
- - -- - - - - - - -• • • • 0-:J. - e -
Dump Location 4"1h • t 
Sample Weight, Lbs. i,..J1) VAL 

) 

Total Days Leaching 

Date GMS CaO GMS NaCN cc Water cc Water 
~y Month/Yr Added Added . Added Removed 

~1 /- 7..1' /1.?.1 -I}- KtJtJO -r11-

'0 1-7J- s1: 7,)-' 4 . 7J/ --f'T -&-

"I /,,7S -&- -e 6()OO '17ft) 

II /" 
~ b(J~O 10'to :t-lj -II' 

~ 1· '7.r >('07> -U ~O. 0 LIs*' CJ 

J ZO-1r -er -e- '000 ~ 000 

J/ 
.-# 

~tJ(}{) ,,;lJ"O ° 1..- 1o!> -fY --fr . 

I . 01 

ota . 
vee 

l2:2l 1 - Oa11y 
2 - Cunulative 

--r I A 

--- -• • 
TOMBSTONE • LEACH 

METALLURGICAL TESTS 

December. 1974 

Reagent Consumption 
Lime NaCN 

#/Ton Ore #/Ton Ore 

~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~J ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 

- - -- - - - -• • • • e e e 
Conducted by: 

I' i iI, , 

Approved by: 

Solution Assays MG. MG. '7. 
Silver Gold Gold Silver Gold 
Oz/Ton Oz/Ton Leached Leached Recov. 

/ 
/ 

:I. (J)'S' . ()'I'i 7.~OJ.7 .1'/1. ?Of ~ 
/"'" /'.1 ~ .. (JJI .r: jY~? t,/1,()1i' ~ 

/ . /VZ . 070 -I. ~71 Z. 1'2. I;J ~ () d/*" • • (1 

· r11 • 017 1.1'1't ¥j~J7J ~ 
,.)70 , r?11 1. 1777 1.1.'113 Hi • .0 

L 
/' 

... I I ~ 
./ 

j{) . ~gJl ,1?· g~ ~ O[)f"J 

• 

% 
Silver 
Recov. 

/ 
/ 
ft!/ 
~ 
% . , ( . , 
# 
#f 
L 
/ 
~ 
/ 

,/ 

~ 
"-.J 
\X:I 



• • • • 
-~~ 

~S e e e 

Dump Location ~ •• b. ,.t:. , 
Sample Weight, Lbs. <i' .1-0 7J~y 

) 

Total Day. Leaching 
; 

, 

Date GIS CaO GIS NaCN cc Water cc Water 
lV Month/Yr Added Added Added Removed 

'"f 1-7,J' 11~,.j ---@- /f~()(J -# 

~" 
. 
1-73- a7J- 0"t.7J -eJ -6 

1 1-75" -fJ -fl 1000 I/f'lO 
~ ' ...... 

t(JOO f~fO J. -1~ .AI' .R 

~ Z· 7>" sC 7> --IY f" ,''' 0 4& $"0 

j 
, ./ 

% -7j ~ ~ , • • 0 1_ 00 

i '2.-1.$ -Q' ~@ 'I i:J 0 .-e-
1 

r 

I , I' . . . 

ota 
vee . 

~ 1 - Dally 
2 - Cumulative 

__ I / ...., 

-- ---- -- - - - -• . • • • • • 
TOMBSTONE .. LEACH e e e 

METALLURGICAL TESTS 

Conducted by, ~ 

December, 1974 

Approved byz 

Rea~ent Consum~tion Solution Assays MG. MG. '7. 
, Lime NaCN Silver Gold Gold Silver Gold 

#/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. 

~ ~ V 
~ ~ V 
~ ·rrv~ ~ I. 15'.1 . ()'1t 1. 11'.11- J?"Jtf ~ 
~ .~ ,.., 

.j~ .511' ~ I, 32. ( .d1,s ~/t. (je, • .00 

~ ~ : r#~ .t1 z4 1.~tl" I~Z ,/~ ~ • • (1'," 

~f ~~ ·7" . o/~ 1, 1,/9 J '11.9?' ~ 
.~~ ~ "" _ s /0 . (J/J... /. '11'.1"0 S''/. 3'0 ~ .0 .oD~ 

~ ~ V 
~ ~ V 
~ ~ ... I I V 
~ ~. ./ 

.21.0';~ Z)J· ~~f / 

• 

'7. 
Silver 
Recov. 

/ 
/ 
~ 
#0' 
fir ''','6' 

# 
~ 
~ 
~ 
V 
~ 
-1/3 

~ 
~ 
-0 



r- -- - --• • • • • • • • • • • ~-( - e e TOMBSTONE ~ LEACH e e e 
METALLURGICAL TESTS 

Dump Location z:-;~~~ £tf.6 
, , 

Conducted by: 
" , , j 

Sample Weight, Lbs. .., ..... 0 0<.1 ~~i December, 1974 
/ Approved by: 

Total Days Leaching 

Rea~ent Consum~tion Solution Assavs MG. MG. '" 
.,. , 

Date QoIS CaO QoIS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 
av Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

~9 , 1-7r" /11.s ~ I? ()O() ~ ~ ~ '/ /! 
30 /- 7.J- -e- ft. 7-J- 1000 -e- ~ ~ / /' 
21 /-1f' -&- -e- ~tP(J() ..It'tXJ ~ ~ . ill ' tJl' /. '17.t? 102. '1st.. r ~ 
/ 

...,. 
..-Q' ~(}()() .11;J.O ~ ~ . rON' ~ #' 2 - 7.5 --'" . 01 is'" I.j7 t T f~. J~J'" 

'l. t.- 7~ st'. ?> .-{;; <"CICIO ~~so ~ ' (.'1 Y ~ . ;>/6 ,oIl I. 'llO ., /1"1-. • '2 () fo • .00 ' ~ . 'u .. 
1:1 

". 

~ ~ # # 1'-1j ~ ~ 6 ~oO J7()o ·6?o .0// /. 3' 11 8''/. frT 

1/ 
.". 

t.-7~ ..; -J' s():JO r1~o , ~J ~ , ¥rC , PIO /.Clt'l 1P.175*' # #' 
~ ~ / / 
~ ~ V / 

I ' j 
, 

'.' . . 
.~ ~ ... I I V ~ 

I 

~ ~ ./ / 
:ota 

9·Ki'o f tfH ~~ i ,oo~3 ,vee . .. 

' [2:!l 1 - Daily 
2 - Cunulative 

~ 
D 

/ / , 



I 

• • • • 4 ''- e e e 

Dump Location ~ ." t-
Sample Weight, Lbs. ..< sf) . "ZJA( 

I 
Total Days Leaching ________ __ 

Date (H) CaO (H) NaCN cc Water 
ay Month/Yr Added Added Added 

.17 /-7.1 /11 --. J -eJ- J 7, tJOD 

.10 /- ?.J- \1./t·7.r ~t.1J t ()(}O 

~I 1-7.j/ -I!f -e- {()()O 

/ 
..... 

:l-1s ..-@' p COOO 

2 Z-7(," jlf ? SOO<' 

J ~:. 7.j- AJ- ~. £<'00 

1 :t-1.J" -e- -er 6a?O 

I , , , 

Lotal 
\ve. . 

~ 
1 - Daily 
2 - CUnJJlative 

• • 
TOMBSTONE ~ LEACH 

METALLURGICAL TESTS 

December, 1974 

Reagent Consumption 
cc Water Lime NaCN 
Removed #/Ton Ore #/Ton Ore 

--"" ~ ~ 
11 .... 0.I.J """,.J, ~ ~ 
J6.!Js ~ ~ 
.1,,/0 ~ ~}-'\ ~ ~ 
~. ~ ~2 ~c) 'V . . ~o .' 

11 00 ~f ~~ 
.1170 . ~l ~ 
~ ~ 
~. "",...,---
~ ~ 
~ ~ 

--------- - - - - - - - -- - -- - - -- -- - --

• • • • • e e e 
Conducted by.: __________ _ 

Approved by:. _________________ _ 

Solution Assays MG. MG. .,. % 
Silver Gold Gold Silver Gold Silver 
Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

V /' 
V /' 

0, ?tJO .O;U J . .j"'Jj"'/ f'- J'1.f' ~ ~ 
tl.1tP() .()~/ .t. tl7f 17. ~'() ~ #1 
.~/? .q~ t.NJ i I,<'J tJ ~ . , .. ' fir 
. ~'J .0 I] ~.IJ70 arl.O'I/ ~ • ,00 # 
,.JC~ , f?tJl /, I'll? '/.7. r7' ?%t :f!1. o~f, %01 

/' ~I 
V ~ 

. .. I I /' /' 
.V /' 

/0. v~~ 1 31J ~ 11'> 

~ 
(\I 
-... 



-

~..,~ • • • .-- e e e 
Dump Location CoNft~~ItON /.. -A 

Sample Weight, Lbs. :2.$-0 

Total Days Leaching 

Date GMS CaO GMS NaCN cc Water cc Water 
~y Month/Yr Added Added Added Removed 
I 

jl1j~ ~cJ - ~ 
... -e-r- II.!.~ /s 000 

.., 
to.o '/ ,,. . ,:-., -<r ~OIJU ~ 

KY f/Tj/ Jo.o 06. 7~" (, ( (j ; , .s171 
2S' .., 1. .... ..-

" 
J, 

,-' I I !:> 4- .-P" ..... 
I 

1-= , (, ,.(I' ...Air ~ St.U d:2(pO 

I . 
::loo 1J \.<'13 0 )7 i ,.-0-A7 

~% ~ . .,d 7 C,(J1j . 37s~ . 
II 4/JJ' 30- rJ , .(1 JrtKJ ~v.0' 

1.2 .fJ g ~t7~J ..j/fIO 

13 . . -Y . .. ' ;JJ ~(b(JA {(3o 

14 5' I ~"D 
Iota 1j3ft; ~ ~ 'lr U5~ A~_~_(,_~ Ive. 

~ 1 - Daily 
2 - CUrmJlative 

• • • • • 
TOMBSTONE ~ LEACH e e 

METALLURGICAL TESTS 

Conducted bya 
,'I '" 

December, 1974 

Approved by: 

Reagent Consumption Sol!Jtion Assays MG. MG. 
Lime NaCN Silver Gold Gold Silver 

#/Ton Ore #!Ton Ore OzjTon OzJTon Leached Leached 

~ ~ 
~ ~ 
~ ~ • &,g.J . otT$' C. ~6'O Y't.07 

~ ~ ,J, J -l, J, 

~ ~ .~1.£",,- .. O:},5 .P. 0;. fO /.17. 22-

~ . . 4-. U1J ~ 6""-I -...... : , .Oif 7, 1.10/ /09. I/J--

~ ~ -it;n • ():Zy J": 51 J 7 ,Sf. 2~ ' 

~ ~ .f7~ • ~r z..,. , 4.31 11- J ~ , o~ 

~.J ~ .. Z 1?' ,Ole .J'. 1'gJ'C 66-:~1 

~ ~ ' I . o~ ,,,1/1 ' OIl- ,(.lofZ Jf./'~ . 

~-J ~ .It/t/ • 00 t /.; <./ It )J-, bY. 
J~ ' ~)'n & ,1.VY 

~-

• -

% 
Gold 
Recov. 

/' 
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~ .tJ?.ooJ 7 

~ • . 00 
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00[11 

-

• 

'7. ' 
Silver 
Recov. 
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•• • • • ,{'l e e e -

Dump Location CoNI·,,6oJ) /.,8 

Sample Weight, Lbs. .;t? S-O 

Total Days Leaching 

d ... rs!" 
Date GMS~ QlS NaCN cc Water cc Water 

ay Month/Yr Added Added Added Removed 

k'O jI7~- If! r /t' 
I" - , I 

(J- j.j; ()OO .~ 

• I :r/7S' ttl. V -@- t (JO() -e-

' h i 
... I ':;/'i" .to, 0 6"( 7.f/ .::(0 0 c.) ZZ?~ 

. r .-e- 1, ~ AI' 

A7 -if so oo .:: (;, S O ' 

. -1 ,.f}- ---a'. s-rJ lJ .3 ~- ( f) 

./'1. / I' -e- e- ' f~ 3(P1O 

I 1/1J- 30. () ..if- ~ 'fWf J q =/"'0 . . 

;z. , 1 h ,6 .,5--dO" 18' '}o 

\3 t) , .. ,' )0 (oMi> j~S1) 

..f 38 70 
~ota 

/.2 0 t ~~ '11'- {J.M ) 1ro?-~ve. 

~I 1 - Daily 
2 - Cumulative 

- - --- - - -• • • • • 
TOMBSTONE ~ LEACH e 

METALLURGICAL TESTS 

Conducted by: 
. ' i 

December, 1974 

Approved by: 

• 

Reagent Consumption Solu tion Assays MG. 
Lime NaCN Silver Gold Gold 

#/Ton Ore #ITon Ore Oz/Ton Oz/Ton Leached 

~ ~ 
~ ~ 
~ ~ ,t8? , o1f .1. ¥,/C I 

~ ~ -!. ~ ~ 

~ ~ • 7J'eJ , o~/l ,j":ITJO 

~ ~ , &05'" , 0'/ C, .j~ ~Of z, 

~t ~ " '171- " r. 19? • b1j 

~j ~4 . t/~ z.- " o:t'1r i/o Ol() J 

~ ~ , .z 7.5'- , (J tXO ~. (,t t,l 
.~ ~ , .1'1,?- , rJ/C ,t. (JooO 

~ ~ . 11 ). . 0/0 /JOg-v 

,q . oo~l 

• e e 

.. 

MG. 1. 
Silver Gold 
Leached Recov. 

V 
V 

-j"r, 00 ~ 
~ V 

ttl:Z~ ~ • ,cJIJ 

15.7C ~ 
J?J:L ~ 
51·71, ~ 
;If. 30 ~ 

(J 0, ~.f': ~ , . 00 

)J.SO . ~ 
4t? U . \ ~ 0011 

• 

% 
Silver 
Recov. 
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/ 
~I 
~. 

# ,0 
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~ 
~ 030 

#0 
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~ . '04-

,/ 

~ .j 
\l 

\l 



• • • • s"'<j" e e e 

Dump Location CO.4ltN IlrJlI ~'A 

Sample Weight, Lbs. ~J-O 

Total Days Leaching 

Date GMS CaO GMS NaCN cc Water 
ay Month/Yr Added Added Added 

~,J J/7J/ Ilf. J- -t7' /.J";~O 
J 

;!/ -/ -" 7..s (0,0 -& .-fr 

~tI J/75 :/0,0 J'C.7J./ (r: ft (J (J 

,fJ -iY 
, I, 

, 
--6- #' £000 

. . ) 
' f}- vro- i -v 

7~' .-cY bOfoO . ~ 

I 4/~- ' er ~ ~ . 
, I 

B ,ScJ()O 
2-

( I G-
..] .. -"10 ' . " .3.\) ~~ 
4' 

:ota " &~.~ 5i~ ~ve. ;).03 .5 

/ . 

L2:2l 1 - Daily 
2 - Cunulative 

- -.. , . - -• • • • • e e e 
TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Conducted by.:., .. 

December, 1974 

Approved by: 

ReaRent Consump~ion Solution Assays MG. MG. 
cc Water Lime NaCN Silver Gold Gold Silver 
Removed #/Ton Ore #/Ton Ore OzLTon OzJTon Leached Leached 

-t9-' ~ ~ 
-&- ~ ~ 
~Oj-L-~ ~ .J.J9C ,Of I If, 01'1'/ t:o.!I:J 

J, ~ ~ ,l J ~J -1 

i/0 !,- o ~ ~ 5. off • (J70 /1. 0 I' '/tt ,/&0, 01 

3rft 0 ~ ~ ~, t( j/j ,Oge /0, t/~t/1 :t7R.Yt-

31J7J . ~ ~ /.8,ra ~()Cf 1.lf1' J,'{I.j -Yf 

Sa- ~O ~ ~v J. '/L'i .~{/ 1-J31t/ :I.n. rv . 
~loo ~1 ~ /. c)C 1 ,() 'i~ 7.7~CO 171. T( 

4o_qo ~ ~ If! II ,oli .;' 

..J. J~:t t /1.5. ,60 

lfJ ]0/0 ~~ ~ , s:ty o:l-J 4·f{,;J t2/-U , 

31 J,cr 
__ .-l~ 1i,,]y% )..111. ~I 

-

• e 

7. 
Gold 
Recov. 
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/ 
~ ,0 I 

V 
~ ' ,of) 

~ ,0 009 

* ~ . . o'~ 

~ ' ,01 t, 

~ ' ,0/ 1 

~v 
'" 

• 

.,. 
Silver 
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/' 
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Jh!J 
#4 
~ • ,4' 

%J 
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#1 
~ . p , S'iK 

·J-1# 

~ 
l \j 
-.t. 



~~ • • • - • e e . 

Dump Location C~,tt/ ~N~od ~-J! 

Sample Weight, Lbs. :'l,s-O I.6I 

Total Days Leaching 

I 
C,l4I1sU:. 

Date GMS Ga& GMS NaCN cc Water cc Water 
~v Month/Yr Added Added Added Removed 
I 

J/7.f/ 
~f )! 

~tJ I J - I I -t!?' 1st/t)O --Y-
i 

-1/'.s ~ I ..10.0 -e- 't (JPO -e-

11 f!1j/ :J(},O ~" 7.!J- !coo ~/.)L:-

, -- rr I ~ J, \~ 

i 
" 7soo (; (- 11 

..0- -&- ./ .. 
, 

S flU .-0- -tr 1l-~ 

[ (J- .~ r 6-/~1) flJ.fi 

( r(11- &- ...(:f 8~ '1~ 
:z., \6 Qf' l()~{) ~'ICO 

J .l(J . 2>1J _~ (J1!1 r~IO I ." . 

4- (Pt (0 

ota 
r,D t X ~ 1f ~1 rY' 41,~1J.-vee 

~ 1 - Daily 
2 - Cumulative 

• • 
TOMBSTONE ne LEACH 

METALLURGICAL TESTS 

December, 1974 

Reagent Consumption 
Lime NaCN 

#ITon Ore #ITon Ore 

~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ f, 01. ~ 
~ ~ 
~ ~ 
~~ ~ 
~i ~ 
.~ '·0 ~ 
~ ~ 

• • • e e 
Conducted by: 

Approved by: 

Solution Assays MG. MG. 
Silver Gold Gold Silver 
Oz/Ton Oz/Ton Leached Leached 

. . 

o1 ,to . ()? ? /1./ • .[-172- &1('·9 9 

,~ ~.~ ,~ , ,L 

.7, 'Ief " (Jf:] I? 5(),/t/ S/{I.:J. J 

I. f (J 'I " OtT IJ./{Jll J.{,1, 1! 

/.:< -v:r , Off f" t/1()? ~~', ~4' 

~f~1- .0'S:1 7. ~510 f1"sf 
nj,!/ _ C);1 7' t,lft/f" / 1&, JJ... 

. j(,? . tJl t' -' .,I 

3 . j g'/J 73. .7?-, 

. "!J 13 . 0 {J .3. o3IY ~IJ, q, . 
1~ . 011 ~ ll>4 · ~o 

o z. 
G 

-- S-- r:: , . 
~ ? ' Y ., 
t' ~ ___ 

(" (1 I 

• • -

% ~ 
Gold Silver 
Recov. Recov. 

L ~ 
V /' 
~ ~ 
V /' 
~ #f • I J. 

h %i 
~ ~ 
~ . " Iv ~ I J 

~ . .0,19 #i 
ldtif • .o lg #i 
~ . 0 \~(, %3 

·0 \ ~~ ift 
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\.}) 



. '.- -.- - . 
£-e e e 

Dump Location 0"~N-Ib" '71 
Sample Weight, Lbs. _' _____ _ 

Total Days Leaching ______ _ 

I /IVJI/ , 
Date GMS-Cee GMS NaCN cc Water 

'ay Month/Yr Added Added Added 

11 '1- 7S' 60,0 e· ' /('WJ 
I 

~-7s- J(, 'i 
/0 

II . 30 cJ ...j~ 

I , JDITh I I '-, -I" ~ 

Ie v(}lTQ 
/I . f) 

, , 

I , I . 

Lota 
- . 

\ve. 
- - -

~ 
1 - Daily 
2 - Cumulative 

• • • • • • • e e 
TOMBSTONE HEAP LEACH 

e e 
METALLURGICAL TESTS 

Conducted by.s,_ ' ____________ _ 

December, 1974 

Approved by: ________ ~------------

Reagent Consumption Solution Assays MG. MG. "1. 7-
cc Water ~~ ITu J. lilt: NaCN Silver Gold 
Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton 

-4-- ~ ~ ,'-- ~ ~ - ~ 

59S~4) ~ ~ 1, ~ :;/ ·/«1 
}~9V ~ ~ .:1. [.2:!- /~ ,., , ).,( 

3({t,t'o ~ ~ . .1~ ' 3.' (/c/ ,/IJ' 

J,rc;o ~ ~ .l. ., -, f ofl 
' . (,. . ) ..- , 

,5scrv ~ ~ I11J_ , 1'6'"1 

~ ~ 
~ ~ 
~ ~ 
~ ~ 

Gold Silver ' Gold 
Leached Leached Recov. 
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~ 
/' 
~ 
%1 • J/(, 

%I 
%£ 
~ :41.2 

/' 
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- - . - -• fl-• • • • • • • • • • e e 
TOMBSTONE ~ LEACH e e e 

METALLURGICAL TESTS 

Dump Location ~t!.. tel. ~o" ..;:JI Conducted by~ 
I , 

December, 1974 
Sample Weight, Lbs. 

Approved by: 
Total Days Leaching 

. 

#,,0/1 Reagent Consumption Solution Assays MG. MG. Ur % 
Date GMS.-C4aO GMS NaCN cc Water cc Water vV ~It lrl:ttm NaCN Silver Gold Gold Silver Silver 

a~_ Month/Yr Added Added Added Removed H/Ton Ore H/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

1 '1- 7j/ CO.O 0C,1,j /j"'OOO --fr ~ ~ . L / 
"0 ¢-7J"" - 4'140 ~ ~ J.~O 0. /yz. .1 'I. 02 J .:J J"'fJ. Y2, ~ )fY'. 
(I . -r~ ~?-yO ~ ~ J.23c J!UI jr.0tjo'/ .J.rj, 'fr1 % ol/)O ~ .~.;..5 

If .... rnro :]3:30 ~ ~ ).. lfc 1113 /2. (%r;~ IIp: ~7 ~ _ o' -'.J %i . .J ).. 

r ~ -;y~r/D ~ ~ ' . ~ . ~ . .:LeI .C7'2 f. 9411 ..21¥. 36 ~ -oN', % • • .J' II 

II, ~ 2C;qo ~r,I ~ (.113 ,f) 11 l21 tJ2 /Jr.c// ~ .. () ItloS' ~ .o~ f~~ 

<.P 3/,{V . ~ .tJ 
l,aU ~ /. JJ3 .. oJ,,] J; Jlf[ /(3,fO % '0/,/ 0 ~ .. ~t] 

~ ~ / / 
~ ~ / / 

.. I . .' ~ ~ , .. I I / ~ , .. 

~ ~ .V / 
lota 
~ve. 

. 
-- ~ - - - --

~ 1 - Daily 
2 - CuttIJlative 
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l\l 
-..J 
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EFFECT OF CRUSHING 

Note that the value~ (Au & Ag) a~e gene~ally evenly d~~t~~buted 

between the ~oa~~e and 6~ne~. The~e60~e, ~~u~h~ng 06 the ~oa~~e 

would be e~onom~~al at a late~ date. 



. '. • • • CEOL~IC DESCRT~ON OF TIIE'RINCIPAL • • • • e e· e e e e DUMPS, TOMBSTON DISTRICT, ARIZONA 

Principal* CU Mn 
Hl ne .. IXJml!. Rock T~_es -- , ' Oxides Oxides Sulfates Sulfides Remarks 

Lucky Cuas ArB., La., Monz. xxx xxxx xx xx Some trash & carbon on I 

Oregon Ls, Not sampled .. xxx x .. .. Not samp.-produced Mn 01 

Prompter Ls. Not sampled - xxxx .. - Not samp.-produced Mn 0] 

Telephone La. Not sampled .. xxxx .. - Not samp.-produced Mn 0] . 
Do nke r 11111 Ls, Not sampled .. xxxx - - Not samp.-produced Mn 0 : 

Rattlesnake La, Not sampled .. xxxx .. .. Not samp.-produced Mn 0 : . 
Comet La., Monz. Not sampled - xxxx - - Not samp.-produced Mn 0: 

Black Eagle Ls. Monz. Not sampled .. xxxx - .. Not samp. -produced Mn 0 : 

Emerald La •• qtzt. xxxx xxx xxx xxx Copper oxides and wlfel 
ite abundant 

511ver Plume Ls •• qtzt, ' xx xxx xx xx 

Luck Sure Ls. Not sampled .. xxx .. -
State of Maine Letlte porph. x xxx ' x -0- Contains some trash & t : 

.I . 

Abbreviations, L~lirnestone, Arg=argillaceous quartzite, Honz~intermediate 
I quartzite, qtzt=quartzite 

igneous intrusive rock, Novac=fine grained 

* Rock types listed in order of decreaSing amounts generally present in dump 

(x Q very rare) (xx g rare) (xxx a common) (xxxx = abundant) 

~ 
l \J 
..Q 
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GEOLOGIC DESCRIPTION OF THE PRINCIPAL -
DUMPS, TOMBSTONE DISTRICT, ARIZONA 

.' , , 

Principal* CU Mn 
HI ne - Dump Rock Types Oxides Oxides Su lfates Sulfides Remarks 

Elnpl re ArB., Ls., Monz xxx x x xx 

Tranquility ArB., Monz., Ls. xxx x x x Fluorite & wulfenite, some 
rotted timber 

Toughnut Arg., Ls., Novae. xxx xx xx xx Some timber expected 

vtslna Novac.~ Ls. Not sampled - - - - Very siliceous 

\.Ic!stside ArB., Ls., Novae. xxx xx x xx East \ only is ours 

Silver Thread ArB" Ls., Novae. Not sampled - - • - Probably similar to 
the Westside 

noss ArS., Monze Not sampled - - · - Probably similar to 
the Westside 

Defence Novae_, ,Arg., Monz. Not sampled - - - - Probably similar to 
the Westside 

Tribute ,ArS., Ls., Monze Not sampled - - - - Probably similar to 
the Westside 

I . .f 

I 

Contention Arg., Monz. xxx x xxx xxx Lots of carbon and trash 
in and on the dumps 

Crand Central ArSe, Monz. . xxx x xxx x 
, . , , 

Ll tth Joe ArS_, Monz. xxx x xxx X 
• .. I I 

Arizona Queen . Arg. Not sampled - - • - Probably similar to Tranq. 

Su lphuret . Arg., Monz. Not sampled - - - - Probably similar to Tranq. 

~ . -t. 
0 
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COMPI LATION 
PAST SAMPLING PROGRAMS (Austral Oil) 

Mine Dumps Tons Au oz/ton 

Boss #1 3)400 0.030 0 . 037 .001 
Bunker Hill #l 15,300 0.134 0.030 .004 
Bunker Hill #2 10,500 0.091 0.007 .001 
Emerald #2 1,600 0 . 014 0.020 
Empire #1 41,000 0 . 358 0.080 .029 
Herschedl #l 6,800 0.059 0.015 .001 
Lucky Cuss #1 18,200 0.159 0.040 .006 
Oregon #1 1,000 0.009 0.005 
Oregon #2 1,500 0.013 0.002 
Prompter #1 1,600 0.014 0.005 
Rattlesnake 3,000 0.026 0.005 
San Pedro 1,500 0.013 0.005 
Tranqui Ii ty # 1 9,200 0 . 080 0.060 .005 

114,600 1. 001 0.047 

Weighted averages 

Au 0 . 047 oz/ton @ $100 . 00 - $ 4.70 
Ag 2.47 oz/ton @ $3.00 7.41 

Value per ton $12.11 

Ag oz/ton 

2.39 .072 
3.59 .481 
3.10 .282 
2.10 .029 
1. 90 .680 
3.47 .205 
2.98 .474 
5 . 52 .050 
3.27 .043 
3.65 .051 
2.33 .061 
4.48 .058 
3.22 .258 

2.74 
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e 
• EFFECT OF SCREENING 

TOMBSTONE DUMPS >0 

e 
• Screened 

Unscreened -3/4 inch -1/4 inch 

e Dtunp No . Au Ag Wgt . % Au Ag Wgt.% Au Ag 

• Empire 

41-1 .046 .68 85 .050 .72 60 .055 .64 
41 - 2 . 026 1. 27 78 .022 1. 29 55 .020 1. 35 
41-3 . 057 1. 29 72 .060 1. 23 40 .070 1. 31 
41-4 . 010 .24 84 .015 .28 58 . 30 
41-5 .025 1. 66 84 .027 1. 52 59 .030 1. 80 •• 41 - 6 .065 3.58 76 . 091 3.34 50 .045 4.80 
41-7 .063 .94 73 

, .078 0.83 48 .055 .87 
41-8 .047 .93 74 .054 1. 07 46 .035 1.16 
41-9 . 031 .50 59 .040 .60 32 .060 .62 
41-10 .029 2.10 74 . 030 2.42 SO . 030 2.95 

.e 41-11 .026 .68 78 .031 0.72 52 .040 .76 
41-12 .051 . 62 74 .063 0 . 64 48 .040 .74 
41 - 13 .018 .45 75 .016 0 . 39 50 . 020 . 41 . 
41-14 .039 1.61 75 .029 1. 30 46 .025 .44 
41-15 .027 . 83 62 .033 0.90 36 .045 1.16 

• 

·e 

'. e 

• 
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EMPIRE 

e 
• Total Unscreened Screened 

Sample Tons Tons Au ~ Tons Au ~ 

e 41-1 4,500 4,500 . 046 .678 3,915 .049 .715 
2 3,500 3,500 .026 1. 267 595 .039 1.302 
3 2,500 2,500 .067 L290 2,500 .067 1. 290 

• 4 Waste 
5 6,800 6,800 ·.025 1. 66 6,800 .025 1.66 
6 3,600 3,600 .065 3 . 58 3,600 .065 3 . 58 
7 1,835 1,835 .063 .940 1,835 .063 .940 
8 3,420 3,420 .047 .930 2,770 .052 0.979 
9 2,000 2,000 . 031 .497 640 .060 .62 

• 10 5,000 5,000 .029 2.098 4,050 .030 2. 34 
11 4,000 4,000 .026 .685 3,320 .030 .73 
12 1,000 1,000 . 051 . 621 810 .059 .61 
13 Waste 
14 1,500 1,500 .039 1.611 810 .051 2.61 .- 15 1,500 1,500 .027 0 . 826 540 . 045 1.16 

41,155 .039 1. 416 32,185 .044 1,582 

• 

.-

• e 

• 
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Dump No . 

Contention 

38-1 
38-2 
38-3 
38-4 
38-5 
38- 6 
38-7 
38-8 
38-9 
38-10 
38-11 
38-12 
38-13 
38-14 

EFFECT OF SCREENING 
TOMBSTONE DUMPS '" 

Unscreened -3/4 inch 
Au Ag Wgt.% Au 

.035 .93 

.009 . 73 75 .006 

.010 .21 

.023 .56 66 .025 

.041 1. 92 64 .048 

.010 .23 

.027 1. 21 76 . 031 

.014 .86 66 .017 

.027 .96 67 .038 

.005 .80 68 .006 

.030 1. 89 46 .015 

.015 1. 37 67 . 019 

.002 .30 59 .002 

.016 .68 85 .025 

.Screened 
-1/4 inch 

Ag Wgt.\ Au Ag 

.92 49 . 005 1. 06 

.58 40 . 040 .64 
2.31 40 .050 1. 61 

1. 34 48 .045 1. 76 
.97 40 . 015 1. 09 

1. 37 39 .055 1. 88 
.49 41 . 010 .81 

1.18 41 .030 1. 89 
1. 02 41 .020 1.14 

.25 33 .005 .46 
1. 03 33 .040 1. 30 



• 

e 
• EFFECT OF SCREENING 

TOMBSTONE DUMPS .. 

e " ,. 
Screened 

I 
Unscreened -3/4 inch - 1/4 inch 

e DtDnp No. Au Ag Wgt.% Au Ag Wgt.% Au Ag 

• Toughnut 

39-1 .050 5 . 90 78 .058 6.89 51 .085 8. 64 
39-2 . 018 1. 85 75 .019 2.13 46 .025 2.80 
39-3 .015 1. 36 76 .015 1. 46 47 .020 1. 64 

I 39-4 .003 1. 36 64 1. 00 38 .007 1. 01 

:. 39-5 .003 1. 31 69 1. 39 39 .008 1. 58 
39-6 .040 2.10 
39-7 .017 2.69 71 .024 3.18 33 .030 2.18 
39-8 .015 1. 92 74 .019 2.17 34 .035 3.99 
39-9 .010 .63 
39-10 .006 .94 49 .014 2.00 24 . 025 3.54 

.e 39- 11 .009 1.13 80 .011 1. 29 55 . 015 1. 70 
39-12 .015 1. 38 S3 .023 1. 32 33 .030 1.71 
39-13 .022 1.93 64 .030 2.42 38 .035 3.20 
39-14 .002 .26 42 .006 .37 22 .005 .61 
39-15 .62 46 .75 32 .84 
39-16 .43 21 .38 9.5 .34 

• 

• e 

• e 

• 
~------------------------------ .---
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e 
• TRANQUI LITY 

e Total Unscreened Screened 

• Sample l'ons Tons Au ~ Tons Au ~ 

40-1 2,000 2,000 .045 1. 83 1,240 .055 2.53 
2 2,000 2,000 .023 . 564 Waste 
3 2,500 2,500 .045 1.687 1,525 .060 2.19 
4 1,500 1,500 .011 1. 702 1,100 .010 2.13 

I· 5 4,000 4,000 .061 1.420 4,000 .061 1. 42 
6 . 1,500 1,500 .028 .898 2,120 .090 1.64 

7 3,000 3,000 .005 .680 Waste 

I 
8 Waste Waste 
9 3,000 3,000 .064 2.91 1,290 .108 S.85 

10 1,500 1,500 .021 .954 525 .050 1. 75 i.e 11 2,000 2,000 .017 2.197 1,180 .0lO 2.18 
12 2,000 2,000 .070 0.40 1,316 .088 .458 

13 6,500 6,500 .087 2.17 6,500 .. 087 2.166 

31,500 .049 1. 590 20,796 .070 2.101 

• I 

ee 

~ 
ee V~t/ 

y 
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SIERRA MINERAL MANAGEMENT 

e .. . . , • 
R. P. HI!\VLETI' ., 4741 EAST SUNRISE DRrvB 

Presidenl SKYt.INE BEL AlRE PLAZA 

e TucioN, ARIZONA 85718 
602/299·9736 

• 
State of Maine- Brother Jonathan Dump 

e 
• SamEle No. Tons Au ~ 

J-l 2500 0.0138 2.6271 
M-l 1700 0.0130 2.9867 
M-2 1600 0.0090 3.9579 

• M-3 1500 0.0051 2.0187 
M-4 500 2.7862 
M-5 500 0.0072 3.0912 • 
M-6 1000 3.6436 
M-7 1000 0.0032 3.5445 
M-8 1000 2.55 .e M-9 1000 3.57 
M-10 1000 1. 96 

13,300 .006 2 . 95 

• 

• e 

• 
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TOMBSTONE .. 
PRODUCTION SCHEDULE 

:q~l 
!.. 

e (450 tons per day) 

• ~ Recovered Value 
Grade 95% Au, 75% Ag: $130/$3.50 

Time Dump Au Ag Per Ton Per Month _ 
March '74 Lucky Cuss .039 2.91 $12.46 $155,750 - April Lucky Cuss .039 2.91 12.46 155,750 
May Lucky Cuss ' .039 2.91 12.46 155,750 
June Lucky Cuss .039 2.91 12.46 155,750 
July Herschel .015 3.47 10.96 137,000 
Aug. Oregon, Prompt., Boss .018 3.25 10.75 134,375 
Sept. Tranquility .049 1. 59 10.23 127,875 - Oct. Tranquili ty .049 1.59 10.23 127,875 
Nov. Tranqui li ty .049 1.59 10.23 127,875 
Dec. T76 Tranq./Empire .046 1. 53 9.70 121,250 
Jan. '75 Empire .039 1.42 '8.54 106,750 
Feb. Empire .039 1.42 8.54 106,750 .- March Empire .039 1.42 8.54 106,750 
April Emp./Toughnut .033 2.65 11.03 137,875 
May Toughnut .027 2.82 10.74 134,250 
June Contention .042 1. 45 9.00 112,500 
July Contention .042 1.45 9.00 112,500 
Aug. Contention .042 1. 45 9.00 112,500 
Sept • Contention .042 1.45 9.00 112,500 

• Oct. Cotention .042 1.45 9.90 112,500 
Nov. Little Joe .050 2.20 11. 95 149,375 
Dec. '75 Little Joe .051 2.23 12.15 151,875 
Jan. '76 Silver Thread .030 2.22 9.53 119,125 
Feb. Bunker Hi11 .021 3.39 11.49 143,625 
March Bunker Hill .021 3.39 11.49 143,625 -_ April BH/San Pedro/St. M. .008 3.53 10.25 128,125 
May St. Maine/Ingerso1 .011 2.43 7.74 96,750 
June Comet/Defence .028 1. 78 8.13 101,625 
July Defence/Emerald .025 1.93 8.15 101,875 
Aug. Emerald ~' 025 1. 75 7.68 96,000 
Sept. Emerald .025 1. 75 7.68 96,000 .-

'. e 

-
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e PRODUCTION SCHEDULE 

• 
e Total Segregated or Screened 

Dump Tonnage Au Ag Tonnage 

• Lucky Cuss 50,000 .039 2.91 50,000 
Herschel 10,000 .015 3.47 10,000 

Oregon 5,000 .003 4.17 5,000 

Prompter 4,000 .005 3.63 4,000 

Boss 5,000 .037 2.39 5,000 

• Tranquil i ty 45,000 .049 1.59 45,000 

Empire 45,000 .039 1.42 45,000 

Toughnut 50,000 .027 2.82 20,000 
Contention 127,800 .042 1.45 65,000 

Little Joe 20,000 .051 2.23 20,000 

Sil ver Tread 16,000 .030 2.22 16,000 .- Bunker Hill 25,800 .021 3.39 25,800 
San Pedro 2,000 .005 4.48 2,000 
State of Maine 15,000 .006 2.95 15,000 
Ingerso1 12,000 .017 1.71 5,000 
Comet 15,000 .030 1. 56 6,000 

Defence 26,000 .025 2.01 11,000 

• Emerald 55,000 .025 1. 75 38,000 

Old Guard 20,000 .020 1.49 14,000 

Rattlesnake 5,000 .010 2.80 3,000 

Silver Plume 25,000 .014 1.03 11,000 

I 
Sulphuret 6,000 .043 1.05 3,000 

West Side 60,000 .019 1. 62 42,000 

• • 
_ 

644,600 .032 2.07 460.800 

.. -
'. e 

• 



SIERRA METALS 

R. F . HEWLETT 
fusident 

4741 EAST SUNRISE DRIVE 
SKYLYJ'IJE BEL AlRE PLAZA 
TUCSON, ARIZONA 85718 
602/299-9736 

• 

• 

'.e 

• Extraction 
Method 

Heap Leach 

Mill (H. L. ) 

-e H.L. & Mill 

Mill Only 

e_ 
Ext. Method 

Heap Leach '. Mill (Ii. L. ) 

_H.L. & Mill 

Mill Only 

I. 

Assume: 

TOMBSTONE 

METAL PRICE SENSITIVITY ANALYSIS 

FOR HEAP LEACHING VS. MILLING 

1. Rate of mining for heap leaching is 45,000 tons
per -month 

2. Heap leaching extraction percentages are 60% kJ and 
50% Ag 

3. Heap leaching cost of production = $3 per ton 

4. Rate of milling is 12,500 tons-per-month 

5. Milling extraction percentages are 75% for kJ and Ag 

6. Milling cost of production = $7.50 per ton 

7. Base prices are $170 kJ and $4 Ag 

Recv. Ext. kJ Recv. Ext. 
kJ Time Month Ag Time 

11,239 12.6 ms. 892 550,602 12.6 ms. 

3,938 16.8 ms. 234 505,439 16.8 ms. -15,177 13.5 ms. 1126 1,056,041 14.3 ms. 

14,999 64 ms. 234 1,313,901 64 ms. 

Gold Price Chanse 

$4 Ag - Monthly Net Profit Before Tax 

Ag 
Month 

43,699 

30,086 

73,785 

20,530 

Gross Value Production Monthly kJ Gross Value kJ NPBT 
AslMo Costs/Mo Net $150 $200 $150 $200 

$174,796 $135,150 $39,646 $133,800 $178,400 $173,446 $218,046 

120,344 93,754 26,590 35,100 46,800 61,690 73,390 

295,140 228,904 66,236 168,900 225,200 235,136 291,436 

82,120 93,743 -11,623 35,100 46,800 23,477 35,177 
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R. F. HEWLElT 
President 

. -

SIERRA METALS 

" 
" -

4741 EAST SUNRISE DRIVE 
SKYLiNE BEL AIRE PLAZA 
TUCSON. ARIZONA 85718 
602/299-9736 

From the above, notice the advantage of both heap leaching and milling. 
Comparisons of heap leaching and milling vs. milling follows: 

Tons Processed 

Extraction Time 

Recovered Au 

Recovered Ag . 
Gross Sales 

Production Costs 

Net Profit B. Tax 

Av.Mon. Net Profit B.T. 

Depletion, Total 

Depletion, Yearly 

Heap Leaching & Milling 

567,631 + 210,009 = 799,940 

Less than 2 years 

15,702 t. ounces 

1,056,041 t. ounces 

$7,331,868 

$3,256,960 

$4,074,908 

$ 169,788 (2 yrs.) 

$1,022,795 

$ 511,398 (2 yrs.) 

Milling Only 

799,940 

Over 5 years 

16,999 t. oz. 

1,313,902 t. oz. 

$8,668,641 

$5,919,556 

$2,749,085 

$ 45,818 (5 yrs.) 

$1,209,275 

$ 241,855 

Utilization of the heap leaching method of gold-silver extraction in 
combination with the milling of the high-grade manganese ores minimizes 
the risks involved with using only ore extraction method, such as milling. 

Evaluating the variables (risks) results as follows: 

Heap Leaching Mill 

Break-even Extraction Rate (Dec. 5) 

Break-even Precious Metal Prices 

Gold (H.L. ir=60/50; Mill i~5/75) 

Silver (Same; Gold=60 & 85, Silver=50 & 75) 

23io 

$54 

$ 2 

The graphical presentation is shown on the following page. 

53io 

$193 

$ 2 
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R. F. HEWLEIT 
Pr~s;dml 

Constants: 

1. Gross 

2. Gross 

3. Total 

4. Mill 

5. Heap 

Variables: 

., 

SIERRA METALS 

SUMMARY COMPARISON OF 

MILLING AND HEAP LEACHING 

Au= 19,999 t. ounces 

Ag = 1,751,869 T. ounces 

tonnage = 799,940 

costs are $7.40 per ton 

leaching costs are $3.00 per ton 

4741 EAST SUNRJSE DRIVE 
SKYLI..NE BEL AIRE PLAZA 
TUCSON, ARIZONA 85718 
602/299-9736 

1. Precious metal prices (Dec. 5; Au=$178.75, Ag=$4.285 

2. Recovery - Mill: assumed 85% Au and 75% Ag 

3. Recovery - Heap leach: assumed 60% Au and 50% AS 

4. Heap leaching rate: assumed 1500 tons-per-day 

Heap Leaching & Milling Mi lling Only 
Heap Leach I Mill High-Manganese Mill All Ore 

Tons Processed 567,631 210,009 799,940 
Extrac·tion Rate 45,000 t.p.m. 12,500 t.p.m. 12,500 t.p.m. 
Total Ext. Time 12.6 months 16.8 months 64 months 
Recoverable Au 11,239 4,463 16,999 
Recoverable Ag .550,602 505,439 1,313,902 
Gross Sales $4,368,301 $2,963,567 $8,668,641 
Production Costs 1,702,893 1,554,067 5,919,556 
Net Profit B. Tax 2,665,408 1,409,500 2,749,085 
Av. Monthly NPBT 211 ,540 83,899 42,954 

Depletion $609,378 $413,417 $1,209,275 
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R. F. HEWLEIT 
I'resld~nt 

Tranquility 

Empire 

Toughnut 

Contention #1 

Little Joe 

West Side 

Grand Central 

Lucky Cuss 

Emerald 

Contention #2 

~ 

• e Tranqui 11 ty 

Empire 

Toughnut 

Contention #1 -_ Little Joe 

West Side 

Grand Central 

• Lucky Cuss e Emerald 

Contention #2 

Au 

.0200 

.0167 

.007 

.0244 

.0077 

.0154 

.0103 

.0182 

.0046 

.0295 

.. .741 EAST SUNRlSE DRIVE 
SKY~E BEL AlRE PLAZA 
TUCSON, ARIZONA 85718 
602/299-9736 

SUMMARY 
OF 

TCMBSTONE HEAP LEACHING TESTS 

Gold l T.oz. Eer ton SilverI t.oz. :eer ton 
1st DaI 3rd 6th 1st DaI 3rd 6th 

.0133 .0190 .0200 .287 .37 .37 

.0110 .0160 .0167 .193 .27 .27 

.0056 .007 .007 .• 195 .24 .25 

.0192 .024 .0244 .40 .54 .55 

.0053 .007 .0077 .282 .44 .44 

.0100 .0139 .0154 .453 .57 .57 

.00882 .0103 .0103 .448 .58 .60 

.01422 .0182 .0182 .383 .55 .56 

.004 .0046 .0046 .40 .47 .47 

.0170 .028 .0295 .764 1.08 1.14 

SIX DAY RECOVERY DATA 

.!& Gross Value U185L4.50) NPBT 

.37 $ 5.37 $ 106,650 

.27 4.30 58,500 

.25 2.43 

.55 6.99 598,500 

.44 3.40 

.57 5.42 72,600 

.60 4.61 80,500 

.56 5.89 158,950 

.47 2.97 

1.14 10.59 151 1800 

$1,227,500 
NOTE: 395,000 tons at an average of $3.11 net profit per 

ton (not leaching Toughnut, Little ,Joe & Emerald) 
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HEAP LEACHING VS. MILLING 

e 
• Dump Mill H.L. RecoveEI Mill RecoverI Tons 

B.ecvry. Tro~ Ounces ~. TroI Ounces 
(Aul~) Au ~ Au ~ e Tranqui'li ty 75/75 900 16,650 1,654 53,663 45,000 

- Empire : 75/15 7.52 12,150 1,316 47,925 45,000 

Contention # 1 75/15 3,660 82,500 4,725 163,125 150,000 

West Side 81/75 462 17,100 462 36,450 30,000 

e Grand Central 75/15 515 30,000 1,125 54,000 50,000 

• Lucky Cuss 75/60 1,001 3.0,800 1,609 110,550 55,000 

• 
Heap Leaching 

• Dump Gross Value ~$185L4.55 Prod • Net Profit 
Au ~ Total Cost (3) Before Tax 

Tr anqu ili ty $166,500 $ 74,925 $ 241,425 $135,000 $106,425 

Empire 139,120 54,675 193,795 135,000 58,795 .- Contention # 1 677,100 371,250 1,048,350 450,000 598,350 

West Side 85,470 76,950 162,420 90,000 72,420 

Grand Central 95,275 135,000 230,275 150,000 80,275 

Lucky Cuss 185,185 138,600 323,785 165,000 158,785 

• 
Milling 

Dump Gross Value ($185L4.5) Prod. Net Profit 
Au ~ Total Cost (7.5) Before Tax -_ Tranquility $305,990 $241,484 $ 547,474 $ 337,500 $209,974 

I Empire 243,460 215,663 459,123 337,500 121,623 

I. 
Contention # 1 874,125 734,063 1,608,188 1,125,000 483,188 

, 
West Side 85,470 164,025 249,495 225,000 24,495 _ 
Grand Central 208,125 243,000 451,125 375,000 76,125 

Lucky Cuss 297,665 497,475 795,140 412,500 382,640 

• e 

• 
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Net Profit Before Tax 
~p Net Profit Before Tax MonthlI 

H.L. Hilling H.L. Hilling -
Tranquility $ 106,425 $ 209,974 " $106t425 $58 ,326~ 

Empire 58,795 121,623 58,795 33,784 

Contention # 1 598,350 483,188 179,685 40,266 

West Side 72,420 24,495 108,090 10,206 

Grand Central 80,275 76,125 72,320 19,031 

Lucky Cuss 158 1 785 382 1 640 130,152 86,964 

$1,075,050 $1,298,045 

From th~ above, perhaps an economic criteria for the heap leach 
vs. mill decision might be: 

2. Monthly profit rate 

1. Net profit difference 

This could be shown as: 

Net Profit Difference 
(H.L.) Dump Total Ratio (Hilling) 

~H.L.) Honthly 
~Hillins) 

Tranquility $103,549 (M) 1.97 

Empire 62,828 (H) 2.07 

Contention # 1 115,162 (H.L.) 0.81 

West Side 47,925 (H.L.) 0.34 

Grand Central 4,150 (H.L.) 0.95 

Lucky Cuss 223,855 (H) 2.41 

Therefore, from the net profit difference, the following are 
obvious: 

1.82 

1.74 

4.46 

10.59 

3.80 

1.50 

1. Heap leach; Contention #1, West Side, and Grand Central 

FFom the net profit ratio;, the following are shown: 

1. Two clusters of values, obvious heap leach (below unity) 
and about twice the net profit by milling 

The monthly net profit ratio (H.L./Milling) shows: 

1. A trade-off on the monthly cash flow and net profit 
difference on the Tranquility, Empire and Lucky Cuss 
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-Month 
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3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

. 
A present worth analysis of heap leaching the six economic dumps 
(375,000 tons) follows: 

Income DiscoUnted Income 
PW (127.) H.L. Mill HeaE Leach Mill 

.974 $ 387,4C7 $ 148,500 $ 377 ,334 $ 144,639 

.947 387,4C7 148,500 366,874 14C,630 

.920 300,886 148,500 276,815 136,620 

.893 148,500 132,611 

.869 148,500 129,047. 

.845 148,500 125,483 

.821 II 
148,500 121,919 

.797 148,500 118,355 

.776 14a,500 115,236 

.755 69 z300 52 z322 

$1,075,700 $1,4C5,800 $1,021,023 $1,216,862 

Therefore, the discounted income is very nearly the same, wi thout 
considering the differential in capital investment • 
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Dump 
Name --

Empire us 
s 

Tranqui 1i ty us 
s 

Contention . us 
s 

Little Joe us 
(Grand Central) s 

Su1phuret us 
s . 

Sil ver Thread us 

DUMP SAMPLING 
COMPARISONS 

Austral Oil 
:Au Ag 

- -
.080 1. 90 

.031 1. 42 
- -

.013 .87 
- -

.010 .60 
- -

.022 .66 
- -

.025 1.33 

Au 

-
.085 

-
.082 

-
.058 

-
.051 

.030 
-
-

s - - .030 

Lucky Cuss us .040 2.98 
s - -. 

Toughnut us . 009 .54 
5 - -

Bonanza - 6.00 

State of Maine - 4.50 

Soltice 

N. Bonanza 

Joseph 

Br. Jonathan 

.004 2.80 
~ 

.003 1. 84 

- 1.02 

- 1. 94 

NOTE: us = unscreened 
5 = screened 

Duval Sierra 
AB Au Ag 

- .039 1.42 
1. 39 .044 1. 58 

- .049 1. 59 
1. 50 .070 2.10 

- .016 .90 
1. 02 .042 1. 45 

-
2.23 

.80 
-

-
2.22 

.039 2.91 

.065 5.01 

.013 1. 52 

.027 2.82 

- 5.74 

- 3.90 

- 3.4 

- 4.4 

- 1. 30 

-
- 3.0 
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KARL G. RONSTADT 
rRES'DEHT 

February 27, 1979 

Mr. James Briscoe 
S.E.A. Hydromet 

?ttw iPudb CONSTRUCTORS 9t-c. 
P. O . BOX 27566 

TUCSON . ARIZONA B5726 

AilS EAST ILLINOIS STREET - PHONE 7AB- BOOO 

GENERAL CONTRACTORS AND HEAVY ENGINEERING 

4500 East Speedway Blvd. 
Tucson, Arizona 85712 

Dear Jim: 

Confirming the conversation Dick Yaeger, you and I had yesterday I am enclosing 
copies of estimates for your precious metals project at Tombstone. 

To summarize: Estimated costs for varying quantities with a Commander III 
crusher (16 X 48 jaw, 6' X 20' triple deck screen, triple 3~'' rolls, 700 hp 
engine and necessary support equipment), product crushed to 1/2" minus and stock
piled by stacking conveyor only. Excluded are facilities for blending in chem
icals or additives 

Minimum 

30,000 Tons 
100,000 Tons 

1 ,000,000 To.ns 

150/Ton/Hour 

$4.96/Ton 
3.45/Ton 
2.70/Ton 

200/Tons/Hour 

$4.39/Ton 
2.91/Ton 
2.147Ton 

Included in the preceding cost is amoritization of the crushing plant and asso
ciated conveyors to a maximum of $300,000, an allowance for an increase of 7% 
in wages over current wage schedules and one month's standby costs on crushing 
equipment of approximately $15,000. 

As an alternative (on behalf of commencing the project and creating current cash 
flow for mini~um expenditure) we have provided a second estimate which includes 
crushing approximately 30,000 tons to a maximum of 1 1/4". This would be done by 
a combination of a jaw crusher and an 855 Cedarapids Commander crusher. This 
equipment would be moved in sometime after March 15, crushing for approximately 
two weeks, stockpiling 30,000 tons by stacking conveyor and thereupon be removed. 
It is anticipated this 30,000 tons would be of the highest grade ore available 
and thereby accelerate cash flow on the project. The remaining course rock above 
1/2" could be crushed to a finer dimension (1/2") ~t a later date. The estimated 
cost per ton for 30,000 tons would be $2.44/ton or $73,260.00. 

Payment for costs incurred would be due 30 days after invoicing. These costs 
would include all direct costs plus 11% overhead and administration as contained 
and accounted for in New Pueblo's standard job cost accounting system. Method of 
defining costs would be in accordance with attached "Schedule of Project Costs". 
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1-

S. LA. Hydromet 
February 27, 1979 

-2-

We propose to take no profit on the project until such time as the cash flow of 
the project exceeds expenditures and necessary reserves at which time we would 
receive 10% of the net profit on the project as our share of the profits. Thus we 
are hereby offering to manage the costs of processing and stockpiling for min
imum cost and overhead and participating in the net results as a 10% partner 
entitled to 10% of the net revenues or benefits. All expenditu~es concerning 
tRe processing and crushing would be subject to revjew by management of the project 
a~d accounting by both parties would be subject to audit as appropriate. 

Your acceptance of this proposal by signature below and return of one copy will 
constitute agreement. 

Very truly yours, 

NEW PUEBLO CONSTRUCTORS, ,.INC ., 

~J;;:!1S ti!-~"# 
Karl G. Ronstadt, President 

KGR/kb 

Attachments: Two Cost Estimates (copies) 
NPC Schedule of Project Costs 

ACCEPTED BY: 

Date: ----------------------------
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• Descri pt ion 

~:E\'~ PUEBLO CO;\S Tr.UCTOI:S, I ~C. 
SCHEDULE OF P;~OJECT COSTS 

I 
I terns Reil!lLurs<3h1c 
At Cost. Including 
Dircc't Costs on 

Salaries .& Nh~~ S 

1. HONE OraCE COSTS 

e A. Executh'c Salaries t:, Expenses 

• 

• 

• 

• e 

• 

·e 

• 

B. Engineering 

1. Chief Engineer 
2. Project Engineer 
3. Design Engineer 
4. Detail Draftsman 
5. Material Take-Off 
6. Es~i~ating Engineer 
7. Specifications Engineer 
8. Critical Path Scheduling 
9. Engineering Clerk 

10. Secretari~l Service 
11. O.A.B., Social Security and Other 

Payroll Tax 
12 . 

13. 
14. 
15. 
.16. 
17. 

Compe~sat~on Insurance, Public 
Liability and Similar Insurance 

Payroll and Accounting Exp e~se 

Sick Leave and Absence for Cau~e 
Standby Salaries 
Pensions 
Proportional Cost of Light. Heat, 
Rent, etc. 

18 ~ General Supplies and Equipment 
19. Personnel Procurement 
20. Actual Cost of Copy Hork 
21. Computer Service 
22. Overtime As ~ecessary 

22.1 Strai~lt time portion 6f cost 
22.2 Pre~ium portion of cost 

C. Proiect 1·i2.nagemcnt 

1. Proj eet Nana~er 
2. Project Engineers 
3. Cost Engineers 
4. Stenographic and Clerical 
5. Expediters & Purchasing Clerk 

CentrAl Accounting 

1. Chief Accountant ~d Staff 
2. Field Auditor ' 

x 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 

x 
X 

X 
X 
X 
X 
X 

II 
::on- rei r.1bu r s ab Ie 
Items Covered By 
;dmini$tra~ive & 
Overhead Ch2rgc~ 

X 

X 

X 
X 
X 
X 

X 
X 
X 

x 
X 

.. 

.. _._--... _--._-- - :--- - .---
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~ ':<G.~ 
I II 

Itens Reil.lburs.:!ble ~:or.-reir. lbursc:!ble 
I. 

At Cost, Including It~~s Covered By 
Direct Costs on Administrative & 

~ ____ ~D~e~s~c~r~i~p~t~i~o~n~ ______ ---____________________ ~s~a~l~a~r~i~e~s~~&~\~~~<~~~~~~~s~ ____ ~O~-J~e~r~l~l~e~a~d~C~h~?~~;g~o~s~_ 

liO:.LE OFFICE COSTS - cont I d 

E. 

eF • 

• 
G. 

e 
• R. 

• 

.e 

• 

·e 

Labor Relations Personnel 

Construction ~an2ger and Staff 

Chief Purchasin~ Agent 

General Office Ex penses 

1. 

2. 

3. 
4. 
5. 
6. 

. 7. 
8. 
9. 

10. 
11. 

12. 

Traveling Expenses of above ei:!ployees 
~hen on trips authorized by you 

Long Distance Telephone. Telegraph 
and Teletype 

Local Telephone Service 
Rental on Busiriess Machines 
Group Ins~rance, Hospitalization 
Parcel Post and Express 
PostC!ge 
De~r~ci2tion> Repairs ~ Maintenance 
Rent, Light, Beat, T2Xes and 
Insurance 

Office Supplies and Statione~y 
Forms required specially for a 
particular Customer 

Niscellaneous Items, such as ,.;rant Ads, 
Subscriptions, Dues, Catalogs, 
Bulletins 

13. 'For monthly field service \vhich 
includes project ledgers, cost 
report nork sheets~ cost reports, 
field payroll earnings reco~ds, 
quarterly reports, vo~lcmens com
pensation for field person~el. 

2. !'!,·'l.TERIALS, Sl!BCO ~';TF:.ACTS. Mm CONSTRl.:CTIOr\ 

• SUPPLIES COSTS .e . 

• 
I··· 

A. Actual cost of all material and equip~eDt. 
including transportation 2nd unloading of 
same, ",he ther purchased by you or by 
ourselves. All discounts and co~~issions 
are p~ssed on to the Customer. 

Actual }:anufacturing cost of any Equip;:J'2nt 
made in our shops. Equipment can be 
furnished at fixed prices. 

., 

x 

x 

x 
X 

x 

x 

x 

". 

or " _. - - ' - ~ __ . _ • . 

X 

X 

X 

X 
X 
X 

x 

x 
X 

x 

X .. 
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Description 

NATERIAl.S, SllBCOKTRACTS, AXD CO:':STf~ljc-fI O?-: 

SUPPLIES COSTS - cont'J 

c. All Subcontracts 

All expendable r"8teri<:.ls end cO!1struction 
supplies, also water & electri~ity 

3. FIELD LABOR AND RELATED CO STS 

e A. Salaries and Hag2s 

• 

• 

·.e 

• 

·e 
B. 

·-e 

' . D. e 

• 

1. Field Superintendent of Construction 
2. Assistant Superintendent 
3. General Foreman 
4. Resident Engineer 
5. Chief Surveyor 
6. Instrument Men, Stakers & nodmen 
7. Field Account<:.nt and Staff 
8. Cost Analysis Engineer 
9. Timekeepers 

10. Field Purchasing Agent 
11. Warehousemen and Helpers 
12. Safety Engineer, Doctor & Nurses 
13. Hatchmcn and Guards 
14. Other neces sary t\on-Nanual Field 

Employees I. • 

15. Overtime pay for 3-A (1 to 14) above, 
in accordance ,,,i th Established Policy 
and with your prior approval 

15.1 "Then Overtime is l"orl ~ed, the 
overtime premium ~ayroll will 
be a job cost. 

16. Vacation and Holiday allo--vances, in 
accordance with NPC policy 

"17. Sick leave for monthly salary employees 

Tra,:el and living expense and subsistence for 
personnel 3-A (1 to 14) above, in accordance 
vii th NPC policy 

Social Security, Unemplo~ent Insurance ~,d 
Payroll Taxes applicable to Employees, 3-A 
(1 to 15) above. 

All Job Site Craft and co~on labor salaries, 
wages and fringe benefits as required by work
ing rules of Unions having jurisdiction, 
including travel and premium pay allm'lances 
for field manual employees. 

I 
Itl';!lS Reil:lhuT~L.lble 

At Cost> Including 
Direct Costs on 
Salaries & \Ja ~; (!s 

.. X 

x 

x 
X 
X 
X 
X 
X 
X 
X 
X 
X 

:X 
X 
X 

X 

X 

x 

X 

x 

, 
X 

•. .. ~ 

II c:2C::, 7 
NO:1- rc it..bu r :;ab If:' 
It~:7lS Covered Ey 

, AU;:1ini:;trc!tive & 
O,'(;rh c:~d Cll.:lrges 

x 

L...... ______ -_. '_- _ - ._-._. __ ' _"_ -_ - _" _-_-_--_ -_" _-_- ___ _____ _ . _-~_'_~_'..::... = -_._-=_~_'_-'_- -_-_ -_-_.-_.--c.-'--_'.- - - ."~- ,_:_-~.- - - - - .. -, ' W '~="". 
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Descri tion 

_ FIELD LABOR M ,D RELATED COSTS - cont 'el 

_ 
_ 

DCa) !·!hen overtim~ is ,.orked, the premium 
overtime payroll will be a job· ~ost 
'.7i th no adcli tion for Contractors 
burden or fee. 
(1) Labo4" for tie in of subcontract 

instaliations 
(i.l) Naterial for tie in of subcontract 

installations 

(2) Labor to install ch2nges after 
start-up 

(2.1) !-Iaterial needed to install changes 
after st2.rt-up 

E. Social Security, Unernplo)TI~nt Insurance 
and Payroll Tax es applicable to empl
oyees in 3-D. 

F. WorkDen's Comp ensation; Liability, Property 
Damage, . Builders Risk and other insurance 
as require~. 

· _G. Cost of labor recruitment, testing and 
transportation to the Job Site. 

• 
H. Cost of labor negotiations, specifically 

for this work as required. 

1. Cost of Engineers, Technicians, or Hanu
facturer's Specialists £or installation 
and start~up. 

.4. COKSTIlUCTION EQUIP~'!E ?.JT AXD TOOL COs1' 

_ A. Tran·sportation and handlirog ~:::sts to move 
tools and equipment to and from the job. 

D. e_ 
• 

Purchase of major construction equip~ent. 

Rental of major construction equipment 
from others, at cost (outside rented 
equipment). 

Rental and transportation of any constr
uction equipment, whether furnished by 
contract04" or others. Rental rates for 
contractor o~med equipment, if available, 
will be negotiated. 

. 1 
Items Reim!mrsuolc 
At Cost, Including 
IHrect Costs on 
S <11 a r j e s & ~.: " ~J C S 

.. 

X 

X 

X 

X 

x 

X 

x 

X 

x 

x 

x 

x· 

x 

II 
;;;~fJ 

:;on-rc.: I m!)u r silb Ie 
Items Covered By 
h.!nir.istrutive & 
O': e rhe 2- d Che! n' r~ S 
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Descri tion 

1 
I tcm!> Rcir:hur;.nble 
At Cost, Including 
Direct Co~t..f: on 
S:::tlarics ~: l?2.?es 

iJ _ C0~\STP.l.!CTIO?\ EQUln;r:~JT A:-.:O TOOL COST - cant' d 

I. D(a) ~ormal1y NPG equip"lent "Use" rate '.7i1l 
be charged. This rate includes all costs 
of o\.;rnership) and operat ion except oper
ator labor. . These rates are fueled & 
maintained, and ere besed on A.E.D. Rates. 

-
• 

SD% of this rete will be cOerged for sta~cl
. fry time . . No charge \·!i 11 be Dade if equip
ment is stored or inoperative. 

S~all Tools and Rigging 

Maintenance of outside rented equipment and 
tools, including renovating at end of job. 

G. Gas, Oil and other rnainten2.nce supplies on 
outside rented equip~2nt only. 

-s. HISCELL4...'\"1:0 US JOB COSTS 

A. 

• 
_B. 

c. 

D. 

E. -
" F • . -

G. 

H. 

J. 

--
• 

Temporary Construction Facilities 

Field Office~ Furniture, Office Equipment 

Building Permits and Licenses 

~ield Telephone & Telegraph 

Premium of Compensation Insurance, Public 
Liability and Property Da~age, Automobile 
Public Liability and Property Damage, and 
any other insurance required for Field 
Payroll or Plant, job incurred only. 

Losses or Expenses not compensated by 
Insurance. 

Rental cars at cost. 

Sales, Use and Privilege Taxes (if any). 

All other .direct cash outlays for job 
costs not specifically excluded. 

Outside consultants. 

.. 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

. - - -. -.: ,,- ---
: . -- : . "": .. . . ... - . r • J • • - . ...... _~ • 

II ;:?~q 
l:on-r<:: ir.1h ' lr sab Ie 
Items Cov~rcd By 
/.G::1inistr<'.tive &. 
Ovr'rhc.::.d C:1,n ,es 
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Description 

_ ·rrSCELLA.l"i EOL:S JOB COSTS - cont'd 

K. Inspection in Suppliers Shop or in Field. 

H. 

Includes travel ti~e and travel and 
living expense. 

CoSt of legal fees and expenses caused 
by torce Majeure. 

Cost of Perfo~anee Bond (if required). 

·e . 

• 

1 
Items Rc imU:,lrsable 
At Cost, Including 
Di reet Cos t:s on 
S.:llarics &. 1-~ a;c:; 

.. 

~ 

X 

X 

; 

~ 

II 
l~on-rc il71UU r :;ab Ie 
ItE:ms Covered. By 

. Administr2tive & 
OverhC: <J d Chan'.~s 

-. :, 
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HEWLETT MANAGEMENT 

:=e============================================ • R. F. HEWLETT 730 ROYAL CREST CIRCLE S. 
Apr. 438 

.' 
• 

• 

.e 

• 

-e 

• 

PHONE (702) 731-1601 
LAS VEGAS, NEVADA 89109 

PAD AND POND DESIGN 

A pad and pond layout i~ ~hown 60~ a Nevada mining p~ope~ty that 
1 ~eQently de~igned. Figu~e 1 ~how~ the topog~aphy and Qlaim 
bounda~ie~. NotiQe that the enti~e pad and pond layout i~ ~e~t~iQted 
to one patented Qlaim(le~~ than 20 aQ~e~). 

Figu~e 2 p~e~ent~ the pad and pond layout. NotiQe that the pad~ 
"w~ap-a~ound" the pond~ and topog~aphy. 

The pond layout utilize~ the 60llowing de~ign QonQept: 

Pad~ .............. . -,-
of 

Sand T~ap 
1 

f 
P~eg Pond 

1 
t 

Ba~~ e n-P~eQip Pond , , 
; 

Sp~ay Pond 
1 ••••••••••••••••••• 

Fo~ any plant, whethe~ Me~~ill-C~owe zinQ p~eQipitation, Qa~bon, 
io n- ex Qhang e, o~ di~e Qt p~e Qipitatio n i~ u~ ed, 4!>dag uqte H:sN:Li,o+1g 
i~ Q~itiQal(and the mo~t Qommonly made mi~take). It i~ Q~itiQal 
that a Qlea7i. p~eg 9 0 e~ to the-ae.aeJtatl..oi17:owe~ o~ it will 60 ul 
the deae~ation Qhambe~ and in any Qa~e it i~ not de~i~eable to 
have ~lime~ in the p~eQip p~oduQt beQau~e 06 the ~e6ine~y 
deduQtion~ and Qon6u~ion on gold-~ilve~ weight and moi~tu~e content. 
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LAS- VEGAS, NEVADA 89109 

Paa Capac.ity 

FiguILe 2 .6how.6 the pad bILok.en into 4 "oILe-.6ec.tolL.6". Thi.6 i.6 done 
to ac.c.ommodate a 30-600t ai.6le between the oILe heap.6 in c.a.6e ac.c.e.6.6 
to the heap.6 i.6 ILequiILed(at Gold6ield, thi.6 wa.6 nec.e.6.6aILY to allow 
a c.ILane with a c.lam-.6hell to "mix-up" t he heap due to the extlleme 
k.aolinite c.o ntent). Capac.itie.6 aile c. omputed 60IL 5 600t-li6t height.6: 

Pad Loc.atiol1 S ec.tolL Ton.6(5 600t li6t height) . 
S outh South 13,186 ton.6 
South Ea.6t 17,218 " 
NOILth NOllth 13,186 " 
NOILth Ea.6t 17,278 " 

Tota l 60,908 ton.6 

Total tonnage on the pad bOIL vaILiou.6 ultimate height.o aILe: 

Ultimate Height To tal tonnage on pad 

5 
, 60,908 ton.6 

1 0 , 
121,816 " 

7 5 , 
182,724 " 

20 , 
243,632 " 

25 
, 304,540 " 

30 , 
365,448 " 

35 
, 

426,356 " 
40 , 

487,264 " 
45 , 

548,172 " 
50 , 609,080 " 
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Pad COYl.6tJtuc.t,cOYl 

The t,cme aYld equ,cp meYlt Jtequ,cJtemeYlt.6 60Jt pad C.OYl .6tJtuc.t,cOYl 6ollow.6 60Jt 
the 6ollow,cYlg paJtameYlteJt.6: 

A. Pad aJtea ...................... 480,000 .6q. 6t. 
B. Pad C.OYl.6tJtuc.t,cOYl mateJt,cal; "de.6eJtt d,cJtt" , c.lay, 

oJt ta,cl,cYlg.6(plu.6 1-6 oot deep) 

1 . Move aYld level 7200 c.u. y d.6 . mateJt,cal; 

E~u,ct>.m eYlt Numb eJt 06 9 I1Jt. wOJtR.,cYl9. day".6 

A. dozeJt 1 2 
Cat 12E Jtoad blade 5 
35-toYl tJtuc.R.(c.ompac.t,cYlg) 5 
4000-gal wateJt tJtuc.R. 5 

B. 1 gozeft 5 
1 Cat 12E Jtoad blade 5 
1 35-toYl tJtuc.R.(c.ompac.t,coYl) 5 
1 4000-gal wateJt tJtuc.R. 5 
2 35-toYl. tJtuc.R..6- 1 988 LoadeJt 5 

C. .6 c.Jtap eJt 5 ~ 
4000-gal wateJt tJtuc.R. 5 ~ 
Cat 12E Jtoad blade 5~ 

2. To haul, pJtoc.e.6.6, aYl.d c.ompac.t 4320 c.u. yd.6 . ; 

E~u,ct>.meYl.t NumbeJt 06 9 hJt. wOJtR.,cYl.g day".6 

2 35-toYl tJtuc.R..6-1 988 LoadeJt 5 
1 dozeJt(level,cYl.g 6 Oft tJtuc.R..6) 1 2 II Jt.6 . ( 1 . 3 ) 
1 Cat 12E Jtoad blade 1 2 
1 35-toYl. tJtuc.R.(c.ompac.t,cYl.g) 1 2 
1 4000-gal wateJt tJtuc.R. 5 
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Su~ma~ y 6o~ Pa d C on~t~u ~tion , -
Following a~e the ~equi~ement~ 60~ pad ~on~t~u~tion: 

Equipme.nt Total 9 h~ . wo~Qin·9. day~ 

2 35-ton t~u~Q~- 1 988 L oade.~ 
1 doze.~ 
1 Cat 12E ~oad blade 
1 35-ton t~u~Q ( ~ompa~ting) 
1 400 0-gal wate~ t~U~Q 

1 0 
6 1/3 

1 7 
1 7 
10 

Pond Capa~itie~ 

Following a~e the pond type.~, ~apa~itie.~, and ~pe~i6i~ation~: 

L o~ation ~ Capa~ity Length Width Height 

South P~eg 192 , 112 gal 200 , 34 , 
6 

, 
South P~e~ip 19 2, 112 " 20 0 , 34 , 

6 
, 

N o~th P~eg 19 2 , 11 2 " 200 , 34 , 
6 

, 
N o~th P~e.~ip 192 , 11 2 " 200 , 34 , 

6 
, 

Both N&S Sp~ay 1,107,1 88 " 500 , 
50 

, 1 0 , 

Pond Con~t~u~tion 

1 . Fou~ pond~ ( P~eg and P~e~ip) ; 1500 ~u . y~d. ea~h o~ 
6000 ~u . yd~ . total ex~avation 

Equipment N umbe~ 06 9 h~. wO~Qil1g 

1 doze~ 12 
1 Cat 12E ~oad blade 2 
1 40 00 -gal wate~ t~U ~ Q 4 
2 35- ton t~u ~ k- 1 98 8 loade.~ ( haul 800 ~ u . yd~ . 

to ~ eal pond~ ) 6 h~~ . 
doze~(~p~ead ~lay) 3 
988 L oade~ ( ~ompa~ting ) 12 h~~. 

day~ 
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2. Sp~ay pond; 7400 QU. yd~. eXQavation 

Equipment Numbe~ 06 9 h~. wO~Qin9 day~ 

1 doze~ 7 
1 Cat 12E ~oad b.tade 1 
1 4000-ga.t wate~ t~UQQ 2 
2 35-ton t~UQQ~- 1 988 .toade~(hau.t 500 QU. 

yd~ . to ~ea.t pond) 4 h~~. 
doze~(~p~ead Q.tay) 1 ~ 
988 .toade~(QompaQting Q.tay) 5 hrL.6 . 

3. Sand ditQh; 400'X20'Xl0' ~and ditQh-3000 QU. yd~. eXQavation 

Equipment 

1 doze~ 

Numbe~ 06 9 h~. wO~Qing day~ 

1 Cat 12E ~oad b.tade 
1 4000-ga.t wate~ t~UQQ 
2 35-ton t~uQQ~-1 988 .toade~ (hau .t 250 QU. 

yd~ . Q.tay to ~ea.t ditQh) 
doze~(~p~ e ad Q.tay) 
988 .toade~(QompaQting) 

Summa~y 06 Pond Con~t~uQtion 

6 
1 
2 

2 h~-!J. 
1 
5 h~~. 

Equipment 

1 doze~ 

Numbe~ 06 9 h~. wO~Qing day~ 

1 Cat 12E ~oad b.tade 
1 4000-ga.t wate~ t~UQQ 
2 35-ton t~uQQ~-1 988 .toade~ 
1 988 .toade~ 

30 ~ 
4 
8 
1 ~ 
2Yz 
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S~mma~y 06 Pad & Pond Con¢t~uct~on 

• 
Numbe~ 06 9 h~. 

Equ~pment Wo~k~n9. Vay¢ Total Hou~¢ 

1 doze~ 37 day¢ 333 h~¢. 
1 Cat 12E ~oad blade 27 " 189 " • 1 4000-gal wate~ t~uck 1 8 " 162 " 
35-ton t~uck(¢) 

C ompact~on (l) 1 7 " 153 " 
Haul~ng(2) 11 ~ " 103~ " 

988 Loade~ 
Compact~on 2~ " 22~ " 
Load~ng 11 ~ " 103 ~ " • 

.e Equ~pment No. H ou~¢ Equ~p.$/h~. Equ~p.$ Labo~ $($7/h~) 

V oze~ 333 $46 $15,318 $ 2 , 331 
Road Blade 1 89 30 5,670 1 , 323 
Wate~ T~uc.k 162 25 4,050 1 , 7 34 
35-ton Tltuc.k 359 34 12,206 2 , 513 
988 Loade~ 125 36 4, 500 875 • 41,744 8, 1 76 

Total= $ 49,920 

Pad Con¢t~uct~on Co¢t¢ 

Clay Pad-¢ho~t haul(GOLVFIELV) . .. ... ....... . .. $0.25/6t 2 

Ta~l~ng¢-mode~ate haul(CRIPPLE CREEK) ... ...... $0.65/6t
2 

-e 

• 



• 
HEWLETT MANAGEMENT 

=e========================================== • R. F. HEWLETT 

PHONE (702) 731-1601 

*EQUIPMENT COSTS* 

• 
Item Make Ye.aJr. PUJr. c.ha.6 e Plan 

35-ton TJr.uc.k Cat . 769 B 7976 Lea.6 e- PUJr.c.ha.6 e 

I 

(3 month c.omm.) 

• 6-yd LoadeJr. Cat. 988 7976 Lea.6 e- PUJr.c.ha.6 e 
(3 month c.omm.) 

TJr.ac.toJr.-dozeJr. Cat. V8K 7976 Lea.6 e- PUJr.c.ha.6 e 
(6 month c.omm.) 

• 4-yd LoadeJr. Cat. 977 7977 PUJr.c.ha.6 e 

I 

I.e 

-e 

-e 

• • 

730 ROYAL CREST CIRCLE S. 
Air. 438 
LAS VEGAS, NEVADA 89109 

Total CO.6t Monthly' 

$ 727,600 $ 5, 500 

$ 726,000 $ 5, 750 

$ 757,637 $ 7 , 300 

$ 57,750 
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C~~pple C~eek, Colo~ado 

Gene~al Pa~amete~~ 

Alt~tude; 70,500 
Sea~on; 7 month~(Ap~~l-O~tobe~) 
Type 06 m~n~ng; Op en -p~t 
Plant; Me~~~ll-C~owe Z~n~ P~e~~p~tat~on 

O~e tonnage to lea~h/month; 75,000 
St~~pp~ng Rat~o; 0.443(W /O ) 
Ton~ Wa~te/month; 33,225 
Total ton~/month; 108,225 

M~n~ng Equ~pment 

Pe~~onnel 

1- 988 Cat L oade~ 
3- 769 Cat 35-ton T~u~k~ 
2- V~~ll w/~omp~e~~o~~ 
1- V8K Cat Voze~ w/~~ppe~ 
1- Cat No. 12 G~ade~ 
3- P~~k-up~, 3/4 ton 
1- Wate~ T~u~k 

Gene~al; 

M~n~ng; 

P~oJe~t Manage~ 
Cle~k 

Fo~eman 
Su~veljo~ 
Loade~ Ope~ato~~ 
T~u~k V~~ve~~ 
V~~lle~~ 
Bla~te~ 
Helpe~-Sample~(d~~ll) 
Voze~-G~ade~ Ope~ato~~ 
Me~han~~~ 

Lea~h Plant; 
Ope~ato~~ 
Labo~e.~~ 

1 
7 ••••• 2 

2 
7 
2 
6 
4 
1 
1 
2 
2 ..... 21 

4 
2 ..... 6 

730 ROYAL CREST CIRCLE S. 
APT. 438 
LAS VEGAS, NEVADA 89109 

Lab; 
A~~ayo~ 
Helpe~ 

1 
1 ... 2 

TOTAL. ....... 31********** 
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SUMMARY 

Pha.6e. Cate.gottlj CO.6t Pe.ttc.e.Ylt 

Ptte.-Pttoduc.t..tOYl M..tYl..tYlg $ 66,325 2 1 . 1 9 % 

" Pad COI1.6t. 117,322 37.48 % 

" PlaYlt COYl.6t . 110,000 35. 14 % 

" Ge.Yl. Adm..tYl. 7,400 2. 36 % 

" I Yld..ttte.c.t 12,000 3. 83 !1: 
0 

$373,047 100 . 

Ope.ttat..ton.6 M..tYl..tYlg 57. 86 % 

" 

" 

" 

Le.ac.h..tng 25. 05 % 

Ge.n. Adm..tYl. 12.91 % 

Ind..ttte.c.t 5. 75 % 
$765,000* 100. 

*Fott 6 month.6 ope.ttat..toYl 

Note.: In the. nollow..tYlg btte.ak-down, I U.6e. ac.tual C.O.6t.6 nott 
Ptte.-Pttoduc.t..toYl, aYld I have. u.6e.d a ba.6e. 06 $1,000,000 
60tt the. ope.ttat..tng C.O.6t btte.ak-down to 6ac...tl..ttate. pe.ttc.e.nt 
to be. c.ompute.d and be.c.au.6e. mO.6t ope.ttat..toYl.6 would ope.ttate. 
60tt longe.tt than June. thttough Nove.mbe.tt, tte..6ult..tYlg ..tn 
ope.ttat..tYlg C.O.6t.6 gtte.ate.tt than $765,000. 
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e Co~t Categoll-te.6·-M I NIN G 

• 

• 

• 

.e 

• 

-e 

ee 

• e 

• 

M-tne Adm-tn-t.6tllat-tOn ; 

120- Supellv-t.6-ton Salall-te.6 
12 1- Wage.6 
122- Veh-tc l e Exp en.6e 
123-M-t.6 c. 

Sample Pllepallat-ton & A.6.6ay; 

130-S alall-te.6 
131- Wage.6 
132 -Suppl-te.6 
1 33 - M-t.6 C. 

M-tne Eng . & Dev . VIl-tll-tng; 

140-M-tne Eng-tneell-tng 
145 - Vevelopment VIl-t l l-tng 

150-Wage.6, Opellat-tonal 
157- Wage.6 , M& R 
75 2- 0pellat-tng Suppl-te.6 
75 3- Equ-tpment Rental 
754- Equ-tpment Relocat-ton 
755-S-tte Pllepallat-ton 

Bla.6t-tng; 

160-Wage.6 , Opellat-ton 
76 1- Explo.6-tve.6 & M-t.6 c . 
762-E qu-tpment Rental 

$J Actual) 

$ 2 , 750 
1 , 200 

500 

4,4 50 

4 , 900 

7 , 100 

6 ,0 00 

8 , 00 0 
8, 000 

16 , 000 

2 ,900 
750 

3 , 200 
2 , 500 
1 , 800 
1 , 000 

12,1 50 

50 0 
7 , 500 

100 
8, 700 

730 ROYAL CREST CIRCLE S. 
An. 438 
LAs;' VEGAS, NEVADA 89109 

Pellc ent 

1 . 42 % 

1 • 92 % 

5. 1 1 % 

3 . 88 % 

2 . 59 % 
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R. F. HEWLETT 

PHONE (702) 731-1601 PRE-PRODUCTION 

M-ining - Continued 

Loading; 

170-Wag e~, Ope~ating 
1 7 1 - Wa 9 e~, M & R 
172-0pe~ating Supplie~ 
173-Equipment Rental 

Haulage; 

180-Wage~, Ope~ating 
1 8 1 - Wa 9 e~, M & R 
182-R oad Con~t~u~tion 
183-Fuel 
184-Lub~i~ant~ 

I.e 
185-Ti~e~ & Tub e~ 
186-T~u~k Pa~t~ 
187-Equipment Rental 
188-Mi~~. Supplie~ 
189-Equipment Relo~ation 

• 

•• e 

Vozing & G~ading; 

190 - Wage~, Ope~ating 
191-Wage~, M&R 
192-0pe~ating Supplie~ 
193 - Equipment Rental 
194-Equipment Relo~ation 

Pad Site P~epa~ation; 

198-Con~t~uc.tion 

Pad Con~t~uc.tion; 

601-0pe~ating Labo~ 
603 - Sampling 
604-Soil Te~t~ 
605-Vie~el Fuel & Lub~i~ant~ 
606-Road Con~t~uc.tion 
607-Cont~a~to~(Pad&RoadJ 
610-Pipe Line-6 
611-Explo-6ive~ 
612-Powe~ 
615-Haulage T~uc.k Rental 
617-Heavy Equipment Repai~~ 
620-Sa6ety Supplie-6 
624-Mi-6c.. Supplie-6 

$(A~tualJ 

$ 1 , 200 
300 
800 

2, 875 
5, 1 76 

3, 000 
850 

750 

8, 250 

1, 600 
74,450 

30,000 

4, 338 
3,467 
2 , 857 
3, 364 

1 35 
37,299 

6, 897 
774 

2,206 
25,682 

106 
164 

33 
87,322 

730 ROYAL CREST CIRCLE S. 
A!T.438 
us VEGAS, NEVADA 89109 

Pe~~ent 

1 .65 % 

4.6'2 % 

0.00 % 

9 . 58& 

'27. 89 % 
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Pne~ipitatian Plant 
$(A~tual) 

200-Laban $ 
207-Zin~ Feeden 
202-Salutian Sam plen 
203-Filten Pne~~e~ 
204-Pond Line.n 
205-Flaw Me.te.n 
206-Spninkle.n H e.ad~ (750) 
207-Plant Building 
208-Plant Pump~ 
209-Va~uum Pump 
270-Motonize.d Butte.n6ly Valve. 
277-We.lde.n Re.ntal 
272-Plumbing In~tallation 
273-Plant Pipe. & Flange.~ 
274-Le.ve.l Cantn al Pnabe. 
275-Butten6ly Valve~ 
276-Spnay Pipe. 
277-We.lding Supplie.~ 
278-Plant Lighting 
279-Fe.nc.ing 
220-Pump Ele.c.tnic.al Ge.an 
227-Mi~c.. Plumbing Supplie.~ 
222-Cyanide. Pump~ 
223-Mi~c.. Plant Pump Supplie.~ 
224-Va~uum Tank 
225-PVC Saddle.~ 
226-Re.age.nt Tank~(3) 
227-Sa6e.ty Equipme.nt 
228-Wate.n 

Admini~tnatian; 

240-Salanie.~, Sup envi~ian 
247-Wage.~ 

242-Vehi~le Expen~e 
243-Mi~c.. 
248-Planning, Ve.~ign, Etc.. 

6, 800 
2, 200 
7 , 700 

72,300 
8,000 
7 , 600 

750 
27,050 

4, 700 
2, 350 

600 
450 
275 

7 , 700 
200 

7 , 475 
1 , 200 
7 , 050 

700 
8,000 
7 , 000 
7 , 000 
7 , 000 

500 
7 , 500 

150 
4,000 

250 
250 

86,750 

7,300 

700 
850 

75, 000 
23,850 

LA' VEGAS, NEVADA 89109 

Pe.ll c.ent 

27.52 % 

7.62 % 
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PHONE (702) 731-1601 PRE-PROVUCTION 

~ Gene~al Admini~t~ation 

• 

• 

• 

.e 

• 

ee 

• 

492-In~u~al1c.e 
495-066ic.e Surrlie~ 
497-Mi~c.. 
401-T~avel Exrel1~e 

IYldi~ec.t Co~t 

701-Tuc.~oYl Ove~head 
702-New Yo~k Ove~head 

$ (Ac.tual) 

$ 4,000 
500 

1 , 400 
1 , 500 
7,400 

4,000 
8,000 

12,000 

730 ROYAL CREST CIRCLE S. 
Apr. 438 
LAS VEGAS, NEVADA 89109 

Pen c.eYlt 

2. 36 % 

3. 83 % 
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• Unit Ope~ating Co~t~ 

• 

• 

.e 

• 

·e 

·e 

• e 

• 

Miningi 
Admini~t~ation 
Sample P~epa~ation 
D~illing 
Bla~ting 
Loading 
Haulage 
Dozing 

Leac.h Planti 

Labo~ 
Cyanide 
Wate~ 
Powe~ 
Othe~ 

Gen'l, Admin, & Ind.{;~ee.ti 
G & A 
Tue. Ove~head 
NY Ove~head 

$/ton~ mined 

Sub 

Sub 

Sub 

Total 

$ 0.04 
.03 
.06 
• 05 
.08 
· 23 
.08 

.57 

.04 

.14 
· 0 1 
.01 
· 03 

· 23 

.13 

.03 

.03 

.18 

· 98 

--------------------------------------------------------- --- -

730 ROYAL CREST CIRCLE S. 
AP"I:.438 
LAS~ VEGAS, NEVADA 89109 

$/ton~ leac.hed 

$ O. 10 
· 09 
· 1 8 
· 1 5 
.24 
.66 
.24 

1 .66 

· 1 3 
.40 
· 03 
• 02 
.09 

.67 

.37 

.07 

.09 

· 53 

2.86 
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R. F. HEWLETT 
PHONE (702) 731-1601 OPERATIONS 

Co¢t Catego4~e~ - MINING 

M~ne Adm~n~~tltat~on; 

720-Supeltv~~~on Satalt~e~ 
727 - Wag e~ 
722-Veh~cte Expen~e 
723- M~~ c. 
724-M~ne Eng. 

Sampte Pltepaltat~on & A~~ay; 

130-Pltepaltat~on & A~~ay 
13 7 -Satalt~e~ 
131-Wage..6 
132-Suppt~e~ 
1 33 - M~.6 c. 

.e 

• 

ee 

e_ 
ee 

• 

750-Wag e. ~, Opeltat~ng 
151-Wage.~, M&R 
152-0p eltat~ng Suppt~ e. ~ 
153-Equ~pment Rentat 
754-Equ~pment Retocat~on 

Bta.6t~ng; 

160-Wage.6, Opeltat~ng 
167-Expto.6~ve.6 & Acce.6.6olt~e.6 
162-Equ~pme.nt Rentat 

Load~ng; 

170-Wage~, Opeltat~ng 
777 -Wage.6, M&R 
772-0peltat~ng Suppt~e.6 
773-Equ~pment Rentat 

730 ROYAL CREST CIRCLE S. 
Ap;T.438 
LAS VEGAS, NEVADA 89109 

$/ $7,000,000 Peltc ent 

$ 79,608 
7 , 059 
7 , 1 76 

392 
7 , 843 

18,039 
9 , 411 
7 , 96 1 

784 

15,686 
1 , 569 

17,647 
26,667 

51,242 

11,765 

6, 536 
66,667 

3.61 % 

3. 02 % 

6. 16 % 

5. 1 2 % 

8.50 % 
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HEWLETT MANAGEMENT 

=-=========================================== • R. F. HEWLETT 

PHONE (702) 731-1601 OPERATIONS 
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Mining -Continue.d 

Haulagej 

180-Wage.~, Opeltating 
181-Wag e.~ , M&R 
182 -Road Con~tltuction 
183-Fu e.l 
184-Lublticant~ 
185-Tilte.~ & Tube.~ 
186-Tltuck. Paltt~ 
187-Equipme.nt Re.ntal 
188-Mi~c. Supplie.~ 
189 ~ Equipme.nt Re.location 

Dozing & Gltadingj 

190-Wag e.~, Ope.ltating 
191-Wage.~, M&R 
192-0pe.ltating Supplie.~ 
193-Equipme.nt Re.ntal 
194-Equipme.nt Re.location 

Le.ach Plant Ope.ltation 

Plant Admini~tltationj 

301-Supe.ltvi~ion Salaltie.~ 
302-Vehicle. Expe.n~e. 
303-Mi~c. 

Plant Ope.ltationj 

310-0pe.ltating Labolt 
311-Anti-Scale.nt/Soda A~h 
312-Cljanide. 
313-Powe.1t 
314-Wate.1t 
315-Filte.1t Pape.1t 
316-Tool~ 
317-Plumbing Supplie.~ 
318-Pipe. & Spltink.le.lt~ 
319-Zinc 
320-Pump~ 

3Z1-Electltic Motolt~ 
322-Electltic M&R 
323-Me.chanical M&R 
3Z4-In~tltume.ntation 

730 ROYAL CREST CIRCLE S. 
APT. 438 
LAS- VEGAS, NEVADA 89109 

$/ $1,000,000 Pe.ltc e.n t 

$ 38,170 
2,353 

17,778 
2, 353 

10,458 
3, 1 37 

150,980 
1 , 464 
4, 575 

23. 1 % 

24,837 
1 , 307 
4, 575 

52,810 
----

8.35 % 
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HEWLETT MANAGEMENT 

e============================================ 
• R. F. HEWLETT 

PHONE (702) 731-1601 OPERATIONS 

~ Gene~al Admini~t~ation 
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Indi~ect 

472-Sala~ie~, Supe~vi~ion 
473-Cleical & Watchman 
488-T~uck · Rental 
489-T~uck/Auto Expen~e 
490-F~eight 
491-A~~ay~ 
492-In~u~ance 
493-Legal 
494-Telephone 
495-066ice Supplie~ 
496-Employee Sub~i~tence 
49 7 -Mi~ c. 
498-Rep~oduction/P~inting 
499-06oice Rent 
400-Sale~ Tax. 
401-T~avel Expen~e 
402-Inte~e~t Ex.p e n~e 
403-Royalty 
404-Bank Cha~ge~ 
405-Employee Medical 
406-State Un emplo yment Tax. 
407-Fede~al Unemplyment Tax. 
408-P~ope~ty Tax. 
409-Employe~ In~u~ance 
410-Audit Fee~ 
411-Con~ultant'~ Fee~ 
420-F~eight to ReOine~y 
421- Re Oining 
422-Rep~e~entation(Umpi~e) 
423-Inte~e~t o~ Advance~ 

701-Tuc~on Ove~head 
702-New Yo~k Ove~head 

$/ $1,000,000 

2, 745 
392 

3, 1 37 

7 , 843 
7 , 843 
2,353 

392 
4, 706 
1 , 96 1 
1 , 373 

13,333 
6, 275 

314 
9 , 412 
5 , 621 

719 
7, 843 

5, 229 

10,980 
20,131 

7 , 059 
9 , 412 

26,144 
31,373 

730 ROYAL CREST CIRCLE S. 
ApT. 438 
LAS- VEGAS, NEVADA 89109 

P e~c e nt 

12.91 % 

5. 75 % 
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• Consultants in : 
• base & precious metals. uranium 

• coal. geothennal • environment 

«mote sensing. color aerial photography 

. terpretation-image processing 

• Worldwide Mobilization 

• 
Southwestern 

Exploration Associates, Inc. 

~C13 
4500 E. Speedway , Suite 14 

Tucson , Arizona 85712 
(602) 795-6097 

James A. Briscoe , President 
Registered Professional 

Geologist 

TOMBSTONE HEAP RE-PROCESSING BUDGET 

• 

• 

.e 

• 

·e 

I· 
L __ _ 

Following is the capital investment required for re-processing the 

Tombstone He ap . 

Item 

Initial Property Payment 
Geological Report 
Lease Expenses 
Engineering 
Power Hook-Up Deposit 
Electrical Wiring 
Pump Installation 
West Side Water Line 
Office Support 
Pre-Production Royalty 
Consulting Fees 
Spray Lines/Manifolds 
Directional Rainbirds 
Preg Pond Lining 
Pad Preparation 
Laboratory 
Building 
Office 
Recovery Plants 
Reagent Tanks 
Crushing - Working Capital 
Chemic al s 
Insurance and Bond 
Management-I, 
Labor 

Expenditure 

$ 6,000 
3,00.0 
3,000 
4,000 
3,500 
2,500 
3,000 
2,500 
2,500 
7,500 
5,000 
3,000 

200 
400 

15,000 
10,000 
15,000 
2,500 

10,000 
3,000 

40,000 
15,000 
5,000 
6,000 

10,000 
$177,600 
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However, an expenditure of about $80,000 is only required to generate 
the cash flow necessary for continued production. That budget 
follows: .t~ 

~ . -v/,-, 
Item 

In~tial Property Payment 
Lease Expenses 
Geological Reports 
Engineering 
Po we r Hoo k - Up Ce po sit 
Electrical Wiring 
Pump Installation 
West Side Water Line 
Office Support 
Pre-Production Royalty 
Cons ul t i ng Fees 
Spray Lines/Manifolds 
Directional Rainbirds 
Preg Pond Liner 
Pad Pre par a tion 
Laboratory 
Building 
Office 
Recovery Plants 
Reagent Tanks 
Crushing Working Capital 
Chemicals 
Insurance and Bond 
Management 
Labor 

s~<>o 

;"00 
) ;;()~ 

Expenditure 

$ 6,000 
3,000 
3,000 
4,000 
3 ,500 
2,500 
2,000 
2,500 
2,500 

~7, 500 
5,000 
2,000 

200 
400 

2,000 
5,000 
2,000 
2,500 
4,000 
1,000 
5,000 
5,000 
2,000 
4,00C)-' 
4,000 

$80,600 
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Th e pro j e c ted 
pa yment from 

Month 

'April 15, 1979 
'May 15, 1979 
;SJune 15, 1979 
'·July 15, 1979 
: Aug. 15, 1979 
'-Sept. 15, 1979 
Oct. 15, 1979 
Nov. 15, 1979 
Dec. 15, 1979 
Jan. 15, 1980 

" 
" 
" 

Jan. 15, 1981 

flow is as follows, based on a 15 day delay in 
e refinery: 

Net Operating Profit Before Tax 
Heap Slope Leach Crushing 

$20,000 $ 10,000 
30,000 40,000 
35,000 40,000 
15,000 80, 000 ----- --. 80,000 

Crushing 
Rate 
~~ 

, f ~. !25 TPD _ 
-; ~ i -, ,, 200 TP D 1-

200 TPD 
400 TPD 
400 TPD .... .' 

----- -- ______ ~~~~~-----·4i~~~- 60 0 TPD 
! 600 TPD 
}' '3,OOO TPD 

3,000 TPD 
3,000 TPD 

1 2V-;-U 0 0 
120,0.00 
600,000 
600,000 
600,000 

" " ..-- " " 
" " " 
" " II 

" ." " 

At this time, open-pit ore must be develope d to continue at the a bo ve 
rate. 

The payback schedule for a $100,000 investment out of 50% net 
operating profit is as follows: 

Month 

April 
May 
June 
July 

,.
( 

50% NOPBT 
Monthly 

$15,000 
35,000 
37,500 
47,500 

Pa yback ($100,000) 
Cumulative 

$ 15,000 
50,000 
87,500 

100,000 

, 0; , 
I ' I 

(Y ./. I 

. D ~· /.I" I . 
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TOMBSTONE PROJECT 

There are two separate aspects of the Tombstone Leach ng Proj€ct. One 
is to spray the existing heap in order to generate an immediate cash 
flow and the other more involved phase is to crush the heap and heap 
l~ach the crushed ore. 

A. Spray East Slope of Heap 

The barren-precip pond would be used as a preg pond. 
would be: 

Circulated 

Daily Solution Tonnage 

GPM 

50 
100 
150 
200 

Shift 

100 
200 
300 
400 

with sprinklers at 5 GPM: 

GPM 

50 
100 
150 
200 

2 Shifts 

200 
400 
600 
800 

3 Shifts 

300 
600 
900 

1200 

No. Rainbird Sprinklers 

10 
20 
30 
40 

At Nelson, the "heap weep" was 0.035 Au and 0.50 
solution). This would be $12.50 per ton solution. If 
that value, we would generate: 

GPM 
50 
100 
150 
200 

1 Shift 
$ 625 

1250 
1875 
2500 

2 Shifts 
$1250 

2500 
3750 
5000 

3 Shifts 
$1875 

3750 
5625 
7500 

Ag (per 
we assume 

ton 
1/2 

Starting to spray on the northeast portion . of the heag, where the 
he·ight is 100 feet and with an angle of repose of 45 , the slope 
distance would be 140 feet. With a spray radius of 20 feet, a slope 
pattern of 6 lines horizontal along the slope with 8 rainbirds per 
line would result in 48 rainbirds. At 5 GMP, this would be 240 GPM or 
1 ton solution per minute. The barren-precip pond would hold over 
50,000 gallons or 200 tons of solution. Therefore, on start-up, less 
than 200 tons would be circulated as pre-treatment using NaOel and 
lime . 
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Then, as the heap saturates and begins to weep, a "circulating 
solution balance" can be obtained and controlled in the barren-precip 
pond. It would take about 3 days to reach this bnl ance. A 
precautionary measure would be taken so that if excessive "heap 
weepage" occurs, the excess would flow by gravity to the lower pr e g 
pond (about 200,000 gallons capacity). . 

For each slope increment treated, the following should be r e c over ed: 

Slope Surface Area of 6x8 birds = 140x180=25,000 ft2 

Assuming a 1/3 verti c al penetration of solutions: 

Tonnage = (1/2 b h) (180') = 16,216 tons 
3 18.5 

If we assume a gr ade 1/4 that of the "he ap we ep" from Nel so n, a 
gold grade of .008 results in $2 per ton and a silver gr ade of 
.14 results in $1, or $ 3 per ton ore, or $48,000. 

This could be recovered in about a week of circulation. 

Notice that about 8 such increments exist along the north ea st a nd 
east portions of the heap's slope. 

The expected gross would then be from $48,000 to $384,000. From 
a risk point-of-view, it is safe to project $50,000, which would 
more than pay for the initial capital investm ent. 

Required capital investment for the slope le 2ch is as follows: 

A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
1. 
J. 
K. 
L. 

M. 
N. 
0. 
P. 

Power hook-up 
Electric 
Pump installation/electric 
Water line installation 
Spray lines/manifolds 
Directional rainbirds 
Preg pond 
Laboratory 
Building 
Plants 
Tanks 
Chemic al s 
1. Resin-SR-3 
2. Lime 
3. Sa I t 
4. NaOCl 
5. Na 2 S 2 0

3 6. Na eN 
7. Na 2S 
8. Po wd. Zinc 
Insurance 2nd bond 
Management 
Labor 
Misc. 

10011 
100011 (.087) 

5-55 gal 
30011 
10001/ 
40011 
10011 

$2400 
2000 
1000 
2040 

100 
80 

100 
100 
200 

2200 
1000 

650 
87 

247.50 
73.80 

561 .50 
99.20 
66. -20 

4500 
4000 -
2000 
1495 

$25,000 
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B. Crushing and Leaching of Heap 

Crushing would be done to 1/2 inch and "Induced Percolation 
Substances" would be added to accelerate the leaching rate and 
maximize the recovery. It has been estimated that a $10 per ton or e 
profi t can be generated. Following are the computed~ net oper a ting 
profit before taxes for the heap re-processing: L 

Cr ushi ng Monthly Net Crushing 
1ftA-Rate Operating Profit Duration 

200 Tons per Day $ 40,000 250 months 
400 " 80,000 125 " 
600 " 120,000 8 3 .3 " ro Ji 

1000 " 200,000 50 " '1, / 
3000 " 600,000 16.7 " / '1 

Following are recent samples taken from the heap, grouped by s c r ee n 
size and mineral: 

Troy Oz./Ton Value* Total 
Ore Type Au Ag Au Ag Value • 

Cl ay .041 .26 $10.25 $1 .95 $12.20 J ~ ,'-
Fines .086 .29 21.38 2. 18 23.56 

C/-v"~ <2.., . 
a.;... <>/ ".' , . - 'i "' . 

Large .0 38 .53 9. 38 3.94 13 · 32 

Manganese . 155 1.4!J 38.75 10.80 !J9.55 

The above were weighted by their resp~e wei~bt .perc entage (15%, 
25%, 40% & 20%) and the average value ~u & ~2 0 ) Ag*) is $22.95. 
Assuming a 65% recovery, the resulting ore value would be $15.00 The 
operating costs will be under $5.00 per ton ore, yielding a net 
operating profit before taxes of $10.00 per ton ore. 

The following illustration presents the recent sampling results. 
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SOUTHEAST CLAY 

.021 Auj.12
t

Ag 

NORTH CLAY 

SOUTHWEST CLAY 

.060 Auj.36 Ag 

o .' 

v 
, GJ 

v 

\ 

\ 

SOUTH FINES SOUTH LARGE 

.120 Auj. 42 Ag .042 Auj 
.57 Ag 

L 

SOUTH MANGANESE 

.150 Auj1.89 Ag 

TO}mSTONE "HEAP" 
**************** 
Assays of ore types 
and sizes .. , ...... . 

~ 
I~ Q 

Y " . .' 
9~ 

....- I 

)~ 
t' , ... 

NORTH FINES 

NORTH MANGANESE 

East .177 Au/l.98 Ag 

West .138 Auj.45 Ag 

NORTH LARGE 

.042 Au/.30 Ag .051 Auj.15 Ag .033 Au/.48 Ag 
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METALLURGICAL TESTING 

Tomb~tone p~oblem o~e type~ Qla~~~6~ed by leaQh~ng Qha~aQte~~~t~Q~ 
a~e a~ 6 ollow~ : 

1. H~gh-~~on and Qlay;ea~te~n po~t~on 06 V~~t~~Qt 6~om th e 
Emp~~e to G~and Cent~al along the Content~on V~ke. 

2. Sul6~de o~e~ 

3. A~gentoja~o~~te 

4. Mangane~e Qa~bonate-ox~de m~ne~al~ 

5. S~I~Q~ou~ ~nte~~t~t~al m~ne~al~ 

6. Ca~bonaQeou~ o~e~ 

7. 0 x~d~z ed ~ ul6~de o~e~. 

The~e o~e type~ Qau~e ~e~~ou~ p~eQ~ou~ metal ~eQove~y p~oblem~ 
when u~~ng Qyan~de. 

In add~t~on to the Qhem~Qal-m~ne~alog~Qal p~oblem~ Qau~ed by the~ e 
o~e type~, phy~~Qal p~oblem~ that Qau~e poo~ ~eQove~y when '71 
M~ne~al~ leaQhed the heap a~e: 

1. Clay~ and 6~ne~ Qau~ed bl~nd~ n g and would not pe~Qolat e . 

2. Coa~~ e o ~e~ Qould not leaQh ~nto the ~oQk;value~ 10QQ ed 
~n~~de the ~OQQ we~e not expo~ed to leaQh~ng. 

SQ~een analy~~~ 06 va~~ou~ Qoa~~e and 6~ne 6~aQt~on~ 06 the o~e 
6~om all 06 the dump~ appea~~ ~n the o~e ~e~e~ve ~eQt~on. Not~Qe 
that the~e a~e good value~ ~n the Qoa~~e;~t ~~ eQonom~Qal to 
Q~u~h and ~e-IeaQh;"IPS" w~ll y~eld h~gh ~eQove~y 06 the Q~u~hed 
o~e. 
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Cyanide 

O~e 6~om the Contention a~ea(no man9ane~e) wa~ ~ampled and on e 
~plit wa~ dige~ted with acid(aqua ~egia) and an equal ~plit wa~ 
dige~ted w~th cyan~de. Re~ult~ 6~om 24 te~t~ ~how that cyan~de 
~ecove~ed only 35% 06 the p~eciou~ metal value~(~ee the60llowin9 
table). Ca~e6ul ~tudy 06 the~e ~e~ult~ ~how that the a~~d d~R e~t 
~ecove~ed about 6~ 60ld mo~e gold than the cyanide d~geht. Howeve~, 
the cyan~de dige~t ~ecove~ed 1~ 60ld mo~e ~~lve~ than the acid 
dige~t. Th~~ ~~ due to: 

A. Cyan~de doe~ not b~eak down the encap~ulat~ng ca~bonat e~ 
that p~event the gold 6~om complete leach~ng. 

B. Ac~d b~eak~ down ~iliciou~ gold o~e~ that cyan~de doe~ 
not chem~cally attack. 

C. Ac~d b~eak~ down gold - l~monite-clay complexe~ that a~e 
only ~l~ghtly e66ected by cyan~de. 

V. S~lve~ n~t~ate 60~med w~th aqua ~eg~a ~~ pa~tially 
p~ecip~tated by the chlo~~ne ion(6~om the hyd~ochlo~~c 
a c~d);~~lve~ cyan~de complex i~ mo~e ~table than th e gold 
cht o ~ide complex. 

Mangani6e~ou~ o~e~ we~e leached w~th cyan~de and aqua ~eg~a . 
Eme~ald o~e~ we~e the ve~y 6~ne o~e, and ~howed that cyan~d e 
leached only 11% 06 the gold leached by the ac~d. 

Sodium thi o¢ul6ate 

Sod~um th~0~ul6ate i~ an e66ect~ve ~olvent 6 0 ~ ~ilve~. Follow~ ng 
a~e the ~e~ult~: 

Concent~at~on 
(g~/ l) 

20 
1 0 

5 
2~ 
1~ 
.625 
• 3125 

Silve~ Leached T~oy Oz. Ag 
(t.oz./ton o~e) G~. Hypo pe~ l~te~ 

1 • 33 
1 • 23 
1 • 00 

• 73 
.48 
• 32 
.22 

.067 
• 1 23 
• 200 
.292 
· 384 
• 5 1 2 
• 704 

~- --
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Sample Loc.ation 

1-Heap/Vump 
2-No. Ramp(N) 
3-No. Ramp(S) 
4-Vump 
5-Vump,.6mall 
6-Vump,laILgeIL 
7-Vump, LN. 
8-LaILge Vump 
9-Vump-.6outh 

10-N. end pad 
11 - Y - gate 
1 2 - PT; w e.6 t 
13-PT;W/M 
14-PT;M 
15-PT;E 
16-PT;Rojo 
17-L.Cont(S) 
18-L.Cont(N) 
19-P.Sha6t(E) 
20-P.Sha6t(W) 
FlolLa MOILILi.6on 
Tailing.6 
Cont.Vump(W) 
Cont.Vump(E) 

TOMBSTONE 
Solvent CompalLi.6on 

ACTV BASE 
Aqua Regia Cyanide 

PILec.iou.6 Metal Rec.ovelLy 
(t.oz./ton aILe) 

'" t , 

Gold silveIL Gold SilvelL 

· 105 
· 075 
.090 
.075 
.090 
· 180 
• 1 50 
• 1 50 
• 1 50 
· 075 
.267 
· 08 1 
.048 
• 1 20 
.075 
.075 
.207 
· 120 
• 1 20 
.072 
.264 
.096 
· 120 
· 102 

.12 1 

.24 

.30 

.42 
1 • 1 4 
1 . 02 

.69 
1 • 05 

.30 
· 30 
· 2 1 
.54 

1 • 05 
2. 67 
1 . 68 
1 • 02 

.99 
1 . 95 

.93 

.24 

.27 

.69 

.84 
1 . 74 
1 • 08 

• 89 

.003 

.009 

.030 

.009 

.024 
· 01 5 
.015 
.009 
.012 
.009 
.01 5 
.030 
.01 5 
· 01 5 
.027 
.003 
· 057 
· 07 2 
· 01 8 
.027 
.006 
.030 
· 024 
.039 

.07 8 

• 7 5 
• 2 7 
.45 

1 . 56 
1 . 65 
1 .08 
3. 75 

.36 
· 06 
.24 
.27 

7 • 98 
7 • 02 
2. 76 
1 . 1 7 

.24 
3.48 

.69 

.27 

.48 

.09 
1 • 20 
1 . 26 
2. 28 

7 • 1 2 

?C ' ") .......J ' --.J 
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Th~h ~h ve~y h~m~la~ ~ehult~ to that p~oduced p~ev~ou~ly w~th 
Tombhtone o~e~(hee Metall~g~cal Te~t~ng Sect~on). 

AlhO, not~ce the h~m~la~ leach~ng ~ate~ and ~ecove~~e~ 06 Hypo and 
cyan~de. 

• 
It wa~ alho hhown that a weak Hypo holut~on and cyan~de~ ~n comb~nat~on 
leached about the hame amount 06 h~lve~, but Hypo and cyan~de 
leached 150% mo~e gold than cyan~de. 

U~~ng .5 g~amh/l~te~ Hypo leach holut~on, we have obta~ned 60~ 
many daYh a .25 t.oz. ~~lve~ p~eg, wh~ch con60~m~ w~th ou~ 
leach~ng teht~. 

Hal~de-Sod~um Hypochlo~~te Sy~tem 

Hal~de-~od~um hypochlo~~te ~y~t em~ have been p~ o ven an e66ect~v e 
holvent 60~ Tomb~tone o~e~. Al~o, a hal~de-~od~um hypochlo~~te 
~y~tem ~~ a ve~y e66ect~ve p~e-t~eatment p~~o~ to cyan~dat~on. 

Fo~ all Tombhtone . o~eh, p~e-t~eatment w~th NaCl-NaOCl ~nc~ea~ e~ 
th e gold and h~lve~ ~ecove~y by ove~ 200%. 

,.e 

The 60llow~ng g~aph p~e~ent~ h~lve~ holub~l~ty te~t ~e~ult~ 60~ 
Tomb~tone h~lve~ o~e ~n a 3% NaOCl ~olut~on w~th va~~ou~ amount~ 
06 ~alt(chlo~~de ~on). It ~~ obv~ou~ that ~alt ~~ ~mpo~tant 6 0 ~ 
ou~ p~et~eatment. 

Re6~acto~y S~lve~ M~ne~al~ 

S~lve~ Sul6~de O~e~; 

S~lve~ hul6~de m~ne~al~ can be conve~ted to ~oluble ~~lve~ 
• chlo~~de~ by ~od~um hypochlo~~te-b~~ne leach~ng ~y~tem. A~gent~te 

~~ leached ~n an ox~d~z~ng b~~ne by: 

·e 

·e 

• e 

• 

S~lve~ chlo~~de ~~ holuble ~n e~the~ a cyan~de holut~on a~ a cyan~de 
complex o~ ~n a b~~ne holut~on conta~n~ng exce~~ chlo~~de ~on~a~ the 
tet~achlo~o complex, ah: 

(1). AgCl + 2CN = Ag(CN)i + Cl 

(2). AgCl + 3Cl = AgC(;3 
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• Mangan~oehou¢ Ohe~; 

Thehe ahe ba¢~eally two ox~de mangane¢e m~nehal¢, a¢! 

Mn Valence FOhmula 

11 MnO • IV 

In ohdeh to d~¢~olve the above, the Oollow~ng ae~d¢ ahe hequ.~hed! 

• Mn (1 V) ..... Reduc~ng Ac~d - - - -- H2S0 3 

Mn (11 ) ..... Any Ae~d - - - -- H2SO 4 

• The heact~on OOh ¢uch a ¢y¢tem can be exphe¢¢ed a¢ oollow¢! 

Sol~d Ga¢ Aquou¢ 

.e 
Ga¢ Ga¢ Aquou¢ 

• Al¢o, the ox~de ~hon m~nehal¢ would be ¢oluble ~n an ac~d med~a! 

Fe
2

0 3 + 6H+ = 2Fe+ 3 + 3H
2

0 

·e 

• e 

• e 

• 
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Mangan~6e~ou~ O~e Te~t~ng 

follow~ng a~e te~t~ made with Eme~ald o~e: 

Te~t IV HgS0 4 Con~ume.t~on E~t. Mn % S~lve~ Rec.ov:'€.~!i. 
!.. 

Em-7 287 # 7 % 85% 

Em--2 245 # 2% 85 
-

Em-3 230 # 1 % 80 

Em-4 306 # 4% 5 1 -
Thi.6 ~e~u.e.ted ..tn: 

Te.6t IV #H ZS0 4/Oz. Ag $H:zS0 4/Oz. Ag 

Em-1 76.74 $0.244 

Em-2 48. 74 • 1 55 

Em - 3 82. 14 • 261 

Em-4 222.22 · 707 

Ave. 113.19 .360 

The~e6o~e, the am ount 06 only .6ilve~ l~be~ated by a t on 06 
~u.e.6u~ic. ac.id ~.6 ove~ $15 pe~ $1 .6pent 60~ ac.~d. W~th the 
gold c.ontent, ove~ $20 in p~ec.iou.6 metal.6 ~~ ~ec.ove~ed pe~ 
$1 .6pent 60~ ~2S04. 

% Gold Rec.v~. 

88% 

89 

84 

65 
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PRE-TREATMENT 

"Pre-Treatment" has come to mean 
cyanidation. However, it may not 
cyanide as the final gold solvent. 

anything done 
be required or 

to an ore 
desire-able 

before 
to use 

e Common "problem ores" at Tombstone are as follows: 

• 

• 

• 

. e 

e 

·e 

ee 

e e 

e 

B. 

C. 

D. 

Ore with precious metal values more uniformly distributed 
within the competent rock than on fractures (or fracture 
planes). This is only a problem for heap leaching; crushing 
can now be done for maximum value liberation and IPS is used 
to enable excellent perculation during heap leaching. 

Dump or other ores with clay and fines that inhibit 
percolation in heap leaching; IPS allows percolation. 

Acidic kaolini tic clays (common along the . Contention Dike) 
are real pH problem for using cyanide, as well as the poor 
percolation in heap leaching problem. IPS solves the 
percolation problem, while non-cyanide solvents are by far 
more economic. 

Montmorillini te clays are common at Tombstone because they 
form in limestone environments (see Clay Technology section 
at end of "IPS"/next chapter). These clays cause blinding . 

E. The oxygen has been consumed in the heap by copper forming a 
cuprous cyanide complex. Al so, the height of a 100 feet 
contributes to the depletion of oxygen lower in the heap as 
solutions percolate in depth. 

F. Manganiferous ores have gold and silver "locked" 
mineralogically. 
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PRE-TREATMENT 
06 

VaJtiou-6 PJtoblem 
PJteQiou-6 Metal OJte-6 

60Jt 
HEAP LEACHING 

- - - - - - - - - ~ - - - - - - - - - - -. . . . . . . . . . . . . . . . . . . . . . . 
. Size/Value Vi-6tJtibution MineJtalogy 

* 
PeJtmeability 
* * * 

.Vi~~eminated-Open Pit 

.Vump OJtei Clay/Fine~ 

.AQidiQ KaolinitiQ Clay 

.Tailing~ 
- - - - - - - - - - - -

PhY-6io-ChemiQal 
* * * * 
CaJtbonaQeou-6 OJte. 
Re6JtaQtoJty OJte~ . 
Sul6ide MineJtal~. 
TelluJtide~ 

. . . . . . . . . . . . . . . . . , , 
VJtilling & I 
Bla~ting! ! ! I + VegJtee + 

, I + 06 + 
OJte MineJtal ogy 

! . . . . . , * * * * * * * * * * * * * 
I I +CJtu~ hing + 
Loading +Analy~i~ + 
I I.... t-------- + 

, 
! 

I ! +SeleQtion+ 
CJtu~ hing , 

I 
AppliQation 06 IPS Solution .... 

SpJtay on SpJtay on 
OJte TJtUQk ConveyoJt Belt 

! J ! 
! I ! 
Hauled .. / Elevated 

by onto 

OJte pH/E h ! ....... !**",**** 

CaJtbon-Bond 
PolymeJt~ 

! . . . . . . . . . ! * * * * * * * 

Oxidant~ 
!******* , , 

TJtUQ~ leap +IPS Ana:ey~i.b+ 
+------------+ 

+Reagent and Gold+ 
+Solvent Analy.bi~+ 

! / + SeleQtion t ..... +----------------+ 
OJte "Heaped" 

onto Pad 
! 

AppliQation 06 IPS Solution 

SpJtay while VozeJt i.b pU.bhing, 
leveling, and Jtipping 

I 
! 

CuJting- "Set" . ............ . 

FloQQulant 
********** 

+ SeleQtion + 

1 ' 
.•. I I 

I 
............ !!!!!!!!!! I 

SpJtay Heap ..... ! 
I 
! 

ColleQt E66luent 
PJteg Pond , 

I 
ReQoveJt Value~ ~n Plant 

10n-ExQhange Re.bin.b 
Sodium Sul6idelAg) 
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Carbonaceous and Reducing Ores 

The ' organic material in the Tombstone ores creates a problem similar 
to Tombstone gold and silver ores that are in an oxy€en deficent 
environment in the heap (reducing environment) .. 

The ~egradation of organic substances buried in fine-grained 
sedimentary rocks depends upon the depth of burial and the Geothermal 
Gradient. This temperature-time relationship is also affected by the 
exhaustion of available oxygen, lowering the E of the sediment. The 
oxidation reaction takes place faster than the %ecarboxylation of this 
organic matter, making oxidation a better choice of pre-treatment than 
chemical break-down. Total dehydrogenation of organiC (carbon bond) 
substances results in graphite. Other substances produced are fats, 
carbohydrates, proteins, and amino acids. 

The problem basic to the leaching of carbonaceous and reducing ores is 
that when cyanide is used, the gold-cyanide complex (Au( CN) 2 -) is 
absorbed by the carbon components in the ore. Most tests run on 
carbonaceous ores show that only about 30% of the gold can be 
extracted by using a cyanide leach. Because this is on crushed and 
pulverized ore for mill treatment, that recovery (30%) makes milling 
uneconomical. Carbonaceous limestones and shales at Tombstone exhibit 
this phenomeon . 

Newmont has applied a technique developed by the U.S. Bureau of Mines 
at their Carlin gold mine. They use sodium hypochlorite as an 
oxidant. I have used hypochlorite for this same purpose for the last 
several years, and it is clearly one pre-treatment reagent that is 
effective on reducing and other carbonaceous ores. In fact, the use 
of salt (Na CI) as a source of chlor ine was used for gold leaching 
before the development of cyanide (pre-1900). There are three ways to 
add hypochlorite to an ore for pre-treatment, which are: 

1. Add sodium hypochlorite directly in solution 
2. Add liquid chlorine directly 
3. Add hypochlorite by in situ generation 

The following figure presents the increase in gold value due to the 
hypochlorite pre-treatment for Carlin carbonaceous ores. Note that in 
addition to showing the response of the ore to pre-treatment, I have 
compared the economics of the three methods of pre-trea tment using 
hypochlorite. 
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The application of sodium hypochlorite is sensitive 
illustrated by the following two figures. Notice that 
ore, the amount of lime added is as important as 
hypochlorite, in fact it can be more importa~t. 

3;;( 

to pH, as is 
for the Carlin 
the amount of 

The Carlin carbonaceous ore have been analyzed as follows~ 

Ore Category 
I 
II 
III 
IV 

. , 

Ore Type 
Carbonaceous 

Organic Carbon 

" 
" 

Oxidized-sl. C 

0.60 % 
.45 % 
.42 % 
.06 % 

Au. t.oz./ton 
.40 
. 19 
.33 
.20 

These have all responded differently to hypochlori te, but all with 
positive results. Testing is the only way to quantify the response of 
any pre-treatment reagent/solvent. 

Notice that in the last illustration that the response of two Carlin 
ore types is presented. It is obvious that the type III would have a 
better response because hypochlori te is a much stronger oxidant ' in 
more acid pH's; under a pH of 7 the oxidation potential of 
hypochlori te is much greater and chlorine is released which is a 
solvent for gold. The only restriction for carbonaceous ores is that 
they usually are in limestones, which consume acid. Notice tha t the 
Carlin carbonaceous ore type I has a natural buffered pH at 9; 
hypochlorite response is stopped at a pH of 9 due to the liberation of 
hydroxyl ions on fine grinding. 

Due to my discussion of hypochlorite, it is obvious that some benefit 
can be obtained on the Tombstone ores using OCl- as a pre-treatment 
reagent. However, testing will quickly quantify the economics of all 
reagents and solvents that would be used in the pre-treatment of the 
Tombstone ore, whether for milling or heap leaching. 
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R. F. HEWLETT 

PHONE (702) 731-1601 
730 ROYAL CREST CIRCLE S. 

APT. 438 
( 

PJIe-Tlt.eatment 

BASIC 
METACLURGY 

LAs VEGAS. NEVADA 89109 

A. Oxidized Sul6ide6 

Sul6ult.ie aeid i~ 60lt.med when watelt. i6 eilt.eulated ovelt. 
the olt.e on the heap. The amount 06 oxidized 6ul6ide6 
plt.e~ent detelt.mine~ the inelt.ea~e in aeidity due to the 
addition 06 watelt.(eilt.eulation). Folt. example, the pH 
06 the "leaehing-watelt.-~oult.ce" could ~talt.t at 6 and 
then lowelt. to 5 due to the H2S0 4 6olt.med in the eilt.eulation 
~olution. 

An e66ective utilization 06 the acid 60lution a6 a 60lvent 
i~ by adding ~alt. 

The H2S0 4 t NaCl = HCl + Na2S04 

The 60lt.mation 06 HCl i~ u~e6ul a6 60l l oW6i 

1. Thelt.e alt.e numelt.ou~ 6ilvelt. ccmpound6 that 
alt.e 60luble in acid6 and not NaCN 

2. The olt.e then eon6ume~ the aeid and the pH 
beeome6 molt.e ba~ic. 

B. Un-Oxidized Sul6ide~ 

Acid plt.e-tlt.eatment ~olvent6 that di~60lve ~ilvelt. 
~ul6ide6 alt.ei 

Minelt.al Solvent 

Altgentite HCl 

Aeanthite 

Both 06 above 
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• SILVER COMPOUNDS SOLUBLE IN ACID SOLUTIONS 

BUT NOT CYANIDE _ 
Name FOJtmu.ta 

• S.{..tveJt ace:ty.t'{'de AgzC z 
" oJt:thoaJt.6en.a:te A93 A.6°4 
" oJt:thoaJt.6en.'{':te A93 A.603 
" ben.zoa:te AgC7 HSOZ 
" bJtoma:te Ag BJt°3 
" caJtbon.a:te A9ZC0 3 • " ch.toJta:te AgC.t°3 

I 
" peJtch.toJta:te AgC.tO 
" 6eJtJt.{.cyan..{.de A93 Fe 1CN)6 
" 6.tuJt'{'de AgF 
" 6.tuo.6.{..t.{.ca:te Ag zS'{'F6· 4H ZO 

. .. - " 6u.tm.{.n.a:te AgiCzNZO z 
" .{.oda:te Ag 03 
" meJtcuJty .(.od.{.de(.{.c) ZAgI.HgT z 
" H'{':tJta:te AgN0 3 
" n..{.:tJt.{.:te AgNO Z 
" n.'{':tJtopJtu.6.6'{'de AgzFe(CNlSNO 
" peJtox'{'de AgZOz I. " pa.tm.{.:ta:te Agch6H310Z 
" me:tapho.6pha:te AgP 
" pJtop.{.on.a:te A9C3~SOZ 
" .6 a.t.{.cy.ta:te AgC~HS03 
" .6e.ten.'{'de Ag z e 
" .6u.t6a:te AgzSO e_ 
" ( P Y JtaJtg y Jt.{.:t e ) A93Sb~3 
" ( P Jto U.6 :t'{':t e) A93 A.6S 3 

--
• e 

• 
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C. Ba~e Metal~ 

Coppe~ oxide mine~al~(including ~ulphate~, ca~bonate~, 
etc. I a~e ~oluble in both ~ul6u~ic and hyd~ochlo~ic acid~. 
It i~ ve~y impo~tant not to get coppe~ in the zinc
p~ecipitation ~y~tem becau~e coppe~ ~eta~d~ ~ilve~ 
p~ecipitation(~eplacementl and the ~e6ine~y will penal~ze 
60~ coppe~ content. 

Lead ~alt~ inte~6e~ with the zinc p~ecipitation 6~om a 
cyanide holution. 

Thehe will ~ettle du~ing the acid pha~e, but enough 
~ettling time mu~t be allowed. 

Solvent Selection 

A • Sodium chlo~ide (NaCll 

U~e 06 ~alt wa6 di6cu~hed in p~e-t~eatment. F~ee chlo~ine 
ion i~ ve~y impo~tant 60~ good di~60lution 06 ~ilve~ and 
gold. Highe~ ~ecove~y i6 obtained in the cyanide pha~e 
by u~ing weak 6alt 60lution6. 

B. Sodium thi06ul6ate (Na2S203·5H201 

Sodium thio~ul6ate i~ a ve~y e66ective 60lvent 60~ 
~ilve~. I have extenhively utilized "hypo" on a 
comme~cial hcale at Tomb~tone 60~ leaching unde~g~ound 
and ci~culating to the plant at 60 GPM 6o~ about 6 month~. 
Hypo doe~ not inte~6e~ with cyanide;they can be u~ed 
togethe~. Hypo can be uhed in a pH ~ange 06 3 to 12. 
Fo~ nume~ouh ~eahonh, Hypo ~hould be u~ed in ve~y weak 
h~lution6; ith di660lution ~ate 60~ hilve~ and it6 
decomp06ition ~ate. AlhO, hunlight e66ect6 Hypo. Howeve~, 
it can ve~y e66ectively and economically be utilized. 

Following a~e the ~ehulth 06 compo~ite halide ~ilve~ 
0~eh(Tomb6tone, Reville, Packa~d, & Candela~ial that 
have been tehted with Hypo. 
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Sod~um hypochl04~de (NaOCl) 

Sod~~m hypochl04~de ~~ an e66ect~ve ~olvent 604 oxide 
m~ne4al~ a~ gold and ~~lve4. Al~o, ~t ~~ a good oxidant 
and a ~t40ng ba~e; ~n a 14% ~olut~on the pH i~ 12.5. 
Sod~um hypochl04~de ~~ a, good ~olvent to u~e ~n the 
p4e-t4eatment pha~e becau~e ~6 ~t 60110w~ the u~e 06 
~alt, the ox~dat~on act~ l~ke HN0 3 ~n chang~ng the valence 
and gold(a~ well a~ ~~lve4) d~~~olve~-ju~t l~ke aqua ~eg~a. 

Ut~l~zat~on 06 NaOCl a~ an ox~dant and ~ou4~e 06 6~ee 
chl04~ne p~~04 to the cyan~de pha~e ~~ ve~y e66ect~ve 
becau~e gold and ~~lve4 chl04ide complex ~~ d~~~olved 
by the m04e ~table cyan~de complex. Al~o, the addition 
06 oxygen ~nc4ea~e~ the d~~~olut~on 4ate 06 gold and 
~~lve~ ~n cyan~de; ~t ha~ been ~hown that 6 ppm oxygen 
~~ nece~~a~y 60~ the mo~t e66~c~ent d~~holut~on ~ate. 
Al~o, the d~6holut~on 4ate d~OPh 066 ve4y 4apidly with 
dec4ea6ing amounth 06 oxygen. 

Cyanide (NaCN) 

Cyan~de ~6 the mOht commonly u~ed gold and ~~lve4 ~olvent. 
V~660lution 4ate~ 60~ 6~lve~ a~e much 6lowe~ than 60~ 
gold, and ~t wah po~nted out that oxygen ~h necehha~y . 

El6ne~'6 6undamental cyan~d-6~lve4 equat~onh a~e: 

Hal~de6 

Sul6~de6 

2Ag + 4NaCN + 0 + HZO = 2AgNa(CN)Z + 2NaOH 

(1) A9zS+5NaCN+O+HZO=2NaAg(CN)2+NaCNS+2NaOH 

(2) A9 2S + 4NaCN = ZNaAg(CN)2 + NaZS 
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Bd~~C Aiive~-cyanide p~obiemA and the~~ Aoiution a~e: 

Ba~ic P~obiem 

Oxygen ~equi~ement 

Sui6ateA 06 i~on; ppt. 
Aiive~ in heap 

Sui6ide AoiutionA ppt Ag 

Soiubie Pb Aalt~ inte~6e~ 
with Zn p~ec~p~tat~on 

Siive~ Aui6ideA a~e ha~d 
to di~Aoive with CN 

Solution 

St~onge~ Aoiution~ and good pe~culation
iowe~ ve~tical ii6tA on the heap; add~ 
oxygen. P~e-T~eatment with acid 
AoiventA. Add oxidantA. 

Above, piUA Ap~ay(aA ~ainbi~dJ; 
monito~ p~eg at baAe 06 heap
keep at 6 ppm 6~ee oxygen. 

VecompoAe with lime 

Add Pb(C 2H302 J2 - allow to Aettle 

P~ecipitate and Aettle with acid 
pH--deAign la~ge Aettling pond~ 

P~e-t~eatment with NaCl and NaOCl 

Tet~ahed~ite, Aui6-ant~- P~e-t~eatment with NaCl, H2S0 4 , 
monideA, and Aui6-a~Aen~deA FeCi 3 , and NaOCl 
a~e ha~d to diAAoive in CN 

Oxidized Zn & Cu oxideA, 
ca~bonateA, and hyd~ateA 
and Aoluble Aul6ideA--
caUAe h~gh CN conAumption 

Nume~ouA p~e-t~eatmenti ba~ically 
acid with NaCi and NaOCl 
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To dete~mine the optimum ~election 06 60lvent6, va~iou6 bench-6ha~e~ 
te6t6 6hould made 60llowed by ba~~el leach te~t6. The~e a~e a6 
6 ollow~ : 

7. Silve~ di~60lution ~ate pe~ 60lvent 
2. Optimum ~olvent concent~ation. 

Sugge6ted initial te6t inc~ement6 60~ each 60lvent a~e: 

Solvent 

Sod. thio6ul6ate 

Sad. chlo~ite 

Sod. hypochlo~ite 

Aqua ~e9ia 

Cyanide 

Solvent Concent~ation Inc~ement¢ 

1/2. 314, 7, 2, 5 g~am6Ilite~ 

7, 2, 5, 70, 2 0 g~am6 I litelt 

5, 70, 20, 50 millite~ 06 74 % 601H. 

714,712,7, 5 g~am611ite~ 

5, 70, 20, 50 ml/lite~ 

1/2,3/4,7,7.5, 2 g~am6/lite~ 

5, 70, 20 ml/lite~ 

5, 70, 20 millite~ 

• 
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R. F. HEWLETT 

PHONE (702) 731-J601 

PILe c..i.o u.6 
Meta! 
Leached 
(TlLoq oz.) 
(Ton .6o!n) 

Va.!ue 
PILe c..i.o U.6 
Meta! 
Leached 

.. 

SOLVENT ECONOMIC ANALYSIS 

. 
1 
J 
J 
J 
J 
J 
J 
J 
J 
f 
f 
f 
1 ••••••••••••••••••••••••••• 

So!vent ConcentlLat..i.on (glL/!) 

1 
1 
1 
J 
J 
J 
J 
J 
J 

$1 So!vent J 
(PelL ton .6o!n) J 

J 

So!vent ConcentlLat..i.on (glL/!) 

730 ROYAL CREST CIRCLE S. 
APT. !J38 
LAS VEGAS, NEVADA 89109 
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R. F. HEWLETT 

PHONE (702) 731-1601 

.. 
730 ROYAL CREST CIRCLE S. 
APT. ~38 
LAS VEGAS, NEVADA 89109 

SOLVENT STATIC & VYNAMIC ANALYSIS 

f ••••••••••••••••••••••••••••••• Fille. A~~ay 
J 
J 
J 

Le.aching J 
Time. J 

J 
J 
J 
J 
f 
f 

PIle.ciou.6 Me.tal. Gllade. 

J 
f 
f 
J 
J 
f 
f 

Le.aching f 
Time. , 

f , , 
f , , 
PIle.c.iou~ Me.tal. Gllade. 

Sol.ve.nt~; 

Cyanide. 
A ci d.6 
Hypo 
Chl.ollil1e. 
Etc. 

Sol.ve.nt A 

Sol.ve.nt B 

Sol.ve.nt C 

v 

Sol.ve.nt E 



l 
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PHONE (702) 731-1601 
730 ROYAL CREST CIRCLE S. 
APT. ~38 

e LAs VEGAS. NEVADA 89109 
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Solvent 6 Reagent COhth 

Solvent OI!. Reagent SupplieJl FolUn P4iee;22 ton load Unit P4iee 

F~e Chlo4ide 

SocUum Chlo4ide 

SocUum Chlo4ide 

Sodi..u.m Su.lMde 

Lime. 

Si~(R) Liq.-42 Be-55 gal ~(625N) $21/100wgt. $ 0.21/N 

Lime 

CaLLtd.i..e 

Zinc 

SocUum Cyanide. 

CaOCl(HTH) 

Lead Acetate. 

SocUum Thiohu.l6ate 

SocUum Hypochlo~e 

" Pe.lle.:U- 50 N/$2.88 625N ~-de.live~e.d 

P~On6(SPJ C~y.- 22 ton ~ek; $3/ton + $6/ton(GF) 

~~(RJ Flake.-20 ton loth Vel. WS 

" 

" 

" 
" 

" 

" 

" 

" 

" 

(P) Hy~ed-22 ton loth -Ve.l. WS $134.43/ton 

(PJ P~oee.hhed CaO-$37/ton(PJ+$5. 12/200 mile.h 

Flake Na20-500N ~ Vel. WS 

Powd. M~e.-$68.32/ewt Vel. WS 

Pe.lle.:U - Vel. WS 

C~y. 10%- 1000N lot WS 

Powd. 333N WS 

lOON bagh- 22 ton lot Vel. WS 

Liq. - 14% (Cr) 55 gal ~ Vel. WS 

• 16 /N 

$.0045/# 

.195/# 

.067/# 

. 021/ N 

.185/ N 

.6832/# 

.44/# 

. 70/ N 

$2.34/# 

.1625/N 

.90/gal 



R. F. HEWLETT 

PHONE (702) 731-1601 
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In o~de~ to dete~mine the optimum 601vent economic¢, te6t~ng . 
mU6t be pe~6o~med at a compa~itive econom~c concent~ation, a¢: 

Solvent 

Cyanide 

Sodium Chlo~ide 

Sodium Hypochlo~ite 

Sodium Thio¢ul6ate 

Fe~~ic Chlo~ide 

Calcium Hypochlo~ite 

Leaching Te¢t¢ 

Quantiti!{, 6o~ 

0.23 

22. 

421 . 

.62 

.48 

• 14 

$O.20Iton 601ution 

g~/l 

g~/l 

mill 

g~/l 

g~/l 

g~/l 

It wa6 6hown in a p~eviou¢ ~epo~t(June 23, 1978) that the T()mb6tone 
o~e t~eated 6howed the 6011owing ~e6ult¢: 

1 • "Natullal 6 ho oting" 0 6 the o~e ~e6 ulted ..tn; 

A. P~ope~ 6~agmentation 60~ good pe~culation 

B. Maximum exp06u~e 06 o~e-mine~al¢ 

2. O!le contained 60me 6ilve!l 6ul6ide6, and they; 

A. Leach 6towty ~n NaCN 

B. Will teach mO!le completely with an acid p~e-t~e-tment 

3. Leaching !late i6 good due to a ta!lge pe~centage od HOlln S~lvell . 
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R. F. HEWLETT 

PHONE (702) 731-1601 

S cflt.een Anai.Ij~.i..~: 

Sc.lt.een S.i..ze Leac.hed 

+ 21 .i..nc.he~ 
2 " 
11 " 
1 " 
k " 2 

~ " ~ 

1/8 " 
1/8 " 

Compalt.at.i..ve Leac.h.i..ng Rate and Rec.ovelllj Rate~: 

T.i..me Pelt. Cent Leac.hed 

730 RoYAL CREST CiRCa S, 
APT.f38 
LAS VEGAS, NEVADA R9109 

Ag Vai.ue(t. OZ.)/tOIl 

0.25 oz . /to n Oll e. 
.80 

1 . 1 0 
1 .40 
1 . 90 
2.55 
3.50 
6. 30 

RevLe.le Candelall.i..a Tomb .6 t one 

24 hlt..6. 31 % 83 % 24 % 

48 " 65 % 94 % 32 % 

72 " 85 % 99 % 43 0, 
'0 

96 " 91 % 100 % 58 % 

120 " 98 % 74 % 

144 " 99 % 82 % 

168 " 100 % 99 % 
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e BARREL TEST • RESULTS 

C:tanide leach !. 

e 
Test 1: Test 2 : e open pit area open pit area 

Atom. Adsor:e. Atom. AdsorE· 

e Date Au ...!::L Date · -Au ~ 

10/14 .004 10/7 .007 • .007 .010 
.010 .036 
.015 .044 
.025 10/8 .052 

10/15 .032 .067 
.042 .075 - .103 10/9 .084 
.283 .095 

10/18 .308 .100 
.337 10/10 .165 
.341 .174 .e 10/19 .490 .180 

10/11 .200 
.207 

Leaching Rate .222 
10/12 .240 

Date Au Leached/day .270 

• 10/15 .301 
10/14 .025 .306 
10/15 .258 .355 
10/18 .058 .379 
10/19 .149 .392 

10/18 .427 

-e .431 
.500 

Leachin9: Rate 

Date Au Leached/day --

ee 10/7 .044 
10/8 .031 
10/9 .025 
10/10 .080 
10/11 .042 
10/12 .050 

• 10/15 .120 e 10/18 .108 

e · 
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LlME-CAUSTIC-SODA ASH 

protective Alkilinity 

Into three large beakers 500 mI. H2 0 was added. Then 
enough sulphuric acid was added to bring the pH to 2.5(2 mI. 
H

2
S0 4 ), 

Amount of pH 
Base Added Lime Caustic Soda Ash 

1/4 gr. 3 2.5 2.5 

1/2 gr. 5 3.5 5.75 

3/4 gr. 8.5 6 6.5 

1 gr. 11 8.5 8.5 

1 1/4 gr. 11 9.5 

1 1/2 gr. 10.5 

1 3/4 gr. 11 

#/gal. = 1 gr. lime = 2 gr. lime(3.7853 liter) ( # = .017 
500 mI. liter gal. 453.6 gr. 

# lime in south acid pond = .017 # (1,000,000 gal) = 17,000 # 
gal 

# lime/ton ore = 17,000 # lime = 0.7 # lime/ton ore 
24,000 tons ore 

gal. 
# 
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R. F. HEWLETT 

PHONE (702) 731-1601 
730 ROYAL CREST CIRCLE S. 
APT.,-438 

TOMBSTONE 
METALLURGICAL TESTING 

SILVER-SODIUM THIOSULFATE 

LAS VEGAS, NEVADA 89109 

In o~de~ to quanti6y the e66eetivene~~ and eeonomie~ 06 ~odium 
thio~u(6ate(Na2S203·5H20) a~ a ~o(vent 60~ ~i(ve~ ha(ide~, ~amp(e~ 
06 high-g~ade ~i(ve~ 0~e(+7 oz./ton) we~e eo((eeted and ana(yzed. 

P~oeedu~e 

1. Standa~d ~o(ution~ we~e made with 1,4,10,21,30,40, & 50 
g~am~ ¢odium thio¢u(6ate pe~ (ite~ wate~ 

2. 50 m( 06 eaeh ¢tanda~d ~o(ution wa~ p(aeed in a 6(a~k 
with 20 g~am~ 06 -40 to +64 me¢h o~e 

3. Eaeh 6(a~ k 06 "hypo" ~tanda~d and o~e wa~ hand ~ haken 
60~ ine~ement~ 06 ~ minute; ¢haking wa~ uni60~m 

4. A6te~ eaeh pe~iod 06 agitation, the 6(a~k wa~ a((owed 
to ¢ett(e 60~ 1~ minute~. Then a Si(ve~ dete~mination 
wa¢ made with the AA 

5. The 6LMk wa~ then ~ea(ed and htep~ #3 and 4 we~e ~epeated 
unti( 12 ~eadingh we~e made; 6 minute~ 06 agitation. 

1. LeaehA.ng ~e 

2. Silv~ .tz.eeov~y p~ g~ "hypo" 

3. Silv~ ~eeov~y pe~ "hypo" eo~t 

4. Value ¢ilv~ p~ $1 "hypo". 



R. F. HEWLETT 

PHONE (702) 731-1601 
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- Ag Ltat-<. a Yl. T-<.me. 
(M-<'Yl.u.te..6) 

.e O. 5 

1 . 0 

1 . 5 

e 2.0 

2 . 5 

3. 0 

-e 3. 5 

4. 0 

4.5 

ee 5.0 

5. 5 

6.0 

ee 

• 

METALLURGICAL TESTING 

R e..6 u..t:t.6 06 
Sod-<.u.m Th-<'0.6u..t6a:te. Le.ac.h-<'Yl.g 

o~ S-<..tve.1t 
********* ***************** 

730_ ROYAL CREST CIRCLE S. 
APT-:- 438 
LAs~ VEGAS, NEVADA 89109 

TROY OUNCES AG LEACHED PER TON SOLUTION 

Gltam.6 Sod-<.u.m Th-<.o.6u..t6a:te. pe.1t .t-<.:t e.1t 

4 1 0 2 1 30 40 50 

.14 • 30 .47 .74 1 .60 2. 63 2.90 

• 20 .50 . 86 1 . 37 2 . 87 3. 80 4.30 

.25 .68 1 . 29 2.04 3. 1 5 4.06 4.60 

• 32 .87 1 . 62 2.44 3.85 4.90 5.58 

.36 .99 1 .93 2 . 8 3 3.97 4. 73 5.53 

· 41 1 . 24 2.20 3. 1 5 4. 12 4.80 5.61 

.46 1 . 33 2.58 3.35 4. 1 8 4. 80 5. 70 

· 55 1 . 57 2. 79 3.69 4.30 4.90 5. 70 

.57 1 .65 2.95 3.99 4.40 4.82 5.60 

.67 1 . 90 3.26 3.99 4. 39 4.80 5. 70 

.69 1 • 95 3.60 4. 14 4.44 4.95 5.80 

· 75 2.02 4. 12 4.50 4.50 4.90 5. 85 
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R. F. HEWLETT 730 ..ROYAL CREST CIRCLE S. 
PHONE (702) 731-1601 

.. APTr438 METALLURGICAL TESTING 
LAS VEGAS, NEVADA 89109 

*S~lve~-Sod~um Th~o~ul6aie* 

teac.h~ng Rate 

1NCREMENTAL TROY OUNCES AG LEACHEV(PER TON SOLN. I PER ~ MINUTE INTERVAL 

G~am~ Agaatio n Time, M~nut~ 
Sod~um 
Th~o~u.f6ate In~t~al 
PVI. L~te~ k 2 7 7 ~ Z 2~ 3 3~ 4 4~ 5 5~ 

0.7.4 0.06 0.05 0.07 0.04 0.05 0.05 0.09 0.02 0: 70 0.02 

4 0.30 .20 . 78 . 79 . 72 .25 .09 .24 .08 .25 .05 

70 0.47 .39 .43 .33 .37 .27 .38 .27 .76 .37 .34 

2 7 0.74 .63 .67 .40 .39 .32 .20 .34 .30 .00 . 75 

30 7. 60 7. 27 .28 . 70 • 72 • 75 .06 . 72 . 70 .00 .04 

40 2.63 7. 77 .26 .84 -.77 -. 70 -.70 .00 -.08 .00 • 75 

50 2.90 7. 40 0.30 0.98 -.05 0.03 0. 09 0.00 -.70 0.00 0. 70 

The above ~~ulU ~how the 60Uo(,l.).,[ng: 

A. Ind:J..a1. "hypo" c.ontac.t w.U.h the ~ilv~ m,,[n~ ~ the mMt e66eilive 

B. Ad~onal ~ilv~ ~ leac.hed ~h eac.h time ~n~ement at low "hypo" 
c.onc.en.tlt..a-ti.om 

C. Silv~ ~ p~eupdated out 06 ~olution at Mgh "hypo" c.onc.e~om. 

6 

O.Ot 

.Oi 

. 5~ 

.3t 

.Ot 

-. O~ 

O. O~ 
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R. F. HEWLETT 

PHONE (702) 731-1601 " METALLURGICAL TESTING 

:.. *Silve~-Sodium Thio~ulndte* 

Silvelt Rec.ove~y Pe~ G~am "Hypo" 

73Q. ROYAL CREST CIRCLE S. 
Apl'. 438 

I 
LAS" VEGAS, NEVADA 89109 

The weight pe~ te~t ~olution 06 wate~, hypo, and o~e i~ c.omputed: 

G~am~ Hypo Wgt. Hypo & H2O Wgt. 50 ml 
Pe~ Lite~ Pe~ Lite~ H2O Hypo 

100 1 g~. 49.95 g~ .05 g~ 

4 1004 " 49.80 " .20 " 

1 0 101 0 " 49.50 " .50 " 
21 102 1 " 48.97 " 1 .03 " 

30 1030 " 48.54 " 1 .46 " 

40 1040 " 48.08 " 1 . 92 " 

50 1050 " 47.62 " 2 . 3 8 " 

F~om the~ e c.omputa.tion~, the ~ec.ove~ed Silve~ pe~ g~am Hypo 
pe~ ton 06 ~olution i~ c.omputed. 
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R. F. HEWLETT 730 ROYAL CREST CIRCLE S. 

PHONE (702) 731-1601 " AJ?'. 438 METALLURGICAL TESTING 
LAs VEGAS, NEVADA 89109 

*Silve~-Sodium Thio~ul6dte* 

OUNCES AG PER TON SOLUTION RECOVERED PER GRAM HYPO 

Agitation Time, Minute.6 
G~ Hypo 
p~W~ k :z lYz 2 2Yz 3 3Yz 4 4Yz 5 5Yz 6 

. 14 .20 .25 .32 .36 .41 .46 .55 .57 .67 .69 .75 

4 .08 · 13 .17 .22 .25 · 31 .33 .39 .41 .48 .49 .51 

10 . 05 .09 • 13 · 16 • 19 .22 .26 .28 .30 .33 .36 .41 

21 .04 .07 • 10 • 12 • 13 • 15 · 16 · 18 • 19 · 19 .20 .21 

30 .05 • 10 • 11 · 13 • 13 • 14 · 14 · 14 · 15 • 15 · 15 · 15 

40 .07 · 10 • 10 • 12 · 12 · 12 · 12 • 12 • 14 • 12 · 12 · 12 

50 .06 .09 . 09 · 11 .11 .11 · 11 .11 .11 • 11 · 11 • 12 

The.6e ~e.6uU.6 have been ploUed 011 the gMph on the 60llowing page. 

The 60llowing g~aph make.6 the 60llowing conclu.6ion.6 obviou.6: 

A. Lowe~ t co ncent~atio n.6 06 "hypo" a~e the mo.6 t e 6 6icent 

B. Lowe.6 t co ncent~atio n~ 06 "hypo" do not lo ad- up with Ag 

C. High concent~ation~ 06 "hypo" a~e in-e66icient, due to 
induced chemical p~ecipitation and the pO.6.6ible chemical 
de-compo~ition 06 the "hypo". 

'--------~--~- -~- -
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.80 

• 
.70 

• 

• 1 0 .-
o k 2 

• 

Ounc.e}.) SLf.velt Leac.hed Pelt Gltam Hypo 
Folt Valtiou}.) Hypo Conc.entltat ion}.) 

2 3 4 4~ 

Time, ;.,f inute.ll 

33L{ 

1 gltam/.t 

50 glt/.t 

5 6 
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R. F. HEWLETT 

PHONE (702) 731-1601 ~. 

METALLURGICAL TESTING 

*Silven-Sodium Thiohul6at e* 

Ec.onomic..6 

730_ ROYAL CREST CIRCLE S. 
APT; 438 

( 

LAS- VEGAS, NEVADA 89109 

The value 06 the hilven nec.ovened i.6 c.omputed 6nom; 

Gn H~eo 
l H2_ 

4 

1 0 

2 1 

30 

40 

50 

Ounc.e.6 Ag 
Pen 50 ml = 
Solution 

VALUE 

T. Oz. Ag 

Ounc.e.6 Ag X Ton.6Soln. X Gn H2Q 
Ton Soln. Gn H20/ton .. 50 m.E 

240 gal 8.331 # 453.6 gn 
ton X Gal H20 X # 

OF LEACHEV SILVER ANV PER $ 1 HYPO 

Value Ag CO.6t Hypo Ag Rec.ov en !i. 
50 ml .6oln. @ $5.00 @ 184/ # $ 1 R!i.8. o 

.0000413 $.0002065 $.00002 $10.33 

.0001109 .0005544 .0000794 6.98 

.0002248 .001124 .0001984 5.67 

.0002429 .0012145 .0004087 ?. 9 7 

.0002408 .0012039 .0005794 ?. 0 8 

.0002597 .0012985 .0007619 1 • 7 0 

. 0003071 .0015354 .0009444 1 • 6 3 
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Gold Dissolution Rates 
(Milligrams Gold Dissolved Per Hour 

337 

Equal quantities of gold foil were weighed an~ allowed t~ dissolve in 
various sol vents to determine the dissolution rates. Ar-ter the time 
to dissolve was observed, the quantity of gol~ dissolved was checked 
by titration. Therefore, the rate of dissolution was computed 
(milltgrams Au/Hour), and the dissolution rate cost (milligrams Au/$l 
Solvent Cost per ton solution). These results are presented to 
illustrate: 

1. The dissolution rate of cyanide is very slow compared to other 
halide solvent systems. 

2. The relative cost of cyanide compared to halide systems is 
much higher (for cyanide). 

3. Halide system solvents are economic for pre-treatment 
applications to carbonaceous ores. 

Basic to the above is the concept that aurous chloride is insoluble in 
water but is soluble in sodium chloride. This is based on the 

.. following: 

.e 

• 

·e 

• e 

• 

A. The initial reaction between chlorine and gold is; 

2 Au + C1 2 = 2 AuCl 

B. The rate of solution of the gold is controlled by the rate at 
which the insoluble aurous chloride film is removed from the 
surface by the following; 

and 

AuCl + C1 2 + Cl = AuC1 4 

AuCl + Cl = AuC1 2 
C. The aurous chloride ion is later oxidized to the auric state, 

but in dilute chlorine solutions this is not the rate
controlling reaction. 
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Sodium Cyanide 

This standard leach solvent produces the following dissolution rates: 

Solvent Concentration; 
# / ton solution 

5 

. 2 

Sodium Chloride-Chlorine System 

Milligra~s Au 
Dissolyed Per Hour 

2.4 

3.0 

.36 

A standard-brine-solution was prepared using 58.86 pounds of salt 
(NaCI) per ton solution. This provides an excess chlorine ion. Into 
this standard brine solution were added various amounts of liquid 
chlorine. Following are the Au dissolution rates: 

Solvent Concentration; 
# / ton solution 

. 118 

.236 

2.36 

Milligrams Au 
Dissolved Per Hour 

.18 

7.2 

108. 

Additional tests were made with brine solutions and liquid chlorine 
because of the application of chlorine to make hypochlorite for 
carbonaceous ores. An equal amount of gold foil was dissolved in 
various combinations of concentrations of chlorine and salt. The time 
to dissolve the gold was divided by the cost of the solvent (per ton 
solution) to yield a time-of-dissolution vs. cost relationship that 
allows direct comparison because of the standardization of all of the 
variables. The plot of these data are presented in the following 
illustration. 

/ 
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tt Sodium-Chloride-Chlorine-H2S0 4 System 

• 
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The same standard-brine-solution was used with 58.86 pounds of salt 
(NaCI) per ton of solution. Into this solutioD were adde~ various 
amounts of liquid chlorine and sulphuric acid. Following ~ are the Au 
dissolution rates: 

Solvent Concentrations; Milligrams Au 
It / ton solution Dissolved Per Hour 

Cl 2 H2SO4 

. 118 5. 7.8 

. 118 14. 8.4 

.236 5. 16.2 

2 . 36 14. 108.6 

Chlorine Solution 

Two different liquid chlorine solutions were prepared with the 
following results: 

Solvent Concentration; 
It / ton solution 

.874 

4.0 

ChI . H2S0 " System orlne- -"t 

Milligrams Au 
Dissolved Per Hour 

3.6 

20.4 

Various sulphuric acid concentrations were added to chlorine 
solutions, with the following results: 

Solvent' Concentration; Milligrams Au 
II / ton solution Dissolved Per Hour 

Cl 2 H2SO 4 

.874 1.6 9. 

. 874 16 . 21.8 

.874 20. 37.2 
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e Analysis of Various 
GQld Solv~nts 

• Dissolution 
Solvent Concentration; illton soln. Ra.te; Mg. Au Per 

Rank Rsliagent A Reag~nt B Reagent C Mg. AuLHr. ~1 SQlvent{s} 

e - 60. Br 2 50. KBr 2220. 9 ij. 9 

• ij. 2 Cl 2 16. HCI 225.6 7ij.2 

3 60. Br2 
ij 0 . NaCI 960. 60. 

I 

e 4 ij . Cl 2 ij . CaCl 2 ijO.8 60. I- 5 ij . Cl 2 20. ij 51 . 

6 2.36 C1 2 58.86 NaCI 108. ij1.7 

7 . 87ij Cl 2 3.6 40 . 

• 8 4. Cl 2 1. Br 2 19.2 30 . 

9 . 87ij Cl 2 1. H2SOij 9. 22.5 

I .e 10 2.36 C1 2 1 ij . H2SOij 58.86 NaCI 108.6 15.7 

11 60. Br 2 110.ij 7.7 

12 .87ij Cl 2 16. H2SOij 31.8 6.3 

13 . 87ij Cl 2 20. H2SO4 37.2 6.3 

• 1ij 1. NaCN 3. ij.8 

15 .236 Cl 2 5. H2SOij 58.86 NaCI 16.2 ij. 1 

16 ij . C1 2 
ijO. NaF 21. 2.8 • • e 17 · 11 8 Cl 2 5. H2SOij 58.86 NaCI 7.8 2.0 

18 5. NaCN 2.ij 1.9 

19 ij. Cl 2 
ij O. Na 2SOij 19.8 1.5 

·e 20 · 118 Cl 2 1 ij . H2SOij 58.86 NaCI 8.ij 1.3 

21 .2 NaCN .36 1.3 

22 · 118 C1 2 58.86 NaCI .18 . 1 • e 
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e Chlor1n~ SQlytions 

• Various solvents mixed with chlorine solutions, with the were 
following results: "7 

e Solvent Concentration; Milligrams Au 
U L ton §olutiQn Dis§olv~d P~r Hour 

• C1 2 Other 

e 4. 1. Br 2 19.2 

• 4. 4. CaC1 2 40.8 

4 . 16. HCl 225.6 

4 . 40. Na 2S0 4 19.8 

• 4. 40. NaF 21. 

Bromine Solutions 

Various solvents were dissolved in bromine solutions with the • e following results: 

• 

•• e 

• e 

• 

Solvent Concentration; 
# / ton solution 

1. 

60. 

60. 

60. 

Other 

4. C1 2 

40. Na Cl 

50. KBr 

Milligrams Au 
Dissolved Per Hour 

19.2 

11 0.4 

960. 

2220 . 

0 -'1 ( 
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Ionac SR-3 Resin 
for 

Noble Metals 
and Mercury Recovery 

Ionac SR-3 is a macroporous chelating resin which is highly selective 
for precious metals such as gold and others of the platinum group as 
well ~s for mercury and methyl-mercury compounds. 

Other base metals such as iron, copper, lead, etc. do not react at all 
with this resin and do not interfere with the selective process. The 
noble metals are very strongly attached to the resin, yet their 
recovery presents no difficulty. 

Applications 

Precious metals are completely removed from solutions containing them 
(from very high to extremely low concentrations) on passing the 
solutions through a column of Ionac SR-3. 

Use of Ionac SR-3 is recommended for noble metal extraction from ores 
and wastes, the separation of noble from base metals, the recovery of 
spent catalysts, the concentration of very dilute solutions containing 
noble metals and the refining of noble metals . 

In addition, Ionac SR-3 is applicable to the removal of mercury(and 
methyl-mercury) compounds in pollution control. 

Example 

One microgram of gold dissolved in one liter of slightly acid ified 
water was completely recovered with the aid of Ionac SR-3. Further
more, even ifter adding hundreds of milligrams of nickel and copper to 
the solution, precious metal recovery was complete to the exclusion of 
the other metals. 

Ionac SR-3 also quantitatively collects methyl mercury and inorganic 
mercury compounds. Both forms are collected from solutions of pH 1-9. 

Typical Characteristics 

Physical Form: White, macro porous beads 
Supplied: Regenerated 
Nominal Mesh Range: -16 + 55 
Moisture Content: 45% - 55% 
Ship~ing Weight: 750-850 gil 

Capacities 

Gold: 150 gil 
Platinum: 65 gil 
Palladium: 58 gil 
Iridium: 25 gil 
Mercury: 150 gil 



• 

• 

• 

3YJ 

General Instructions for Use 

1. The pH of the solution coming into contact with the resin should 
prefereably be adjusted to between 0.5 and ~2.5. 

Adsorption of noble metals or of mercury i.s carried out at room 
temperature using conventional ion exchange column techniques. 
Hi:-nimum bed depth should be 750 mm and the flow rate about 10-20 
bed volumes per hour. 

3. The recovery of the noble metals from the resin is possible in two e ways: 

• 

. e 

• 

ee 

'. e 

• 

4. 

a. Ignition -- Slowly roasting the exhausted resin in air at 900 
- 1000 0 C. leaves the metal in a very pure metallic form. 

b. Elution -- Eluting immediately after adsorption with a 5% 
aqueous sol ution of thiourea to which 5 mIl Ii ter of HCl has 
been added yields a sol ution from which the metal can be 
recovered by reduction. When elution is applied, the resin 
can be reused for many cycles. 

The elution of the mercury can be also accomplished by treating 
the resin with 4% sodium sulfide at a level of 200 g Na 2S per 
liter of resin . 

Following the elution, it is necessary to regenerate the resin by 
treatment with 10% hydrochloricc acid at a level of 100 g HCl per 
liter of resin. 



• 
_ 

TOMBSTONE • P 110 Cellll Chemilltlly' 
~ 

~. _ Reco JellY Method 
Activity. Solvent Reag en.t. As. Au 

• 
A. Spllay Side ( 1 ) Na

C
S Z03 None Powd. Zn NaZS 

Slopell (z) Na N Lime NaZS R ell in _ 
B. CIlUll h 8 Leach 

• No. Ramp ( 1 ) Na ZSZ0 3 None Powd. Zn NaZS 
(Z) CN Lime NaZS Rellin 

C. Cllullh 8 Leach ( 1 ) NaCl NaOCl NaZS R ell in 
Heap (Z) CN Lim e NaZS Rellin 
(Low-Mn) 

• v. CIlUll h 8 Leach ( 1 ) NaCl NaOCl Na S Rellin 
Heap (Z) Na 2S z03 Po~d. Zn Na2S 
(High-Mn) ( 3 ) eN Lime NaZS R ell in 

E. Leach hea.p ( 7 ) H2SO 4 None .- In Situ 12 ) NaCl " Powd. Zn R e¢ ill 
13 ) NaGCl " 
14 ) NaCN Lime NaZS R e.6 ill 

• 

--
--
• _ 
• 
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• 
INDUCED PERCOLATION 

• The use of an "Ind uced Percolation Substance" (I PS) to agglomerate 
clays and fines greatly enhances the porosity by creating a hard and 
completely porous agglomerated mass. 

• 

• 

In general, Induced Percolation should be used for all heap 
ores; - the technique was originally developed for tailings. 
ores thoroughly tested are Goldfield and Packard tailings, 
dump and open-pit ore, Tonopah silver ore, Goldfield and 
Canyon gold ores, and Tombstone open pit, dump, and tailings. 

Benefits of IPS are: 

1. Percolation increase 
2. Percent recovery increase 
3. Leaching rate increase 
4. Percent slimes in preg pond is minimized 
5. Solvent consumption is reduced. 

leaching 
Various 
Packard 
Florida 

• The costs of applying IPS should not exceed $0.50/ton ore. This would 
apply to tailings. The increased gross value due to IPS treatment 
ranges from 60 to 35 dollars per dollar IPS cost. 

The absolute change (increase) in percolation and consequent recovery .41 due to the use of an IPS can be summarized by the following: 

I Type of Ore Deposit Absolute Increase Per Cent Mi nus 4 Mesh 

• 

-41 

• 41 

• ce 

Gold and Silver Percolation 

Gold Recovery 

Silver Recovery 

ill QM §.Q1 

45 

25 

26 

61 

43 

42 

80 

55 

57 

The increase in recovered value per ton of ore due to IPS treatment is 
presented in the following graphs for gold and silver ores. 

Notice a positive correlation between . the per cent minus 4 mesh and 
the increase in percolation due to IPS. This rule-of-thumb is very 
useful for computing the predicted increase in percolation and 
recovery for various ore types and screen analysis. The methodology 
for utilization of "Induced Percolation Substances" is presented 
following the gold and silver increased recovery graphs. 
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PRE-TREATMENT 
06 

Vaftiou.6 Pftoblem 
Pfte~iou.6 Metal Ofte.6 

6 Oft 
HEAP LEACHING 

• - • - • - • - • ~ • - • ~ • - • 7 • - • - • - • - • ~ • ~ • ~ • ~ • - • - • - • - • • 

.Size/Value Vi.6tftibution 

* 
Peftmeabilitlj 
* * * * 

Minellaf.oglj 
,...~--------~-

Phlj.6io.,-Chemic.al 
* * * * 

... ... . Vi.6.6eminated~Open Pit 
! .Vump Olle; Clalj/Fine.6 

Callbona~eou.6 Olle . 
Re6lla~tolllj Olle.6 . 
Sul6ide. MineJtal.6. 
Telluftide.6 

! .A~idi~ Kaoliniti~ Clay 
. Tailing.6 
• - • - • ~ • ~ • - • - • ~ • "':'" • ~ , ' - . - • '7' • 7 .. t"' . . t"" • -;-' . ~ • - • "":'" • - • ~ • • 

I 

Vllilling & I 

Bla.6ting!!! + Vegftee + 
! I + 06 + 
! I +CJtu.6hing + 

OJte MineJtaloglj 
1 • • • • • t * * * * * * * * * * * * * 

Loading +Anallj.6i.6 + 
1 1.... . ... t---- --- - + 
! 1 ! +Sele~tion+ 

CJtU.6 hi)'!g 
I 

, I 

Appli~ation 06 IPS Solution .... 

Spllalj on 
Olle Tllu~1<. 

Spllay on 
Conveljoll Belt 
J ! 

! I ! 
Hauled .. J Elevated 

blj onto 

Olle pH/E 
! . . . . . . . ! * * * * * * * h 

1 

CaJtbon-Bond 
POlljm ell.6 

! . . . . . . . . . ! * * * * * * * 

Tllu~1 jea p +IPS Solution+ 
+------------+ 

+Reagent and Gold+ 
+Solvent Anallj.6i.6+ 

! I + Sele~tion t ..... +-- -- --- --- --- --~ + 

Olle "Heaped" 
onto Pad 

! 
Appl£~ation 06 IPS Solution 

Spllay while Voze.ft i.6 pU.6hing, 
leveling, and Jtipping 

! 

C . "S~" Ull-<'I'lg- e.-t- ............. . 

+ 
1 

... 1 

Sele.~ti on 

Flo~~uf.ant 
********** I 

!!!!!!!!!! ...... ! 
...... ...... SpJtalj He.ap 

! 
! 

Collec.t E66lue.nt 
PJteg Pond 

I 

Re.~oveft Value..6 in Plant 
Ion-Ex~hange. Re..6in.6 

+ 



• 
PERCOLATION TESTS 

• e Examination of the surface geology at Tombstone indicates that some of 
the ore will not percolate very well if the blasting is too heavily 
loaded with prills. Some of the ore will percolate : very well; 
silicified shale, argillite, etc., will either rip or t'blast" very 

• 
a easil'y and will also per cola te due to cleavage planes developed during 
~ mineralization. However, where there is intense argillation, the 

developed clays will cause blinding if they are not pre-treated before 
leaching. 

I _ 
Pre-treatment is a simple technique for clay or fines tha t trades a 
small addi tional ini tial cost for much higher costs la ter and a much 
faster percolation and hence recovery rate. It is therefore very 
desireable to pre-trea t for bet ter percolation to maximize recovery 
and minimize the leaching period . This is especially useful for a 
gold deposit with such a high-valued pregnant solution. 

I 

• 
Following are the generalized percolation resul ts from the Tombstone 
tailings. It must be recognized that this represents the very worst 
case; the drill-hole blasting will not produce all fines, as the 

• tailings represent. However, the study of these tailings in a 
cyanide-lime - solution yields data concerning the effect the fines will 
have on blinding and relates to the amount of settling required in the 
preg pond. In addi tion, a study of the waste dumps determines the 
parameters of the worst open pit ore. 

• _ Notice in table 1 that there are some very poor percolation materials 
in the upper portion of drill-hole number 2. This "initial stripping 
was te" (for the ini t ia 1 north pit) will obv iousl y make very good pad 
material (see later section) if "over-blasted". 

• are the facts relating to percolation 
produce in some of the ore intervals. 

to blast very lightly; load the blast-holes 

Also observed in table 1 
problems the fines will 
Obviously it is necessary 
lightly with prills. 

It must be pointed out tha t one of the additional benefi ts of pre
treatment of the ore to induce percolation is that the fines will be 

• _ bound together by the "soi 1 cement" and therefore minimize the slimes 
that would get into the preg pond. 

--
• (e 

• 



• 
Table 1 

DRILL-HOLE PERCOLATION TESTS 

• 
Percolation Drill-Hole DH Interval Remarks 

_ Very Bad TDC-2 (4 ) 15-20' Iron Glob-Colloidal 
TDC-9 (35) 170-175' " 

• TDC-9 (36 ) 175-180' " TDC-24 ( 11) 50-55 ' " 
TDC-36 ( 19 ) 90-95' " 
TDC-36 (20) 95-100' " 

e Poor TDC-2 (5 ) 20-25' Slight Separation 

• 

• 

.-
• 

-_ 
--

• 

TDC-2 ( 13) 60-65' " TDC-9 (38) 155-160' " 
TDC-24 ( 1 4 ) 65-70 ' " 
TDC-36 (24) 115-120' " 
TDC-36 (25) 120-125' " 

Fair TDC-2 (7) 30-35' Clear Separation 
TDC-2 ( 9 ) 40- 45 ' " 
TDC-2 ( 16 ) 75-80' " 
TDC-2 (20) 95-100' " 
TDC-2 (27) 130-135' " 
TDC-9 ( 31) 150-155' " 

The above percolation study is a summary of a study made for all logs 
based on the geology for each drill hole. This percolation study 
(Table 1) was made from the rotary drill-hole cuttings, which 
represents the worst case; the blasted ore will not be all fines. A 
correlation of the cuttings and the blasted ore follows: 

Percolation Correlation 

Drill-Hole Blasted Percentage of Ore for 
~uttings Ore Each Percolation Category 

Fair Good 35 % 
Poor Fair 30 
Very Bad Poor 35 
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• 
Procedure 

4It The use of an induced percolation substance (IPS) to agglomerate clays 
• and fines to greatly enhance the porosi ty to allow leaching of the 

total agglomerated mass is a new technique. 

• 

• 

• 

• 4It 

I. 

-4It 

--
• (e 

• 

, 
Modifications of the basic technique has resulted in even more 
spectacular resul ts applied to the Tombstone deposi t than has been 
obtained on other ores. Basic modifications initiated by the author 
are to introduce "TriCalcium Silicates and TriCalcium Aluminates" into 
the system. The resul ting agglomerated mass is hard but completely 
porous. Another change implemented by the author is to use a standard 
cyanide leach solution for the "wetting-curing" process, which greatly 
accelerates the leaching process, or a pre-treatment 
hypochlorite-halide systems . . 

SCREEN ANALYSIS 

The screen analysis for various size categories is shown in 
graphs #1 and #1A. Notice that due to crushing (rotary 
drilling), a close relationship exists between the weight 
percent and gold-value percent size-distribution. This pOints 
out that "induced percolation" would be very effective for 
ge t t ing the val ues out of the fine frac t ion; maximi za t ion of 
recovery results from adequate contact of CN and Au in all size 
fractions, especially in the fines that normally form 
impermeable "balls" that "lock-up-the-gold-values" . 

ORE TYPE & CHEMICAL COMPOSITION 

The Tombstone ore is slightly basic and requires very Ii ttle 
lime/caustic for pH control (protective alkalinity). 
Chemically, there are numerous clay products in the ore, 
basically. as products of alteration. This furnishes an excess 
of alumina which requires an excess of hydrated lime for the 
clay-lime balance. Also, the silica (free) content is not very 
high, due to the basic lack of silica (free) in the original 
shale member. Silicification as an alteration product did not 
furnish "free" sil i ca int 0 the system. There are a great 
"excess" of iron oxides; limonite and ferric gel-silicate
kaolinite/montmorillinite complexes. 
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COMPACTED DENSITY 

The optimum amount of moisture 
the "maximum compacted density" 
compaction tests made for 
permeability testing procedures. 

to add is direct ly related to 
as determined by the standard 
highway-pad-soil ~ and other 

~ 

The concept basic to determining the optimum moisture content 
for compaction and the ·resul ting compacted densi ty is to 
compact the test material with varying amounts of moisture into 
the same known vol ume (test vessel) and weigh the amoun t of 
material that was compacted into the known volume. This yields 
the "compacted density" and the optimum moisture content is 
that with the "highest compacted density". 

Following is the procedure: 

A. Test Vessel Data 
1. Volume 
2. Weight 

B. Prepare material with varying moisture contents 
1. Weigh 4 pounds material 
2. Calculate desired moisture content & add H20 
3. Mix well 

C. Compaction 
1. Add "moist material" in 2-inch lifts & compact 
2. Continue until compacted above collar 

D. Separate collar-cut/scrape to top of test vessel 

E. Weigh 

F. Check "moisture content" computation by weight wet and dry 
and re-weigh 

Following are the results for one example: 



-- -----------------------------------, 

• 
tt A. Test Vessel Data 

• 

• 

• 

• 

.e 

·e 

• 

1. Volume; 
a. Diameter = 3 15/16 inches 
b. Height = 4 9/16 inches 
c . Volume = 

i7 r 2h 
15/16)(1/12))2(4 = 3.1415927 ( ( 3 9L16) 

ft 3 2 12 
= 0.0321507 

2. Tare weight = 10.380 # or 4708 grams 

B. Moisture Preparation (for 4 #'s dry sample); 

Required PerCent 
Moisture-Dry 

Ml. H20-% Dry 
for 4 lbs. (1814 gm.) 

7 
8 
9 

10 
11 
12 
13 
14 
15 

C. Compaction Test Resul ts 

II Wet % Moisture (Total) 

3.820 # 6.54 % 
3 . 870 7.40 
3.910 8.24 
4.092 9.07 
4.220 9.91 
4 . 237 10.72 
4.253 11 .50 
4.270 12.28 
4.200 13.04 

127 
145 
163 
181 
200 
218 
236 
254 
272 

3.57 # 
3.58 
3.59 
3 . 72 
3.80 
3.78 
3.76 
3.75 
3.65 

111. 04 
111.46 
111 . 59 
115.73 
118.25 
117.65 
117.07 
116.50 
113.60 

The results are presented in figure 1, which follows. 
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Local "soil materials" are compared for their maximum compacted 
density as a guide to determining the optimum moisture content 
required for determining the optimum moisture-content soil
cement flow rate relationship. 

Compacted densities compared locally are from the Florida 
Canyon area and the "Packard" area, 30 miles to the southwest. 
The "Packard" material is used as a comparison because of its 

_similar clay composition and screen analysis. 

Results of compaction tests in their order of increasing 
density are as follows (see figure 2) : 

A. Packard tailings 
B. Florida Canyon "crushed ore"-rotary drill-hole cuttings 
C. Packard desert dirt 
D. Florida Canyon surface waste-clayey material (DH F-2) 
E. Packard sub-soil 

Notice that the Florida Canyon "waste" is a better pad material 
than used for a heap-leaching project at Packard (Florida 
Canyon Pad Material vs. Packard Tailings, which was used for 
the pad at the Packard property). 

From the above results, it is obvious that about 10 % by weight 
is the optimum moisture content for preparing the "Induced 
Percolation Material" . 

TYPES OF IP SUBSTANCES 

Basic substances that create induced percolation are: 

1. Lime (Agricultural, dehydrate, and hydrated) 
2. Portland Cement (Types I, II, III, IV, & V) 
3. Flocculants (Polyethylene oxide, polymers, etc.) 
4. Hal r des 
5. Diatamaceous Earth 

The amount of lime (CaO) required for various percolation flow 
rates are presented in Table 2: 
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·PACKARD MINE* 

COMPACTION & PERMEABILITY TESTS 

Desert Dirt 

General Description 

"Desert Dirt" was collected along the road and compaction tests 
were made using the material as it exists-unscreened (the 
largest coarse was 1-1/2 inches). 

Clay Swelling 

There has been no rain for four months. The desert dirt was 
dried for 24 hours with no moisture loss, indicating a very dry 
condition. The pan + sample weight before and after drying was 
6.241 H, with the pan weight = 1.885 H. 

The moisture retained in the clay lattice by the clay in the 
desert dirt after 24 hours drying is computed as follows : 

Prepared % 
Moisture
Dry Weight 

7 
8 
9 

10 
1 1 
12 
13 
14 
15 

Calculated 
% Moisture, 
Total 

6.54 
7.40 
8.24 
9.07 
9. 91 

10.72 
11.50 
12.28 
13.04 

Pan & Sample 
Weight 

5.730 
5.750 
5.790 
6.048 
6.049 
6.050 
6.051 
6.052 
6.053 

5.450 
5.409 
5.429 
5.642 
5.609 
5.577 
5.544 
5.512 
5.479 

PerCent 
Retained 
Moisture 

12.0 % 
17.6 
12.8 
9. 1 
8.2 
7.2 
6.3 
5.3 
4.4 
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Ta ble 2 
DEHYDRATED LIME VS. LEACH FLOW 

Amount of Lime Flow Rate (Gal/Hr/Ft 21 

o 
0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

.5 
1. 12 
1. 78 
2.94 
4.00 
5.60 
5.96 
6.72 
7.36 
7.78 
8. 17 
8.58 
8.71 
8.83 
8.96 

Rate ~ of C~ange 
Gal/Hr/Ft /n Lime 

1. 24 
1. 32 
1 . 16 
1. 06 
1. 60 

.36 

.76 

.64 

.42 

.39 

.41 

.13 

. 12 

. 13 

Notice that the optimum amount of dehydrated lime is about 4 
pounds/ton ore. Hydrated lime was also tested with better 
success (required less hydrated lime/ton ore). However, the 
best and most economical resul ts were obtained by using 
hydrated lime and "Portland-type cement". 

PROPORTIONING ANALYSIS 

The above proper amounts of the IP substances are combined 
according to their screen analysis and chemical composition to 
produce the proper plasticity index. 

CURING TIME 

The optimum "curing time" for the Tombstone soil-cement is 
shown in graph 2. Not ice that afte r 35 hours, the rate of 
change of the flow rate is very minimal. 

The above described procedure is summarized in the illustration 
following graph 2. 
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INDUCED PERCOLATION SUBSTANCES 

ORE TYPE 
•••••• ** 

Acid Basic 

Clay 
Tailings 

ORE 
CHEMICAL 

COMPOSITION 
*********** 

Silica 
Alumina 

Silicates 
Iron Oxides 

CaO & MgO 

SOLUTION 
QUANTIFICATION 
.************* 

Compacted Density 
Application Techniques 

Sol ven t (-s) 

TYPES OF IP SUBSTANCES 
*********.************ 

Lime Portland Cement 
Agricultural Type I 
Dehydrated Type II 
Hydrated Types III, IV, V 

Diatamaceous Earth 
Flocculants 

Halides 

PROPORTIONING ANALYSIS 
********.*.*******.*** 

Plasticity Index 
Screen Analysis 

CURING 
****** 

Time 
Method 

ECONOMIC ANALYSIS 
.*************.*. 

Maximize; 
Percolation 
Heat of Hydration 
Recovery Rate of 
Precious Metals 

Minimize; 
Disintegration 
"Set Time" 
Cost per Ton 



_esults 

• Agglomeration of the ferric aluminum silicates (limonitic clays) 
occ urred with the agglomeration (soil cemen t) possessing exce lIen t 
porocity. The optimum level for each of the parameters is- as follows: 

• 

'. 

Parameter 

Ore Chem Comp. 
Clay 
Clay 
Ferric Oxides 

Optimum Level 

Excess H20 
Excess Hydrated Lime 
Excess Hydrated Lime 

Remarks 

About 9 % extra 
Extra pound 
With above 1-1/2 # 

Moisture Content 10 % by weight Allow for clay swelling , 

IP Substances 
Hydrated Lime 
Portland Type II 
Flocculant 
Diatamaceous 

10 #/ton ore 
3 #/ton ore 
.02 #/ton ore 

Max.; varies for consi 
or screen analysis 
Depends on above 

Earth 4 #/ton ore 

ECONOMIC ANALYSIS 

The following table (3) presents the resul ts of the induced 
percolation study for Tombstone ore. The results all indicate 
the very great economic advantage of treating to some degree 
(depends on natural percolation-screen analysis) all ore from 
the property. 

Graph 3 presents the summary of the percent recovery for various 
leaching periods for treated vs. un-treated ore. Notice that 
IPS treatment resul ts in total leaching (recovery) in one day 
versus a projected 33 day leach for the untreated ore. This is 
to say that after blinding in four days, addi tional dozing, 
ripping, and other very costly secondary recovery methods may 
result in as much recovery as the IPS treated ore obtained, but 
it would take 33 days vs. one day. 

Graph 4 presents the results of the use of IPS, showing the 
gross value increase due to IPS per $dollar IPS treatment. It 
is shown that greater increase in gold value resulted in modest 
application for coarser material than all fines. 
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Table 3 • I 

ECONOMIC ANALYSIS 
INDUCED PERCOLATION 

Tombstone 

e 
• PARAMETER PERCOLATION 

Good Fair Poor 

% Minus 4 Mesh 48 % 60 % 80 % _ 
• % Tonnage 35 % 30 % 35 % 

% Recovery; 
Treated 75 % 75 % 75 % 
Un-Treated 50 % 32 % 20 % 

Gross Value/Ton; / ., ""-

Treated $12.20 $12.20 $12.20 
Un-Treated 8.13 5.21 3.25 

Difference 4.07 6.99 8.95 1.- Quantity/Ton; 
Hydrated Lime 1/2 /I /I 2 /I 

Portland II 1/2 II II 2 /I 

Flocculant .01 /I .01 II .02 /I 

• IPS - Cost; 
Hydrated Lime $ .037 $ .074 $ . 148 

Portland II .021 .043 .085 e_ Flocculant .010 .010 .020 

.068 . 127 .253 

~ IPS Increase (GV} 
$ IPS Treatment $59.9 $55.0 $35.4 e_ 
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Not 
The 
Same 
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• 

(Dry) Ore ~9.5U 
Barrel + Tray 

added (gr. ) 2 

Total Wgt. 
(A+B+Soln.} 

BLINDING 

BLINDING 

Blinding 

Severe 
Blinding 

Added 
Hyd. Lime 

BARREL LEACH TESTS 

( A) Un-Treated Ore 
( B) 

gr -> pH + 10.5 

Wgt. AA/Ton Soln. (Wgt. Soln·2 -illL JL 
Soln. -A.!L -.AL {Wgt. Ore} Per ton ore 

6~.08# .002 1. 295 .002 

65.36 .002 1.320 .00 3 

62.18 .OO~ 1 .256 .005 

65. 11 .005 1. 315 .006 

6~.~8 .012 1.303 .016 

65.37 .0~3 1 . 321 .057 . -



---------------------------------------------, 

• 

e BARREL LEACH TESTS 

• 
Wgt. (Dry) Ore 40.0 (A) "IPS" Pre-Treatment 
Wgt. Barrel + Tray (B) 

er.ime added (gr. ) 2 gr I2H = 10·5 

• 
Time Total Wgt'. Wgt. AALTon Soln. {Wgt. Soln·2 --AJL -AL {A+B+Soln.2 Soln. JJ.L ~ (Wgt. Ore} Per ton orE e 

If • · 1 Day 63.40 .004 1 .585 .007 

.2 " 61. 46 II .032 1. 5365 .049 

· 3 " 64.20 If .034 1.605 .054 

• .4 " 63.96 II .035 1.599 .056 

· 5 " 62.10 II .038 1 .5525 .059 

· 6 " 62.83 II .038 1.57075 .059 

.e·7 " 62.63 If 
.038 1.56575 .060 

· 8 " 61.25 If .039 1.53125 .060 

.9 " 61.75 If .040 1.54375 .061 

.' 1 Day 62.30 II .039 1 .5575 .061 

ee 

~e 
\ , .. . 

• 
L.....-____________________________ _ 
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CLAY TECHNOLOGY 

R.F.Hewlett 
June 28, 1977 

Clay minerals commonly formed are: 

1. Kaolins 
2. Montmorillonites 
3 . Illites (Hydrous Micas). 

Starting from any parent rock, the clay minerals develop under 
specific environmental conditions as shown below: 

++ Mg,Ca,Fe present 

oxidizing and 

leaching 

~ 
MONTMORILLONITE 

tJ"I 
~ :8 

+ + 
tJ"I tJ"I 
s:: s:: 

·M ·M 
..c:: ..c:: 
{) {) 
(tj ro 
Q) Q) 
~ ~ 

PARENT ROC K 
+++ K,Na,Ca,Fe present 

reducing or 

oxidizing and 

leaching 

HYDROUS MICAS "",,~;p-------- +K -------- KAOLINS 
(ILLITES) - - - - - leaching _____ -111~~ 
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The previous diagram illustrates the following: 

1. Clay minerals are very sensitive to small changes 
in the composition, temperature, and pH of their 
surroundings(excellent indicator minerals) 
2. Clay minerals are not stable end products of 
weathering but are part of a system existing in dynamic 
equilibrium with its components. The rate at which 
many of the clay minerals react to environmental changes 
is often very rapid. 
3. Kaolinite characteristically develops in an acid 
environment often produced by organic acids or the 
oxidation of sulphide minerals. Also, strong leaching 
under neutral conditions where the bases have been 
removed from the rocks develops kaolinite. 
4. Montmorillonite minerals deve10p under a wide range 
of conditions. 
5. Illites are the dominant clay minerals in marine 
sediments, but they also occur in certain soils der ived 
from marine shales. 

Kaolinite (A1 20
3

' 2Si0
2

' 2H 20) 

Synthetic modes of formation: 

Temp. Time Solvent Substance 

3200 C 24 hrs. o.5N HCl Orthoclase (KAlSi 30 S ) 
16 96 " dil. HF " 

300 250 " o.5-1.oN HCl/H 2S0 4 " 

The pH ranges of formation are: 

ACID NEUTRAL BASIC 
.................................................. 
Kaolin 

******** 

Ions with alkali 
metals(Li,Na,K,Rb,Cs) 

(4.5-5.2 pH with opt. 
range 4.S-5.0) 

High Al(Si0 2ratio & 
PotaSS1.um Conc. 

Kaolin 
****** 

'Free of 
'Alkali 
'Metals 

Montmorillonite 
*************** 

Alkali:A1 20 3 :Si0
2 

.02-1: 1 : 4 

Alkali's can be; 

NaOH, KOH, Ca(OH)2 

2 . 
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High Aluminum Low 
. . -- ............................... . 
/'.- - /' 

w ', 
E-<, 
HI 

, :> . 
O. 
U, 
tI}, 

'::> \ ~: 
\ : 

/w \ 

I
' E-4 • 

H ' 
H! 
H' 
~, 

, ::c I 
I p., , 

, \ 0 " , 0:: • - .... " ~ ,-
-- ,p., ' - , ................................... 

High Potassium 

*CLAY MINERAL SPECIES* 

1. Micaceous Clay Minerals 

a. Kaolinite Group 

b. 

Dioctahedral 
Kaolite 
Halloysite,2H 0 
Hydrated hal16y site,4H 20 
Nacrite 
Dickite 

Montmorillonite Group 

Dioctahedral 
Montmorillonite 
Beidellite 
Nontronite 

c. Hydrous Mica Group 
Dioctahedral 

Illite 
Pinite 
Glauconite 
Celadonite 
Brarnrnalite 

d. Mixed Layer Grotip 

Anauxite 
Bravaisite 
Vermiculite-chlorite 
Kaolinite-nontronite 
Montmorillonite-illite 

Low 

3G9 
3. 
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Synthetic Formation 

MONTMORILLONITE: 

Montmorillonite + K~C03(10%) + H
2

0 ---~ Orthoclase 

Add heat in gold-lined (KAcid Carbonate) 
pressure bomb 

ALUNITE: 

A. H2S0 4 + K2S0 4 + Na 2S04 » + NH 4S0
4 
--~ Alunite 

.01M 
60-90% Alunite in 7 days at 2000 C 

B. 50g AlS0 4 + ((H 2S04 + K2S04 + Na2S04» ---~ Alunite 
.05M 

50-99% Alunite in 100 days at IOOoC 

HALLOYSITE: 

Kaolinitic clay + S04» ---~ Halloysite 

Within carbonate rocks; 
therefore a pH change 

KAOLIN: 

4. 

Solfataric Action: ((Alkali» + S02 + S2 + HCI ---~Kaolinte 
Metal 
Soln. 

Solubilities 

B. Montmorillonite Groups disolve in a weak acid soln. 
(0.01 - .04% H+) 
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Decompositions 

A. Kaolin 

Ionization 

A. 
B. 
C. 
D. 

Kaolin + H2S04 » ---~ Si02 + AIS0 4 strong 

White powder 
Soluble in cold H20 - 31.3 gr/100 ml (0) 
Soluble in hot H20 - 98.1 gr/100 ml (100) 
Slightly sol. in dil. acid and alcohol 

Calcium from soil colloids* 

Clay + NaOH + Ca(OH)2 ---~ change ln clay lattice; . 

311 

Therefore, kaolinite + NaOH + Ca(OH)2 ---6- Montmorillinite 

(Gives up ionized "salts") 

Permeability 

Calcium - saturated clay s tend to be granular & comparatively 

pervious with Ca; Na clays are highly dispersed and impervious 

Base Exchange 

Influences pH: 

A. 
B. 
C. 

D. 

Ca clays if free from CaC03 are 7 
Na clays are highly alk. - +10 
Rain with dis. C02 is acid(H+) and H ions replace 
Na and form dil. soln.s of NaHC0 3-Na 2Co 3 or NaOH; 
resulting in increased alkalinity of Na clays 
Mix; Na clay + caco3 ---~ alkiline upon leaching 

(Ca++ replaces Na++ + Na2C03 
Also, Mg replaces Na ... 

5. 
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Ion Exchange 

Clays can be considered as multivalent polyelectrolytes in ion 
exchange reactions. The key for each of the major crystal structure 
groups are the distribution of charges in the lattice. 

Members of the kaolin group have as a site of exchange reactivity 
the structural hydroxyl ions along the lateral surfaces and those 
formed by the hydration of silica at the broken edges of the cry stals. 

Montmorillonite clay groups are the most active in terms of ion 
exchange reactivity per unit weight. Either magnesium substitutes 
for aluminum or aluminum for silicon. 

Illite group of clay minerals fix potassium irreversibly. 

Processes that occur in an aqueous clay-electolyte interaction: 

A. Ion exchange 
B. Work of swelling 
C. Water transfer 
D. Donnan exclusion of anions 
E. Complex ion formation 
F. Incomplete dissociation 
G. Ion pair formation 
H. Molecular adsorption 
I. Change in solution volume. 

Clay Strucure Stabilization 

Polar organic compounds play two important roles in soil structure: 

1. Weakening the potentially strong cohesive bonds between 
clay particles (thus permitting formation into aggregates) 

2. Linking clay particles together through mutual adsorption 
of such compounds by two or more clay particles. 

Compounds very important in soil structures are polyuronides and 
polysaccharides. They are readilly adsorbed by clay molecules. 

To produce a permeable clay, Na+ must be replaced with Ca++ 

6 . 

(to produce flocculation~. Colloids in non-alkali soils tend 
to flocculate. Both Ca+ and H+ ions produce flocculation and 
absorption of most polar organic molecules causes complete flocculation. 
(Soil structure changes are in degree of expression of cohesive 
forces ·between already flocculated clay particles) . 
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Organic matter modifies the plasticity of clays by utilizing its 
bulk and adsorptive capacity to adsorb water and insulate or coat 
clay particles, and by direct adsortion the polar organic compounds 
modify cohesive forces and bind clay particles together so they 
are not free to move and thus are less plastic. 

Impermeable Soil Conditioning 

Polmethracrylates and other correctives for impermeable clays 
include amino compounds and Krilium-like compounds (polymers) . 

In general, Krilium-like molecuJ.es are large anions and polyanions 
adsorb on Kaolinites. Amino compounds are large cations and 
polycations adsorb on Montmorillonite and Beidellic clays. 

The Krilium-like molecules are adsorbed by hydrogen bonding. 
Some of these made by Monsanto Chemical are: 

A. CRD 186; a Ca-saturated Krilium 
B. CRD 189; aNa-saturated Krilium. 

One observation made is that 0.1% of a Krilium-type compound 
is equivalent to a 2% calcium hydroxide solution in reducing 
swelling pressure and increased stability. However, higher 
percentages of calcium hydroxide produced more significant 
results . 

Ammonium ion and phosphate fixation are commonly utilized for 
soil fixation. Kaolinite and halloysite can adsorb phosphate 
ions by replacement of hydroxyl groups on the surface of the clay. 

The adsorbed phosphate ions on kaolinite could be replaced by 
arsenate ions. The anion exchange capacity is about equal to 
the cation exchange capacity. Both the phosphate and arsenate 
ions are tetrahedral in form like silica, and evidently can attach 
themselves to the broken edge of the silica sheet and act as an 
electrically unbalanced silica tetrahedron. A negative anion 
adsorption is developed for chloride, sulfate, and ferrocyanide 
in montmorillonite minerals. Formate ions are also adsorbed 
by H-montmorillonite by treating with formic acid. 

7 . 
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DESIGNED TESTING PROCEEDURE 

Pre-Treatment 

A. Basic 

1-

2. 

CaO (lime) 

Add 1,2,3,4,&5 #lime/ton ore and note effect 
on percu1ation. 

Ca(OH)2 

Add 1,2,3,4,&5 # calcium hydroxide/ton ore and 
note the effect on percu1ation 

B. Acid 

1. 

Leaching 

H2S04 

Add 1,2,3,4,&5 # H2So4/ton ore and note effect 
on percu1ation. 

A. Basic 

1. Pretreatment with lime 
2. CaCN 

B. Basic 

1. Pretreatment with lime 
2. NaCN 

C. Acidic 

1. Pretreatment with ~2S04(1-5#/ton ore) 
2. HTH 

D. Acidic-Basic 

1. 
2 . 
* 
3. 
4. 

Pretreatment with H2S04 
HTH 
After no more Au/Ag leaches 
Neutralize with lime to 10.5 
CaCN 

E. Basic-Acidic 

1,2 
* 
3,4 

Lime & CaCN or NaCN 
After no more Au/Ag leaches 
H2S0~ & HTH 

.374 8. 
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HEWLETT MANAGEMENT 

= e== =====--===-======= .~= .. ---- ==== I. R. F. HEWLETT 

PHONE(702)359-1069 
2602 Monte Verde Way 
Sparks, Nevada 89431 

Ire TOMBSTONE 

• T6mb6tone ~ep~e6ent6 an oppo~tunity to p~oduee p~eeiou6 metal6 
with a minimum eapital inve6tment. Thi6 i6 due to the 60llo wing: 

• 

e 

• e 

• 

ee 

• 

1. Extc.n6ive )J~eviou6 6ampling; 

A. Su~6aee d~illing 
B. Unde~g~ound d~illing 
C. Und e~g~oun d 6ampling 

2. An exi6ting heap 06 one-mLtlion ton6 that ean 
be ~e-p~oee66e d utilizing ~eeerd "heap le.aehing 
innovat{on6" 

3. P~ove.n open-pit o~e ta~get6 60~ de.velopme.nt 
06 ope.n-pit o~e. ~e6e.~ve.6 . 

He.ap ~e-p~oee66ing 
Ope.n Pit; 

Gob 
"Ne.w O~e" 

Unde~g~ound 

Ne.t O pe.~ating P~06it 

$ 3,'2"50,000 

78,821,000 
133,480,000 
700,000,000 

The . mo6t impo~tant 6aet to ~e.eognize. i6 that due to the. autho~6 
knowledge. 06 the Tomb6tone Vi6t~iet and heap le.aehing', the. 60ll owi ng 
aetivity 6e.que.nee i6 p066ible: 

A. Initiate. ~e.-p~oee.66ing 06 he.ap 
B. He.ap leaehing p~06it 6inanee.6; 

1. Continued heap leaehing to ne.t ove~ $3,000,000 
in one. ye.a~ 

2. Explo~ation/de.ve.lop~e.nt 06 ope.n pit o~e.-
6 o ~ heap le.aehing ove.~ th~e.e. ye.a~6(ba6e.d 
on ~e.6ult6-6e.a6ibility) 

3. Explo~ation 06 unde~g~ound. 
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TOMBSTONE 

Tomb6tone, A~i zon a i6 in 60uth-ea6t A~izon a in Cochi6e County, 
about 75 mile6 6~om TUC60n. Following a~e a 6umma~y 06 pa6t 
p~oduction and a di6cu66ion conce~ning the potential 06 the 
Tom b6t one Mining Di6t~ict. 

DISCOVERY 

In 7877, Ed Schi e66elin le6t Camp Huachuca and went p~06pecting 
in the a~ e a ea6t 06 the San P e d~o Rive~. He wa6 wa~ned again6t 
the Apache6 by "A ll you ' ll eve~ 6ind in th06e hill6, Ed , i6 going 
to be you~ tomb6tone." Af'! unu6ual ~ock 60~mation att~acted hi6 
att ention , and he took 60me 6ample6 to hi6 b ~othe~ , Al, at the 
Si.gnal Mine . Dick Gi~d a"66aye d hi6 6ample6 , and the th~ee 60 Tlmed 
a pa~tne~6hip. The town wa6 named a6t e~ the wa~lling made to 
Ed Schie66elin. The initial di6cove~y by Schie66elin i6 unkllol{'n , 
but he latte~ di6cove~ed and 6taked the Lucky CU66. Soon the 
di6cov e~y wa6 known and p~06pecto~6 po u~ e d into Tomb6tone . 

EARLY MINING 

Outc~oppi ng ledge6 and 6i66u~e6 06 high - 9~ade o~e made ea~ly 
mining ea6y, becau6e the dev elopment could ba6ically be done 
in o~e . All 0~i9inal mine6 we~e developed by 6inking on outc~opping 
o~e;the Goodenough Incline i6 an excellent example 06 ea~ly mini ng . 
La~ge tonnage6 06 high-g~ade o~e wa6 mined on the 6u~6ace 6~om the 
apex e6 06 anticlinal 6t~uctu~e6 th at p~edominate in the vicinity 
06 the Toughnut Mif'!e . Al60, the "Million Do li!.a~ St ope " i6 on the 
60uth 6ide 06 tOWf'! , whic.h ha6 c.aved and ~emain6 a6 a "G i!.o~y Hole ". 

Sub6equent mining wa6 concent~ate d on the anticline 6t~uctu~e6 
which gene~ally plunge ea6te~i!.y, 6i66u~e6, ~epi!.acement bed6 and 
vein6 , and along the contact6 06 the nea~ ve~ti cal dike6 that 
6t~ike no~th -60 uth thhough the di6t~ict. The6e 6t~uctu~e6 we~e 
pU~6ued down to the wate~ table and i!.ate~ai!.ly 60h con6i d e~a ble 
di6tanc.e6. Many unkn own 6t~uctu~e6 we~e di6ci!.06ed a6 a he6 ult, 
and blind o~e bodie6 di6cove~ed an d mined. 

Photo on the next page 6how6 und e~9~o und mining ~n the Tomb6t one 
Di6t~ic.t in 7904. Notic.e that the mining i6 in a p~e6e~entiai!. 
lime6tone ho~i zon ;thi6 i6 typic.al 06 the Go odenough and To ugh nut 
mine6. 
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2602 Monte Verde Way 
Sparks, Nevada 89431 

~ PRODUCTION 

• Eallly pllodu.ct.{on L6 d.{66.{cu.lt to de.tellm.{V1e be.cau..6e. 06 the 60llu({)-eVlg: 

• 

• 

• e 

• 

. -
e_ 

e 

1. M.{ne..6 tha:t .6h.{pp e d d-ellectfy :to :the. nu.me.IL Ou..6 cu..6tom m-ell.6 
:that opellated .{n :the Tomb.6tone D.{.6tIL-ec:t ~ept no lleCOlld.6. 

2. H-egh-gllade Olle wa.6 no:t m'{lled focally bu.t .6ent d.{llec:tly 
to the .6 meltelllcomm on 06 :the plu..6 80 ounce .6-elvell ). 

3. EaILfy m.{ne.6 w-e:th :the.{ll own m-ell.6 ~ept POOll lleCOlld.6 . 

4. POll:t.{on.6 06 m.{ne.6 welle le.a.6 ed and VV"Ly pOOll lleCOlld.6 welle 
~ep:t by :the lea.60ll.6 . 

5. PIL -ece 6fu.ctu.at.{on.6 made pll odu.ct-eon lleCO ll d.6 ~ept -en dollalL.6 
d.{66-ecul:t to llefa:te bac~ to :the olle gllade.6. 

6. Smef.t e. ll.6 (lJou.fd ch eat :the m-en ell.6 by lle.p ollt-eng lowell ghad e. .6 
and commonly no:t pay lOll llepoll:t ) 60ll :the. gold con:ten:t . 

7. "H.{gh - ghad.{ng" wa.6 pllac:t-ece.d wh-ech lleduc ed the gllade . 

I:t -e.6 llepoll:te.d :tha:t 1,6 35 , 639 :ton.6 06 Olle wa.6 m.{n ed. The compu.t e d 
gllade.6 wehe a.6 60llow.6 : . 

Av ellage S-elvell gllade 20.67 t . oz./:ton 

Avellage Gofd gllade == .133 t.oz./:ton 

The yeallly pILodu.c:t.{on -e.6 .6hown on :the 60ll ow-eng pag e ltable 1) . 

The actu.al valu.e 06 the · Tomb.6:tone pllodu.ct-eol1 at today ' .6 pll.{ce.6 alle: 

Ac:tual Tomb.6tone Ph odu.c:t-eon $ 38 m'{ll.{on 

Plle.6e.I1:t Valu.e 06 Pllodu.ct-eon $225 m-ell'{ol't 

Dll. C. J. Sallle lle.pollt.6 :the Tomb.6tone phodu.ct~ol't a.6 $ 79 m-ell~ o l't . 
In any event, :the pllodu.c:t-eol't wa.6 .6.{gn-e6.{cal1t a:t that pe.ll-eod 06 t-em e . 

~----------------------------------------
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• R. F. HEWLETT 2602 Monte Verde Way 
PHONE(702)359-1069 -3- Sparks, Nevad a 89431 

~ Table 1 . 
TM1BSTONE PRODUCTION 

• 
YeaJt[.6) Tonnage Au Head.6 Ag H ead.6 

I re 1879-1880 55,567 .094 34.00 
8 1 728,452 .072 43.00 • 82 737,296 · 075 34. 00 
83 75,249 · 1 25 34.00 
84 33,582 · 262 34.00 
85 31,736 · 286 34. 00 
8 6 25,885 .333 34. 00 
87 74,500 · 383 34. 1 2 - 88 14,571 .453 34. 00 
89 5, 5 1 2 .548 34. 00 
90 73,537 · 416 34. 00 
9 7 75,3 62 · 479 34.00 
92 13,573 · 315 34.00 

.e 93 14,127 · 258 34.00 
94 11,213 · 258 34.00 
95 11, 213 · 258 34. 00 
96 11, 213 · 258 34. 00 

1897- 190 1 135 ,608 · 114 15.00 
1902~7906 224,602 · 174 15.00 

07 48,444 · 1 7 4 15.00 • 08 51,266 .080 6. 97 
09 27,123 .084 7.44 

1 9 1 0 - 1 920 232,219 .090 1 2 . 1 1 

I 

7921- 1 930 266,330 · 090 70.32 
1931- 1 936 53,619 · 269 17.47 -- 1,635,639 · 1 33 20. 67 ; 

\ 

• ··e 

• 
'------~~~~- ------ -- - -
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f' 

• R. F. HEWLETT 2602 Monte Verde Way 
PHONE (702)359-1069 -4~ Sparks, Nevada 89431 

,~ Following a.tz.e ;the pJtoduc.;tion by m-i.ne: 

• Mi 11 e Vate Ton.6 Au ~ 

No.tz.;thwe.6;t July , 89 to '90 '274 · 141 87. 1 
" June. '90 to ' 9 1 458 · '2 1 5 6 7. 1 (- " June ' 9 1 to '9'2 1 , 4 1 3 .35 87. 8 
" June. '9'2 ;to '9 3 1 , 4'2 7 . 1 8 87 . 1 .. 

Tougilnu;t June ' 9 1 ;to '9 '2 1 , 1 0 '2 · 55 88.5 
" June '9'2 to '9 3 '2 , 096 .61 55. 5 
" Ap.tz. . ''20 ;to ' '25 5, '203 .17 '27.45 

• Empi.tz.e ApJt. ''20 to ''23 1 59 · '240 13.48 

TJtanqu-i.l-i.ty ApJt . ' '20 to ' '23 1 , 9 78 · 3'2 0 '2 '2.46 

SilveJt Th Jtead Ap.tz.. ''20 ;to ' '23 4 , 738 . '270 '25.47 
" . -e We.6t Side Ap.tz.. '88 to ' 89 63'2 1 . 794 84 .40 
" ApJt. ' '20 to ' '25 1 , '2 38 · 560 38. 58 

UJe.6t Side- June '90 to ' 9 1 1 , 1 05 1 . 380 73. 3 0 
SulphuJtet June ' 9 1 ;to '9'2 1 , 490 1 . 1 30 66.50 

" June ' 9'2 to '93 1 , 1 84 · 8 '2 48.6 0 

e Sulphu.tz.e;t Ap.tz.. ' 89 ;to '90 500 1 . 93 1 84. 80 

Contention Ap.tz.. ''20 to ' '23 3,639 · 198 13.57 

Hea d Ce f1;te.tz. ApJt. ' '20 to ''23 1 , 7 38 . '200 14 . 50 e_ 
GJtand Cen;tJtaf Ap.tz.. ''20 ;to ''23 1 , 438 · 140 1 3. 75 

r 
"- Luc.ky C U.6 .6 Ap.tz.. ' 88 ;to ' 89 3,'253 · 576 4 1 . 1 0 

" Ap.tz.. ' 89 to ' 90 '2,488 .466 44.60 
" June '90 to ' 9 1 '2,'271 · 740 54. 90 

-~ 
" June ' 9 1 to '9'2 '2,684 · 46 0 43 .-60 
" June '9'2 to '9 3 3,7'29 · 110 '25 . '20 
" Ap.tz.. ''20 to ' '2 1 5, 560 .0 56 16.9'2 , 

I 
O.tz.egon ApJt. ''20 to ' '2 1 3 I 866 · 01 3 '23.00 

• P.tz.om;teJt Ap.tz.. ' '20 ;to ' '2 1 9 , 688 .017 16. 50 

e Em eJt ald Ap.tz.. ''20 ;to ' '2 1 1 1 9 · 010 8.00 
'---

BunRe.tz. Hill Ap.tz.. ' '2 0 to ' '2 1 100 · 035 15.45 

I-
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CLOSING OF THE MINES 

I t wa~ gene~ally a~~umed that the wate~ eneo unte~ e d in the mlnr~ 
wMthe ~ea~on 60~ the c.lo~lng 06 the T om b~tone mining ope~atlon~ . 
Howeve~, the mlne~ cont~olled the wate~ level in the Pump Sha6t; 
the mlne~ a~e all lnte~connec.ted with the Pump Sha6t. In 6act, 
I have talhed to mln e~ ~ that wen t a~ 6a~ a~ Glea~on to wa~n the 
mlne~~ the~e when the pump~ we~e ~hut down a6te~ the 61~e in the 
pwnp h (lu~ e . 
In gene~al , the de velopm ent 06 new o~e wa~ ove~lo ohe d when the 
Bonan za o~e~ we~e being mined. Al~o, lea~e~~ would "~ob pllla~~" 
and in gene~al leave the wo~hlng~ in an un~a6e conditi on. 
When development c.o~t~ we~e then ~elated with lowe~-g~ade o~e~, 
unee~talnty would exl~t conce~nlng the ec.onomlc~ 06 6u~the~ 
unde~g~ound development away 6~om th e main wo~hlng~ and thl~ 
wa~ 6u~the~ compllc.ated by lowe~ gold and ~llve~ p~lce~;~llve~ 
wa~ unde~ $ 1.25/t.ounc.e. 
Financing 06 the ope~atlon~ cont~lbuted to th e complexlty;when 
no wo~hlng capital wa~ available 6~om an ope~atlon, it would 
tahe time to mahe additional 61nanclal a~~ang em e nt~ . 
When the pump hou~e bu~ntdown and new Co~nl~h pump~ we~e ~eq ul~ed 
(~ee oppo~de page ) , it would have to tahe ove~ one yea~ to b~lng 
t hem "a~o und the Ho~n". Th en , when the ml ne~ 6100ded and the 
p~lce 06 noble metal~ wa~ ~tlll ve~y low , all g~oup~ gave up 
and the mlne~ ~emalned c.lo~ed . 

GEOLOGICA L HISTORY 

Qua~tz latlte pOhphy~y~ ( Uncle Sam Po~phy~y ) lnt~ud e d the Naco and 
Bl~bee llme~tone, ~hale, che~t, ~and~tone, and qua~tzlte 60~matlon~. 
The~e ~edlmentahY 60 ~matlon~ had p~evlou~ly been 601ded and 6aulted 
by tectonic activity, cau~lng ~ome doming. Along the~e zone~ 06 
weahne~~ the lnt~u~lve~ 601l owed, including and e~lte po~phy~y and 
hhyollte pOhphy~y dlhe~. Then a ~e~le~ 06 ~te epl y dipping nOhth 
nOhth ea~t 61~~uhe~ developed, pe~hap~ due to the 61nal lnt~u~lo n 
06 Sc.hle66elln ghanodlohlte. Sub~equent to thl~ epl~ode and ~ ~l at e d 
to magmatic ~eghegatlon 06 gold, ~llve~, c.op pe~ , mangane~e, lead, 
zinc, and othe~ mln e~ al~ wa~ the mlg~atlon 06 the mlnehallzlng 
~olutlon~ along the va~lou~ 6ault~, 61~~uhe~, jolnt~ , bh eccla 
zone~ , and open bedding plane~ until ex~olutlon oceuhed p~oduclng 
the mlnehallzed ~thuc.tuhe~ ob~ehved in the dl~t~lct. Eve~y 
~thuctuhe oecuhlng within ~he ~thucu~ally induced ~yncllne l~ 
mlne~allzed at ~ome point and ~ome th~oughout thelh entl~e ext ent . 
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STRUCTU RES AND HOS T ROCKS 

Th e m o~t phoductive ohe depo~it~ ~n the Tomb~tone Di~thi ct exhi bit 
a phe 6ehential ohdeh 06 phiohity to ~thuctuhe~ and ho~t hOCQ~. 
06 highe~t phiohity aJLethe POhOU.6 Oh bhOQen lime~to n e capped 
by ~hale oh otheh impehmeable unit~ . 
Following ahe the helation~hip~ 06 ~thuctuhe~ an d ho~t hOCQ~ 
in ohdeh 06 theih impohtance on phoductive minehalization: 

<! 
c,..( 
c,..( 
a 
~ 

-C 
s: 

<! ~ 
~ 
c,..( <! 
:j ~ 

~ s: 
'0 0-.( 

c,..( 

~ cJ 
~ 0-.( MINERALIZING ...s: ~ 
~ s: STRUCTURES 
<;:) ~ 

********** 
HOST ROCK 
* * * * * * * * * 
Fault bheccia & gouge 

Blue lime~tone. 

Nova culite 

10'/6' lime~tone. 

Naco lime~toYle 

DiQe matehial 
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Souhce 00 wateh OOh 5 yeah heap leaching opehation. 
Chane being u~ed to loweh ~ubmeh~ible pump aoteh 
hepaih~ to the lagging in the ~haot. When phobl em~ 
would come up, the City wa~ vehy nice and would 
alway~ allow u~ to u~e City wateh. 

The authoh 
e~pecially 
noted oveh 
only about 
100 GPM. 

and otheh~ wehe undehghound a gheat deal, 
when we wehe leaching undehghound, and 
the yeah~ that the wateh level changed 
5-10 oeet(lowehed) by pumping at about 

c 

c 

I 
l 

" 
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The wate~ table at p~e~ent i~ app~oximately 4115 6eet above ~ea 
level o~ about 500 6eet below the ~u~6ace. It wa~ known that the 
gold-~ilve~ value~ continued undimini~hed 60~ ~ho~t di~tance~ 
below the wate~ table and the~e i~ g60d evidence that the value~ 
continue into the ~ul6ide zone many hund~ed~ 06 6eet in depth 
below the wate~ table. In gene~al, the wate~ table ha~ not changed 
ve~y much 6~om the level du~ing mine~alization. 

In an e660~t to exploit the o~e unde~ the wate~ table, nume~ou~ 
attempt~ we~e made to dewate~ the Tomb~tone mine~. All attempt~ 
~eemed de~tined 60~ 6ailu~e becau~e only tempo~a~y ~ucce~~ ~e~ulted 
due to political ha~~le~, ca~ele~~ne~~, mechanical 6ailu~e~ and 
caving g~ound 60~ced the ~u~pen~ion 06 pumping. A~ wa~ mention ed 
p~eviou~ly, the Pump ~ha6t wa~ ~ank to the 1,000 600t level and 
the wate~ level wa~ cont~olled 60~ a ~ho~t p e~iod 06 time . 

Vu~ing the pe~iod 06 de - wate~ing, it wa~ p~oven that the o~e 
continue~ downwa~d whe~eve~ it ha~ been pu~~ued. In the Conten:tion, 
G~and C e nt~al, Luck Su~e, Eme~ald, We~t Side, and Silve~ Thhead 
mine~ it wa~ 60und that the o~e not only continue~ below the 
wate~ table, but that the gold and ~ilve~ inc~ e a~e~ in g~ade, 
e~pecially the gold. In addition, good value~ in lead, zinc, and 
mangnae~e ~ul6ide~ a~e inc~ea~ing in value. Thi~ i~ al~o ~hown 
by deep diamond d~ill-hole~ . 

The initial de - wate~ing wa~ accompli~hed at a ~ate 06 4500 GPM 
to keep the 1000 600t level d~y, and a ~teady gain w~~ made to 
de -wate~ the Tomb~tone Ba~in. About 2100 GPM would de - wate~ to 
the 800 600t level. With mode~n pump~, the co~t 06 de - wate~ing 
would not be ve~y expen~ive. 

The wate~ unde~g~ound i~ not 6it to d~ink due to :the town 06 
Tomb~tone dumping thei~ ~ewage into old mine ~ha6t~. Thi~ wa~ 
an advantage when the autho~ needed wate~ 60~ a ~ecent heap-leaching 
ope~ation and leached unde~g~ound becau~e the authoh pointed out 
that the wate~ wa~ al~eady contaminated. H oweve~ , i6 wate~ would 
be ~old, a~ to Tuc~on, a t~eatment plant would be necce~~a~y; 
a t~eatment plant would be ~equi~ed 60~ T omb~tone wate~ 60~ 
con~umpt~on at Tuc~on. The autho~ ha~ looked into the po~~~bili:ty 
06 ~ell~ng unde~g~ound Tomb~tone wate~ to Tuc~on, and ~t i~ noW 
po~~~ble w~th the twp-yea~ old deci~~on that wate~ can be t~an~po~ted 
6~om one ba~into anothe~ ba~~n. The City 06 Tuc~on have · ~aid th e y 
we~e inte~e~ted ~n the wate~, and would buy it at T omb~tone ;Tu c~on 
would pay 60~ t~an~po~t~ng the wate~ and a t~eatment plant. 
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Map~ made du~ing ~he ea~ly mining pe~io d may ~~ill be available 
~o ~ome ex~en~. The au~ho~ ha~ ~een a numbe~ 06 ~hem, and i~ 
wo uld be ea~y ~o aequi~e lo ~ eopy ) any available map~ i6 a p~ojee~ 
we~e ini~ia~ed. The au~ho~ ha~ been 066e~ed ~he oppo~~uni~y ~o 
eopy nume~ou~ map~, bu~ a~ ~he ~ime i~ wa~ no~ neee~~a~y. 

The ea~le~~ exrlo~a~ion wa~ eondueted by Eagle Pitehe~ (in the 3 0'~). 
The au~ho~ ha~ bee n told ~ha~ the data ean be eopied, bu~ al~o 
(by Eagle Pitehe~) ~ha~ they got ve~y poo~ eo~e ~eeove~y due 
to thei~ d~illing me~hod , and i6 they wan~ed d~ill-data 6~om 
Tomb6tone . they would ~e- d~ill the ~ame loeation~ . 

Newmon~ ~pent a g~ea~ deal 06 money on ~u~6ace d~illing(eo~e) and 
und e~g~ound development. Mueh 06 ~hei~ data i~ in App en dix A. 
A l~o , thei~ co~e i~ in ~he co~e ~hed by the Empi~e mine. Th e 
autho~ had i~ ~e-boxed whe~e neee~~a~y and ~tacked in ~equence ; 
the ~006 wa~ al~o pa~ehed and made wate~ tight. Th e m06~ inte~e~~ing 
d~ill hole~ we~e #7 and #9. Da~a no~ included in ~hi~ ~epo~t could 
po~~ibly be obtained 6~om one 06 the N e b ~a~ka "6a~me~ " owne~~. 
Bill High~'6 add~e~~ i~ a~ 60llow~ : 

M~ . William High~ 
1824 No~~h B~oadwell 
G~and I6 land , 
Ne b ~ a~ k a ( 6 8 80 1 ) 

Wh en N ewmon~ began explo~a~ionldevelopment in To mb~tone , they 
6o~med a company, the Tom b6tone Development Company . . A6te~ F~ed 
Sea~le~ di ed, N ewmon~ d~opped thei~ p~eciou~ metal p~ojeet~ 
(Tomb~~one and Gold6ield) and ~old ~he eompany to Bill High~ and 
va~iou~ othe~ 6~iend~ 06 Bill'~ (F~ank Gallup, J ohn Ne6elt, etc. ). 
They lea~ed it to 71 Mine~. Height, et. al., paid $160,000 60~ 
~he 90 odd claim~ , mo~~ 06 whieh a~e patented. Th ey would have 
taken an end-p~iee 06 $250,000 a~ ~he ~ime 06 the 71 Mine~al 
lea~e, but I eoul d not eonvienee my two pa~tne~6 to add tha~ 
to the lea6e. A6 i~ ~u~ned out, Hight, et. al., we~e paid mo~r 
than $250,000 in ~oyal~ie6 . 

Duval 6pent a ~ho~~ ~ime in Tom b6tone. Th ei~ data i~ included 
in ~he Appendix. 

ASARCO d~illed a~ lea6t th~ee deep hole~ ~n the b~eeeia pipe a~ea 
no~~h 06 ~he Cha~l6ton Lead Mine. The hole6 we~e be~ween 4-5,000 
6eet deep and in~e~6ected weak eO)Jpe~ mine~ali z ation . ./ _, ' ' 

. I, 
I , • 
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RECENT ACTIV ITIES 

71 M-i.Yl.e.lLat.6 wa.6 60 ,~LI)1(?_ d by the. alLtholL to pILOC.e..6.6 the. dump.6 at 
Tomb.6toYl.e. . A ILe.c.c. nt d-i..6c.u.6.6-i.oYl. 06 the. ope.flat-i.oYl. -i..6 60und -i.n 
the. bac.lz " poc.k.e.t" . At.6o, the. authofl wa.6 Ve.fly -i.nte.fle..6te.d to 
c.onduc.t e.xptoflat-i.oYl. -i.n the. whote. V-i..6tfl-i.C.t, but th-i..6 ac.t-i.v-i.ty 
wa.6 fle..6tfl-i.C.te.d by the authofl'.6 othe.fl pafltne.fl.6 who We.fle. onty 
-i.YI. the. l-i.m-i.te.d pafl.tne.fl.6h-i.p bU.6-i.ne..6.6 and not 6am-i.t-i.aIL w-i.th m-i.l1-i.ng. 
Howeve.IL , a.6 a fle..6utt , c.on.6-i.de.flabte. k.M owle.dge. wa.6 gte.ane.d w-i.th 
the. t-i.m-i.te.d e.xptoflat-i.on c.onduc.te.d by the. authofl and .60~e. Ve.fly 
pfle..6t-i.g-i.oU.6 9e.ot09-i..6t.6. 

ImpOfltant e.xploflat-i.on c.onduc.te.d by 71 M-i.ne.ILat.6 We.fle. a.6 60ltow.6: 

1. Veta-i.te. d litholog-i.c. , alte.ILat-i.on, and .6tfluc.tuflat mapp-i.ng 
06 the Mih.6Y and Fox c.la-i.m.6 . 

2. Und e.flgILolLJld exam-i.nat-i.on 06 a taflge. Iwmbe.fl 06 wOflk.il'tg.6 
-i.n the. V-i..!:Jtfl -i.C.t . 

3 . VIL-i.tt-i.ng -i.n the. Toughnut-Empifle.-Sk.-i.p Sha6t-Tflanqu-i.tity 
afle.a(.6haltow fl e. ve.fl.6e.-c.-i.flc.ulation) . 

4 . Mapping and dflitt-i.l1g -i.n the. Robbe.lL.6 ROO.6t bflec.c.-i.a p-<.pe. 
afle.a on the Chaflt.6 ton fload . 

5. Mapp-i.ng and .6ampt-i.ng (b ac.k.-hoe. and doz e.lL ) 06 the. V-i..6t flic.t 
a.6 a whole.. 

6. Vflitt-i.ng and .6ampt-i.ng on TMR c.ta-i.m.6. 

Pe. flhap.6 the. gILe.ate..6t advantage. 06 the. above. e.xptolLat-i.on -i..6 the. 
-i.nt-i.mate. k.nowledge. gaine.d about the V-i..6tIL-i.C.t by Me..6.6IL.6. BIL-i..6C.Oe., 
Spe.afl, and Hewtett. Th-i..6 -i..6 to .6 ay that "V-i..6tILic.t k.nowtedge. " -i..6 
an e.xtpoflat-i.on 6ac.tolL that -i..6 a fle.qu-i..6-i.te 60IL .6uc.c.e..6.66ut d-i..6c.ov e.IL Y · 

The. fle.6utt.6 06 the. 71 Mine.ILat.6 e.xptOILation will be. di.6c.u.6.6ed 011 

an -i.ndiv-i.duat m; lle. ba.6i.6 in the. 6utuILe. potentiat .6e.c.tion. 

Th e.ILe.60ILe. , anothe.1L a.6.6et witt be di.6c.u.6.6ed in de.t a-i.t-the. heap 
at Tomb.6tone. wh;c.h c.an be ILe.-pILoc.e.6.6e.d. 
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Ex~en~ive ~ampling wa~ conduc~ed on eve~y dump in the Vi~~~ict. Thi~ 
wa~ done wi~h back - hoe ~~enche~. Chan nel ~ample~ we~e taken in 
in~e~\1al~ not to ex c e ed 20 6 e et; ~ ample inte~\lal~ co n 6 o~m ed with 
change~ ~n the natu~e 06 the dump mate~ial. Sc~een analy~e~ w e~e 
made and it wa~ 60und ~hat even though ~c~eening up-g~aded the 
o~e , i~ wa~ ~~ill econom~c ~o take ~he enti~e dump with out 
~c~eening . An analy~i~ 06 c~u~hing wa~ conduc~ed by ~he au~ho~ 
a~ the ~ame time, and it wa~ concluded that C !1.Jl..~i1.iilfL __ '02.o._u...£d. about 
b~ e ak - e v en a~ tho ~ e lowek. p~ec-\-_Q_J,l,L __ 1Jl~ ::-ptLi.ce~ , ( c ompa~ed wi~h 
p~e~p~:C ce~ J, e~pec..[ally becau~e ~ had not been develop ed 
by ~he autho~ at tha~ ~ime. Th e~e60~e, at tha~ ~ime, c~u~hing 
libetLat ed a g~ea~ deal 06 value~, but ~he 6ine~ c~ea~ed tLeduced 
~he p~ecola~ion and hence the ~ecove~y, loo~ing eve~ything gained 
by c~u~hing. 

EmpitLe 
T tLa 11 q uili~if 
T oughn u~ 
S~. 06 Maine 
Con~en~ion 
Lucfly Cu~~ 
Eme~ald 
He~~chel 
rnge~~ol 
Old GuatLd 
Li~tl e Joe 
SulphutLet 
Silve~ T h~ead 
Bunfle~ Hill 
Bo~~ 
Come~ 

Ve6ence 
OtLegon 
PtLom:te~ 
Ra~~le~nake 
Silve~ Plume 
We~:t Side 
G~and Cen~~al 
Telephone 
Y.f~hwe~:t , 

~ J \ 

).. ' \ '\ 
'\ ' 

-\' 

Tonnage 

45,000 
45 ,000 
50,000 
15,000 

230 ,000 
55,000 
70,000 
13,185 
14, 646 
11,413 
20,000 

6, 000 
16,000 
38,000 

5, 000 
3 0,000 
26,000 
15,000 

4, 000 
5, 000 

25 ,000 
60,000 

100,000 
5, 000 
6, 000 

910,244 

TOMBSTONE VUMP ASSAYS 

Au* 

.044 

.058 

.029 

.006 
· 051 
· 039 
· 015 
· 025 
· 041 
· 02 1 
· 051 
.043 
· 030 
· 02 1 
· 037 
.030 
· 025 
.003 
.005 
• 010 
· 0 1 4 
• 019 
.05{) 
.027 
.037 

.037 

~ 

1 . 67 
1 • 92 
2 • 8 2 
3 . 35 
1 . 60 
3. 35 
3. 67 
3. 1 7 
4 . 0 1 
2 . 6 8 
2 • 23 
1 • 05 
2 . 2 2 
3.39 
2. 39 
1 . 56 
2 . 01 
4. 17 
3.63 
2 • 80 
7 • 03 
7 .62 
2. 05 
1 . 98 
1 • 75 

2 • 2 6 

Pb** Cu**Zn** Mo** 

. 78 

.99 

. 50 

.50 
1 . 04 
1 . 1 2 

.30 
· 32 
· 30 
.03 
· 3 1 
.65 

1 . 25 
.46 
· 19 

, .39 
.71 
· 80 
.58 
· 2 1 
.59 

1 . 1 9 

.07 

.09 

.05 

.03 

.07 

.28 

.07 

.04 

.04 

. 0 1 

.03 

.03 

.19 

.09 

.03 

.03 

.14 

.07 

.03 

.05 

. 0 7 

.01 5 

.008 

.009 

.40 .001 

.76.001 
· 01 5 

1 . 4 4 .00 1 
.54 
. 0 7 • 00' 7 
.18.005 

· 006 
2.00 .0 05 

.4 5 
· 001 

1 • 2 7 

.006 

.006 
.16.001 

*=~.oz./ ~o n 
**=%/~on 

Mn** 

. 58 

7 . 95 
6.90 
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TOMBSTONE DETAILED COST ESTIMATE 

Following are the details of the cost estimates discussed by cost item 
determined February 11 through 21, 1979. 

------------------------------Power Hook-Up 

Arizona Public Service provides the power. Contacted were: 
Dave (Bisbee) ~32-2281 
Max Bishop ~32-2281 

I met with Dave on Wednesday and Max on Friday. Their estimated costs 
for the same service as 71 Minerals were: 

Plant 
$1800 

West Side 
$600 

The above estimate is approximately what 
provided we show good faith, longevity, 
statement for responsibility. 

they will formally quote, 
and a reasonable financial 

Therefore the estimated 
Plant 
"Test Side Pump 

Required is a letter to : 
~1r. Max Bi shop 

cost: 
$1800 

600 
$2~00 

Arizona Public Service 
P.O. Dr a wer J 
Bisbee, Arizona 85603 

A. Length of operation - 5 years 

B. Ho ur s pe r day 
1. West Side : 8 hours per day for first several weeks - then 

intermittant 
2. Plant: 8 hours per day for first three months then 16 

hours per day and three shifts in 6 months 

C. Da ys per week - 5 

D. Name and address of responsible party 

2. Electrical - General: 

A. Bill Magee - Tombstone; general wiring 

B. Pete Milword - Tombstone; Jimmy Hart's landlord - lives there 
- reported to be good 

C. Cochise Electric Sierra Vista; licensed contractor but 
more expensive than above. 
Estimated costs are $2,000 
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3. Pump Installation/Electrical 

Ralph Van Arsdale has arranged to c ome to Tombstone on March 2 and 3 due to his daughter's wedding. I talked with him (by phone) on Wednesday and he will go over each pump and make his recommendations concerning specific pumps, configurations, etc . 
Then electrical wiring will be required . 

Estimated costs are $1,000 . 

4. PVC Pipe Installation: 

A. Water line - West Side 

71 Minerals dug a back-hoe trench from the plant to the West Side and "s t run g" a 3 inc h PVC 1 in e . Th e Cit Y 0 f Tom b s ton e b 0 ugh t the pipe and removed it, but had to cut it for r emoval. I talked with Joe Perrodi on Friday and he thought the City may sell the pipe back, but on Saturday I talked with Tom Pitcher (457- 3497 ) who is the City Engineer and he said he needs the pipe. 

On Tu e s day I con t act e d : 

Carlson Brick 
36 70 E. Speedway 
Tucson, AZ (325-3369) 

Their price quote for 3 inch PVC (Schedule 40) was $74.66/100 foot and we need 2,000 feet, which they have in stock. We would also need 4 cans each of cle aner and PVC glue. 

I could not make a 
"Tombstone Serv ices" 
available . 

deal 
but 

with 
they 

Charley and Louise Escapule 
said they would make their 

for 
AA 

Therefore, I talked with Dusty Escapule concerning him laying the pipe. Dusty Escapule, P.O. Box 110 3 , Tombstone, AZ 85638 (457- 3429). My estimate is that it would take him and a helpe r 3 days and he would probably charge $6 + $4 per hour 

($10/hr)(8)(3 days) = $240 
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Back-hoe; cleaning 
Trench and dirt back 
over pipe 10 hrs ($25/hr) = $250 

Therefore the cost estimate is: 

Pipe (2,000 ft) ($75/ft) 
Cl eaner and Gl ue 
Pipe laying labor 
Back hoe 

B. Spray lin e s/manifolds 

$1500 
50 

240 
250 

$2lJIffi 

All necessary spray lines and manifolds are on the prope rty. 
Cost of moving and connecting lines are only labor, estimated 
at $100. 

5. Directional rainbirds: 
20 @ $4 = $80 
(Melnor - Yellow Front - Sierra Vista) 

6. Preg Pond: 
Minor work must be done to utilize the barren-precip pond betwe en 
the plant and the heap as our preg pond. This would also save 
much money in pumping from the old preg pond back to the heap. 

Est i mat e d Co s t : $ 1 0 0 
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7. Pad: 

An extension of the pad from the existing heap toward to pl ant 
must be made in order to initiate r e-processing of the hea p. 

An initial area of 100 feet by 400 has been selected. Desert dirt 
will be compacted into an impermeable pad 12 inches thick. 

Tonnage of pad material is: 

100' x 490' x l' = 2000 tons 
20 ft - /ton 

George Jewitt has a 20 ton dump truck and Dusty Escapule has a 10 
ton truck. 

I f I would have George Jewitt load and haul, it would t ake 100 
loads. The de sert dirt would come from south of the hea p of 250 0 
feet. 

Assume a mile round trip and an average of 10 MPH, or a cycle time 
o f 6 min ute s . Th ere for e, the r e qui red pad ma t e ria 1 co u 1 d b e 
hauled in about two days. 

George Jewitt is anxious for our tailings and dump ore to pro ce ss 
in his plant (100 TPD). If we would pay $1 per ton, then we would 
owe George Jewitt $2000 in tailings or-dump ore. 

Pad preparation with a blade would take one day. We could rent 
Bobby Cowen's blade for $25 per hour with Dusty Esc a pule 
operating. 

The operation sequence would be: 

A. Pad preparation - blade 

B. "Dirt" haulage; 
1. Initial 4 inch lift 

a. water with sprinklers 
b. compact with loaded trucks 

2. Next 4 inch lift 
a. water with sprinklers 
b. compaction 

~ . La s t 4 inc h 1 i f t 
a. water with sprinklers 
b. compactio n 

The cost summary is: 

Trucks and loader ............... . 
Labor (D. Escapule) ............. . 
4 days @ $50/day ................ . 
Bl ade ........................... . 
(6 hrs +4+4+4) 18 ($25/hr) ...... . 

Assume trade 

$200 

450 
$650 
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If caliche can be located, it will be worked into the pad material 
after each lift. Otherwise, lime can be used. 

• 8. 
Lc::boratory: 
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George Jewitt wants to make a deal which he has done to exchange 
lab work for tailings or dump ore. 

Eocene has a lab in town (Lucky Cuss Apts) end they have a AA (was 
in 71 Minerals plant), shakers, etc. 

Therefore, with the lab supplies and equipment I have, only minor 
supplies will be required. 

Esimated cost: $100 

9. Building: 

The "Gun Company" has the 71 Minerals plant building rented. We 
will need a small building for the plant. 

Estimated cost: $200 
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10. Plants: ..,.-/ 

To save plant costs,~ti~ill be used . 

Process Chemistry: 

A. NaCl - NaOCl System; 

1. Silver 

a. 

b. 

Ag 2 S + 40Cl- = 2 

AgCl + 3 Cl = Ag 

c. Recovery* 

AgCl+SO= 4+2Cl

Cl- 3 
4 

,-/00 

1. Silver tetrachloro complex preci pitated by Na 2S 

2. Silver tetrachloro complex changed to cyanide 
complex and then Na 2S or Zn precipitation or 
reduction 

2. Gold 

2 Au = C1 2 = 2 AuCl 

AuCl+ C1 2 + Cl = AuC1 4 

and AuCl + Cl- = AuCl- 2 

Recover y* 

1. Aurous chloride recovered on ion-exchange resins 

2. Aurous chloride changed to cyanide complex and 
recovered on ion-exchang e resins or zinc reduction 

B. Na2S20~ System; 

AgCl + Na 2S20 3 = Ag 2S 

Recover y* 

Recovered or powdered zinc without deaeration 

Each filter is a 

Costs are: 
4 filters @ $275 
Feeder 
Pipe (PVC) 
4 valves @ $150 
Labor 

50-65 GPM Hayward Filter, yielding over 200 GP~. 

$1100 
200 
100 
600 
200 

$2200 
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1 1. Tanks: 

Reagent tanks are required 

Estimated cost: $1000 

12. Crushing: 

Karl Ronstadt of New Pueblo Contractors and Dick Yagger met with 
me on ~ednesday. Following are their estimates: 

150 tons per hour crushing r ate 
Monthly rate; 

(1 shift - 24,000 tons/month) 

Rental (jaw rolls, elev ators/ 
conveyors 988 Lo ader 
Labor 16,000 
Misc. 4,000 

$40,000 

$20,000 

Therefore the cost would be from $1.67 to $2.00 per ton crush ed. 

Their estimated crushing rates are: 

Inch Opening TPH 
5/8 200 
1/2 150 - 100 

In general, in the r ang e down from 3/4 inch, you lose 100 TPH for 
e2ch 1/8 inch size reduction. 

It was further their estim ate that to come in and set-up they 
would need 1-1/2 months expenditures in ad va nce, or $60,000. 

,----In' general, they expressed doubt in whether a cash flow would 
result as I projected and I do not think they want to finance the 
costs themselves for a profits interest. ------In addition to the crushing operating costs plus set-up, th ere are 
the following costs (one shift basis) 

Cr ushi ng 
Rate -- ! f'~T"1 

25 TPH \ _ b~f' r L -' 

50 TPH j 
100 TPH 

150 TPH IJ.()O 

375 TPH yJ 1M :: ~oOJ/T PD 

* $1.50 per ton ore 
** 10fl/ton ore 

$ 

Weekly 
I PS* I PS** 
Cost Tons 

1,500 5 

3,000 1O 

6,000 20 

9,000 30 

22,500 75 

,/-,/1 ~ '.¥ ~ / ~, ;., '&" 

Ir;~~~ ,~ 
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To evaluate what is a reasonable initial crushing rate consider: 

A. Gross value/ton = $15 

B. No delay in precious metal payment 

C. IPS cost of $1.50/ton 

D. Gen cost $1. 50/ton 

Weekly 

Operating Costs Net Op. Profit 

Crushing Daily Weekly 
Rate/Hr Tons Tons Crushing Costs/Ton 

Gilbert Ronstadt 
Crushing Costs/Ton 
Gilbert Ronstadt 

25 

50 

100 

150 

375 

200 

400 

800 

1200 

1,000 

2,000 

4,000 

6,000 

3000 15,000 

$0.75 $2.00 $0.75 $2.00 

$ 3 ,750 

$7,500 

$15,000 

$22,500 

$56,250 

$5,000 $11,250 

$10,000 $22,500 

$20,000 $45,000 

$ 30,000 $67,500 

$75,000 $16 8 ,750 

$10,000 

$20,000 

$LIO,OOO 

$60, 000 

$150,000 

From the above, it is obv ious that a crushing rate over 50 tons per 7 

hour would cost too much for operating costs. 

Because it seems that Ronstadt's preliminary estimate is entirly too 
high - I contacted: 

Mr. J a c k Gi 1 b e r t 
A.J. Gilbert Construction Co. 
P . o. Bo x 5 28 8 
Bisbee, Arizona 
Office: 43 2-2078 
Home: 432-3946 

Mr. Jack Gilbert is going to make us a proposal within two wee ks. His 
comments were that his cost for crushing 1000 tons per day would be 
the same as crushing 3000 tons per day to 1/2 inch. A general comm ent 
was t hat the cos t s for the 3 ° ° ° ton s per day wo u 1 d be un d e r $. 07 5 per ) 
ton crushed. However, the previous table showing the capital 
requirements for a high crushing rate is to great at this time. It X 
would take at least six months to be ready for such a high crushing 
rate operating expense. 
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I am also getting an estimate from: 

Leonord Madd ux 
Mad dux Cr us h i n g 
Douglas , Arizona 
364-7564 

'-/03 

In the Tomb s t on e area, there are a number of smaller crush e rs 
cvailable: 

A. Ge orge Je wi t t 50 TPH Jaw 

B. TMR 50 TPH Jaw I 

(' "I -'I "\ , ...: I,/, 
50 TPH Co ne 

C . 7 1 Minerals 50 TPH Jaw 
70 TPH Cone 

D. Dusty Escapule 50 TPH Jaw 
70 TPH Cone 

George Jewitt paid $2800 for his 50 TPH Jaw Crusher and conveyors. 

Charl e y Es ca upule talked with c: fellow at Oc tave, Arizona who paid 
$5,000 for a 10 TPH Jaw and Cone Crusher with elevators/conveyors and 
a stc:cker . 

Th e be s t sol u ton see m s to bet 0 s tar t wit h Du sty Esc a p u 1 e and his 
equi pment : 

10 ton dump truck 
Back hoe - loader 
2 Jaw Crushers (25 & 50 TPH) - -, ,5 "1' ~ 
Conveyor belts 

His backhoe - loader has a capacity of 2 tons. By setting the crusher 
close to the NW corner of the he ap, a cycle time of 5 minut e s would 
result an d with a coarse ore bin with a hopper, the 2-ton loader could 
heap up with the crusher . 

The co s t o f using Dust y Esc ap ule ' s backhoe - loader and crusher would 
not e xceed $1 per ton crushed . / rJ 

_3? Cl 1r I ti.'''-' -,-{-
Note: Dust y estimated 40 tons/hr, which would be / ( J-.;! ~ ( ,i- F ( J 

($25/hr) = 
40 tonslhr 

L-' -' 

$ 0 . 6251 ton :; /,.. ') - ,,;, ) )fi ' ~ ~ f:, ' , / 
,V Ou: / . " , ~-' / " 

For the grizzly and "IPS" f ee de rs, I would estimate $1000 
I ~ • ./ ' l . " . / ' ~ , , 

. ~ t.l. ~ '~" " ~ / ... r ~ . /:' / .; 
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13. Chemicals: 

A. Lime, processed ($.021/#) 

• B • Lim e, h y d rat e d ($ O. 1 2/#) - Co p per S tat e s 

C. Lime, stack dust (65% CaO) ($14/ton + freight) - Paul Spur, 
Douglas 

• D. Cement ($0.04/#)-$3.75/94# - Grant Road Lumber 

E. Fly ash ($0.01)-$20/ton - Western Ash, Phoenix 

F. Diatamaceous Earth ($.101#) 

• G. Salt ($.005 - .16/#) 

H. NaOCl ($.90/gal) - Hill Chemical 

1. Na 2S20
3 

($0.18111) - Hill Chemical 

• J. NaCN ($0.44111)($0.56111) - Small Lots - McKesson 

K. Na 2 S ($0.195/11) 

L. Resin ($6.501# .... 100# ... $650) 

.e M. Powdered Zinc ($.68/#)($0.662/#) - Merrillite-McKesson 

• 

--
-_ 
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14. Insurance and Per formance Bond: 

Insurance - annual $3,000 

Per for man c e Bo n d (a n n u a 1 ) 

($101$1000) (150,000) = $1500 

Ljo5 
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RESINS 

Basic Parameters: SR-3 

A. Gold Loading; 
Resin capacity = 150 gr/l 
Resin density = 800 gr/l 

Ba si s : 1 
150 gr Au = 
800 gr Resin 

B. Resin 

18.75% by weight 

Cost; 
(3 .53 ft 3 ) (l) $SR-3 = $Pr~ce 

gr ft (100 1) (800 

Quantity Price 

gr) 

Price SR-3 
Gr 1/ 

Min. 50 ft 3 $200/ft 3 
$0.0088255 $4.003 

10-10 II $6.5011/ 

C. Igni tion Economics: 

Ba sis; 1 1 S R - 3 Re sin 

Gold Value (150 gr)(1/32)($250) = $1171.88 
Pounds Resin/l = 1.764 

Price SR-3 

$4/11 

6.50111 

Cost Resin/l 

$ 7.05 

11. 46 

D. SR-3 Summary Per Pound: 

1. Pr ice. . . . . . . . . .. $ 6.50 
2. Value Au loaded; 

$ V2lue Au 
$ Resin 

$166.22 

102.26 

$Au 
IISR- 3 

= (150 gr Au)(l SR-3)(453.6 gr). 
( 1 SR-3 )(800 gr)( 1/ ) 

($250 Au)(t. oz.) 
( t. oz )(32 gr.) 

= $664.45 

3. Au loaded; 

2.658 t. oz. 
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IOIiA.C SR-3 RESIN FOR 

NOBlE fUALS AND 
~ERruRY RECOVERY 

IonacSR-3 is a macroporous chelating resin which is highly selective for pre
cious metals such as gold and others of the platinum group as well as for 
mercury and methyl-mercury compounds. 

Other base metals such as iron, copper, lead, etc. do not react at all with 
this resin and do not interfere with the selective process. The noble metals 
are very strongly attached to the resin, yet their recovery presents no diffi
cUlty. 

APPLICATIONS 

Precious metals are comoletelvremoved from solutions containing them (from 
very high to extremely iow concentrations) on passing the solutions through a 
column of Ionac SR-3. 

Us~ of Ionac SR-3 is recommended for noble metal extraction from ores and 
wastes, the separation of noble from base metals, the recovery of spent 
catalysts, the concentration of very dilute solutions containing noble metals 
and the refining of noble metals. 

In addition, Ionac SR-3 is applicable to the removal of mercury (and methyl
mercury) compounds in pollution control. 

EXAHPLE 

One microgram of gold dissolved in one liter of slightly acidified water was 
completely recovered with the aid of Ionac SR-3. Furthermore, even after add-

.. • ing hundreds of milligrams of nickel and copper t~ the solution, precious 
metal recovery was complete to the exclusion of the other metals. 

Ionac SR-3 also quantitatively collects methyl mercury and inorganic mercury 
compounds. Both forms are collected from solutions of pH 1-9. 

.. TYPICAL C~~RACTERISTICS 

Physical Form: White, macroporous beads 
Suppli~d: Regenerated 
Nominal Mesh Range: -16 + 55 
Moisture Content: 45% - 55% 

.. Shipping Weight: 750-850 gil 

CAPACITIES 

Gold': 150 gil 
Platinum: 65 gil 
Palladium: 58 g/l 
Iridium: 25 g/l 
Mercury: 150 g/1 

• ·e 

• 
------------------~--- ----

12-14-76 
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GENERAL INSTRUCTIONS FOR USE 

1. The pH of the solution coming into contact with the resin should preferably 
be adjusted to between 0.5 and 2.5. 

2. Adsorption of noble metals or of mercury is carried out at room temperature 
using conventional ion exchange column techniques. Minimum bed depth should 
be 750 mm and the flow rate about 10-20 bed volumes per hour. 

3. The recovery of the noble metals from the resin is possible in two ways: 

4. 

3.1 Ignition -- Slowly roasting the exhausted resin in air at 900-1000° C. 
leaves the metal in a very pure metallic form. 

3.2 Elution Eluting immediately after adsorption with a 5% aqueous solu
tion of thiourea to which 5 ml/liter of HCl has been added 
yields a solution from which the metal can be recovered by 
reduction. When elution is applied, the resin can be re
used for many cycles. 

The elution of the mercury can be also accomplished by treating the resin 
with 4% sodium sulfide at a level of 200 g Na2S per liter of resin. 

Following the elution, it is necessary 'to regenerate the resin by treatment 
with 10% hydrochloric acid at a level of 100 g HCl per liter of resin. 

12-14-76 
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SYBRON' 

Mr. Richard F. Hewlett 
HEWLETT MANAGEMENT 
730 Royal Crest Circle S. 
Apa rtment 438 
Las Vegas, Nevada 89109 

Dear Mr. Hewlett, 

J u 1 y 24, 1 978 

In regards to your letter of July 10, I am sending to you under separate 
cover samples of Ionac SR-3 and ASB-1. For precious metal recovery, Ionac 
SR-3 is primarily used in solutions with a pH of 1 to 9, while Ionac ASB-l 
is suited for more alkaline waters . 

In terms of pricing, the minimum order for Ionac SR-3 is 50 cu.ft. at 
$200 a cu.ft. Shipment is FOB Birmingham, New Jersey. Availability is 
8 to 10 weeks if the material is not in stock. For sample quantities 
of 10 to 100 lbs., the price is $6.50 per pound. The price for Ionac 
ASB-l is $116.65 per cu.ft. 

For recovering of the precious metals, the most efficient method has 
been to burn the resin. I have enclosed bulletins on both these resins 
and if we can be of any further assistance, please contact us again. 

DTT/ sek 
Enc. 

Sincerely, 

/L~ //d .. __ :J_J, .. }} ~L l L.. 

Dwight T. Tamaki 
Assistant Product Manager, 
Ion Exchange 

lonac Chemical Company/Division of Sybron Corporat ion/Birmingham, N,J, 08011/609-894 -82 11 Telex 843407 
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Categolty 

Powelt 

Watelt Line 

PVC Fitting/) 

Spltay/) 

Plteg Pond 

Lab 

BuLl ding 

Plant 

Tank 

C h emi c.al/) 

Moving 

Labolt 

Management 

066ic.e 

Mil:i c.. 

TOMBSTONE 
Immediate Expen/)e/) 

Ac.tivity 

APS Hook-Up(Vepo/)it); 
We/)t Side Watelt Pump 
Old '71 Min. Plant 
066ic.e 

Box & Metelt Loop 
Elec.tltic.ian 

Cable 
Switc.he/) & Elec.. Mi/)c.. 

Pump pannel/In/)tallation 

3-inc.h PVC;3,000 6eet 
In/)tallation 

Tee/), Mani601d/), etc.. 

Viltec.tional Itainbiltd/) 

Linelt & labolt 

Quote 

$ 800 
2,400 

50 
/ -- '_ r 

2,250 
300 

E/)timate 

$ 600 
500 

1 , 000 
500 

1 , 000 

100 

80 

100 

Chemic.al/) 100 

Tltailelt(40X8' )-2 month/) + $215 
Monthly ltent=$135 500 

4-50 GPM 6iltelt/ltec.ovelty unit/) 

1350 gallon 

Staltt-Up /)olvent/) & Iteagent/) 

Lab equipment & o66ic.e 

Leac.hing & c.ltu/)hing 

350 

RF Hewlett, et.al. Sal/Expen/)e/) 

Repoltt/) & /)uPPOltt 

Pltoc.e/)/)ing, 6lteight, etc.. 
6.650 

Total= $25,000 

2,500 

2,432 

1 , 500 

2,000 

4,000 

900 

1,038 
18,350 
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_ TOMBSTONE 

Sta~t-Ue Chemieal~ 

• 
Name Quantity Unit P~iee Total P~iee 

e SR-3 Re~in 

• (10 n- Exehang e) 100 # $ 6.50/# $ 650 

Lime-Paul SpuJr. 20 ton1J $14/ton 280 
P~oee~~ ed (CaO) Haul .. $25/h~ 100 _ 
Sodium Hypoehlo~ite 

• (NaOCl-14% ~oln.) 5-55 gal. bbl. $0.90/gal 248 

Sodium eyanide 
(NaCN) 1000 # $0.5615/# 562 

Sodium 1Jul6ide 

• (Na 2S) 400 # $0.248/# 99 

Zine du~t 
(Me~~illite) 300 # $0.662/# 199 

.- Sodium thio~ul6ate 
$0.246/# (Na2S20r5 H2 O) 300 # 74 

$ 2, 2 11 

• 

.-

.-
• _ 
• 
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e TOMBSTONE 

P~oce~~ Chemi~t~y • 
Recove~y Method 

e Activity Solvent Reagent Ag Au. 

• A. Sp~ay Side (1) Na
C

S 203 None Powd. Zn Na2S 
Slope~ (2 ) Na N Lime Na2S Re~in 

e B. C ~ u.~ h & Lea c h 
No. Ramp ( 1 ) Na 2S203 None Powd. Zn Na 2S 

(2 ) CN Lime Na2S Re~in • 
C. C~u.~h & Leach ( 1 ) NaCl NaOCl Na 2S Re~.i..n 

Heap (2 ) CN Lime Na2S Re~.i..n 
(Low-Mn) 

v. C~u.~ h & Leach ( 1 ) NaCl NaOCl Na S Re~.i..n • Heap (2 ) Na 2S203 Po&d. Zn Na2S 
(H.i..gh-Mn) (3 ) CN L.i..me Na2S Re~.i..n 

.e 

• 

·e 

• e 
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PATENTED MINES 
OF 

TOMBSTONE DEVELOPMENT COMPANY 
IN 

TOMBSTONE MINNING DISTRICT 

.c=::==-/ 77 
~ :z: 

'0"",,-

e 
• • 

1)1. tilJllri 
D 'Z' 
F · Z 

;~ ". 
J~ 

/ " :::/. : . . • •• , ::.' ••••• J~ • • : " J~ j:/ 
I ~""".":"· ' t ... ;' / 

/ .. !~ ... ~ ........ .:.r.r. ; / 
~ I .,. 'f~ 

"f ~ ........... ,\ t ........... 
of 

e e 
• • 

Seal. : I" = 500' 
CHown by ~ Tom Pi rcher 
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North Ramp and 71 Hinerals Plant 

North Ramp showing "ripped & dozed" section 
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TOMBSTONE 

AplL-il 70, 7979 

Follow-ing aILe a hummalLy 06 the valLiouh a~tiv-itieh and the-i1L htatuh 
-in the Tombhtone Heap L~a~h-ing OpelLation. 

Leah e 

The leahe mUht be h-igned velLy hoon, ah laht FIL-iday I lLe~ieved 
anothelL ~all nlLOm B-ill H-ight wanting a ~opy on the hignatulLe 
page and 6iILht page. He alho wanted to know what the opelLation 
wah to be ~alled. . 

AlhO, the advan~ed m-in-imum 1L0yalty on $7,500/month htalLth on 
May 7;-it mu~t be pa-id plLomptly. 

PlLe~-iou~ Metal Saleh 

MIL. Tom S~hlohh ih wOlLking on who we will be buying OUIL gold 
and hilvelL. We expe~t thih lLepolLt hoon. 

P ILO du~t--in- fdnd 

MIL. S~hlohh -ih alho wOlLking on th-ih mattelL and will be lLepolLt-ing 
on th-ih hoon-~oupled w-ith a v-ih-it to GlLand Ihland. 

I nh ulLan~e 

PlLehently we have ~ovelLage thlLough Jim BIL-ih~oe'h poliQy that ~ovelLh 
h-im and h-ih hta66 on any plLopelLty that they aILe wOlLk-ing;explolLat-ion 
-ih ~ovelLed w-ith h-ih pol-i~y. It plLov-ideh 601L $500,000 bodily -injulLy 
and $700,000 nOll plLopelLty damage. I have in~lLeahed the plLopelLty 
damage pOlLtion to $500,000 nOll an annual nee on $753(hee en~lohed 
lettelL that 60lloWh). 

77 M-inelLalh Building 

No plLoglLehh ~an be made ~n o~~upy-ing the old 77 M-inelLalh bu-ilding 
unt-ill pelLhaph Auguht. 

Land Statuh 

No money hah been budgeted nOll leahe paymenth to the State 06 
AlLizona. We ~ould have leahed pOlLt-ionh on thlLee he~tionh, but 
$2/a~lLe wah lLequ-ilLed, OIL ovelL $7900 plUh a hUIL-ity bond. 
The plLo~eedulLe that w-ill be nollowed unt-ill the lea~hing plLodu~eh 
~ ~ahh nlow -ih to keep apply-ing nOll a pelLm-it and hope homeone 
elhe doeh not get the leaheh. 
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~ i 'ril\ 2 4 1979 

March 23, 1979 

Mr. Richard Hewlitt 

Tucson Realty & Trust C'o. 
Allan A. Dochtermann 

Assistant Vice President 

Southwestern Exploration Associates, Inc. 
4500 East Speedway, Suite 14 
Tucson, Arizona 85712 

Dick: 

To follow-up our phone conversation, the cost, on an annual basis, to 
increase the Property Damage portion of your General Liability Policy 
from the present limit of $100,000 to alternate limits of $250,000 or 
$500,000 would be $71.00 or $153.00 respectively. This, of course, is 
based on the salary estimations presently showing on the policy. 

In addition, per Jim's letter of March 6, 1979 regarding a Performance 
Bond on your Tombstone properties, I explained to Chris that as far as we 
can tell after discussing this with several companies, a Performance Bond 
would not be the answer to your problems and indeed, a Performance Bond 
would not cover your liability. Instead a personal financial guarnaty is 
what they are in fact looking for. 

Please let me know at your convenience the limits of liability you wish to 
carry. 

Thanks, 

tZV~ 
Allan 
Assistant Vice President 
AAD:jo 

REAlTO R 

Insurance I Real Estate I Property Management I Risk Management I Mortgages .. ,"Since Territorial Days" 

20 South Stone Avenue I Post Office Box 990 I Tucson, Arizona 85702 I Telephone 602-624-0451 

a 7/ ::-
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Gove~nmental Requ~~ement~ 

Conta~ted ~on~e~n~ng ou~ heap lea~h~ng a~t~v~t~e~ at Tomb~tone 
a~e the 60llow~ng: 

1. M~. R. E. R~ley 
Sub V~~t~~~t Mg~. 
M.S.H.A., VOL 
2721 No. Cent~al Ave. 
Su~te 900 
Phoen~x., AZ (85004) 

Telephone: 261-3232 

2. 066~~e 06 the State M~ne In~pe~to~ 
7th Floo~ 
New Cap~tal Bu~ld~ng 
1700 W. Wa~h~n9ton Telephone: 255-5971 
Phoen~x., AZ (85007) 

3. Ron Holly 
Edu~at~on & T~a~n~ng 
M.S.H.A., VOL 
500 Vate St~eet 
Boulde~ C~ty, 
Nevada (89005) 

Telephone: 702-293-1033 

Follow~ng ~~ a lette~ to M.S.H.A . 
Al~o en~lo~ed ~~ the ~o~~e~ponden~e ~on~e~n~ng p~ev~ou~ lea~h~n9 
w~th ~od~um th~0~ul6ate. Foiiowing the Hypo ~o~~e¢ponden~e a~e 
the M.S.H.A. ~equ~~ement~. 

Powe~ 

The wate~-pump ha~ been ~onne~ted 60~ ~ome t~me, and ~e~ently APS 
~onne~ted ou~ th~ee-pha~e 440 V. ~e~v~~e. We pu~~ha~ed a 3 KVA 
t~an~60~me~(440 V. to 220). Th~~ ~~ adaquate 60~ ou~ 2-2 ho~~epowe~ 
pump~, but not any la~ge~ pump~. The w~~~ng ha~ been ~ompleted 
and all th~ee box.e~ ~n~talled. The pump~ u~e 220 V. ~~n9le pha~e 
and have been ope~at~n9 ~~n~e la~t Thu~~day. 

Wate~ L~ne 

The wate~ l~ne wa~ ~ompleted a weeQ ago and the pond 6~lled w~th 
wate~. The ~ubme~~~ble pump develp~ a d~~~ha~ge 06 50 gallon~ 
pe~ m~nute~2800 6eet 6~om the We~t S~de ~ha6t. The pond wa~ 6~lled 
~n 5 hou~~ and th~~ ~e~ulted ~n 15,000 gallon~ o~ 62.5 ton~ 06 wate~ 
60~ ~p~ay~ng. 
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Consultants in: 

- Hydrometallurgical recovery 
DivIsion of 

Southwestern Exploration Associates 
• Heap and conventional leaching 
• Precious and base metals 
• llrllnium/Yanadium 

4500 E. Speedway, Suite 14 
Tucson , Arizona 85712 

(602) 795-6097 • _~sten 
.\' "fldwide Mobilization 

Richard F. Hewlett 
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Vice President and General Manager 
Chemical Engineer 

S.E.A. Hydromet, Inc. 

MI!.. R. E. Rl..le.y 
Sub Vl..~tl!.l..ct Mgl!.. 
M.S.H.A., VOL 
2721 No. Ce.ntl!.al Ave.. 
Sul..te. 900 
Phoe.nl..x, AZ (85004) 

Ve.al!. MI!.. Rl..ley: 

Apl!.Lt 5, 1979 

Mining Engineer 

1 calle.d today and wa~ dl..l!.e.cte.d to MI!.. Twe.ety on yoUI!. onnl..ce.. 
T.he. pUl!.po~e. on my call l..~ to l..nnOl!.m youl!. onnl..ce. On OUI!. l..nte.nt 
to conduct heap le.achl..ng l..n the. nutul!.e. at Tomb~tone., AI!.l..zona. 

PI!.e.~e.ntly, we. al!.e. pl!.e.pal!.l..ng to conduct te.~t~ on the. ~ame. le.achl..ng 
nacl..ll..ty that '71 Ml..ne.l!.al~ u~e.d nol!. many ye.a~~. We would u~e. the. 
~ame. pad and pond ~y~te.m and the. ~ame. monl..tol!.l..ng pl!.ocee.dul!.e.. ~ 

1cr11N~~ \"~~'l.', . Howe.ve.l!., we. wl..ll not be. u~l..n9 cyanl..de.. We. wl..ll be. te.~tl..n9 on a ~#' 
ve.l!.y ~mall ~cale. the. u~e. On ~odl..um thl..o~ulnate.(Na2S203·5H20J, 
whJ..ch l..~ al~o known a~ phot09I!.aphe.l!.~ Hypo. You may I!.ecal.e. that 
we. e.xpel!.l..me.nte.d on the. u~e. on hypo nol!. le.achl..ng unde.l!.gl!.ound l..n ~ 
1976. MI!.. W~ll~am H. Shane.1!. on the. BUI!.e.au on Wate.1!. Quall..ty Contl!.ol, 
AI!.l..zona Ve.pal!.tme.nt On He.alth Se.l!.vl..ce.~ ~pe.nt con~l..de.l!.able. tl..me. 
e.valuatl..ng the. toxl..c(OI!. non-toxl..cJ quall..tl..e~ On Hypo and nl..nally 
came. to the. nollowl..ng conclu~l..on: 

"Shane.1!. ~al..d labol!.atol!.Y te.~t~ ~how a pel!.~on would have. to . 
dl!.l..nk at one. tl..me. 300 9allon~ 06 Hypo at the. pl!.opo~ed 
conce.ntJi.atl..on nol!. the. ~olutl..on to be toxl..c". 

(Se.e. e.nelo~e.d ne.w~pape.1!. cll..ppl..ng). 

Howeve.l!., we. wl..ll not u~e. a~ hl..gh a conce.ntl!.atl..on On Hypo a~ he.pol!.ted 
l..n the. Tomb~tone Epl..taph. We. wl..ll be. u~l..ng unde.1!. one. pound pe.1!. ton 
06 holutl..on, Ol!. .05%. 
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1 have been told that '71 MineILal.6 "killed the c.yanide" in the 
heap with .6odium hypoc.hlolLite. A.6 a pILec.aution, we will add molLe 
.6odium hypoc.hlolLite to be .6UILe that we do not have any c.yanide 
in oulL c.iILc.ulating .6olution.6. 1 will c.hec.k nOlL c.yanide c.ontent 
with the .6tandaILd .6ilveIL nitILate and pota.6.6ium iodide titILation. 
HowevelL, I ILealize that .6ome c.yanide will be ~ detec.ted by 
titJtation that will not be nILee OIL available eyanide;it i.6 c.ombined 
wi~h c.oppeJt and wi~h zinc. a.6 zinc.ate.6. In 1 have any doub~.6 
c.onc.eJtning the c.yanide c.onc.entlLation, 1 will have a "nJtee c.yanide" 
de~eILmina~ion made by the di.6tillation me~hod. 

OuJt initial te.6t.6 will be made with wateJt in oJtdeJt to obtain a 
"wateJt-.6olution balanc.e" to make .6uJte that the pond.6 and pad 
do not leak. 1 will innoJtm youJt onnic.e on the Jte.6ult.6 on oulL 
te.6t.6 a.6 .6oon a.6 they aILe c.ompleted. : 

I have c.ontac.ted MJt. Ron Holly'h 066ic.e c.onc.eJtning the JtequiILed 
tJtaining oulL employee'.6 will ILec.ieve. He will 60JtwaJtd in6oILmation 
c.onc.elLning the tJtaining peILiod and c.oulLhe 06 in.6tILUc.tion. 

1 would appILec.iate Jtec.~iving any othelL in6oILmation OIL advihe 
c.onc.elLning vaJtiou.6 ILegulationh Jtelated to heap leac.hing. 

Thank you 60IL youJt help in thih matteJt. 

Sinc.eILely youJt.6, 

Ric.haJtd F. Hewlett 
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RtCHARD F. HEWLETT 
President 

NANNINI'S FINANCIAL CENTER 
7110 NORTH ORACLE ROAD, SUITE 213 
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Mr. William H. Shafer 
Manager, Monitoring Section 
Bureau of Water Quality Control 
Arizona Department of Health Services 
Phoenix, Arizona 85007 

Dear Mr. Shafer, 

602 / 297-2566 

July 8, 1976 

The following is a progress report on our preparation for our 
"water balancing" test: 

A. Our leaching test area is in the Upper Bisbee formation · 
in interbedded limestone and shales (see figure 1). Our 
test zone in the Toughnut Incline is in the Blue Limestone 
member. This member was exposed on the surface and con
tained high grade zones within the dipping limestone 
member (see figure 2). The ore zone is on the flanks of 
an anticline and therefore dips about 35

0 
to 45

0 
(see 

figure 3). The proximity of the test zone in the folding 
is shown in figure 4. Notice the shale-limestone-nova
culite interbedding. This is also seen in figure 5. 
Figure 5 shows the blue limestone area underlain by 
novaculite which is very competent. 

The area of interest has been thoroughly mapped for geological 
fractures (see figure 6). Notice that no fractures have been 
found in our test area. Another interesting feature in the Tough
nut area is that the last pulse of mineralization was calcite 
filling fractures. 

B. Water Sampling: See the following report by Ed Speer. 

c. Hypo-reaction products: 
Samples of the hypo solution after leaching the gob have 
been subffiitted to the State Health Department as well as 
fresh water from the West Side shaft, that is presently 
flooding 300 vertical feet of gob (that is below the 
water table). Fresh water has also been furnished and has 
been circulated in dry gob for one week. 
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Mr. Shafer 

D. Water Leaching Test Area: 
Figure 7 shows a.generalized cross-section of the gob area 
and the lower test area. Our collection site has been 
selected at the end of a stope in a drif~we have sealed 
(see figure 8). 

E. Solution Collection System: 
Two drifts that end have been selected as primary collec
tions and overflow storage. These drifts are shown in 
figure 9. Water has been allowed to flood the drift to 
a depth of six inches and it is completely sealed with 
the combination of competent rock and fines (thiS is what 
is expected in the gob area). However, the collection 
and overflow ponds have been lined with bentonite, and 
then a plastic liner. The plastic liner is held back 
from the ribs by cardboard. A dam has been constructed 
to trap all the solutions further down the drift to the 
West Side in case both dams would fail, so that no solutions 
would get to the ground water table. 

F. Test Area: 
Figure 10 shows a plan map of the gob in the incline and 
our test area at the lower end. Our initial test area 
contains 715 tons of gob and drains through a raize 
directly into our collection pond. This is a closed 
system and we can monitor for any solution leaks under 
the gob area in our drifts on the 300 level. Use of dye 
would also indicate where we would be leaking and these 
fractures would be sealed. However, we have found no 
fractures that could cause any leaking. We are presently 
applying a very small amount of water to allow the fines 
to seal any microfractures that didn't show in the back. 

G. ''Water Balancing Moni tor" 
We have 3 flowmeters that will tightly control the water 
balance that is necessary to be sure of no leaks in the 
system (see figure 11). The flowmeters are positioned 
as follows: 

1. Flow (volume) of fresh make-up water from West Side 
2. Flow (volume) of spray solution (water) 
3. Flow (volume) of solution (water) to the plant 

Our "hypo" leaching test results show a relatively rapid 
leaching rate; so we will send the pregnant solution to 
the plant very soon after it flows into the collection 
pond, and this will accomplish two things: 

1. Greatly reduce any danger of losing some preg
nant hypo; 

430 
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2. Greatly reduce the storage requirements under
ground. 

Specifically for 715 tons of gob we will need: 

1. 10 per cent in. wetting the gob or715 tons (this 
will remain in the gob .for inventory); 

2. One ton of water pe~ 50 tons of gob or 14.3 tons 
to be circulat e d per day. 

This is a total requirement of . water of about 20 tons. 

H. Eventual Hypo Leaching: 
After the "water balance" has proven we are not losing any 
solutions, we would propose to add hypo as follows: 

1. Initial circulation would be at a hypo concentration 
of one pound hypo per ton of water. 

2. First returns will be assayed for gold and silver and 
the hypo concentration will be determined by titration. 
Additional hypo will be added to maintain one pound 
per ton until the gold anQ silver values are high 
enough to start sending to the plant. 

3. Then the hypo strength will be gradually increased to 
determine if additional gold and silver is recorded. 
Our test results indicate that in about two weeks, 
all "hypo recoverable" gold and silver would be 
leached and at that time we would stop leaching in 
that area. 

During the two weeks of hypo leaching, we will collect ground 
water samples on a weekly basis and submit the water for analysis 
through the Inspection Committee. After our leaching, two weeks, 
we ~ill request another inspection to fully assess the hypo leaching 
underground. 

Sincerely yours, 

Richard F. Hewlett 

Lf-:5 I 



RICHARD F. HEWLETT 
President . 

NANNINI'S FINANCIAL CENTER . 
7110 NORTH ORACLE ROAD, SUITE 213 
TuCSON, ARIzoNA 85704 
602/297-2566 
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Memo 

To: R. F. Hewlett 

Subject: Water sampling-Tombstone Area 

Ed Speer From: 

Date: June 2, 1976 

The enclosed map shows sites where water samples were collected by 
myself, Jerry Doherty, and Frank Mikan on June 1, 1976. The samples 
were submitted to the state Health Department in Phoenix by rrrYself on 
June 2,1976. The sample descriotions are as follows: 

A. Tombstone City Hater Well at schobl house 
B. Tombstone City Water Well along Walnut Gulch 
C. Water - table at West Side Shaft -
D. Water table in Girard Stope ( Sulphuret incline) 
E. Percher Water table on 900d tnough incline 

The city water well at the school house is approximately 1000 feet 
northeast of the leach site, while the well on Walnut Gulch is about 
1 1/4 miles to the northeast. The sample from the westside shaft is 
from the ater table approximately 1500 feet southwest of the leach site. 
A sample was collected only 350-400 feet north of the leach site from a 
perched water table near the Good Enough incline. The last sample was 
collected from the water table in the Girard stope near the bottom of the 
Sulphuret incline and approximately 500 feet southeast of the leach site. 

These sample sites should give adequate control for our water monitoring 
program. Fluorescein dye is on hand and will be used to trace any move
ment of water away from the leach site. Of course analysis of the water 
samples will establish any pollution caused by the leaching. 

Ed Speer 
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l'1ay 4, 1976 

I·ir. Bert C. Romero 
State Mine Inspector 
70S West Wing 
State Capitol Building ' 
Phoenix, AZ 85007 

RE: 71 Minerals - underground 
leaching operations -
Toughnut 1'1ine 

Dear Hr. Romero: 

The Bureau of Water Quality Control has reviewed the proposal for the 
underground application of sodium thiosulfate, hypo, or sodium hyposulfite 
and finds the following: 

1. That sodium thiosulfate at the proposed concentrations Or as might 
reach a groundHater supply is not considered to be toxi 'c in and of 

2. 

s. 

itself; 
. -~ 

That there is a significant difference in the assessment of potential 
groundHater pollution as made by 71 Minerals and this Bureau. 71 
l:inerals as s erts that pollution potential is very low and that Hater 
recovery te s ts will verify this position. The nature of sodium 
thiosulfate an!] the selectivity of its action are also cited ~s . reasons -
for 10\01 pollutioil potential. The Bureau of Hater Quality Control . 
asserts that the~posed operation is very risky and that potential 
for groUndto1ater i>ollution is high. Extensive flooding of existing . 
mining shafts coupled with highly-fractured geologic strata ~ke it 
almost certain~hat any leakage from the leaching operation will have 

. direct aCcess to the groundwater supply. The Bureau concedes t~ 
\o1ater recovery testing may indicate that leaching operations can be 
successful if prOEcrly supervised; 

. 3. That the Bureau of '~ater Quali ty Control does not have adequate staff 
to supervise the leaching operations to insure that contamination 
of groundHater supplies can not occur, 

That contamination of the grounduater supply \nll more likely be the 
result of reaction products rather than from sodium thiosulfate in 

. its original form; 

State Health Building 1740 West Adams Street Phoen ix, Arizona 85007 
' 0 
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Mr. Bert C. Romero 
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Page two 

.e .. 5. 

+. 6. 

~. 7. 

~ . 

That the quality of the sodium thiosulfate solution and water 
after passing through the leaching zone are not known; 

That it is not possible to estimate the impact on groundwater supplies 
with available existing data; 

That water levels in the Toughnut mine, Westside mine, Silverthread 
mine, Contention mine, and the two wells owned by the City of Tomb
stone should be identified using a common bench mark; 

8. That the strike and dip of the major fracture zones in the leaching 
area should be identified; 

A- 9. :-r. That a water quality monitoring program is needed to identify existing 
quality and trends. A method to detect movement of potential pollu-

. tants prior to reaching the water table should be part of the moni
toring system, 

•• 10. That adequate records need to be maintained to determine recovery of 
all solutions pumped; . 

11. That the project as proposed may be in violation of U. S. Public Law 
93-523, the "Safe Drinking lJater Act"; .. 

12. That the State of Arizona has no groundHater quality standards that 
• apply; 

e_ 
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13. That an adequate environmental assessment has not been completed. 

14. 

IS. 

l6~ 

That such an assessment should evaluate impact on groundwater supplies 
and the availability of other water supplies ~or Tombstone. That 
there is no authority to require such an impact statement; 

That the City of Tombstone is highly dependent upon existing ground
water supplies; 

That the City of Tombstone . is highly concerned with industrial develop
ment within and adjacent to the City, and should be made aware of 
any development ,-lith a potential impact on the City water supply. 

That the city planning guide recognizes the need for development 
that complements " • . ' •• both adjacent activities and the overall 
pattern of cOmTnunity development"; 

17. That the proposed leaching process may be unique and a des·irable 
non-toxic leaching process such that it could become an asset to 

_ the City cf Tombstone; 

435 
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18" That large-scale testing on a surface dump would be desirable prior 

to actual underground leaching; 

Based on these findings, the Bureau of Water Quality Control recommends that 

71 Minerals be allowed to conduct a water recovery test subject to the 

following conditions: 

1. 

2. 

3. 

4. 

5. 

That prior to the actual water recovery test, a surface test will be 

conducted using water and a sodium thiosulfate solution (equivalent 

to 7 pounds sodium thiosulfate per ton of water) as leaching solutions. 

They should be applied to materials representative of the underground 

leaching areas and they should be applied in such a manner as to be 

representative of both application rates and contact times. Samples 

of the product solutions should be submitted to the State Laboratory 

for examination; 

That prior to the water recovery test, an underground inspection of 

the leaching ar eaS should be conducted, if possible, by representatives 

of the Bureau o f l-1ater Quality Control, the Arizona \-later Commission, 

the State l1ine Inspector's office, the Arizona Bureau of Hines, the 

Cochise County Health Department, representatives of the City of 

Tombstone and representatives of the SouthEastern Arizona Governments 

Organization, the designated water quality planning agency; 

That prior to the water ' recovery test, a public meeting is to be held 

to discuss the process and evaluate potential hazards to the water 

supply. Such ,a meeting should be conducted by the Bureau of llater 

Quality Control; 

TIlat prior to the water recovery test, 71 Minerals should submit 

plans and specifications satisfactory to the Bureau of \-Jater Quality 

Control to ins~re that the pumping system is adequate, that water 

or solution, from any ,rupture in the piping system will be contained 

to prevent leakage to any shaft that might intercept the ground, ... ater 

directly or indirectly~ and that there is a system for positive 

metering of all solutions applied and recovered; 

, ,' 

That the' actual water :recovery test be observed by representatives of 

all concerned ' parties; 

6. That ade'quate 'recorda be 'kept of all solutions applied and rec~vered; 

7. That. ie~ul ts of all ,.,at~r testing be reviewed prior to approval to 

apply any chemical agents such as sodium thiosulfate; 

8. That water samples of recovered water be collected and submitted to the 

Arizona State Laboratory for analyses; 
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}-Ir. Bert C. Romero 
May 4, 1976 
Page four 

9. That a monitoring program satisfactory to the Bureau of Water Quality 
Control be maintained by 71 Minerals with results to the Bureau as 
may be specified; 

10. That any approval for the water recovery test does not constitute 
approval for the application of any chemical leaching agent; 

11. That approval by the- Bureau of Water Quality Control to apply a 
chemical leaching agent will in part be dependent upon but not limited 
to the satisfactory completion of the test conditions and the satis
factory assessment of problems associated with the proposed leaching 
operation. 

Your concern and action in this matter is appreciated. . Should you have 
any questions, please feel free to contact this office • 

WHS :mh 
cc: 71 Minerals - l-ir. He,.,lett . 

Venture l-1ining Co., Ltd. - Mr. Darrah 
Arizona Water Commission - Mr. Briggs 
Arizona Bureau of Hines - Mr. Rabb 
Arizona Land Department - Nr. Allen 
Cochise County Health Department 
City of . Tombstone 
SEAGO 
U~ S. Geological Survey 
EPA 

Nr. Babcock 

Wm. H. Shafer, Jr., P.E. 
Manager, Honitoring Section 
Bureau of Water Quality Control 
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Hr. Richard F. Hewlett 
President 
S i err a 'He tal s 
Nannini's Financial Center 
7110 North Oracle Road, Suite 213 
Tucson, AZ 85704 

Dear Hr. Hewlett: 

Ju ly 29, 1976 

Approval to conduct water balance tests on 715 tons of gob located in the Toughnut 
Incline at the 300-foot level is hereby granted, subject to the following 
conditions: 

1. Please submit a water balance or accounting procedure prior to water 
balance te s t. This should include any forms to be used and a sample 
of calcula t ions to be used. It might be helpful to show the balance 
on the water applied to date. 

2. Results of the water test must be reviewed prior to actual leaching, 
using hypo-solution. 

3. This approval for water testing does not imply approval for "hypo" 
leaching. 

I tJ .' bO 0. 
Hr. Rabb of the Bureau of Hines and Hr. -Lindeman of our office, plan to observe 1/ · h 

the water tests whi le under way, sometime during the week, beginning August 2. J/~ 7b 
Hethods for calculating the water balance should be avai lable to them at that 
time. This is in addition to the forms and calculations to be sent to our Phoenix 
offi ceo 

Your suggestion that operations be reviewed by an outside consultant is reasonable. 
Any profeSSional, registered with the State Board of Technical Registration would 
likely be acceptable. 

Your continued cooperation in this matter is appreciated. 

WHS: cp 

Wi lliam H. Shafer, Assist. Chief 
Technical Services & Support 
Bureau of Water Quality Control 

State Health Building 1740 West Adams Street Phoenix, Arizona 85007 
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cc: Cochise County Health Department 
City of Tombstone 
State Mine Inspector, Mr. Romero 
Bureau of Mines, Mr. Rabb 
Arizona Water Commission, Mr. Osborn 
Southern Regional Office, Tucson 
EPA, Region IX, Virginia Hammer 
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Consultants in: 
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• coal . geothermal. environment 

~ote sen~ing .• color aerial.photography 

~erpretatlOn-lmage processmg 

Worldwide Mobilization 

Southwestern 
Exploration Associates, Inc. 

Mr. Dwight Lee 

FAMCO 

120 Sylvan Avenue 

November 15, 1978 

Englewood Cliffs, New Jersey 07632 

4500 E. Speedway, Suite 14 
Tucson, Arizona 85712 

(602) 795-6097 

James A. Briscoe, President 
Registered Professional 

Geologist 

Re: Proposal for Establishing a Mineral Resources Exploration 

Fund 

Dear Mr. Lee, 

After our meeting this summer, I have outlined what I believe is 

a viable structure for a mineral exploration venture, which very 

profitably returns the capital of the investors, as well as the 

ef forts of the originators. My proposal, with applicable 

attachments and back-up data, follows below. 

My long term personal objective in mineral exploration is to not 

only locate profitable ore bodies, but to retain a portion of the 

income derived from such discoveries for myself, my family, and 

my employees . 

To meet these long term objectives, I have worked very hard and 

diligently in pursuing my career and, over the last five years, 

in designing and creating Southwestern Exploration Associates in 

its' presen t form. For reasons I have discussed with you, I 

believe Southwestern Exploration Associates Inc., has the 
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ability and motivation to be more effective in finding mineral 

exploration targets than most, if not any other, exploration 
groups. In order to reach our objectives, the SEA machinery must 

be fueled with the proper amount of capi tal over a reasonable 
period of time. It is this mechanism that is the next important 

tt step in completing my long-range objectives. 

Working against the discovery of any mineral commodity, including 

both oil and minerals, are a variety of factors. Though numerous 
details may be added, these factors could be summarized: 

1. The small rela ti ve size (and hence the reason for the 
extreme value) of naturally occurring mineral commodities. 

• 2. The expense of locating and testing to determine the 

commerical viabili ty of these occurrences, which are gen eral ly 

hidden below soil, rock, or other cover. 

3. Competition for the discovery of these commodities. 

The odds for or against making such discoveries have been 

intensel y researched in the field of petroleum exploration, but 
less so in the field of mineral exploration. At tachmen t 1 is a 

probability chart showing the likelihood of making discoveri e s in 
petroleum. It is clear from this chart and also makes common 

sens e that, as the number of tests increases, the probability of 

discovery also increases. 
number of tests increase, 

It is also axiomatic that, as the 
the cost too must go up. It is her e 

that expertise comes 
explorationist, the 

into 
fewer 

play, 
tests 

in that the more ex pert the 
that are necessary befor e 

discovery, and hence the lower the cost of exploration success 

and discovery. As I have already stated, it is my beli e f that 
SEA Inc. is as good, if not better, than the upper percentil e of 
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companies exploring for mineral deposi ts. Thus, in my plan for 
successful exploration, it remains only to make probabilities 

work for, rather than against us. 

I'm sure you would agree with the truism that "the one who con

trols a property calls the shots regarding that property." This 
is axiomatic in the exploration business because ore deposits are 

where they are in nature, and no amount of investment in 

engineering, technology, or wishful thinking will move an ore 
deposit one foot from the location in which it now exists. Thus, 

whoever owns the property over that deposit controls its ultimate 
destiny. Put another way, without control of ore-bearing lands, 

regardless of how much mining expertise or money a mining company 

(or oil company, for that matter) might have, unless they can 
locate new mining properties, their existing mines (or oil wells) 

will eventually be depleted. Therefore, mining companies (or oil 
companies) must deal with the owners of the surface and mineral 

rights of new ore deposi ts. Thus, the key leverage point is 

discovery and acquisition of such properties before they can be 
discovered and acquired by the competition. This is the forte of 

Southwestern Exploration Associates Inc. 

Of course, the exploration task is not easy . But, this is where 

my expertise lies - that is why I am able to succeed in business 

as a consultant and we as a consulting firm. Identifying, 

evaluating, and testing mineral zones is what I have done, what 
we are doing, and what we will continue to do. The trick, of 

course, is to make this capability payoff without the financial 

heft of a large company. The key again is the identification of, 
and control of, mineral land over potential ore bodies. When the 

presence of a viable exploration drilling target has been 
demonstrated in a manner sufficient to convince their technical 
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personnel, major companies will advance the capital for the 

extensive test work to confirm reserves, as well as the capital 
for mine plant construction . In exchange, they will requ i r e a 

majori ty interest and control of the operating company. For us 

the first requirment is identification of the mineral potenti a l, 
while the second is control of the mineral land. Then it is our 

choice as to which company and which price is sufficient reward 
for the property position. 

In order to insure that probabili ty works for us (rather than 
succumb to 'gamblers ruin' from too few trys), it is important to 

make num e rous exploration tests over a reasonable time frame. In 
order to assure an adequate number of tests within a realistic 

time frame, I recommend exploration progams over twelve separate 

areas encompassing the wes tern Uni ted States. Each would be 
funded by exploration partnerships in an amount of $1.3 million, 

to be expended over a period of four years. 

Another ax i om related to exploration probabili ty is "don't put 

all your eggs in one basket . " Each exploration project area will 
probably be funded by separate exploration partners, and i t 

cannot be assured that the exploration success ratio will be the 
same for each area. To insure the most equitable distribution of 

profits, the partners in each exploration area should also earn a 

percentage of the rewards from all of the other exploration 
areas . In order to do this, I propose Resource Exploration 

Associates Inc. or REA Inc. for short, be established. This 
company would be the general partner for the exploration 

partnerships, but would be jointly owned by all of the limi ted 

partners, and by the originators, You or your company and Jame s 
A. Briscoe, ( At tachment 5). The owne rship ratio would be 51 

(25-1/2 and 25-112 you and Briscoe) - 49% non-voting shares held 
by the limited partners. Ten percent of all the limited 

partnership money would be paid to REA Inc. for their 49% 
ownership. Sixty percent of this money would be paid as sales 

=--
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commissions (or 6% of the total partnersh ip funds), while 40% 
would be retained by REA Inc. for expenses and operating capital. 

Proceeds from mineral discoveries (Attachment 2) would first 
repay the investment of the partners in the successful regions, 

and then would be paid 60% to the successful partners, and 40% to 

REA Inc. Since all of the partners will in combination own 49% 
of REA, 49% of the 40% will be distributed to all of the limited 

partners including those who may have not experienced successful 
discoveries in their exploration regions. In this way, the law 

of probabilities can be made to work for all of the participants 

so that those who have the good fortune to have inves ted in a 
particularly successful area will profit most, but all of the 

profits will be distributed in some measure to all investors. 

In this manner, some $14,400,000 ($ o. 3m x 4 years x 12 regions) 

will be invested 
(A t tachmen t 2 and 

III), my personal 
that established 

in exploration over a per iod of eight years 
6) • We can use past performance (Appendix 

knowledge, and published reports to predict 
companies, including mining firms, petroleum 

companies, power companies, and others, will invest $194.4 

million in 
interest in 

additional exploration funds in return for majori ty 
the mineral targets genera ted by our expl oration 

programs during the four-year period of exploration for the 12 
exploration regions. Combined with the investors' $14.4 million, 

the total investment in explorati on is $208 million. Statistics 

compiled by Walthier (1978) suggest that it requires $16.2 
million of invested capital for a mining company to make a 

discovery of a productive mineral deposit. I believe SEA can do 
substantially better than this success ratio; however, using 

Wal thier's figures, 12.8 mineral deposits should resul t from the 

proposed program. 
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What will be the value of these discoveries? - this we can only 

roughly estimate. For calculation purposes let us assume tha t 
each discovery will have an average gross metal value of $500 

million - a small to medium sized ore deposit (see Appendices I & 
II, prepared by S. N. Craft). Some discoveries might be 

substantially larger and some could be considerably smaller, but 

a $500 million gross value is a reasonable figure. Also, we will 
assume that the partners will retain in all of these properties a 

5% NSR (net smelter returns) royalty , which is approximately 
equivalent to 5% of the gross-contained metal value. It then 

follows that $500 million x 12.8 discoveries x 5% is equal to a 

return of $320 million. 
some $16 million, their 

Since the partners orginally invested 
return on investment would be $304 

million. It must be pointed out that these royal ties would be 
paid over possibly a large number of years. Offsetting this is 

the fact that, historically, metal prices increase and ore 

reserves tend to increase so that the eventual yield might be 
much greater. Depletion allowances would also apply to these 

royalties, and individual owners always have the option of 
selling their advance royalties for a discounted present worth. 

The partners would take a 60% distribution of the $304 million or 
$182.4 mill ion . Forty percent would be payable to REA Inc. or 

$121 .6 million. Forty nine percent of the $121 . 6 million or 
$59.6 million would be distributed to all limi ted partners, in-

cluding those who may have not experienced success in their 

exploration region. 

This should assure all investors a respectable return on their 
capital. The originating partners, you or your company and James 

A. Briscoe, would share on a 25 .5 % basis each or a total of $31 

million for each originating owner. 

By this mechanism, both investors and principals are rewarded for 
their expertise and capital . As you can see, by referring to the 
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probability chart, and the number of exploration tries described 

in Attachment 2, probability for success is the in the 99th 

percentile. 

Several factors make this a particularly good time to invest in 
this type of a mineral exploration program. 

SEA, in contrast to most producing companies, explores wi th the 
o bj ect i ve of locating any profi ta ble mineral commodity. Mos t 

production compani e s explore for specific commodities generally 
divided by departments, i.e. the copper companies explore for 

copper and mol ybdenum whi Ie some are al so involved in precious 

metal exploration and uranium exploration through separate 
departments set up for this purpose. The oil companies emphasize 

uranium with subordinate work in copper and molybdenum. Electric 
utili ties are now strongly supporting uranium exploration but 

have no interest in the other commodities. Thus, the exploration 

effort is fractionated and, even when a commodity which might be 
of interest to another company is identified by a company who has 

no interest in that particular commodi ty, it is simply ignored. 
The base and precious metal and uranium deposits are interlocked 

in their occurrence in nature and, regardless of what company 

pol i tics, infras truct ure or current raw material needs are, it 
is, for all practical purposes, impossible to explore for one 

commodity without inadvertantly running across the others. As an 
independant, SEA has contacts with a variety of companies, knows 

their objectives, and can connect with the proper purchaser for 

the discovered deposit. The cost of exploration and 
identification can thus be spread amongst a variety of potential 

mineral type discoveries. 

The energy crisis has created a drastic price increase in 

uranium. This price increase has resul ted in the acti va tion by 
the newly created Department of Energy CD.O.E.) of the N.U.R.E. 
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(National Uranium Resource Evaluation) program. With a budget in 
the range of three billion dollars, the N.U.R.E. program has the 

objectives of evaluating the potential uranium resources in the 

Uni ted States by the year 1984. To implement this proj ect, an 

intensive program of geologic, geophysical, and geochemical 

st udies has been ins tit u ted, and information from these st udie s 
has already begun to flow into the private sector. Because of 

the in terrela tionship of the natural occurrence of uranium with 

base and precious metal deposits, this data is equally important 

in the exploration for precious and base metals as it is in 

uranium. Because most uranium exploration geologists have no 
knowledge or interest in base and precious metal exploration and 

evaluation, and vice versa for the base and precious metal 

exploration geologists, I believe that most companies will not 
take full advantage of this weal th of information. This is not 

the case with SEA. 
Research De partment , 

We have set 
the mechanic s 

up, 

for 

through our Literature 

eval ua ting this type of 

data and are well prepared to make use of it for locating gold, 

silver, molybdenum, lead, zinc, mercury, and geothermal deposits, 

as well as uranium deposits. Thus, the exploration programs will 

be able to take advantage of data never before available. 

The current trend and the economic climate is equally important 

and exciting. Examining the graphs for uranium, molybdenum, 

silver, gold, tin and tungsten - Attachments 7, 8, 9, 10, 14, and 

15 it is obvious that we are in a period of price increases for 
these commodities that has not been seen in decades. In the case 

of silver and gold, the prices are at a level (and increasing in 

rela tion to the Whole sale Price Commodi ty Index) that they have 
not been at since 1890. This indicates that these metals are 

again becoming so valuable that small underground deposits which, 
for all practical purposes, stopped production at the start of 

World War I I (for economic reasons as well as the Gold Closing 

Act, La w - 208 ins tit ute d by F. D . R . ) wi 11 no w be com e pro fit a b 1 e 
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to operate. I do not believe this fact is yet evident to most 

mining companies. 
proprietary graphs. 

It is clearly indicated, however, by our 
Recognition of this will have two effects . 

First, by acting rapidly we will be able to tie up exploration 

targets of this type before most of the competition has time to 
react. Secondly, small targets will require less capital to put 

into production and lower the overall exploration risk with 
potentially high rates of return. Further, the high precious 

metal prices will also enhance the profitability of bulk tonnag e 

gold and silver deposi ts, the existance of which has been only 
recognized within the last ten to twelve years, and the 

exploration for which I am thoroughly familiar. 

The emergence of China as a consuming nation (indicated by recent 

contracts and loan agreements with Japan and other countries) I 
believe will have a very strong impact on the worldwide supply 

and demand situation for mineral commodities creating an 
increased and sustained upward pressure on metal prices. 

This combination of factors, influencing both prices and the 
potential for discovery of new mineral deposi ts, has not been 

seen for many decades (if ever) and gives the opportunity for 
great profit for those who act upon it . 

Very truly yours, 

James A. Briscoe 

JAB/sjo 
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four year Exploration Program 
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Appendix I 

Appendix II 

Appendix III 

Appendix IV 

Uranium Exploration, an Exciting Past and 

Profitable Future by S.N. Craft, SEA Librarian 

A Brief History of Silver Mining in the Western 
United States - 1859 to 1970 

by S.N. Craft, SEA Librarian 

Gold: A Brief History of Exploration and Mine 

Development 

J. A. Briscoe - Exploration Track Record 

1978 

1965 -



Attachment 3 

Predicted Cash Flow Calculations Resulting from the Scenario 
Attachment 2 

I Total capital contributed 
Venture Partners through the 

for each Exploration Region 

by maj 0 r com pan y Jo in t 
development drilling stage 

over 4 years 

$4,050,000 x 4 years x 12 regions = $1.944 x 10
8 

II Total capital contributed to exploration by the Limited 

Partners over 12 regions over 4 years 

$300,000 x 4 years x 12 regions = $0.144 x 108 

III Total Capital contributed by major company Joint 

Venture Partners and Limited Partners 

888 = I + II = $1.944 x 10 + $0.144 x 10 = 2.08 x 10 

IV Calculated Discoveries at estimated cost of $16.2 

million per discovery 

208,000,000 T 16,200,000 = 12.8 deposits 

V Value of discoveries assuming a $500 million gross 

metal value of ore body & 5% NSR Royalty 

$500 mill x 12.8 x 5% = $320 million 
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Proposed Formation of General Partnership Vehicle 
RESOURCE EXPLORATION ASSOCIATES, INC. 

I Ownership 

Yo ur Company 
James A. Briscoe 
Limited Partners 

II Operation 

25 1/2% 
25 1/2% 
49% 

(50% voting stock) 
(50% voting stock) 
(0 voting stock) 

A. REA Inc. - General Partnership 
B. REA will contract all exploration work to SEA Inc. 

1. SEA agrees to re-invest 50% of its profit from 
the REA Inc., contracts, back into the 
exploration programs 

III Purchase of Interest in REA by Limited Partners 

A. 10% of Total investment will go to REA Inc. for 
purchase of stock 
1. Ratio of ownership will remain constant 

49% Limited Partners - no voting rights 
51% you & Briscoe - equal split voting rights 

2. Distribution of Profits from each Exploration 
Region Limited Partnership will be distributed 
a. 100% to Limi ted Partners till payback 
b. 60% to Limited Partners thereafter 
c. 40% to General Partner (REA Inc.) 

3. Distribution of Dividends from 40% of 
Exploration Region Partnership. 
Profits Distribution 
a. 49% to all Limited Partners all programs 
b. 51% to you & Briscoe 

IV Distribution of Proceeds to REA Inc. 

A. Commissions 
1. 60% of cash received (6% of Gross Limited 

Partner Contribution) will be paid in sales 
commissions 

2. Potential Commissions = 
$ 1. 33mm x 12 programs x 10% x 60% = $957,600 

B. Operating Capital 
1. 40% of cash received (4% of Gross Limited 

Partnership Contribution) will be used to run 
REA Inc. 

2. Potential Operating Capital 
$1.33mm x 12 programs x 10% x 40% = $638,400 
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Additional Budgetary Attachments 

A game plan in the form of a project schedule 
showing feasible starting dates and operations 
throughout the course of the four-year 
proposed project 

A detailed budget ledger sheet 

A brief summary on how property (ie. mineral 
rights) are obtained 

S.E.A. Inc. Management chart 

S.E.A. Photo Inc. Management chart 

S.E.A. Minerals Exploration Division 
Management chart 

A listing of current personnel wi th attached 
partial list of clients 




