0 nth ~;:. t () c: 0 III I"' :I. (:: t. E' < 



F r () III :i. II f () r ITI (~ t :i. 0 n fro IT! t h c.' U, ~:; , Bur c· 01..1 D f i'-1 :i. n Q ~; of :i. J E' ~:; j' T F I ! ~:; 
P r () d 1.1 c: tiD n J. ::; 20 :i.: 0 f p (\ ::; t p l' () d 1.1 c: tiD n 0. t G l' 0. n cI C (.,:, n t r 0. J '1 n d 
C D n ten t :i. (J n 11'1 :i. n (.:! ~::., T Flo 1'1 t :i. c :i. p (1 t pst h (1 t t h :i. ~:;. r (l t. i 0 hi i J leo n tin IJ e:­
to apply to the material between the first and second levelsy 
with (l yield of 343 y 230 Dunces of dore', This projection I S 
con sid I;:> 'j" :.,) d to b C'! con S E' r \) .), t i v (,) b 0.' C (11.1 s~;) t 

0) the surface to i1 level had been 
(c.' >: t [.! n ~;; i vel >! 11'1 :i. ned f D '/' h i 'J h ~ 'I' (~<:I E: 0 'j' c, 
first and second level . 

much 
tli (111 

1fI0r'(,: 

the· 

b ) d 1..\ r :i. n .) t h f,' t :i. Ifl P () fun de 1':3 l' 0 I .. t n d IrI :i. I') :i. n ::1 F T' 0 m t II ~,; 
first and second level, the price of silver 
clrC1ppr.'d '('ro lll ~!;l,!:;O ·to ~!;O •. 2:) pE'r olJnc:(·~. 

c ) mining costs became higher with greater depths 
and around the Little Joe shoft the ore is very 
crumbly, fUrther increosing mining cos·ts. 

d) 'But-It,·.,,), no.n~:;Dm(:·~ 01')·<:1 1310.1';(,1 hove oIl docl.J.mf-~nt.[:d that 
the values increo.se substontially with 5reater 
depth (during the lTIino's past production, valu8s 
were extrocted to the 1,000 foot leveJ). 

At TEl's current production rate, excavation between the First 
ond secDnd levels of the mine would take one and a half years 
to complete, 

(:) 
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1979 
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• Current Pjt 
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The pit has an approximate length of 1500 feet and approximate 
toJ :i. d th of 1000 fl::c·t. (on F'1 a t .("! c» . th (:~ p )~ e~';E·n t If! :i. n in 3 Dr (.) r(l t i on i!; 

delineated by a solid ~reen line). It is anticipated that it 
will extend 800 feet through the south extension of Grand 
Central and a half mile north-west through the Flora Morrisony 
Sulphuret, Chance, Boss and th~ West Side (on Plate 6, the 
broKen green line delineates the projected open pit operation. 
Plate 7 describes the West Side fissure in detail). This will 
make available one mile of ore zones that con be mined and 
processed with existing TEl facilities, 

:1.2 
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The Following are monthl y sales records of bullion produ~ed by 
TEl in 1981 and 1982 , 

DUNCES GClLD Ai'1DUNT 

.J(~n Bl '1:1.,03 
Fpb 8:1. ~» ::.~ (. 2 ~:5 
1'10 r' 8:1. :~2 ~ />B 
f~P r 8:1 4:3 ( t:l::.~ 
t'l(\ y f.ll 

.. ., .:-
,~,) , 11 

,Jun 81 3D,43 
Jul 8J. 83.35 
f~Ug 81 ,..,r:-, C1 ~ 

.\._ ~.J "j { . .' (J 

r' ;;)ep 81 434 ·,04 
Oct El:l. 246 •. 44 
Nov 8J. 549,75 
Dc;)c 81 2<?3 c· 71 

_ .. _. , ... -......... ~ .. 

TOTAL 1981 2,185.37 
:::: ::::::-::::::::::::::::::::: 

DATE OUNCES GOLD 

,.)(\1) 132 41!),OO 
FE!b 82 344, !;i:l 
~j,:l l' 82 337.04 
f1P r 82 43/, ~ O!:.:j 

--_ ............. , ..... 
TDTAL. YEM~ 
TO DIiTE! 1~532,60 

:::: :::; :::: :::::::::: ::: :::: 

H :i. gIl C0!;, t 1 <l8:l p l' :i. c:: c,~ 
,. ,. 

1 ..• OIAE)st 19B1 pr:i.er) • , 

I-I:i. ~hc:.'st :l ~'82 P ·f·:i. c:: c' 
,. 
I ' 

LOI/J(7)St :L'182 p"/' :i. C ()! 

'{i5:!. y 59;'.28 
·~l·-:~- ~' i~ ~:5l ( (? rJ 
:I. :I. y 9::)8 , 12 
2:1. )' 3"73 • 3. :l 
16 y 317.,31 
:1.6 1,266.13 
33y360;1~5 

:I. O:.3}, BB2 •. 63 
J.88~308.45 

:I. 07 I' B·'10 ,. 31 
235 y 71 ~3. 0 ·4 

== :::: =:: == ::-.: :.::: =: :::: ::: ::: :::: 

~~ :l.l4 }' ~P3 ,·75 
:l.4:1. 1,')'09. II 
:1.40,66.1..22 
183!,2"7:1.,7:l 

:l;!:59:l. • :1.6 Ppy' D:·: .. 
~} 31~:) ~:5 -) ? 2 p ::.) Y' oz . 

~~; 1.1 :? () , 00 PE'f' O~·~ ,. 

~I~ 3 ~:.:jO • 00 p f:~ r ()Z -; 

DUNCES :31 U)EF-: t,i"1()UNT 

5,235.20 $76,259,79 
2.07:1..44 26,244 , 98 
3 y 469.55 4:1.,862.55 
4,056.44 44,301,2:1. 
2 , 191.74 23,197.02 

621.12 7,402.72 
7 y 223.16 62,368.60 

18,504.60 :1.7:1.,898.32 
15 y 777.30 165~920 .5 2 

13,884.94 :1.28.695 .0 :1. 
28 1 688.93 259 1 944.34 

========== =========~=== 

OLJNCES S I I ... VE:r";; 

~j()lc1 

gold 

~~Dl d 
:jDld 

30 1,890,00 
:J.5 1,Ol4,. :I.ll 
:1.4,238 .,42 
23},778.03 

83 y920.59 
::::::::::::=~:::~::::::::::7.".! 

)' !l;:l6, 02 
1; -;, .84 y I 

l' ~I; B ,. B3 
y '~; "' I • 34 

PC:!T' 

p [) Y' 

PE'f' 
p (~1' 

"1> ;? } :~ r 0 El ::.~ (. :3 () 
:1.26,J.49,.79 
.1.22 ~ !S07, B8 
2 0 (~~ ~I 5 ~:-.; !.:; (. :1 '1' 

:::: :::::::::::::::~::::-.::: : :=:::::::: 

D~': , . ~:; :i 1. VC~'Y' 
0;::' • !:;:i. 1 Vt~\ l' 

02 , !::.:i.l VE!T' 

C) ;:~ ., c.; i :I. V 0.' r' 



• SAMPLiNG 

• 

• 

• 

Trenches and excavator • 

• 

• 

• 

• 

• 
Sample crusher Impact mi 11 

• 



i 

TEl consIders careful and exact sampling to 
i mportance; every phose of the mining operation 
a valid sampling technique, 

b t~ C) f P y. :i. mo J' Y 

i~;; df!'p(')nd(·)nt on 

A study by TEl determined that core drillinsy percussion 
d r :i. 11 :i. n S D Y' Y' £.~ V E' r ~:. C' c: :i. I' cuI n t :i. 0 n d r' :i 11 i 11 ~~ hI () U 1 d not. b P C' f f E' C t i v p 

in the area, It was determined that a better indication of 
ore grade would be provided by channel sampling, 0 method which 
also has the advontnjes of exposinj the ore zone al1(i PY'eparins 
it For min ins. Drilling costs to determine ore zones would 
e:-:c (O'(·?d TE I" s tDta:l. c: o~; t~; of m :i. n :i. n S on d p rDC <:·~~;; s :i. n~:3 th 0 torE' I' 
and TEl believes that results obtained from dri:l.ling would 
further noed channel sampling to determine accurate ore grades 
For the operation of the open pit mine. 

TEl uses Q grid system based on the Cartesian coordinato 
system, incorpDrating north, east, and elevation coordinates 
for its samples. A Caterpillar 225 Excavator is used to dig 
el1st/l,lest trc:·nches (~t intE'r"'(lls of 25 feE·t~. ':And to a lfI(l>:iull.lm 
depth of SlX feet. Along the trenchesy at intervals of no 

with the actual intervol governed by rock 
formation and structure, a channel apprDximately three inches 
wide and one inch deep is cut in the rock face. This yields a 
somrle weiShing approximately twenty five pounds, which 
conForms to two requirements: it is representative, and it is 
manajeable by one person. 

The collected sample is prepared for assay in five stages. It 
:i.!;; cT'lJ,shed to minu!;; C)J1(·:~ inch (tnd 0. !.;pJ.it :i. !;; to.l<.(;.'n, Th:i.!;; !;plit 
in then impact milled and another split is takeny which is then 
pulverized and sent to the assay laboratory. By usinS 
PT'Cl:3T'E·ss:i.v(,1 !;plitt:i. n~{~, t.he f:i.IHll a!; S.l)' r(~;!:.,t.11t!; OJ"7' Illuch mol'<=" 
representative than those obtained by s:i.mple one stage 
p u:l. '.1(:' J' i z i n 3 • 

When the assay report is returned y the ossay value of the 
!;alTlp 1 e \' t.1 !;i n S :i. ts !:;p ,·:·~c :i. f:i. c C Dord :i. no tet:;~. :i s p lottE'cI on (\ mop ,. 
When all the assays For a particular bench have been plDtted, 
9 r o. d p s arC' d ('! b :i. ~:3 n (l t (,! d for t h (1 C.l Y' C:.' I' 1.1 !.:; i n ~j t h (~ t·~ (,,' i ::3 h t c· d o. \' C' l' (J. 0 e 
n, C~ t h () cI > 

, 



• SMtPLtNC 

• 

• 

• 

• 

• 
Splitter 

• 

• 

• 

• 
Pulverizer 

• 



0) • 

, 

TEl has established four grades for the rocK which it mines, 
based on si]v~r content per tun of rocK, (~old content in the 
ore at TEl has, on average, an equivalent dollar value to the 
silver content) The ~rades are: waste (less than .25 ounces 
of:; i 1 \I e Y' P E' "/' ton:>!, Irt :i. d 5 r (1 d C~ (0 ,. 25 to i, 0 0 U n C L' !:, 0 of <:; i :I. ve l' per 
ton), ore (1.0 to 10.0 ounces of silver per ton), and hijh 
srade (above 10,0 uunces of silver per ton), 

After the average grade has been determined, 
co.:l.c IJlot.cd fDr thE' voll..llrtP of O'f'e,· The C)'j'e :;,:.one i!;:. 

ton n 0, <J E~ :1. <:; 

th f~n 1110 T'I<; (:~d 
on the bench with color-coded flags POl' mining, 

The individual samples taKen ore eoch representotive 
average, 150 tons of ore, ollowing TEl geDlogists 
definition of ore zones and geological structures. 

, 

of I' on 
p rCJc:i. !c.(' 
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• 

• 
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• 



TEl uses the mininj method of ripper and scraper haulage. 
Less than 10% of th~ rock requires drilling and blasting, and 
the resulting minin~ cost per ton is low for an open pit opera­
tiono 

The mining is subcontracted to Magini Leasing and Contracting. 
Equipment employed by the contractor includes five 6318 
Caterpillar scrapers and three D9G Caterpillar bulldozers. 
Majini moves about 7500 tons of TEl material per day. 

The 1I1:i.nc~d OOj' (.'.' :io~' °LT'(ln~;pnT't,(~d b)! scraper tel (1 E-°LDCI<p:i.lc~: PY'ClIIl 
there a front end loader moves it to the crusher. 
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Ore froffi the stockpile is fed into the vibrating hopper of the 
primary crusher. Th e oversize ore is scalped by the jrizzly ~ 

and the rock is crushed to 3" to 4" in diameter. The fines 
0. n d c r u !; h E' cJ {. () C 1< f (l 11 () n t () t h (" un d e r p r i In (l r y b cIt. l' an cI a)"' (:-! 'l h E' n 
dUffiPed onto the feed belt going to the shaKer screen, As the 
() rep (l S !:, p !" () \J ('~ T' 'L h!::.; !;; c 1"' ~~, (;~ n I' (111 t h f:~ fin £~!" (l n dill :i. n 1.1 S 3/4 " 
material ~oes through the screens and onto the underscreen 
b (? 1 t , T h (2 Cl 'v' P .,. ~:, :i. ~.~ [~ III (\ t C' T' :i. 0.1 C D n t :i. n u C' ~:; (l C r () ~~; '::; the E, c: 1"" e (:'! n :i. Ii ~j 
decks and into the secDndary crusher. This ore falls onto a 
Y' (} t u l' n b (,:1 ], t I' hi h :i c. h cll.!.lrI P ~;; 0 n tot he!;, (lin ~? !:; C Y' (.:;0 ~:! n f (:~ (,! d bpI t I' 

e () III b :i. n :i. n '} t. h (o! :I. (l r '3 c, l' (l n cI !:; III (1 11 (~ r c r u s h (o! d III (l t . C' T :i. 0. J l' hi h :i. c h 
continues over the screen to Join the other mo.teriu} a],reo.dy on 
t. h C:.' 1..\ l) d C' r !; c r (.~ c n b (.? :I. t. c· T h :i S 111'1 t e r i (l ], i s thE! n d I.l III P (0 d () n (\ 
stacKer belt which transports it to the pelletizer. 

, 

20 

,. 
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After the are is crushed? lime is added. Then both the fines 
and tho lor~~r particles and frQ~ffients are ~ravity-fed into the 
p f;) 1 1 (?'I;, i z t~ r ) T h 0~ c r u s h (.:) cI are s 1 i cI e s d lJ ' .. ) n 0. n inc 1 i n (.:.~ cI c () n 'v' e y [) r 
bE·lt 1,lh:i.ch i!:; Jr/Dvins uPI,lor·d osoinst th(7! flol-) C) ·f are, ThE' 
broKen lJre is sprayed with cyonicle. The 10rger particles or 
frajments odhere to the fines, thereby increasinj their own 
(\]. 'r Q 0. cI y 1"" (:;., 1 (l t i V t":) 1 y 1 (1 r:l e nlllS 5 + The'l d V '1 n t (l :1 f~ s p r Cl cI 1..1 C (~d b y t h :i =; 

process are significant, The crushinj tends to break the ore­
b(;~ (l¥'in~j r'ocl( olon:j :i.t!:; -Froctur(·~ Dr c:lE-O'v'o.::if~ pIon(:!!::. DJ' J:LnC!:-" 

The smaller the post - crushing particles, the greoter the 'I;,otal 
s u .(' f (l C (;' (1 r C' 0. e >: PO!:; e d ,. ThE' fin E'S .: p (1 r·t i c 1 E'S 1.\ n d e r CJ n f~ hal fin c: h 
in diameter) tend tCJ be captured by the larger particles or 
f Y'(1 gll,(~n t~:. , Th (.:!y '1e1 h f:.' rc' in i r· 1'(;":):31..1 1 (1 l' P (l t tE' rn!:; y n nt :i. n !:;Jnooth 
concentric layers. This prevents compaction of rin~s into a 
n () n .. .. P (:? 1'11, (0 (l b 1 e I' 1 [) 1\1 P 0 r 0 !~, i t Y II, a !.:; S c· Inc r (;~ a!:, i n ~ p 0 .(' ()!; :i. t . y and 
permeability facilitates ~reoter recoveries ~rom the leaching 
process In less time • 

The pelletized ore is elump~d onto stacker belts and riled for 
h<1ulosc· > 

:? :i 



TEl has four ffi aJor ronds in their production circuit (see plate 
:~:?) • f3 p '(' 0. )-' P 0 n d ":0" con ~:> :i. ~", t~:; () f b (l i" r c' n ~:> 0 11.J. t i CHI • 2!:'.i 0 :3 0 :I. I D n ~:. 

pe r minute of barren solution are pumped to the production pad s 
for s ilver and gold stripping. The return, or ef~luent, from 
the pad s is g athered in preg ponds "AN and H8" . Pond "A" acts 
as a settlins pond which overflows into preg pond "B". Pump s 
brins the prejnated solution froffi pond "B" into the plant s 
hi h (o? r (-') 0. n ':l d (=" q 1.1 0. t.!:.' 11m Co u n t (J f z :i. n c: d I.l S t :i~:; 11 d d e d • Z :i. ned 1.1 s t 
caus e s the precipitation of the solei and silver from the 
!; 0 11.1 t :i. D "1 ( !:; :i. If! P :I. ( ~ !;,; 0 d :i. u m !;; 1.1 1 r :i. cI (~. t e !C' t !;, (l rep C~ r ·r C) r Jrl (.:! d t 0 .j 1.1. ~ ~ t :i. f y 
th (:~ (Uh('lU.n t 0 f ~:: :i. n c u ~; ctl • TI')(-:.' re :i. S (1 t.h :i. 'I'd ll'Jo:i. n p Y'P S P on d I. C " !. 

1.,Jhich co:l.l[~ c: ts I)'ny (::» : ces ~; pr c~:~n(ln ·t ~;. oluti()n fr o l'll pond "FI" , 
Thi !c' [';';C(" !;!; :i. !::. pUIIIP(::> d b(lC I\ 1,lh (~n PDnci "B" :i. ~ ::, 101,! . Th(,l b '1Y'r (',' 1'\ 
solution, stripped of silver and golel y leaves the plants y and 
goes directly to spray pond HDH at an aveY'age rate of 250 
~allons p e r minute. In return, 250 ~allons per ffiinute of 
solution with th e adequate cyanide content is pumped to the 
production pads . In excess of one pound of cyanide per ton 
of solution i s needed to extract silver and gold from the ore. 
Lime o.nd caustic soda are added to keep the pH level above 9.5. 

The tail s pad consists of ore that has already been leached. 
Wh en the e ff l uent return from an ore pad je t s down to .75 
oun ce of s ilver pel' ton, the s praying there i s s topped. All 
ore ot thot lpvel is transfered to the tails pad for furtheY' 
leaching. Approximately 320 jallons of barren and recircull1te d 
slightly pre j nat e d solution is being s prayed at one time on the 
to. :i ls po.c1 ( A wa s h plant has been in s talled to extract furth e r 
values ( s ee Innovations and ProJects) , 

T h (~ In :i. d . . ~:i r a cI (.~ p (1 cI ~; con s :i. ~;; '1;, [) f I.l n c: r 1..\ !:, h c· don cI 1..\ n p C-~ I 1 E't. :i. ;:, £:' d III :i. d . " 
graele ore. Cyonide and lime are added to fresh water from the 
'1' (::0 ~:. (~ r v [) i r' i Ii a IT! :i. >: t (1 Ii ,.; I' I) n d t h p r (.~ 5 1..\ :I. t.1 n t. b (1 .(' r c·~ n !:; 0 J I.l t i (j n ]. !~ 
s P Y' a yed onto the pile . A three million ton mid - g r ade pad I S 
currantly under construction (see Innova tions (lnd Projects) . 

The r C' 0 '(' (7' f :i. ve D 'I~ E' P r' () due t :i. (.) n P (l d ~:; I' £:' (1 C h :I. 0 () I >: 2 0 0 I >: 8 .' !. 

located at the Houghton claim. Each pad holds 5,000 tons of 
D l' 0.' ( T h (:~ p'(' e':} non t '::; (J 1u t i () n f Y' Cl In IfI :i. d "" g r a d (~, (1 n d t . (1 i ], :i. n ~~!:; p a d !;; 
is used a s sproy s olution for the ore pad s. This has the 
C CJ l' l" (:;> c t (\ III 0 IJ n t D fey (1 n i d (" Q n d :I. :i. III <-:-! I' (1 n cI (). :I. 'j ' (~, (1 cI y h (1 ~; !; :i. 1 v C~ r Q n d 
:~j D 1 cI \'(1 J I.1C!;; •. Th E'!; (~' \/(\ 11.l(~~;; :i. nth c! so J 1..\ t :i. on t (·:·~n cI t Ci 011 Dl" 0) 

g reater extraction of silver and gold from th e ore than if a 
barren s olution i s used • 

.. 
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One precipitation plant 
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• 
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• 
Secure collection area 
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TEl has incorporated four Merrill Crowe zinc precipitation 
p l(lnt!; monufoctu Y'ecl by thf? St(\t£~ l")f Moine M:i.n in~ Compony < Eoch 
plant has a rating of 300 tons of solution per day~ 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 0 totoJ. of 1400 tons of solution per day. Each 
precipitatin~ plont can operate separately or in conjunction 
l.Jith the Clthc'l~ !.:" In th(;~ E.'vent of any COITIPOnent foLI.I.1l"EI on olH~ 
plant, the entire processing does not shut down. 

The precipitates are pumped into a secure orear where access is 
:I. :i.lI.:i. t.(~d tD (l f(~hl 1<; E.'Y p e 1'!:;onrJ(~ 1 < Th E'Y a 1'£1 th t'n cI d. ed :i. n 0 

drying oven and shipped to the smeltery Chrysoor Laboratories, 
located on TEl property. 

" 
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Chrysaor has a ~ully automated tilt furnace that uses a 1300 
Cl'lJcibl(~, Pr(0~:;(·~'nt· !;;ITI(:.'ltin~j :i.s 96 hours Dr 2600 pDund!;; of 
pJ'ec:ipitci't,(')s pf~r I,Jf.::oE~I< y apPT'o:-:inllltely 50% of cap(lcity. 

The dl1re'" in (:(.')1'1(:;;' forml' :i.!:; !-~> hipPf~d to a T'E~fiIH?r-y by ormDT'~\d 

cor or by plane. A TEl representative is present at the 
weighing and assay of the dor-e', A vacuum tube is used, under­
TEl's observation, to collect a homogeneDus ·sample from the 
m () :I. t E' n d D r t? ' , T h E~ ~> (\1)1 P 1 (;~ :i. s cut i n tot h i r d s ~ D n E~ t h :i r' d r- E~ If"l ins 
with the refinery, one is sent to an independent laboratoryv 
oncl one T'ptu.rn!.; tD T[I'!; t(;~sting df~Po.l"tlTl(:1nt •. 

FrolTl the smelting p r ocess , TEl ho.s a large volume 
appreciable metal values. A vibrating to.ble and 
have been installed to process this material. 
efficient operation of the Smelting Depar-tment y 

can be done by the Smelting Department personnel, 
e:-:trl1· J'J.bor costs. 

.. 

of !:>1(l~~ (.Iil-h 
i 1"11 p 0) C l- 01 i 11 
Due to the 

this process 
incurrin5 no 
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Atomic absorption spectrometer 
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Fire assay equipment 
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This department uses an atomic absorption spectrometer and full 
fire assay equipment~ Sample testing is provided for the 
mining, leaching, plant and smelter departments . 

Mining Department: 

Pit samples received daily are assayed for gold and silver by 
both atomic absorption and fire assay. The mining department 
uses the assay report to designate the sampled area as either 
waste, mid - grade, ore, or high - 'grade. 

Lea~hing Department: 

1-101.1 r 1 y SOITIP 1 e~:, (1"('(7.' tol{(;~n f T'()IT! th e 0 T'I:.' I' IT! i d "-;5 r' (lcl!:~ l' on d to i 1 !:; 
pads. The testing department assays foT' gold ond silver 
values in solution. A careful monitorinj of pH and cyanide 
content is conducted. 

The testing department runs controls on the heads and tails of 
pod OT'e. This includes fire assoy f()r gold and silver, ond 
barrel tests for leachability and expected percentage rec()very. 

Plant Department: 

Hourly samples are taken to determine the gold and silver 
values in the pregnant and borren solutions. Results of these 
OSS(\ys 0'1'(':') 1J~;;{Zl!d for quality contl'ol by the plQnt suP(·~rvisor) 

Smelter Departmentt 

Fire assays are run daily on precipitate lots received by the 
!-:; mc 3. tl::- r' of I 'Dm th (,' pIon t cI f:!P (\ rtmen t ( Th : i. ~; 1111 DI·JS Hlon (l :3(;~ IT,(:·~n t tD 
compare actual dore' ounces to bDth plant rosults and pit 
sQffiples from the mining departffient. 
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TEl has accumulated more than 410 vOOO tons o~ crushed material 
which has already been leached on the production pad. 50% to 
65% of the available silver and 85% of the gold has been 
recovered. To extract a further 10% to 15% of the precious 
metal values TEl has constructed a wash plant that uses a 
dilute cyanide solution. The material is classified and 
sprayed on a triple deck shaker screeny the fi~er material 
going as slurry to Q settling pond. The material from the 
decks has the fines dropped Duty leaving Q clear pregnant 
solution to 90 to the p~ocessin9 plant ~ 

The sorted and washed material from the screen is of ~pecific 
size to be marketable as road surfaci~j. TEl material has an 
average hardness of 4, which makes it acceptable for that use. 
As the material is already mined and crushed y expense is 
minimal, so TEl can be very competitive in supplying road 
surfacing to Southern Arizona. The marketable price is $7 - $8 
per ton. 

Sales have already been made to the town of Tombstone and the 
State of Arizona. In effect, the normal waste products of a 
mining opeY'ation have become a valuable and marketable 
commodity, 

~'7 
.~ . ! 



• 

• 

TEI:i. s cur l' (.~ n t I yIp o. chi n ~ 0 n ':l P pro ~.( i 1110 t (;~ 1 Y 220" () 0 0 ton~:; 0 -r 0 l' ('! 

that has been assayed to be between .25 and 1 ounce silver per 
ton. The efFluent and pre~nQnt solution from the portion of 
material under leoch has indicated very favorable results for a 
conventional heap leaching process on this mid-grade are. 

TEl's str·:i.ppin~3 rotio ShOhlS an increaseci 'llhOIJn·t of IYlid·-gr(ldri' 
Dr'E' l,,:i.th dE'pth contcdning .2~:; to 1 ClI.mce peY' ton of !~<i1ver, To 
process this material , TEl is constructing approximately 20 
acres of modular leaching pads v with a capacity of 3 milliDn 
tons and a separate collection pond with a capacity of 3 
1/1 :i 1 1 :i. 0 n j oIl Co n ~;; () f ~; Co 1 1.1 t ion cIt hi i 11 b E' P (J S sib 1 £:' t (;) S P ·r· I~\ y a 
total of 2,400 jallons per minute in a recirculating system, 
until the pregnant solution is one ounce per ton or better~ 

when it will be pump~d to TEl' s current processing facilities. 
The pads are being constructed in a natural valleyy using wQste 
material as a sub-base and an indigenous lillie cement called 
coliche as the impermeable base. In the course of mining, 
waste must be moved to reach the ore of one ounce per ton and 
higher. By placing this woste as construction material for 
pads and as mid-grade Orey TEl is creatin~ a lar~e leaching 
op~ration ot minimal expense. A conventionol heap leach 
extracts approximately 1/3 of the precious metal values. 

IF precious metal prices increase, the mid - grade ore will be 
rrocessed throujh TEl's crushing and pelletizing facilities. 
At a fijure of $16 per troy ounce of silvery the cut off in the 
pit would be lowered to 1/2 oz. 
volume of ore that could be 
p Y' e \' :i. 0 1.1 (~ 1 Y 1 (;'! (l c: h E~ d IrI :i. cI ... ~3 T' cJ. cl E' 

processable orebody, 

, 

silver per ton, tY·irlinj the 
economically processed, The 

lIIaterial would also hccome a 
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TEl has encountered area s in thG ~it that are runnins in excess 
of ton ounces of silve r per ton and up to two ounces of gold 
per ton, With existing facilities, TEl i s ablelo process 
the!';!:.' cDnC:IJ'('·('(;~nt.ly but. ~:;pPo.rotE'J.y frolll [)th(·:~r· prCldljctic)J'I~. 
Iflo:!.nto.inin':i the d:i.PF(;~l"c~nt control!;; il'l cyon:i.dE' o.lllnunt.!:., n("c:c':;sory 
for hiSh jrade oro, The ore is crushed Finer than normal o.nd 
plo.ced 01'1 0. !::.(·:)por(\tl;' pod,. TI1I;' prE~~iIHl.nt ':;cdut:i.nn IS thc)n 
blt.'ndf_'d into t.l1u prc''Jnont ';;OlI1tion frow D·the T' Pl'oci l..lction p(lcl!:;~ 
l:iY·:i n'}:i.n':; the' (\\lC' 'j''(l::!C' l'I'e':) f1"'olll ecnc.' Dl..lllCC' 1.11'" t.D o. pu~::.~:->:i.blL' t.hr<-:·.'c) 
or four ounces per ton. 

I"II'I}-' Oy·!:., uF o.bu\'c ;:.~~5 ounce!:; of !;;:i.l'v'r!r pc::))" t·OI'l \.):i.1 1 be-' 1:'r'Clc:c'!:;~:>I;)d 
b Y III E' () n :; D f <) ::> III 0 11 III :i. 11 .: T F I h 0 !; 1..\ ::; (.:~ cI 0 p :i. 1 c:c t. m :i. 11 t D 

d 2te )"min e percentage of recovery and opt:i.mum operating 
procedures. Extrapoloting from the result s of these tests, TEl 
should be able to build ond operate a will with a capacity of 
150 to 200 tDns per da y ot a con s truction CDst of about 
$200,000, There:i.s al so v fo ur mile s awaYt 0 custom mill 
capable of hondling high jrode ore • 

... 

.') ~.~ . 
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J nth (~ c: CJ u r·~;!'.' D f 111 :i. n :i. n <; 0 n d p r n c p ~:;!:; :i. n ::-: 0 p (;' y-. (1 t :i. Cl n ~i; lEI u ~:; c·~ ~:, Ci 

large amount of fre s h water. This is used ot the crusher, th e 
!' 0 d s ! ' o. n d 0. .I. ~:; Cl b y t, h C ':,1 (I. t. crt. Y' IJ C 1<: ! ' hi h :i. c: h ~:; p "(". (.\ y ~:; t 0 K (,,' P P d I.l ~;:. t. 
r l' 0 TI,I.:. h f..~ (\:i. r ) T (J C:.' n ,,; I.l r f.. 01 d F! q 11 O. t {:! I,.} 0 t t:' T' S U. P ply (.\ t. 01 1 :I. -1:, :i nl <:.~ ~:; l' 

t..he: compon .,.' ho.~". built 0 rC:.'s(~r'v'Cl:i. r t·,lith 0 C(l.poc :i.t y of tt"IO ol"ld (~ 

h(\lf million gollon5. The r8scrvoir wos constructed with wost e 
IIIIJ.tcr-:i. o. l ), Gt 0. cCJ~:;t. of obol..\t ~~;:?I' OOO ( 'fhe "Ioter ~:,upply for' tl'I(' 
r'E\F(,:1 rVD i r :i. ~::. f' 'i'Oll"! 0. \,!(;!:I. J on T[ I p rop i':~ rt y' o:l n d f Y'OIl"l hi (.:! 11~; Dhln ['eI 
by the town of Tombst.one • 



T [: I '~; P l' (,' S (,~ nth 01. \ 1 a ~3 E' E, Y ~:; t (.) IT! r IfI Cl '/ :i. n :3 t. h C' P c! I J c't. :i. ;;.;: (;.~ d 0 r C' t C) t h (.:J 
pads y consi sts of one 50 ton payhaule1' and one 12 yard load er. 
\ • .1 :i. t h :i. ncr e a E C~ d p l' 0 d u. c: t :i. 0 nth i ~::. \,J :i. 11 b t: i n 0 cI ~:~ q ' . .l (1 t. [.' , ('I P D ~:; ~". i b :I. c' 
solution would be the purchase or lease of on odditional 
P (l Y h 0:11..1 :I. c r , T h :i. ~:; C) p t :i. <:.' n \'! () IJ J. d I' h 0 hi (;:' \l (.:~ r- )' h ':). ve QeD n t . i n U D !J ,~ 

impact on operatin9 costs, and involve additional labor. A 
pro p () !::. c d (l :I. t ern 0. t :i. '/ e i!;; the :i. n !;:. t o. ]. :I. o. t :i. [) n C).j-' (\ c: D n 'v' C~ y 0 r !::' y !:; t E' In , 

,~(I ··/o.n to. 'J(::)'::; of th is o'rc!! ~ 

1) (J n c' ~". "/ ,,; t .. c·:' Ifl <j E' n (,~ "j' (1 t. :i. n ;J con !::. t (~n·t cI P 1 :i. v P )". )! tot I', c F' (j d <:;. 

2) Extremely low maint e nance and repair co s ts 
3) E: 1. :i. m :i. n 0 -1:, :i. D nor 0 r' c r o. t. :i. n :3 p (" r !:; Cl n I i (0.' J 
<1 ) . I III P :I. L'In (.) n to. t i () n hi :i. th in :i. n :i. m 0:)1 i n t. F:.' r r- I..\ p t :i. Cl n D·r 0 p (~ 'j' (\ t :i. un':; 
5) Noticeable decrease in operational cost per ton in a 

short period of time, 

The cost of instolJ.ation and maintenance of the conveyor system 
[·muld be'i' 

Pelletizer to production pods: 

Production pads to tails pads: 

F, F.' P .:} :i. r~; (i n d HIO :i. 11 t f) n (\ nee : 

1500 feet at 5150 per foot 
5225,000 (one time) 

2500 feet at $150 per foot 
$375,000 (one time) 

$500 per month, $6,000 onnually 

The present system, utilizins the poyhaulcr and 
annual costs os Followst 

400 1 Dod (,~"f'~' 

initia ~ cost $228 J OOO at $5,175 per month 
'·1;62, :I. 00 :) c·~ T' "/(00. r' 

:i. nit :i. 0. J c: C) !;; t '1, 1 (? ::.; J 000 (1 t ·oj. ::.; l" B:3!.'5 II (:,' r In ( ', n t. h 
':~; )' () ~. ():~ () p c.:. r· Y' E! (\ "(\ 

Repair and mo.intenallce : 

Labor: 2 men, at $240 per weeK~ 

Total annual cost: 

j:i. 



") • 

T h t~ P r' n.j r! c:: t C:' d CD!;; tor t. h f: p r C) ~:;. c: n t ::; >' ~:; t i::' In I' t,j :i. t h (\ nod cI :i. t. :i. () n (11 
po yhauler, and related additional labor and maintmnance costs , 
:i.~:; ,,~ 3 :':) :=.; l' 0 0 () (l n n u 0 11 y ( The pro p [) ~::. [ .! cI con \I (.::, Y 0 l' <;; Y ~:; t r~ m I,! 0 U. J cI h u. V E? 

(l.1l in~;;toll(lt:i.on c()~:; t. of ~1;60()I·OO()I· (Hid annl..lo.l CD~~, t~:; of tell'()OO, 
Comparison of those costs shows that the proposed syste m ha s (l 

IG SS than two yeay' rayback. and would then operate at 2% of thc! 
cos t of a conventional system. 

The:, CDn'.,,' C'}'o·,· ·,::.>,<,:.tc'rn hlCluld ho.\I(-) the! cO.I'oeil.y to IfIOVE' more ore' 

tho.n nur present crusher circuit produces. The o.ddition of 
onot.h(,,'r- ~::. I ·I(lrt, hE'ad C:DI1(;' C"f·I.l~ :; ht:!r and !::,crL\('~nl' :i. n<;; to.llccl 1).lld 

:i. nco I' p 0 r (1 t c! C! hi :i. t h t . h C' P T' r) !:; (.:~ n t c r u !::. h (;! reo n f :i. :} u r (l tiD n I' hi D U I cI 
increase cru s hed ore production by 50% , with a minimum total of 
3 r· 00 () ton ~ "; D fer Ij ~;:. h (;! d () r-<~ p ~:~ l' d 0 y ,. T h :i. ~ :.. PUT' C Ii (l ~; e (1 Ii d 
insto.llation would cost 5300,000 , but in conjunction with the 
COl1veyoy' system it is believecl thot the overall cost per ton 
could be doc1'eased SUbstantially. 

... 
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Tom~stone depusits aro vein structures which are characteris-· 
t :i. c: 0. 11 y :i. r' 1" C) I:; IJ :I. 0. 'I' :I. ( '~ n ~:; ('.' ~,; 0 n (I pod ~;; :i. n f o. 'v' D r (l b :I. P ';-5 e () 1 Ci ~j :i. c b ('~ cI cI :i. n ~j 
p :I. (\ n !" ~ ;:. D r :c· :I. :i. !" ~,; l' f (1 1..\ 1 t ~; I' f :i. s ~,; IJ r c !:; (\ n cI b r G) C C :i. 0 t. (.;) d :~~ h (.:, 0. l' ~'.~ C,i n I::,' ',;; (. 

The Favorable geologic horizons ore in or neor the Naco 
1 i III E! !" ton <'.' " t IH~ N Cl V o. C IJ ], :i. t p (\ n cI t h (~ B 11.,\ (:':' 1 :i. 1ft (,~ !.~. t D n E' ( () r :i. 5 i n 0 11 y 
the are sol ution s came up through rising verticol pipes os 
(~P :i. J c n t :i. c: '(' (.:,,, :I. (1 C (' III c·~ n t. cl (~P D ::; its \'.' h E~ T' (;! Y' (:~ ]. (;'" (l !:; f:' () f p Y' e ~; ~; U. 1" C,' 0.1 I d 

the ChE'In:LCoJ ChQn~jEI':; :i.nduc(£·.'d PY'(;)c:i.p:i.t.ot:i.DI1 of the;) nJ:i.n(~'rol 



• 

') • 

The r'Dc!( PUrill(\t:i.CHi!:; of thE' TDIYlb!::.ton<-:> H:i.ll~:; ·('o.rlj(-;c- fY'Olf1 F:'Y"(-;)"-

Cambrian to Recent. The Pre-Cambrian is rerresented by a 
S ron C! cI :i. D Y' i t E' :i. n t r u !::. i \I C' , F' 0.1 (:., C) :;.~ Ct :i. c r C) c !( ~::. (I)" i? t h C:' C (1 b r i (1 n B D :I. ~::. 0 

Quortizite (lnd AbrigD Limestone, one! the Pennsylvanian-Permian 
No c: D ~3)" 01.1 P !::.cd :i.ln (" n t!~ c- Mc~:;():,:~ n i c !:; c-'e! :i.lT! (-:,'n t . '.:- a Y'C' t h C' C rf~l: .. 11 c: C~ DU <:; 

Bisbee group sediments. The Tertiary Period is represented by 
t h (::.' !~ c h :i. (2 f f (~ 1 :i. n Ci 'j' (l n D d i 0 'I~ :i. t (~, :i. n t. 'j'lJ !:; :i. v f~ an cI and E~ ::.; :i. t (7.' P 0 'j' phD '(' Y 

dikes, the Uncle Sam Tuff and the Bronco Volcanics. Recent 
sodimen t s consjst of Quatcrnl1ry Alluvium, 

Tho Paleozoic and Mesozoic sediments in the 
h (\ v Q b L' (-? n f 0 J d E' cl ! ' f (1 1..1. 1 t (:-' d d 1.1 r :i. n :-j iJ p 1 i f t. !' and 
staSe diKes of the Schieffelin Granodiorite. 

Tombstone Hills 
intr·l..lcl<:.'cl by lO.t-E' 

F 0 ]. d :i n g 0 f t. h (;., !:; p d i III e n t ~:; h o. !::. P T' 0 cJ IJ C E' don tic 1 i n (~ !::. (y. () 11 5 ) ("I h :i_ c: h 
trend northwest., Later tectonism produced northeast trending 
fissures along which severl1l dikes intruded the sediments. 
F m p 1 (A C E' JfJ (~n 'L ::; D f -t h (.;) S c h :i. (~p f (;;' 1 :i. n G Y' (~ n CJ cI :i. 0 l' :i. t E' (l n d i t ~'; ]. (\ t . e 
staje diKes, along with the extrusion of the Uncle Sam Tuff, 
t (J D I': p :I. (1 c: <:~ :i. r 1 t h p T (::. T't, i (l r y ·f 0 11 OloJ :i. n ~3 t h (.:~ !;, t r I..t c t 1..\ l' Q 1 d (! f 0 r'lfI a .. 

tinn. Minerolization hos been inferred to be of the same aje. 
Several episodes of faulting followed in Tertiary times after 
l.he :i.nt.rl.I~".:i. \jc c~lHp:lo.C:<::·IYIC'ntc Late' T(:!I't,:i.o·r·y ond GIJotc-!r-nory ho'/c 
been a n erosional period for the Tombstone Hills • 
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TII(-:.' "(·(:IL!'; ·: .. · \.'::<F'C.;~ ::·C'cl :i j ': CI. :",·r-cnt. DJ ·'(::'f·ot:i.c.ln·:.:. 1n t .h(·::· Cont.c!nt. :i.on · Ural'leI 
C c' nt . .,.' 1 ).1. p :i. t I') . .,..' /. :':' D :i. ~::. h ~ . :- ~:.:, ':j r- () 1,). :') :::. (.:- d :!. HI !.:.:- n -1:. ~::. t·.! h .i. '.:: h h c::c. -. ./ c' h ,::.:, ( .. :- n ·,i. n '1: .. .,...1..\ d (:.:, d 
b',:.' -1.:.1 ',(;' r:ur'i... , ',L- (! :: .. 'i: .. '!: .. r ,: . : I ·,d :i.ll ~:; CU!lt .. cnt.:i.c!ll d:i.!::.c.': Ti,\,: :O:j ·:;;./::oc. (:' Jr'uup 
~: ; I:::' d :i. m :::.:. n -1:. -: .~ '::c. r' (:. I.:t :::-::::, ".J U c-:' n c: s.:' '.J ·f ' o. l t .. ~:~ i'- :::! d :I. .i. I'll (.:.:. ":; t I::' n c· '-.:. / :::. h o. J (.:.:. ':::. :-' O. n d 
qJ..l. O ·i ·'I: .. :;:::I. -1: .. 0:::':::. t· . .tl, :!.c!"i : ::.t.r·i!~~c:' :j ClJc'rol:~.·>~ i"'~:'~)O d{- :··: :.~"( -· c~c:;:. E OI 'Ie) elil ) :'::;l.:',i 
ci C',' ~:~ r c c·: :::. t.- (:1 the:' '.; c!u·\ .. hc-o ·:.: t. , Int.,,·u ·:::. :i.c!1'l cd' thc' ~:;ccli IIJ t!I·It.~:; I).Jun':; 
n C) '[' t .. h j.:.) (c. <:" . i: .. tr2ndinj fissure~ , by ondpsit2 omplac0ment by 
h ,>'d )"0 t· ! l c Y'm ()], 

C(in t '.:·::n t . -i. ()n 

h 'j' C~ C c: :;. Ij ';: ', c~ rr d (\ 1 D n ~: j -1:,. h c·:· f' 0 u J t, :I.:i. n c" b y-. Co' c: c: :i. !J . . :::. D ·f·" .j: .. h c' 
fO,I..1.J t, 

t .. (·,:,ll u T:i.d;;:, ·.:; : 

ore min~rQls c urr o ntly boins mined, The' I:: 1..\ P c, T' J C) n ;':! 
11'1 :i. 1"1 c- 'j"o. J ~:; o. '('(::- P 'i' :i.111 0 r:i. ]"/ Ch:t D Y" 0 ."'" ::i'/ 'j'.:i. t .e:- ; B r U III;) Y' I:; y r :i. t c ~ N () t :i. \' (.' 
':) :1.1 "lC- 'j" 0.1"1 d Go 1 d , 

CI,.I.'i·rcn'LJ';o'l ':i(·:.'Cllo:::::ic(ll ifJl:J.l"'P :i. r,;<} uf l :i.t .. hc)lrl':iY ond ·:::.t r·uc: t.!,,!'i'·c) un c::\ 

~::. L(1 1 c uf ( !I:(:! :inch ::: ;:.>0 fcet.)- · :i.~:; pr-uv:i.cl:i.J"J<:; )')(·:) \\1 :i.nfoY'·II':(I'i,,:i.un tD be 
used to expond existins ore zones ond tarset new ones. 

, 
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SEQu&~CE OF GEOLOGIC u~ITS 

Geologic Units Brief Description of Units 

Phonolite porphyry dike -very pale orange to pale yellowish-brown pnonolite. 
Basalt -intn.lsive -dark gray to grayish black basalt has a micro-

crystalline texture . 
Quaternary undivided I -Plio-Pleistocene Gila Conglomerate and modern 

gravel and alluvial deposits. 

Rhyo lite po rphyry: 63 m.y. -grayish pink rhyolite with medium to fine grained 
phenocrysts in a devitrified groundmass. 

Hornblende andes ite intrusi ves -medium bluish gray to light olive gray andesite. 

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

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

-light gray. holocrystalline rock with medium grained 
Quartz latite porphyry phenocrys ts • This lacks a vitric groundmass and a 

pyroclastic texture. 

I -light yellowish-brown to light brown tuff- a lithic. Uncle Sam Tuff: 71.9 .!. 2.4 m.y. crystal. vitric quartz latite porphyry intrusive. 

Schieffel1n Granodiorite: 72 m.y. -light gray to grayish pink, medium grained 
granodiori te. 

Andes i te porphyry d1 kes - 5 dikes, including the Boss dike. Dark greenish 
gray to grayish-orange andesite. 

Bronco volcanics -pale orange to light gray rhyolite (tuffaceous beds 
Upper rhyolite memDer and flows.) 
Lower andesite member -greenish-gray to moderate-red andesite. 

-Basal Glance Conglomerate. Maroon sandstone and 
Bisbee Formation: 3000 ft + - mudstones. minor limestone beds, and brown to buff 

sandstone. 

Concha Limestone: 1500 ft. -medi urn-gray, thin to medium thick. silty limestone. 
-lower-red siltstone, then white to brownish sandstone 

Scherrer Quartzite: 150 ft. and minor limestone. limestone and dolomite. and upper 
light brown to pink sandstone. 

Epitaph Dolomite:- 780 ft. -lower dolomite. then calcitic siltston~dolomite. 
and upper limestone. 

-dark gray to nearly black, medium to thick becded. Colina Limestone: 635 ft. crystalline limestone. Color weathers to pale gray. 
-extremely varied; lower-dominantly shale with minor 

Earp Limestone: 595 ft. 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 lime-
stone; contains red and green mudstones. 

-lower: white to light gray. massive limestone and 
dolomite. Two chert horizons - dark gray to black 

Escabrosa Limestone: 780 ft. chert beds and brown nodules. Sandstone and shale 
are absent; corals. crinoids. and brachiooods are 
present. 
-dark gray to brownish black; chel"t. limestone. 

Martin Limestone: 230 ft. sandstone. and Shale. At TombStone sandstone and 
shale predominates. 
-grayish-olive green to dark greenish-gray colors. 

Abrigo Limestone: 844 ft. thin bedS of conglomerates. 3 parts: l. lower shale. 
limestone. and conglomerates. 2. med. crys ca 11 i ne 
limestone. 3. upper sandy limestone and quartzite. 

-pale orange on fresh surfaces; light brown on 
Bolsa Quartzite: 440 ft. weathering. Thick to very thick bedded medium to 

very coarse grained. somewhat cross-beaded quartzite. 

I 
-pinkiSh-gray to lignt-gray. medium grained. biotite 

Granite granite. with a poorly to moderately well aefined 
gneissoid Structure. 

Pinai Scnist -dark greenish-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 Ag
2

S. Cu
2
S 

hessite Ag2Te 

argenta jarosite 

native silver Ag 

cerargyrite AgCI 

embolite Ag(Br,CI) 

bromyrite AgBr 

argentiferous tetrahedrite 

argentiferous galena 

native gold Au 

galena PbS 

bournonite CU
Z
S.2PbS.Sb zS3 

cerrussite PbC0
3 

pyromorphite 9PbO.3P
2
0S.PbCI 2 

vanadinite 9PbO.3V
2
0S.PbCI 2 

descloizite 4(Pb,Zn)O.VZOS.HzO 

s 
S 

H 

S 

S 

S 

S 

S 

H 

H 

H 

mottramite (cuprodescloizite) Pb(Cu,Zn)OH.(V0 4)3 

anglesite PbS0
4 

wulfenite PbMoO 

plumbojarosite PbO.3Fe
2
0

3
04Si0

3
o6H

2
0 

bindheimite-hydrous antimonate of lead 

native copper Cu 

chalcocite Cuzs 

stromeyerite Ag2S.CuS 
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Manganese 
minerals 

Zinc minerals 

covellite CuS 

bornite Cu SFeS 4 
chalcopyrite CuFeS H 

bournonite Cu2So2PbSoSb 2S3 
tetrahedrite 5CU 2So2(Cu,Fe)So2Sb 2S3 H 

famatinite 3Cu2SoSb 2SS 
cuprite Cu20 

tenorite CuO 

malachite CuC0 3o Cu(OH)2 

azurite 2CuC0 3o Cu(OH)2 

rosasite (Cu,Zn)C0 3o (Cu,Zn)OH2 
aurichalcite 2(Zn,Cu)C0 30 3(Zn,Cu)OH

2 
chrysocolla CuSi0

3
.2H

2
0 

connellite CuS04.2CuCl2.19Cu(OH)2oH20 

brochantite CuS04.3Cu(OH)2 

beaveri teo CuOo PbOoFe Z03• 2503' 4H20 

alabandite MnS 

hataerolite ZnOoMn Z03 
polianite Mn02 

pyrolusite Mn02 

manganite Mn 203oH20 

psilomelane H4Mn0 S 
rhodochrosite MnC0 3 

H 

S 

"black" calcite contains minute Mn oxides 

sphalerite ZnS H 

smithsonite ZnC0
3 

hydrozincite ZnC0 3o 2Zn(OH)2 

rosasite (Cu,Zn)C03o(Cu,Zn)(OH)2 

aurichalcite 2(Zn,Cu)C0 3.3(Zn,Cu)(OH)2 

calamine (hemimorphite) ZZnO.Si0
2

.H
2
0 
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·r 0 M B S TON F F X P LOR A T ION IN C, 

INTRODUCTION TO THE RANDOL INTERNAT IO NAL, LTD. ------------ -- --- ------ -------------~ ----BCPOGT Q~ IQMUDIQU[ ~~PbQB0I2QUL lUCy 

nandc)} Internotionol~, I ... t.d ,. i~::. (11""1 :i.nci(;:!p(:?ndont IIlinprol [~ConD· ·· 
mies consultins firm speciolisin9 in extractive metallurSica : 
(·~vll1u(l·L :i. on~:; • 

The president of Randol International~ Dr. Hans von 
Michaelis, compiled the report on TEl . He has a broad 
b 0 c 1<: ~:l r· Dun cI :i. n c h r~ IJJ :i .. ,; t. r· y 0. n d <~ 0~ 0 c II (0.' m :i. ~; try w :i. tho If! ~? t 0. 1 :i. u r ~~ :i. C 0. I 
bio.s, oncl ho.s cDnsu~tins experience in the mineral industrips 
on four continents. 

Rondol International's most recent major work has been a 
survey of the free world's silver and gold mining industries~ 
the six volumes include information on innovative processes, 
concepts, ond equipment, and define metallur9ic(l~ frontiers 
thot have s i snificant effect on the sl Iver ond sold 
industries. Also incl uded are ove r 1,000 intustry contact 
0. d d re S .,; n·,,; o.n d ~; (:!V(~ f"" (11 "1:, h o I.!. ~,; 0. n cI :I. it ('2 r t1 r··/ Y' (:;' f ;:.:' r (:~ n c: i:~ <:; • 
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I ~rn:::crtcr I Cl'J 

At the reouest of Mr. Tan Schloss, President of Torrbstonf> Exploration Inc., 
P.andol IntcrnCltion~1 UrI. has undertaken this sl.lTTl1ary review of the si Iver 
recovery oper() t ions ;) t Tarbs tone Exp lora t i on Inc. J s open cas t silver and go Id 
minina oreration at Tombstone, Arizona. 

This report is written on the basis of inform1tion gathered durir19 a two hour 
'/isit to the property during i\\ay, 1981 durill9 Vv'hich data was collected for the 
P.2ndol ITUlti-client investigation on Jlnnovations in Gold and Silver Recovery.J 
This WnS followed up by a visit for discussions with ~.1r. Tom Schloss in the Nevi 
York office's of Tonbstone Exploration Inc. and a further half rIay visit to the 
~inc and plantsite on Thursday, February 18, 1982. 

All infOr1'T'Etion sLF.rTlClrised in this report WClS provided by errployees of 
iori)<; trm<:> Ex!, lora t i on Inc. (TE I) and has not been quant i ta t i ve I y aud i ted by Rando I 
International Ltd. The helpful assistance of TEl errployees, particularly Dustin 
L. Escap .. Jie Vice President and General '-".anager, is ackncmledged. The objectives 
set for this ~ssi9~nt are as fol lows: 

o To review the metallurgical process and procedure appl ied at TEl 
with a view to assessing the overall econO"!'lics and efficiency of 
the metallurgical extraction process employed. 

o To review the rreny innovations employed by TEl in the recovery 
process. 

To review the avera I I cal iber of the operations, to comment on the 
degr~e of competence of the rranagerrent team and the rrenagement 
ph i losophy errp I oyed at TE I . 

This investigation specifically avoids the critical issue of general geology 
• of the area as wei I as any asses~nt of ore reserves either proven, probable or 

rotential on TEl claims as these wi I I be independently assessed by other con-
su I tants. 

It should also be noted that Randol International Ltd. has not received any 
remuneration fron1 TEl other than for minor travel and accommodation expenses 

• ('ISSOC i ated wi th the second vis it. TEl is a Sponsor of the Rando I 111..11 t i -c Ii ent 

• 

.' 

i nves t iga t ion into I nnova t ions in Go Id and Silver Recovery. P.ando I I nternat i ona I 
2ccepts no responsibi I ity for any inaccuracies that rray inadvertantly be included 
in this report. 

ro .eLLIS I ()\JS 

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

2. Several innovations employed at TEl have enabled recoveries to be 
signific2ntly irrproved over earlier operations at the site. These 
innovations make this operation one of the most efficient of its kind in 
the world. 

1. 



• 

• 

• 

• 

• 

• 

The innovations errployed by TEl are specifically described below, and most 
of the innovations and experience at TEl could be appl ied to advantage at 
5ir:1i 12r operations else\'Alere. 

3. One p<'lrticularly noteworthy aspect of the TEl operation is the elegant 
simpl icity of most of the innovations and the operation. There are no 
unnecessary fri I Is or mechanical complexities that cannot be readi Iy 
optir.1ised or easi Iy maintained on site. Wherever possible low maintenance 
itCf:1S have be~n selected. 

4. The TEl operation at Tombstone, Arizona is a medium scale operation at 
2,000 short tons rer day. The company is op~rated in a practical fashion 
with 2 rn:tnagernent structure that enab I es rapi d dec is i ormak i ng and max inun 
flcxibi I it)'. The oreration is however large enough to justify the 
necessary faci I ities and s~rvices required for a high class operation. 
That is, it i~ Iwrge enough to be able to avoid Heath-Robinson or 
makeshift ~thods or equipment. 

5. The hear leaching rrocess as practised at TEl can readi Iy be appl ied on a 
larscl" sca Ie, and the opera t ion cou Id eas i Iy be expanded i. f add it i ona lore 
reserves were to be proven. The heap leaching process is appl icable to 
oxidised ores such as those encountered thus far in the surface ores at 
TEl. As deeper ores are mined recoveries may be influenced if unoxidised 
!':.ul fides are encountered. This appl ies both to ores recovered frem the 
surface mining operat ion as the pi t deepens as well as to ores frem 
reorened underground workings. 

6. Grades of surface ore currently being mined runs 1.5 oz Agist and 
0.03-0.04 oz Au/st are relatively law. Hear leaching is the only process 
that would be appl icable for the recovery of values fram ores with this 
grade. 

7. Gold and si Iver recoveries of 60-70% of the si Iver and 85% of the gold 
values are considered good for this type of ore and process. 

8. After agglomerated ore has been leached at TEl, it is lifted frem the pad 
and placed on the tai I ings heap \'Alerc it is subjected to a second leaching 
rrocess. This makes it possible to 'have a second bite at the cherry.' On 
th0 t~i I ings heap there wi I I be a different solution channel pattern \'Alich 
wi I I r1clke sorre of the ore that was not wet ted on the pr imary heaps acces­
sible to leaching. 

9. Rased on ere grades and recoveries and current metal prices of $7.25/0z 
fer si Iver and $32S/oz for gold, the recoverable values are $7.31/st for 
5i Iver and $8.29 - 11 .SS/st for gold and $lS.60-$18.86/st ore total. 
Although generally recognized as a si Iver district the gold:si Iver ratio 
of heap leachable ores ~t TEl has been steadi Iy increasing and the point 
has now been rcached ~lere gold has become the primary product. 

10. TEl uses a trenching technique to sample ore \'Alich is then mined in 
benches. Orc from each bench is crushed and agglomerated for heap leaching 
on the primary pad. 

2 
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',vasternck is separClted into low grade protore 'Nhich is stockpi led and 
L);lrrcn wClstcrock 'Nhich is discarded to a wasterocl< pi Ie. In this way a 
lem srade resource is accumulating 'Nhich can easi Iy be reclaimed 'Nhen 
justi fied by higher ~old and si Iver prices. 

3 
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TOvt3STQ\JE EXPUYAT I CN I f\C. 

II\NNAT I ()\JS 

Several innovations were observed ~t the Tombstone Explopration Inc. 
operation which are sl.lTTTErised below: 

1. Trenching and channel sampl ing of the ore zones provides a better 
indication of ore grades than has been found using dri I ling. 

2. The innovative crusher & screening circuit is designed to require a 
minimum of operators and the crushing operation has now been innovatively 
inte<]rated with the a0glorreration step. 

3. A recently installed magnetic scalper on the crusher circuit conveyor 
belt has resulted in an improved operational avai labi I ity of the crushing 
c i rcu it. 

4. The effective fine ore agglomeration step is low cost to operate and 
greatly enhances recovery by heap leaching. 

5. Leaching in two stages fi rst lyon the primary pad followed by 
intennittant leaching en the tai I ings heap provides a means of getting 

1 two bites at the cherry. I · 

6. The prudent use of srral I inventory settl ing ponds for preg solutions 
recovered fran the leaching heaps provides a means of preclarifying the 
pregnant solution before it is fed to the recovery plant. 

7. 1he appl ication of off the shelf rrodular N1erri II-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 avai labi I ity. 

8. The design of the metallurgical plant layout, desrite the low capital 
cost is nevertheless designed for optimum security. 

9. Continuous solution sampl ing devices meke it possible to measure the 
precious metals in the pregnant and barrens solutions and make it 
possible to irrplement an operator incentive program based on the plant 
throughput and metal losses in the barrens. 

10. TEl have designed and instal led a low capital cost but very effective 
precipitate drying oven. 

11. Valves which can be expensive and cause downtime due to mechanical 
fai lure have been replaced by extremely rudimentary three way gate valves 
of home design which are not only easy to bui Id but also very easy to 
operate. 

12. TEl have adapted a most elegant method for sampling Gore bars during the 
smelting step. This technique was borrowed from the steel industry. 

4 
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13 . By charging dried precipitate to the crucible furnace in preweighed paper 
bn95 the smelting process is simpl ified. This simple step mekes it 
possible to keep the ~Iter room much cleaner and reduce airborne losses 
of precipitate. 

14. The remote controled ti Iting furnaces are designed for maximum operator 
safety and operator convenience and canfort. It is possible to operate 
this ~Iting step cleanly and efficiently because the operator can keep 
cool. 

15 . TEl have developed a mini-computor process control system for their heap 
leachirg process which once perfected wi I I meke it possible to greatly 
improve the day to day control and efficiency of the process. 

5 
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TCNU$T()\JE EXPLCRATI()\J I t\'C. 

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

a WalT.1,arid cl irrete permitting year-round outdoor operations. 

o TIle rel~tively clean are is claimed to be I~v in base metals and other 
cyanicides or species that woulQ render the ore refractory. 

o Excellent existing infrastructure due to location in the outskirts of the 
sma II tov,Tl of TOO"bstone. 

o Adequate local labor pool residing in the vicinity. 

oVer}' favorable contract for mining ore and overburden at an excel lent 
contract rrice. 

o Soft oxidized ore which requires virtually no blasting. 

o Avai lable col iche material from 'Which to bui Id the leaching pads. 

o 5uitable topography and avai lable land on which t.o bui Id the leaching pade 
and the tai lings and waste pi les. 

o Very creative and experienced local rrenagement and staff leadership. 

o Because the ore contains both gold and si Iver there is same 
0iversi fication of products . 
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IDBST()\JE EXPLmA T I CN II\C. 
P.O. Box 610 
Torrbstone, AZ 85638 

(602) 457-2231 

Dustin L. Escapule, General MBnager & Vice President 
A. Joe Graves, Mine Superintendent 

IDf3STQ\JE EXPLCPAT I CN I t-,C. 
17 E. 76 Street 
New York Ci ty, NY 10022 

(212) 628-8466 

Tom Schloss, President 

On the outskirts of the historic si Iver mining town of Tombstone, 
Ar i zona. 

Located at about 3,000 ft altitude in southern Arizona, Tombstone 
Exploration Inc. is located in a hot arid cl imate tempered to same 
extent by altitude. The cl irrate is ideal for the operation of a 
heap leaching plant as problems with freezing in winter are 
altogether avoided. Other problems ~voided are the crushing 
problems that can arise when wet ore is crushed. 

VE'!ry occas i ona 11)/ s tonns may be ant i c i pated wh i ch resu It in short 
periods of very high rainfall which could terrporari Iy upset the 
water balance of the plant, but such occurrences are I ikely to be 
very infrequent and not disasterous to the operation. 

The history of this property is described by MCQuiston and 
ShC'erreker (1980) under the titlE'! of 71 MINERALS LID which closed 
dCMfl in 1978. 71 MINEPALS LID. processed several mi II ion tons of 
wasterock frem earl ier deep vein mining operntions in the area with 
typical grades of 1.0 oz/st si Iver and around 0.01 - 0.02 oz gold 
per sllort ton. 

TEl now control about four square mi les in the Tombstone district 
covering nur.erous SITE I I underground workings. TEl own 87 patented 
claim5 which is about 80% of the total number of patented claim5 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 fram which high grade veins were mined in 
earlier times, and impl ies that a significant tonnage of lowgrade 
ore backfi I I and ore thnt was below the earl ier mining cutoff 
~rades could have been left underground. 

TEl have del ineated an areo reaching fram the surface to an as yet 
untested depth which is mineral ised in fissures in the Bisbee 
Fonm t i on a long three porphyry andes i te dikes \~ i ch have i nt ruded 
into sandstone, quartzite, shales and limestone. 
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A known granodiorite intrusion is located 1-2 mi les away but no 
minerClI isation is directly associated with it. The geology of the 
area has been described by Ransome of the USBM first in the 1890's 
nnd 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 si Iver occurs was not 
di scussed. 

The orebody is del ineated 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 TEl and is operated by 
TEl errployees. Channel sarrples are taken at 6' intervals along the 
wal Is of the trenches which are assayed. This technique is found to 
be more rei iable than dri II ing which is the more cCX1'11'Only practised 
technique observed on other projects. 

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

About 4: 1 

AI I mining is carried out by a subcontractor, namely Megini 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 stockpi Ie or to the waste rock dump. The ore is 
friable anc! usua Ily does not requi re blast ing. \'Alen necessary, 
h~vever, the contractor also is responsible for blasting which is 
charged at the rate of $2.84 per blasthole foot dri I led. 

Mining equipment employed by the contractor includes: 

Seven Cat 631G Scrapers 
Three Cat CX::;9 Dozers 

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

Mine, Crush, agglorrerate with I ime and cyanide, cure, stack heaps, 
leach with sprinkler irrigated solution, clarify, de-aerate, zinc 
rreciritation, vaClJun dewatering of precipitate, dry precipitate in 
oven, ~Iting to Dore. 

The crusher system was suppl ied by Kolberg ·Manufacturing 
Corporation of Ynnkton, South Dakota. It consists of a two stage 
crushing and screening plant. 
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Ore is dumped onto a vibrating feeder and screened across a 
vibrating grizzly. +21" ioEterial is fed to a Cedar Rapids jaw 
crusher rated at 150 tph at -5/S". ~ ,bre recently the crusher has 
been set to give a product that is -3/4" and thrOl..ghput 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 -2~" screen fract ion is passed over a shak ing screen wi th two , 
decks (1i" and 3/4" apertures) in closed circuit with an EUAY 54"~ 
cone crusher set to crush at -3/4". Minus 3/4" crushed ore is 
stacked on a fine ore stockpi Ie with a I ive bottom. 

Recent improvements in the crusher circuit include the insertion of 
a ~gnetic scalper which removes considerable amounts of tramp 
steel including old iron tools from the earl ier underground 
workings. Lime is added to the crushed ore directly onto the 
conveyor feeding the crushed ore stockpi Ie. 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 rreke it possible to el iminate one of the crusher 
operators. 

AGGUJv£PJ\TION The crushed ore stockpi Ie feeds a belt by gravity via a gate that 
is pne~tical Iy controled from the control room. About 10% of the 
crushed ore is minus 100# (150 microns). 35-40% is minus til. 
Agglommeration is considered necessary to achieve adequate per­
meabi I ity of the heaps and has been found to result is a signi­
ficant improvement in gold and si Iver recoveries. 

Crushed ore with I iere already added at the end of the crushing 
circuit is aggl<::Jfrerated on a sloping 4S" wide conveyor belt which 
runs uphi I I against the flaw of the meterial which rol Is down the 
conveyor which being sprayed with cyanide solution. In this 
fashion fine particles attach themselves to the larger ones. 

10 Ibs I irre and a total of one pound of sodiun cyanide per ton of 
ore are added. The cyanide is added by spraying as a solution with 
a concentration of 30 pounds of NaCN per ton. 

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

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

Leach pads are constructed from a naturally occurrirg col iche 
r.1aterial that is avai lable on the property, at..grented by old mi II 
tai I ings fran earl ier mining operations. The pads are constructed 
from 2' thick carpactcd material bui It lip in 3-4" layers with 
10-12% moisture content. 
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HEAPS 

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

A second pad also constructed of 2' thick col iche in 2-3" carpacted 
I ay~rs has been const ructeq on wh i ch the ta iii ngs from the pr irrery 
levching pads are deposited in a very large heap. This provides a 
second leaching process appl ied to the sarrc ore but this time in a 
heap wi th a new so I ut ion channe I pat tern and a rruch longer res­
idence time 

Pads are constructed using a C~I I ion T600 motor grader, a front end 
loader and a pneumatic compactor which is simi lar in appearance to 
the reguiar sheepsfoot compactor .. 

Heaps of cured agglomerated ore are stacked to heights varying 
between 10-12' on the primary leaching he<lps. There are five 
prir.'Ery leaching heaps that are rotated. Each is leached for four 
days before beirg I if ted and dumped on the tai I ings heap which 
serves as a secondary leaching heep. 

TEl owned ~quipment used for heap construction includes: 

One International 400 12yd3 loader 
One International 560 6yd 3 loader 
Qle International 3508 Payhauler dumptruck 
One Euc lid RSO durptruck. 

I-!EAP crNST'RIT I Q\I 

Heaps are constructed using TEl owned and operated equipment. 

s)l1JTICN APPLlCA.TIQ\I 

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

1200 short tons per day of solution is appl ied to one of the 
primary leaching heaps containing 7000 st ore. Based on a 12' heap 
height and 100 Ibs per ft 3 bulk density, the area occupied by each 
pri~ry heap would be about 12,000 ft2. This works out to 0.23 US 
9al Ions per square foot per minute assuming that the ful I 1200 st 
of solution is appl ied to only one primary leaching heap. 

If 1200 st of solution is appl ied to 7000 st ore for 4 days this 
impl ies that 0.68 st of pregnant solution is recovered for each ton 
of ore tre(Jted in the primary leaching pad. Of course there wi II be 
same reduction in the volume of solution recovered on account of 
flvapo ra t ion. 

The rruch sma I ler rate of solution appl ication on the larger 
t~i I ings heaps also generates additional solutions containing gold 
end si Ivcr. 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 pump recirculates 350 US gpm. 
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\'b\ITR SUPPLY IT I water is supp lied by two we I Is. One is in an 0 I d mi nesha ft and 
the second is located near the rret()llurgic()1 plant. In the old 
underground workings excess water was one of the problems faced in 
earl ier years which required special pLlTT)s, consequently it is 

~.IA'J FCV/EP 

irrpl ied that despite the arid cl irrnte at Tarbstone, water supply is 
not I ikcly to be a problem. 

The TEl op~ration is located in the town of Tombstone where it 
appears to be the largest employer. Apart from tourism and one or 
two ~I ler mines in the area there does not appear to be much 
other industry in the area. Southern Arizona offers a pleasant 
I iving environment and consequently TEl claiIT5 that they have 
I ittle difficulty attracting manpower with an adequate aptitude for 
this type of operation. 

The Vice Prcsident anc General ~~nager in charge of the operation 
Mr. Dustin L.Escapule is clearly wei I organised, innovative, 
capable and able to control his workforce. 

Min ,ing costs are very low because of the contract arrangerrent which 
is very favorable indeed. Currently whi Ie capital spending and 
construction is in a severe recession in other sectors of the 
economy, it would appear that favorable contract terms wi I I con­
tinue to be achieved. The viabi I ity of such a favorable contract 
when the rest of the econ~1 improves might require some thought. 

A schedule of TEl employees was not provided, but judging by the 
general appearance of the operation it is clear that TEl is neither 
overstaffed nor understaffed. The crushing and agglomerating 
station is operated in a way that requires a very SITE I I number of 
operators and this is being further streaml ined. The I\1etallurgical 
plant is operated by one operator with one helper which is very 
labor efficient. 

CY,AN I DE ro Sl1v1Pr I ()\J 

1.8 Ibs NaCN per ton of ore maximum. Cyanide costs $0.60 per Ib 
del ivered in 20 ton lots to Tarbstone. 

LIME .AroITIQ\I A max irnm 0 f 10 I b I irre is added per ton ore on the stacker be It 
ahead of agglomeration. By February 1982 the I irre consumption had 
been cut back to Sibs per ton ore. 

Lime purchased as Ca(OH)2 costs $0.01 per lb. 

f{1.~:fR SUPPLY TEl is located I iterally in the town of Torrbstone and is served by 
uti I ity power. A standby diesel generator is however instal led in 
case there ever is a power fai lure. 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 sirrple solution to the problem developed by 
TEl. 
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50\L I t'--G TEl experiences a sc~1 ing probl~ both on sprinklers and in the 
plastic pipes used to convey solutions. Baroid 535 is used to 
inhibit scal ing to some degree and appears to keep the problem 
under control. The anti-scal ing 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 fonnation. Below 40°F, however, scal ing 
becomes more serious. 

ruST m·muL Since Tarbstone Exploration Inc. is within the city I imits careful 
dust control is excercised by applying water through a hose spray 
from a tanl< truck. 

r ,8ALLL~ I CAL PLANT 

~le metallurgical si Iver and gold recovery plant is simple and 
compact. 1200st per day of pregnant solution is processed through 
four State of i\'\aine clarification and zinc precipitation modules 
each r~tcd at 300 stpd. These units are each rated at 50 USgr:m, but 
were operat ing at 55-60 USgr:m ~t the time of the Februrary 1982 
vi sit. 

Solution feed I ines to the plant are PVC schedule 40 pipe. 

Z I r-.c PRECI PITATICN 

BAffiENS 

Tombstone Exploration Inc has instal led four State of Meine Mining 
units for clarification of pregnant I iquor, de-aeration, and zinc 
precipitation. Each of these innovative units is rated at 300 st 
per day solution and cost $20,000 each. 

'MIen one 0 f the t\\err i I I-Crowe rrodu I es is fill ed to capac i ty, Zinc 
precipitated si Iver and gold is backflushed fram the State of W~ine 
modules to a series of fi Iters 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 cooplete metallurgical plant is operated by one operator and 
one helper whose main functions are to watch for pressure bui Idup 
in the fi Itcrs as a signal for the need to recycle the fi Iters and 
add fresh precoat after dumping the contents of the precipitate 
filters. 

The plant operates on an employee incentive basis with a bonus paid 
for extra throughrut and penalties for high barrens exceeding 0.50z 
Ag per st solution. Average barrens are 0.01-0.02 oz Ag per st 
solution. Gold barrens ~re said to be much lower than this but were 
no t spec i f i ed. 
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Barrens are sampled hourly. There is a further autometic sampler 
vvhich collects a one 9 ell Ion sarrple of barrens solution over each 8 
hour shi ft. This latter composite sample is used to monitor the 
nperCJtor perforTTlClnce. The autometic sarrpler is locked and the 
operator has no access to it . 

Zinc precipitated si Iver and gold are backflushed fram the State of 
~aine zinc precipitation units in the metallurgical plant and 
pumped to a raw of fi Iters in the secure roam at one end of the 
plimt. It'lhen these filters are filled the contents are dl..lTped into a 
lor~ trough shuped vacuum pan fi Iter and dewatered to about 30% 
moisture by applying vacuum. After dewatering, the precipitate 
\~ich contains same si I ica added as precoat, is scooped out of the 
p~n fi Iter into steel r~ns ITEde fram steel oi I drum ends, and 
placed into a hamebui It drying oven heated by the heating elements 

. fram a household cooking stovetop. The drying oven is made fram 
steel sheet and is insulated. After drying for several hours at 
about 120°F the dry precipitate is carefully rerroved fram the oven 
trays and placed into paper bags. 

Dry precipitate in preweighed paper bags which prevent airborne 
losses is next taken to the smelter bui Iding which is kept separate 
fran the other bui Idings for securiy reasons. 

The dried si Iver-gold precipitate mixed with flux in the paper bags 
is ,-harged into the gas fired crucible furnace. By loading the 
precipitate in this way TEl avoids airblawn 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 rerrote 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 rai Is for easy hand I ing, and maximum operator safety. 
The ~Iter area is fitted with a powerful extractor fan to with­
draw any unwanted fumes. 

TEl employ a very clean glass tube sampl ing device as a means of 
drawing a sample of hot si Iver fram below the slag level in the 
mold. This is a much cleaner, faster and more rei iable method of 
drawing a sample than the older technique of dri I I ing into the 
f i na I do re ba r . 

2-4 ful I time meintenance workers are employed in the TEl 
workshops. Nk1jor repair jobs are contracted out. The mining 
equipment is maintained by the contractors on site using their own 
r:eintenance shop. 

1>S5.A.Y FAC I LIT I ES 

AA - Perkin Elmer 290 
Fi re Assay 
Test Leaching - Lab scale bucket tests. 
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LEAO-l PBTNERY TEST 

SEQJRITY 

Tombstone B~ploration Inc. carries out leaching tests regularly on 
J laboratory scale. A spl it down crushed sample of ore is drawn to 
fi I I a 5 gal Ion plastic bucket with perforated I 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 I id of the bucket by a SITE I I 
subrerged purp. 

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

It was pointed out that the plastic evaporative cooler pump made by 
Arrerican Excelsior Company which is avai lable in most hardware 
stores works very wei I for the purpose of recirculating solutions. 
TEl point out that pumps with brass shafts must be avoided for this 
app I ica t ion. 

In other operations it was noted that a sma I I carbon column was 
inserted in the recirculating solution circuit to remove gold and 
si Iver frCfTl the so"lution before re-applying it to the colurn. It is 
bel ieved that in the absence of this measure, the results obtained 
by the TEl test mey underestirrEte the leach recoveries obtainable 
in practice. 

Tombstone Exploration employs several levels of security 
precautions. Firstly, a security guard screens and records detai Is 
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 fram 
the fi Iters 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 employees have any access to it. Bagged precipitate 
is added to the smelting furnace thereby avoiding further direct 
handl ing. 

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

Ful I detai Is of the security syst~ were not revealed to Randol 
International Ltd and are known to a very I imited number of people 
which in itself is an added safety measure . 
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OPERA T I t\G CDSTS 

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

Supervision & Management 3 men @ $1S0/d 
Operators & Labor: 42 men $ 75/d 

Contract Mining Costs 2,000st/d ore 
8,000stid protore & waste 

10,000st!d total @ $0.50!st 

Crushing, Agglqmeration, Heap & Pad constr. 
2,000st/d ore @ $1.50/st 

Tai Is pi Ie constr. & menagement 
2,000st.d 

l\1etallurnical Costs: 

@ $0.50/st 

NaGJ 2,000st/d x 1 .Blbs x $0.60 
Lime 2,000st/d x 10 Ibs x $0.01 
Zinc guestiITEte 
Precoat guestiITEte 
Fluxes, crucibles etc 

Power Costs guestimete (Crushing, Pumps,etc) 

f.;\a i ntenance Supp lies 

Diesel Costs: Included in cost of heaps etc. 

Per Day 
(5 days Iweek) 

450.00 
3,150.00 

5,000.00 

3,000.00 

1,000.00 

2,160.00 
200.00 
500.00 
200.00 
100.00 

1,000.00 

500.00 

Lnboratory & Office Suppl ies, 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 ore treated would be $8.78 1st. 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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r/~NFO.·£R EST I 'vIA TE 

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

Trenching & Sampl ing 
Laboratory 
CRologist 
Mine Supervision 
i\1a i ntenance 
"'~tallurgical Plant 2 x 3 shifts 
Heap supervision & operation 
He~p construction 
Tai I ings Pi Ie construction 
Leachpad construction 
Wntertruck operators 
Refinery & Smelting 
Genera I Labour 
Suppl ies 
Accounts 
Clerical 
Security (1 per shift) 

TOTAL 

2 men 
2 
1 
2 
4 
6 
2 
4 
4 
2 
2 
2 
1 
1 
2 
2 
3 

42 

Note: The Operat ing cost est imete and the fv1anpower Est imete are a best efforts 
guestimete by Randol International Ltd. and can be used to gain an order of 
ITEgnitude estimete of costs only. These numbers are subject to correction 
by Tombstone Exploration Inc. who can provide actual data. 
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