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1-femo to S R..J. Hewlett 

. Froml R. M. Darrah 

D~r 23, 1974 

Subjeotl Tombstone Metallurgical Test Result! 

The results for the seoond serles of cyanide leaching test to evaluate heap leaching are aa followal 

, 

Gold Leached, oz/ton Silver Leached, ozlton Dump 1 daY 2 day, · 1 day . 2 days 
Tranquili ty .016 .023 .35 .45 Empire . .015 .022 .23 .32 Tougbnut .g08 .010 .26 .32 Contention 1 • 24 .a31l .52 .70 Little Joe .006 .008 .34 .53 West Sidct .013 .018 .44 .60 Grand Central . .007 .010 .59 .76 Lucky CUss .018 .024 .51 .73 Emerald .004 .005 .44 .57 Contention 1 020 ,033 .83 • 1 1 18 
Average .013 .018 .46 .62 

Using $4.50 per troy oz. for silver, and $18S par troy 0%. for gold, the total leached values 1n $/ton for 2 dqa leaching are as follows, 

Tranquili~ •••••• 6.30 
Empire ••••••••••• 5.43 
Toughnut •••••••• 3.20 
Contention 1 ••• 8.80 
Little .Joo •••••• 3.92 

West Side ••••••• 6.11 
Grand Central •• 5.31 
Lucky Cuss ••••• 7.75 
Emerald •••••••• 3.53 
Contention 2 • • l1,3S 

The total silver recovery for 2 days is $2.77 per ton s.nd gold recovery is $3.40 per ton, for a total gold and silver average of $6.17/ton. 

Cyan!!e corurumption in 2 days baa been about one pound per ton with the exception of Contention 1 and Lucky Cuss, whioh hmro used about two poundo per ton. Lima consumption for biO days i8 a.bout 1.5 pounds per ton. 



-' 

The above rowltc an ertromaly encouraging in regards 
to. the ocon.om1cs and viability of heap leaching. 

. -

A recOIIm....~tion to proeC!ed with the initial 50 tOOO 
ton production test will be mada when test. 10 - 19 
aro completed. this vill be around Jan. 3, 1975. 
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• 
Robert ~ : DarrBh 
Consulting metallurgist 

ec I .Jim !Cannedy 
File (2) , 
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P ected Gold and Silver 
Production From Heap 

Lea,ching the Tombstone Dtnnps 

December 30, 1974 

u. S. Dollars/short ton 

Dtnnp Estimated Tons Recovery 1/ Net Profit 2/ $Profit 3/ 

Contention 1 100,000 7.00 4.00 
ucky Cuss 55,000 5.90 2.90 

Contention 2 20,,000 10.58 7.58 
Tranquility 50,000 5.39 2.39 
Grand Central • 50,000 4.61 1.61 
Empire 40,000 4.32 1.32 
West-Side 10,000 5.41 2041 

Totals/Aver. 325,000 

1/ Based on S4.50/troy oz. silver, Sl85/troy oz. gold 
2/ For S3.00/ton net operating cost 
3/ Tonnage x net profit/short ton 

~--------------------------------------- -- --

400,000 
159,500 
151,600 
119,500 

80,500 
52,800 
24,100 

988,000 



Leach Period 

April 1975 
Apri~ 1975 
May 1975 
June 1975 
June 1975 
July 1975 
July 1975 

Aug. 1975 
Aug. 1975 
Aug. 1975 

ept. 1975 
Sept. 1975 
Oct. 1975 

Totals 

-Month 

April 1975 
May 1975 

~une 1975 
July 1975 
Aug. 1975 
Sept. 1975 
Oct. 1975 

'- -

Tonnage 

20,000 
30,000 
50,000 
20,000 

30,000 
2..,5 ,000 
30,000 
20,000 
10,000 
20,000 
30,000 
20,000 
30 2 000 

325,000 

and Leachin 
Sequence, Tombstone 

Waste Dumps 

. Dump 

Contention 2 
Contention 1 
Contention 1 
Contention 1 
Lucky Cuss 
Lucky Cuss 
Tranquility 
Tranqui1i ty _ 
West Side 
Grand Central 
Grand Central 
Empire 
Empire 

Production S Net Profit S 

421,600 271,600 
350,000 200,000 
317,000 167,000 
309,200 144,200 , 1 

254~100 , 104)100 , 
224,700 74,700 
86,400 26,400 

Production, S Net Profit S 

211,600 151,600 

210,000 120,000 
350,000 200,000 
.140,000 80,000 
177,000 87,000 
147,500 72,500 
161,700 71,700 
107,800 47,800 

54,100 24,100 
92,200 32,200 

138,300 48,300 
86,400 26,400 
86 2 400 26 2 400 

1,963,000 987,800 

Cum. Net Profit S 

271,600 
471,600 
638,600 
782,800 

886;9bb 
961,600 
988,000 
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Summary of 

Cyanide Leach Tests 

Metal leached, Mg. Metal leached tr oz/ton ore 

Dump Silver Gold Silver 

Tranquility 1449 78 0.37 

Empire 1061 65 0.27 

Touglmut 962 27 0.25 

Contention 1 2155 95 0.55 

Little Joe 1711 30 . 0.44 

West Side 2217 60 0.57 
Grand Central 2345 40 0.60 

Lucky Cuss 2192 71 0.56 

Emerald 1831 18 0.47 

Contention 2 4419 115 1.14 

Average 0.52 

Sample size, pounds ••• ~ •••••••••••••••• 250 

Leaching time, days ••• ~.~.............. 2.0 

Washing time, days..................... 5.0 

Average cyanide consumption, 1bs/ton... 1.0 

Average lime consumption, lbs/ton...... 1.5 

Water usage, tons water/tons ore....... 0.6 

Application rate, tons water/day/ton ore 0.1 

Extrapolated leach time in days for 
production head, 50,000 tons/month 
mining rate, 200 gpm sprayrate....... 22 

Gold 

0.0200 

' 0.0167 

0.0070 

0.0244 

0.0077 

0.0154 
0.0103 

0.0182 

0.0046 

0.0295 

0.0154 
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METALLURGICAL TESTS 
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: 
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. . . 
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Conducted by: 
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0 METALLURGICAL TESTS 

Dump Location COWrr:VT10N .:t Conducted by: 

Sample Weight, Lbs. ?,,~O December, 1974 . 
Approved by: 

Total Days Leaching __ 
, .. 

- I 

I . 

~ 

Reagent Consumption Solution Assays MG. MG. % i. 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 

Day MonthLYr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. y (q fJ (..f; .. '1 'I- S6'8 ~. . 2.<.1 ( 00 () -G- ~ ~ V .. 
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0 7 E-s,,7 0 0 
METALLURGICAL TESTS 

Dump Location L fmC ~I! Conducted by: 
Sample Weight, Lbs. ;Jr '2 SO December, 1974 . 

. Approved by: Total Days Leaching : 

. . 

Reagent Consumption Solution Assays MG. MG. i. "I. Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver Day Month/Yr Added Added Added Removed #iT'on Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached RecQv. W /1 J)tfC~ 711 S't. ~ ' r) 2.0 ~oo ¢ ~ ~ / 7' 
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0 0 0 -:"0 ' 0 TOMBSTONl ~ LEACH 

METALLURGICAL TESTS 

IXtmp Location Wt .... ~r S. (.pc Conducted by: 

Sample Weight,' Lbs. _ 2.5'0 December, 1974 . 
Approved by: 

Total Days Leaching : 

. . 
'. 

Reagent Consumption Solu tion Assays MG. MG. '7. 7. 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold S11 ve r 

Day Month/Yr Added Added Added Removed #/T'on Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 
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0 0 ' "'0 0 TOMBSTONl <:)p LEACH 0 
METALLURGICAL ' TESTS 

Dump Location G1<.81J,P LF-t/1V.41.. Conducted by: 

Sample Weight, Lbs. 2;'0 December, 1974 . . 
Approved by: 

Total Days Leaching : 

. . 
Reagent Consumption Solu tion Assays MG. MG. i. "I. 

Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver ' Gold Gold Silver Gold Silver 
Day MonthjYr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 
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0 0 '8 1t!sr a /7 0 TOMBSTONF. 0 LEACH . o · . 
METALLURGICAL TESTS 

D..1mp Location I:.Y..C/S..I/ , CaS· Conducted by: 

Sample Weight, Lbs. 250 December, 1974 

Total Days Leaching : 
Approved by: 
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Reagent Consumption Solu tion Assays MG. MG. i. % 
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0 TOMBSTONL <=:r LEACH . 0 0 O · 
0 G METALLURGICAL TESTS 

Dump Location £111(884]) Conducted by: 

Sample Weight, Lbs. 2~rtJ 
December, 1974 . 

Approved by: 
Total Days Leaching : 

.( . . 

. . Reagent Consumption Solu tion Assays MG. MG. % 7 • 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 

Day Honth/Yr Added Added Added Removed #/Ton are #/Ton are Oz/Ton Oz/Ton Leached Leached Recov. Recov. 
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METALLURGI AL TESTS 

Dump Location C Q t:!.. [1: /-.j rz. d AI t:r.::a. ' Conducted by: 

Sample Weight, Lbs. 2S() December, 1974 . 
Approved by: 

Total Days Leaching : , 

. 

Reagent Consumption Solution Assays MG. MG. i. 7. 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Cold Silver 
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.0 0 0 TOMBSTONE o LEACH 

METALLURGICAL TESTS 

IXunp Location t;.1! .,1 do !1,r 
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Conducted by: 

Sample Weight, Lbs. .1f'O P'tI'Y December, 1974 
J Approved by: 

Total Days Leaching 
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Reagent Consumption Solution Assays MG. MG. '1'. % 
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Dump Location C# -.,e t-
Sample Weight, Lbs. ..z jV . 'P'A( 

I 
Total Days Leaching ______________ _ 

Date GMS CaO GMS NaCN cc Water 
lay Honth{Yr Added Added Added 
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TOMBSTONE LEACH ...... -
METALLURGICAL TESTS 

Conducted by: __________ _ 

December, 1974 

Approved by: _____ .,..-. ____ _ 

Reagent Consumption Solution Assays MG. MG. 7. % 
cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 
Removed #/TonOre liLTon Ore OzlTon OzLTon Leached Leached Recov. 
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METALLURGICAL TESTS 
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TOMBSTONE r LEACH , 

METALLURGICAL TESTS 

IXunp Location Ct/A/tN -tON :t ~ A Conducted by: ____________________ ___ 

Sample Weight, Lbs. · ;t, J-O December, 1974 

Total Days Leaching ____________ __ 
Approved by: __________ ~-----------

Reagent Consumption Solution Assays MG. MG. i. % 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 
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METALLURGICAL TESTS 
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Q 0 ,0 --- 0 0 0 TOMBSTONE .-0 LEACH 

METALLURGICAL TESTS 

Dump Location ~ ct. i r:i. /; 0 N .-:JL Conducted by: 
\ 

December, 1974 
Sample Weight, Lbs. 

Approved by: 
Total Days Leaching 

. 

/oIqol/ Reagent Consumption Solution Assays MG. MG. ~JJtr i. 
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GEOLOGIC DESCRTD~ION OF Tllli PRINCIPAL 

DUMPS, TOMBST6N~ISTRICT, ARIZONA 0 0 "-

Principal* ClJ Mn 
Hi ne - Dump Rock Types ~ ' . ' Oxides Oxides Sulfate's Sulfides Remarks 

Lucky Cuss ArB., Ls., Mon~. xxx xxxx xx . xx Some trash & carbon on 

Oregon Ls. Not sampled .. xxxx .. .. Not samp ... produced Mn a 

Prompter Ls. Not sampled .. xxxx .. .. Not samp ... produced Mn a 

Telephone Ls. Not samp led .. xxxx - - Not samp. -pt'Qduced Mn 0 

nu nks r 11111 La. Not sampled .. xxxx - .. Not samp .-produced Mn c 

Rdttlesnake Ls. Not sampled ... , xxxx - .. Not samp ... produce O n c . 
Comet Ls" Monz. Not sampled - xxxx - - Not samp ... produced Mn c 

Black Easle La. Mom:. Not sampled .. xxxx - - Not samp ... produced Mn c 

Emerald La" qtzt. xxxx xxx xxx xxx Copper oxides and W\J lfe 
i te abundant 

I' 
Sllver Plume Ls •• qtzt.' xx xxx xx xx 

Luck Sure La. Not sampled xxx 

State of Haine Latt to porph. x I xxx ' x -0- Contains some trash & t 

AbbreviationSI L~limestone, Arg-argillaceous quartzite, Monz~intermediate igneous intrusive rock, Novac:fine g'rained 
quartzite, qtzt=quartzite 

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

(x ~ very rare) (xx g rare) (xxx Q common) (xxX)( ~ abundant) 
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GEOLOGIC DESCRIPTION OF THE PRINCIPAL 

DUMPS, TOMBSTONE DISTRICT, ARIZONA 

Principal* I CU Mn 
HI ne - Dtlm Rock T es Oxides Oxides Sulfates Sulfides Remarks 

Emp ire Arg., Ls., Mom: 

·1 

xxx x x xx 

Tranquility Arg., Monz., Ls. xxx X X X Fluorite &. wulfenite, some 
rotted timber 

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

Vislna Novac.~ Ls. Not sampled Very siliceous 

~I!stside Arg., Ls., Novae. xxx xx x xx East ~ only is ours 

Sllver Thread Arg., Ls., Novae. Not sampled • Probably similar to 
the Westside 

Uoss Arg., Monz, Not sampled .. • '1 Probably similar to 
the Westside 

Defence Novae., ·Arg., Monz.1 Not sampled I Probably similar to 
the Westside 

Trl bu te ,Arg., Ls., Monz, Not sampled I Probably similar to 
the Westside 

r.ontention Arg, , Monz. xxx x xxx xxx Lots of carbon and t 
in and on the dumps 

C['und Central Arg., Mom:. xxx x xxx x 
Llttle Joe Arg., Monz. xxx x xxx x 
Arl zona Queen . Arg. Not sampled Probably similar to Tranq. 

SU lphuret Arg., Mom:. Not sampled Probably similar to Tranq. 
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COMPILATION 
PAST SAMPLING PROGRAMS (Austral Oil) 

Mine Dumps Tons 

Boss #1 3)400 
Bunker Hill #1 15,300 
Bunker Hill #2 10,500 
Emerald #2 1,600 
Empire #1 41,000 
Hersched1 #1 6,800 
Lucky Cuss #1 18,200 
Oregon #1 1,000 
Oregon #2 1,500 
Prompter #1 1,600 
Rattlesnake 3,000 
San Pedro 1,500 
Tranqui 1 i ty #l 9,200 

114,600 

Weighted averages 

Au 0.047 oz/ton 
Ag 2.47 oz/ton 

0.030 
0.134 
0.091 
0.014 
0.358 
0.059 
0.159 
0.009 
0.013 
0.014 
0.026 
0.013 
0.080 

1. 001 

@ $100.00 
@ $3.00 

Value per ton 

Au oz/ton 

0.037 
0.030 
0.007 
0.020 
0.080 
0.015 
0.040 
0.005 
0.002 
0.005 
0.005 
0.005 
0.060 

- $ 4.70 
7.41 

$12.11 

.001 

.004 

.001 

.029 

.001 

.006 

.005 

0.047. 

Ag ot/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 



EFFECT OF CRUSHING 

Not~ that th~ valu~~(Au & Ag) an~ g~n~nally ~v~nly di~tnibut~d 

b~tw~~n th~ eoan~~ and th~ oin~~. Th~n~oon~, enu~hing DO th~ 
eoan~~ would b~ ~eonomieal. 
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Dump No. 

Empire" 

41-1 
41-2 
41-3 
41-4 
41-5 
41-6 
41-7 
41-8 
41-9 
41-10 
41-11 
41-12 
41-13 
41-14 
41-15 

EFFECT OF SCREENING 
TOMBSTONE DUMPS 

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

.046 .68 85 .050 

.026 1. 27 78 .022 

.057 1. 29 72 .060 

.010 .24 84 .015 

.025 1. 66 84 .027 

.065 3.58 76 .091 

.063 .94 73 .078 

.047 .93 74 " .054 

.031 .50 59 .040 

.029 2.10 74 .030 

.026 .68 78 .031 

.051 .62 74 .063 

.018 .45 75 .016 

.039 1.61 75 .029 

.027 .83 62 .033 

Screened 
-1/4 inch 

Ag Wgt.% Au Ag 

.72 60 .055 .64 
1. 29 55 .020 1. 35 
1. 23 40 .070 1. 31 

.28 58 .30 
1. 52 59 .030 1. 80 
3.34 50 .045 4.80 
0.83 48 .055 .87 
1. 07 46 .035 1.16 

.60 32 .060 .62 
2.42 50 .030 2.95 
0.72 52 .040 .76 
0.64 48 .040 .74 
0.39 50 .020 .41 
1. 30 46 .025 .44 
0.90 36 .045 1.16 



EMPIRE 

Total Unscreened Screened 
Sample Tons Tons Au ~ Tons Au ~ 

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 1. 290 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 



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 



./ 

Dump No. 

Toughnut 

39-1 
39-2 
39-3 
39-4 
39-5 
39-6 
39-7 
39-8 
39-9 
39-10 
39-11 
39-12 
39-13 
39-14 
39-15 
39-16 

EFFECT OF SCREENING 
TOMBSTONE DUMPS 

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

.050 5.90 78 .058 

.018 1. 85 75 .019 

.015 1. 36 76 .015 

.003 1. 36 64 

.003 1. 31 69 

.040 2.10 

.017 2.69 71 .024 

.015 1. 92 74 .019 

.010 .63 

.006 .94 49 .014 

.009 1.13 80 .011 

.015 1.38 53 .023 

.022 1. 93 64 .030 

.002 .26 42 .006 
.62 46 
.43 21 

Screened 
-1/4 inch 

Ag Wgt.% Au Ag 

6.89 . 51 .085 8.64 
2.13 46 .025 2.80 
1.46 47 .020 1.64 
1. 00 38 .007 1. 01 
1.39 39 .008 1. 58 

3.18 33 .030 2.18 
2.17 34 .035 3.99 

2.00 24 .025 3.54 
1. 29 55 .015 1. 70 
1. 32 33 .030 1.71 
2.42 - : 38 .035 3.20 

~ 37 22 .005 .61 
.75 32 .84 
.38 9.5 .34 



TRANQUILITY 

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 
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 
8 Waste Waste 
9 3.000 3,000 .064 2.91 1,290 .108 · 5.85 

10 1,500 1,500 .021 .954 525 .050 1. 75 
11 2,000 2,000 .017 2.197 1,180 .010 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 



R. F. HEWLETI 
p,.eJidenl 

SamEle No. 

J-1 
M-l 
M-2 
M-3 
M-4 
M-5 
M-6 
M-7 
M-8 
M-9 
M-10 

',: " : 
. . . . . - ' . .' ' . 

SIERRA MINERAL MANAGEMENT 

State of Maine- Brother Jonathan Dump 

Tons Au 

2500 0.0138 
1700 0.0130 
1600 0.0090 
1500 0.0051 

500 
500 0.0072 

1000 
1000 0.0032 
1000 
1000 
1000 

13,300 .006 

. -.' 

4741 EAST SUNRISE DRlVB 
SKYLINE BEL luRE PLAZA 
TUCSON, ARLZONA 85718 
602/299-9736 

~ 

2.6271 
2.9867 
3.9579 
2.0187 
2.7862 
3.0912 
3.6436 
3.5445 
2.55 
3.57 
1. 96 

2.95 
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TOMBSTONE 
PRODUCTION SCHEDULE 
(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. Tranquili ty .049 1.59 10.23 127,875 
Oct. Tranquili ty .049 1.59 10.23 127,875 
Nov. Tranqtii Ii 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 Hill .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 .Oll 2.43 7.74 96,750 
June Cornet/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 



J 

PRODUCTION SCHEDULE 

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 
Tranquility 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 
Silver 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 
Sil ver Plume 25,000 .014 1.03 11,000 
Su1phuret 6,000 .043 1.05 3,000 
West Side 60,000 .019 1.62 42,000 

644,600 .032 2.07 460.800 
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SIERRA METALS . 
• ) 

R. F. HEWLETT 
President 

4741 EAST SUNRISE DRIVE 
SKYLINE BEL AIRE PLAZA 
TUCSON, ARIZONA 85718 
60.2/299-9736 

Extraction 
Method 

Heap Leach 

Mill (H.L.) 

H.L. & Mill 

Mill Only 

Ext. Method 

Heap Leach 

ill (H.L.) 

H.L. & Mill 

Mill Only 

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 60i'0 Au 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 Au and Ag 

6. Milling cost of production = $7.50 per ton 

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

Recv. Ext. Au Recv. Ext. 
Au Time Month Ag Time 

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

3,938 16.8 ms. 214 505,439 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 Change 

$4 ·Ag - Monthly Net Profit Before Tax 

Gross Value Production Monthly Au Gross Value Au 

AglMo Costs/Mo Net $150 $200 $150 

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

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

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

82,120 93,743 -11,623 35,100 46,800 23,477 

Ag 
Month 

43,699 

30,086 

73,785 

20,530 

NPBT 
$200 

$218,046 

73,390 

291,436 

35,177 



i 
/ 

: 

.. , ' . 

SIERRA METALS 

R. F. HEWLElT 
President 

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 All 

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 fo11ows~ 

Break-even Extraction Rate (Dec. 5) 

Break-even Precious Metal Prices 

Gold (H.L. 7a=60/50; Mill 7a=85/75) 

Silver (Same; Go1d=60 & 85, Si1ver=SO & 75) 

Heap Leaching 

23% 

$54 

$ 2 

The graphical presentation is shown on the following page. 

Mill 

5370 

$193 

$ 2 
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R. F. HEWLETT 
President 

. : " .. 

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 SUNRISE DRIVE 
SKYLINE 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% Ag 

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

Rea anese 

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 
President 

Tranquility 

Empire 

Toughmlt 

Contention #1 

Little Joe 

West Side 

Grand Central 

Lucky Cuss 

Emerald 

Contention #2 

~ 

'r anqui 1i ty 

Empire 

Toughnut 

Contention #1 

ttle Joe 

West Side 

Grand Central 

Lucky Cuss 

erald 

Contention #2 

Au 

.0200 

.0167 

.007 

.0244 

.0077 

.0154 

.0103 

.0182 

.0046 

.0295 

4741 EAST SUNRISE DIUVE 
SKYLINE BEL AIRE PLAZA 
TUCSON, ARIZONA 85718 
602/299-9736 

SUMMARY 
OF 

TOMBSTONE HEAP LEACHING TESTS 

Gold! T.oz. Eer ton Silver! t.oz. Eer ton 
1st Dal 3rd 6th 1st Da:y: 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 ($185/4.50) 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 z800 

$1,227,500 
NOTE: 395,000 tons a·t an average of $3.11 net profi t per 

ton (not leaching Tougbnut, Little .Joe & Emerald) 



HEAP LEACHING VS. MILLING 

Dump Mill H.L. RecoveEY Mill Recovery Tons 
Recvry. Troy Ounces Troy Ounces 
(Au/Ag) Au !& Au ~ 

Tranquility 75/75 900 16,650 1,654 53,663 45,000 

Empire 75/75 152 12,150 1,316 47,925 45,000 

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

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

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

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

.-
HeaE Leaching 

Dump Gross Value ($185[4.5) Prod. Net Profit 
Au ~ Total Cost (3) Before Tax 

Tranquility $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 ($185[4.5) Prod. Net Profit 

Au ~ Total Cost (7.5) Before Tax 

ranquility $305,990 $241,484 $ 547,474 $ 337,500 $209,974 

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

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 

rand Central 208,125 243,000 451,125 375,000 76,125 

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



Net Profit Before Tax 
~p Net Profit Before Tax Monthly 

H.L. Milling H.L. Milling 

Tranquility $ 106,425 $ 209,974 $106,425 $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 z785 382 z64O 130,152 86,964 

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

From the. 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 Ra. (Milling) ' 

t:LO (H.L.) Monthly 
(Milling) 

Tranquility $103,549 (M) 1.97 

Empire 62,828 (M) 2.07 

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

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

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

Lucky Cuss 223,855 (M) 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 

From 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 



Month 

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 Incame 
PW (12"1..) H.L. Mill HeaE Leach Mill · 

.974 $ 387,407 $ 148 ,500 $ 377,334 $ 144,639 

.947 387,407 148,500 366,874 · 140,630 

.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 • 148,500 121,919 

.797 148,500 118,355 

.776 -- 148,500 115,236 

.755 69 2300 52 2322 

$1,075,700 $1,405,800 $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 

Tranquili ty us 
s 

Contention . us 
s 

Little Joe us 
(Grand Central) s 

Sulphuret us 
s . 

Silver Thread us 
, s 

Lucky Cuss us 
s 

Toughnut us 
s 

Bonanza 

State of Maine 

Soltice 

N. Bonanza 

Joseph 

Br. Jonathan 

DUMP SAMPLING 
COMPARISONS 

Austral Oil 
:Au Ag 

- -
.080 1. 90 

.031 1. 42 
- -

.013 .87 
- -

.010 .60 
- -

.022 .66 
- -

.025 1.33 
- -

.040 2.98 
- -

.009 .54 
- -

- 6.00 

- 4.50 

.004 2.80 

.003 1. 84 

- 1.02 

- 1. 94 

NOTE: us = unscreened 
s = screened 

Duval Sierra 
Au N!, Au Ag 

- - .039 1.42 
.085 1.39 .044 1. 58 

- - .049 1. 59 
.082 1. SO .070 2.10 

- - .016 .90 
.058 1. 02 . 042 1. 45 

- -
. 051 2.23 . 

.030 .80 
- -

- -
.030 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 



?te;;l}U:/h CONSTRUCTORS 9rc. 

KARL G. RONSTADT 
PRESIDENT 

February 27, 1979 . 

Mr. James Briscoe 
S.LA. Hydromet 

P. O . BOX 2756 6 

TUCSON . ARIZONA B5726 

4115 EAST ILLINOIS STREET - PHONE 7 4 6-6000 

G ENERAL CONTRACTORS AND HEAVY ENGINEER ING 

4500 East Speedway Blvd. 
Tucson, Arizona 85712 

Dear Jim: 

Confirming the conversation Dick · Yaeger, you and I had yesterday I am enclosing copi es o·f estimates for your preci ous 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 30 11 rolls, 700 hp engine and necessary support equipment). product crushed to 1/211 minus and stock­p~led by stacking conveyor only. Excluded are facilities for blending in chem­icals or additi~es 

Minimum 

30,000 Tons 
100,000 Tons 

1,000,000 Tons 

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 asso­ciated 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 minim~m expenditure) we have provided a second estimate which includes crushing approximately 30,000 tons to a maximum of 1 1/4'1.. 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 ~f the highest grade ore available and thereby accelerate cash flow on the project. The remaining course rock above 1/211 could be crushed to a finer dimension (1/211) at a later date. The estimated cost pe~ 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 Pueblols standard job cost accounting system. Method of 1,-- defi ning costswoul d be in accordance wi th attached IISchedul e of Project Costs 11. 



( 
\.... . 

S. E. A. 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 ov~rhead and participating in the net results as a 10% partner 
entitled to 10% of the net revenues o~ benefits. All expenditures concerning 
the processing and crushing \'/Ould be subject to review by management of ·the project 
and 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, ACCEPTED BY: 

NEW PUEBLO CONSTRUCTORS' _~NC.~ 

. ~~~lj 
Karl G. Ronstadt, President 

Date: ----------------------------

KGR/kb 

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



r':£I-: PUEBLO CO:\STP-UCTGltS, I!': 
SCIIEDULE OF P;~OJ[CT COST 

Descd p tion 

I pmfE OFFICE COSTS 

A. Executive Salaries & Expenses 

, B. Engineering 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

12 •. 

13. 
14. 
15. 
.16. 
17. 

18~ 
19. 
20. 
21. 
22. 

Chief Engineer 
Project Engineer 
Design Engineer 
Detail DTaftsman 
Material Take-Off 
Esti~ating Engineer 
Specifications Engineer 
Critical Path Scheduling 
Engineering Clerk 
Secretaria1Setvice 
O.A.B., Social Security. and Other 
Payroll Tax 

Compensation Insurance, Public 
Liability and Similar Insurance 

Payroll and Accounting Expen~e 
Sick Leave and Absence for Caus'e 
Standby Salaries 
Pensions 
Proportional Cost of Light, Heat, 
Rent, etc. 

Gencrel Supplies and Equipment 
Personnel Procurement 
Actual Cost of Copy Hark 
Computer Service 
Overtime As ~ecessary 
22.1 Straight time portion 6£ cost 
22.2 Prenium portion of cost 

c. Proiect Management 

1. Proj eet Nanazer 
2. Project Engineers 
3. Cost Engineers 
4. Stenogr2.phic and Cleric~l 
~. Expediters & Purchasing Clerk 

D. Centr~l Accounting 

1. Chief Accountant 2nd Staff 
2. Field Auditor 

I 
Items ReimLursahIe ' 
At Cost, Incl~ding 
Direct Costs on 
Salaries .& ~a~es 

x 
X 
X 
X 
X 
X 
X 
X 
X 

x 

x 

X . 
X 

X 
X 

x 
X 
X 
X 
X 

II 
::on-reir.1bu rsab Ie 
Items Cover~d By 
~dmini$tr2~ive & 
O~erhcad Charges 

x 

x 

x 
X 
X 
X 

X 
X 
X 

X 
X 



Description 

L 110:'S OFFICE COSTS - cant I d 

e. 

E.Labor Rel~tions Personnel 

F. Construction Ma nager and Staff 

G. Chief Purchasin.~ Agent 

H. General Office Expenses 

1. 

2. 

.3. 
4. 
5. 
6. 

.7. 
8. 
9. 

10. 
11: · 

12. 

13. 

Tra.veling Expens·es of above ewployees 
when on trips authorized by you 

Long Distance Telephone, Telegraph 
and Teletype 

Lo·c~l Telephone Service 
Rental on Busiriesi Machines 
Group Ins'Jr2.!.lce, Hospi tal ization 
Parcel Post and Express 
Postage 
Depr~ci2.tion> Repairs & Naintcnance 
Rent, Light, Beat, Texes and 
Insurance. 

Office · ~~pplies ~nd Stationery 
Forms required specially for a 
particular Customer 

i-lisc~llaneous items, s~cli as l\fant Ads, . 
Subscriptions, b~es.,Catalogs, 
Bulletins 

For monthly field service ,,,hieh 
includes project ledgers, cost 
report ·t-Jo·rk sheets ~ cost reports, 
field payroll earnings records, 
quarterly reports, "\,lOrlcmens CO!TI­

pensation for field person~el. 

St:Bco ~,;rR..;\CTS. A}~D CONSTRrCTIOr\ 

Actual cost of all material and equip~ent, 
including transportation and unloading of 
same, \·:hcther purchased by you. or by 

.ourselves. All discounts and co~~issions 
are p.:!ssed on to the Customer. 

Actual ~·:o.nufacturing cost . of any Equip ::1~ nt 

m2de in our shops. Equip~ent C2n be 
furnished at fixed prices. 

- ~ - -.-: -- -

I 
I teos Reir.lburs.:!ble 
At Cost, Including 
Direc t Cos t s on 
S21aries & \·!<! ~~ c: s 

x 

X 

X 
X 

X 

x 

x 

II 
;~o r. -re ir: iburs.:!b Ie 
It c~s Cover e d By 
Administ r ative & 
O-Jerhea.c! ChC'.r~es 

x 

x 

x 

X 
X 
X 

X 

· X . 
X 

X 

x 



Description 

NATERIAl.S. Sl.1BCONTFLt\CTS. lL':D CO:':STRU CTIO?'! 
SUPPLIES COSTS - cont'd 

c. All Subcontracts 

D. All expendable r.,ateri.:.ls end CO!1S truct.ion 
supplies, also water &. electri~ity 

J. FIELD LABOR AND RELATED COSTS 

B. 

C. 

D. 

/ 
I. 

~. 

A. Salaries and Wag2s 

1. Field Superintendent of .Construction 
2. Assistant Superintendent 
3. Generai Foreman 
4. ResidentEngineer 
5. Chief Surveyor 
6. Inst~ument }~n, Stakers & Rodmen 
7. Field Accountant and Staff 
8. Cost Analysis Engineer 
9. Timekeepers 

10. Field Purchasing Agent 
11. Warehousemen and Helpers 
12. Safety ' Engineer, Doctor & Nurses 
13. llatchmen and GU<lrds 
14. Other necessary Non-Nanual Field 

Employees . 
15. Overtime pay for 3-A (1 to 14) above, 

in accordance ,,,i th Established Policy 
and with your prior approval 

15.1 ITnen Overtime is '\!orl~ed) t.he 
overtime premium payroll 'Hill 
be a job cost. 

16. Vacation and Holiday allowan~es, in 
accordance with NPC policy 

"17. Sick 1eave . for monthly salary employees' 

Tra'l.'el and living expense and subsistence for 
personnel 3-A (1 to 14) above, in accordance 
"'ith NPC policy 

' oeial Securit.y, Une2plo~ent Insurance ~Id 
Payroll Taxes applicable to Em~loyees, 3-A 
(1 to 15) above. 

All Job Site Craft and co~on labor salaries, 
ges nnd fringe benefits as required by work-

1ng rules of Unions having jurisdiction, 
including travel and premium pay allo":2;tces 
for field manunl eUlployees. 

I 
I tl'O!IS Rei! T~<.Ible 

At Cost, Including 
Direct Costs on 
Salaries &. l-la :;~s 

x 

x 

x 
X 
X 
X 
X 
X 
X 
X 
X 
X 

:X 

'X .. 

X 

X 

X 

x 

x 

'. 
X 

II 
Nun -re il,lbu r ::;ab IE: 

It~25 Covered By 
. Adl.lini~tr,!tive &. 

Overhc.:~<1 Ch.:nges 

.. ~ 

x 



4. 

Description 

FIELD LABOR N,D RELAT.2D COSTS - cant I d 

D(a) 1·!hen overtimE: is \vo:r-ked, the premium 
overtime payroll will be a jo~ cost 
\vith no addition for Contractors 
burden or fee. 
(1) Labor' for tie in of subcontract 

inst211ations 
(i.l) Material for tie in of subcontract 

installations 

(2) Labor to install changes after 
start-up . 

(2.1) Material rieeded to install 'changes 
after st2rt-up 

E. Social Security, Une8plo)~~nt Insurance 
and Payroll Taxes applicable to empl­
oyees in 3-D. 

. 1 
I telnS Reim. s~ble 
At Cost, Incl1Jding 
Direct Costs On 
Sal a r j c s & \.:;t ~-; c s 

x 

x 

x 

x 

x 
F. WorkQen's Compensation; Liability, Property 

Damage,.Builders Risk and other insurance 
2srequi~e~L . x 

G. Cost of labor recruitment, testing and 
transport2tion to the Job Site. 

H • . Cost of labor negotiations, specifically 
for this work 2S required. 

I. Cost of Engineers, Technicians, or Manu­
facturer's Specialists £or installation 
and start;..up. 

EOUIP1·rE~·;T k"\!) TOOL COS! 

Tran~portation and handling ccsts to move 
tools 2nd equipment to 'and from the job. 

B. Purchase of major ~onstruction equipment. 

D. 

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

Rental and transportation of any constr­
uction equipment, ,·,nether furnis11ecl by 
contractor or others. Rental rates for 
contractor o,·med equipT!1ent, if avai12ble, 
will be negotiated. 

x 

x 

x 

x 

x 

x· 

x 

II 
:;Oi1-r(; ilil~)U r s<:blc 
Items Cuvcr~d By 
P.rli:Jir. is t r a ti vc & 
Oo;e rhC::2.d Cll<1q:r;s 



I 

Descri tion 

J tCIllS ReiI' ~ r':'2ble 
At Cos t, Iud ing 
Direct_ Co~l.s on 
S~larics f:, l?~ ?e s 

C0~\STP.L:CTIOi\ EQUInU:::~~T A:\O TOOL COST - can t I c1 

Dec.) ;\'ormally NPC equipt;lent "Use" rate \-Jill 
be charged. This rate includes all costs 
of m.;uership, and operation except oper­
ator labor. These rates are fueled & 
maintained, and are based on A.E.D. Rates. 
50% of this rate will be ch<!r~ed for stand- -

-by time. _ No charge will be Dade if equip­
~ent is stored or inoperative. 

E. S~all Tools and Rigging 

F. , Maintenance of ou~side rented equipment and 
tool~, including renovating at end of job. 

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

5. HISCELT·A.,'\"EODS JOB COSTS 

A. Temporary Construction Facilities 

Field Office~ Yurniture) Office Equipment 

C.Building Permits and Licenses 

D. ~ield Telephone & Telegraph 

E. Premium of Compensation Insurance, ' Public 
Liability .and Property Da~age> Automobile 
Public Liability and Property Damage, ru1d 
any other insurance required for Field 
Payrol.l or Plan t, job incurred only. 

Losses or Expenses not cornpeniated by 
Insurance. 

G. Rental cars at cost. 

H. Sales, Use and PriviTege Tazes (if any). 

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

J. Outside consultants. 

... -.- ... - .. T".-=-,..... _- . " .. " _ _ . _ _ . ' . _.1"._ .. __ . _ .. . 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

II 
l';on -re ir:ll) :1 r s<!L Ie 
Items Cuvered By 
hd~ini str~tive & 
OVeChC.:ld C!lar"'E:S 



D(!scri tion 

5. l·rrSCEL!...tu~EOr.;S JOB COSTS - cont I d 

K. Inspection in Suppliers Shop or in Field. 
Includes travel ti~e ~nd travel and 
living expense. 

L. Cost of legal fees and expenses caused 
by Force Majeure. 

H. Cost of Performance . Bond (if required). 

. . 

I 
I terns "Re im rsable 
At Cost, Including 
Direct Costs on 
Salaries &. ;"'.3::;e:; 

x 

x 

x 

II 
l~on-re ila~u r S2.b Ie 
Item::; Cov(:reu By 
Administrntive & 
Overhead Char~.~s 
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HTH AND HYPO AT LOW pH 
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V~N7U~t; J'i;~!N~NG COMPANt: LiD. 
P.o. BOX S 

COOL. CALIFORNIA 95614 

TEL E PHONE (9 16 ) 885-2201 

November 11, 1976 

J. Bruce Stevenson 
Caithness Corporation 
7110 Oracle Road 
Suite 213 
Tucson, Az. 85704 

Dear Bruce: 

Enclosed, is Rudy Amiscaray" s :-::preliminary test 
results on HTH/acid and Hypo/acid leach tests 
conducted at various pH and compared to a 
cyanide leach. 

Gold extr·action using HTH and silver extraction 
with Hypo increases cQnsiderably with lower pH. 
The sample for Tests -.l-2A is Wall Street tailings 
from, Nelson, which should be fairly uniform between 
sample splits (see Table 1). Additional tests were 
run on the Portland,Cripple Creek tailings and 
showed the following results: 

Portland Tailing.§. 
Solvent E!! Oz'Au!..Ton % of ' NaCN 
Cyanide 11.00 .006 100 
HTH 6.35 .008 133 
HTH 3.40 .012 200 
HTH 1. 85 .018 ' 300 
HTH 1. 20 .022 367 
12 + KljAcid .016 267 

12 + KI .012 200 

,. ' 



APPENDIX 4.5 

HALIDES TO LEACH GOLD 



- ") 
These results represent a major breakthrough in 
our search for non-toxic gold and silver solvents . . 
The behavior pattern of Hypo, HTH, and even . -
cyanide may explain some current operational data; 
for instance: 

•.. Silver salts, particularly ft~l, precipitate 
' to AgO, with a strong base, which may . explain 
the .Toughnut silver precipitation for the in­
situ. Future .hypo in-place or in-'situ should 
be controlled at lower pH levels with acid . 

••• Is the recent Tombstone increase in silver 
extraction a result of lower pH? Rod Williams 
switched from liquid caustic to soda ash a 
few months ago and is maintaining a much lower 
alkalini ty. -

••• Barrel tests at Cripple Creek indicated soda 
ash might improve gold recovery as much as 
30% over liquid caustic, and this may be due 
to pH. 

We wilL continue this evaluation as time and 
personnel permit. 

cc: R. F. Hewlett 
J. L. Kennedy 
R. R. Williams 
R. B. Arniscaray 

Sincerely, 

;t~Gl~ 
R. M. Darrah 

, 
! 



TABLE 1 

COMPARATIVE LEACH RATES 
CYANIDE VS. HTH AND HYPO 

(Reference: R. B. Amiscaray report dated Nov. 3, 1976) 

TEST 1 24 HOUR AGITATION 
Solvent pH Au OZLTon % of NaCN 
Cyanide 11.05 .042 100 
HTH .90 .040 95 

I 

HTli .65 .037 88 
HTH .65 .043 102 
HTH .55 .042 100 

TEST lA 24 HOUR AGITATION 
Solvent pH Au Oz/Ton % of NaCN 

Cyanide 11.05 .042 100 

HTH 6.90 .012 26 
HTH 1.10 .018 43 
HTH .90 .024 57 
HTH .35 .032 76 

TEST 2A 19 HOURS 
Solvent pH Ag OZLTon ~ of NaCN 

~yanide 11.05 .790 100 
Hypo 7.25 .156 20 
Hypo 5.90 .232 29 
Hypo 2.90 .360 46 
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November 3, . 197~ 

To : R. M. Da~.Ta.h 
From: R. B. Amiscaray 

Subject:HTH & Hypo Test 

Per your instruction about discontinuing barrel test for 
HTH, should we 'obtain low results on previous barrel test, 
I would suggest that we have to continue conducting an 
extensive test on "HTH" including "Hypo" at lower pH. 
In addition to that, some of the barrel test which we 
lowered down the pH to 1 .5 like the Crystal Butte samples 
<ifl2l & 123) showed an increase on the Au leached. 

Following is the summary of the shaker test conducted on 
Nelson tails: 

(A) HTH Test 

1. At very low pH the Au recovered by HTH is 
almost the same as that on the standard 
NaCN/NaOH test. 

2. The Au leached increases slightly as pH 
increases. See Fig. 1, and I-A. 

(B) Hypo Test 

1. Au leached increases at lower pH. 

2. Ag increases as pH decreased to a certain 
extent when Ag dropped off at pH lower than 
2.9. Below this pH, all the Ag is precip­
itated as AgS. This can be attributed to 

. the decomposition of Hypo to sulfur; hence 
Ag reacts with sulfur to fonn AgS. See Fig. 
2, 2-A. 

, 
? 
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" ... ..... . 

TEST 1 

TEST 1-A 

SHAKER TEST RESULTS 

HTH TEST .. - 24 HOURS 
Ozs. 

Sam121e 11 pH Au 

1 11.05 .042 

2 .90 .040 

3 .65 .037 

4 .65 .043 

5 . .55 .042 

HTH TEST 24 HOURS 
Ozs. 

Sam21e if pH Au 

1 6.90 .012 

2 6.85 .012 

3 5.75 .018 

4 1.78 .014 

5 1.40 .012 

6 1.10 .018 

7 .90 .024 

8 .75 .022 

9 .55 .026 

10 .35 .032 

· , t, 

(Nelson Tails) . - ~ 

Leached 
Aa 

_0 

.79 1 NaCN/NaOH 

.006 

.004 HTH wi H2SO4 

.005 

.005 

Leached 
Ag 

.002\ 

o I 
.002 

0 

0 HTH wi H2SO4 
.002 

.004 

.004 

.004 

.006 

' :', 

.,l; 



· '. 

TEST 2 HYPO TEST -- 44 HOURS 
OZ8. Leached 

Sam:Q1e If p!:! Au M 
1 11.60 .066 .940 or NaCN/NaOH 
2 8.10 .008 .132 
3 7.95 .006 .084 

'" 
4 7.94 .008 .090 Hypo wi H2SO4 5 7.85 .010 .140 
6 6.65 .010 .204 
7 1.40 .012 0 
8 0.80 .026 0 



APPENDIX 4.4 

BROMINE TEST AT CRIPPLE CREEK 
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APPENDIX 4.6 

OCT.-NOV. LAB TEST RESULTS 
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iCHARD F . HEWLETT 
; 0 ROYAL CREST CIRCLE, APT. 438 
,S VEGAS, NEVADA 89109 

33-9260 

CLAY TECHNOLOGY 

R.F.Hewlett 
June 28, 1977 

Clay minerals commonly formed are: 

1. Kaolins 
2. Montmorillonites 
3. Illites (Hydrous Micas). 

7110 NORTH ORAClI : ROA[ 
SUITE213 

TUCSON, ARIZONA 85704 
(602) 297-2566 

Starting 
specific 

from any parent rock, the clay minerals develop 
environmental conditions as shown below: 

under 

++ Mg,Ca,Fe present 

oxidizing and 

leaching 

~ 
MONTMORILLONITE 

tTl 
~ ::s 
+ + 
tTl tTl 
~ ~ 

-r-! .r-! 
.t:: .t:: 
o 0 
co co 
OJ OJ 

..-I ..-I 

PARENT ROCK 

+++ K,Na,Ca,Fe present 

reducing or 

oxidizing and 

leaching 

HYDROUS MICAS -<~r--------­ +K 
leaching 

----------------KAOLINS 
(ILLITES) 



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 existlng 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 develop under a wide range of conditions. 
5. Illites are the dominant clay minerals in marine sediments, but they also occur in certain soils derived from marine shales. 

Kaolinite (Al 20
3

' 2Si0
2

' 2H 20) 

Synthetic modes of formation: 

Temp. Time Solvent Substance 

320 0
C 24 hrs. 0.5N HCl Orthoclase (KAISi 30 S ) 16 96 .. dil. HF " 300 250 " o.S-l.oN HCl/H 2so4 " 

The pH ranges of formation are: 

ACIn 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 & 
Potasslum Conc. 

, 
Kaolin 
****** 

'Free of 
'Alkali 
'Metals 

Montmorillonite 
*************** 

Alkali:Al 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 
. . _ ................ . ............... . 

.' . 
I' -. 
w', 
8. 
HI 

I > • 
0 I 

U, 
U) I ' 

.::> 
\ ::E:: 

-
" 

/w \ 

I
, 8 • 

H ' 
H! 
H ' 
>-< , 

, ::r: I 
t P< I 

, \ 0 : , ~, 

',.>-<; 
- \P< ' , 

\ ; ............... . ........ . .......... 
High potassium 

*CLAY MINERAL SPECIES* 

1. Micaceous Clay Minerals 

a. Kaolinite Group 

Dioctahedral 
Kaolite 
Halloysite,2H ° . 
Hydrated hall6ysite,4H 20 
Nacrite 
Dickite 

b. Montmorillonite Group 

Dioctahedral 
Montmorillonite 
Beidellite 
Nontronite 

c. Hydrous Mica Group 
Dioctahedral 

Illite 
Pinite 
Glauconite 
Celadonite 
Brammalite 

d. Mixed Layer Group 

Anauxite 
Bravaisite 
Vermiculite-chlorite 
Kaolinite-nontronite 
Montmorillonite-illite 

Low 

3 . 
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..... 

j Synthetic Formation 

MONTMORILLONITE: 

Montmorillonite + K~C03(10 % ) + H20 ---~ Orthoclase 

Add heat in gold-lined (KAcid Carbonate) 
pressure bomb 

ALUNITE: 

A. H2S0
4 

+ K2S04 + Na 2S04 » + NH 4S04 --
~ Alunite 

.01M 
60-90i Alunite in 7 days at 2000 C 

B. 50g A1S04 + ((H 2S04 + K2S0 4 + Na2S04» ---~ Alunite 
.05M 

50-99% Alunite in 100 days at 1000C 

HALLOYSITE: 

Kaolinitic clay + S04» ---~ Halloysite 

Within carbonate rocks; 
therefore a pH change 

KAOLIN: 

Solfataric Action: «Alkali» + S02 + S2 + HCl - - -~Kaolinte 

Metal 
Soln. 

Solubilities 

B. Montmorillonite Groups disolve in a weak acid soln. 
(0.01 - .04% H+) 

------~--~-~-----
----



Decompositions 

A. Kaolin 

Ionization 

A. 
B. 
C. 
D. 

Kaolin + H2S04 » ---~ Si02 + A1S0 4 strong 

White powder 
Soluble in cold H20 - 31.3 gr/100 ml (0) 
Soluble in hot H20 - 98.1 gr/IOO ml (100) 
Slightly sol. in dil~ acid and alcohol 

Calcium from soil colloids* 

Clay + NaOH + Ca(OH)2 ---~ change in clay latticei 

Therefore, kaolinite + NaOH + Ca(OH)2 ---~ Montmorillinite 

(Gives up ionized "salts") 

Permeability 

Calcium - saturated clays tend to be granular & comparatively 

pervious with Ca; Na clays are highly dispersed and impervious 

Base Exchange 

Influences pH: 

A. Ca clays if free from CaC03 are 7 
B. Na clays are highly alk. - +10 
C. Rain with dis. CO 2 is acid(H+) and H ions replace 

Na and form dil. soln.s of NaHC0 3-Na 2C0 3 or NaOHi 
resulting in increased alkalinity of Na clays 

D. Mix; Na clay + CaCo
3 
---~ alkiline upon leaching 

(Ca++ replaces Na++ + Na2C03 
Also, Mg replaces Na ... 

5. 



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 crystals. 

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 flocculationt. 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). 



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 molecules 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 • 



DESIGNED TESTING PROCEEDURE 

Pre-Treatment 

..... A. Basic 

1. CaO (lime) 

Add 1,2,3,4,&5 #lime/ton ore and note effect 
on perculation. 

2. Ca(OH)2 

Add 1,2,3,4,&5 # calcium hydroxide/ton ore and 
note the effect on perculation 

B. Acid 

Leaching 

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 H2S0 4 (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 4. & HTH 

8. 





HEWLETT MANAGEMENT 

R. F. HEWLETT 2602 Monte Verde Way 
Sparks, Nevada 89431 PHONE (702)359-1069 

6 
TOMBSTONE 

T6mb~~one ~epAe~eri~~ an opp6~~uni~y ~op~oduce p~ecidu~ me~dl~ 
wi~h a minimum capital inve~tment. Thi~ i~ due ~o the 60llowing: 

1 . Ex~en~ive p~eviou~ ~citnpling"; 

A. SU~bace d~illing 
B. UndeJi.g"~ound d~illing 
C. Unde~g~ound ~ampling 

2. An exi~~ing heap 06 one-millionton~ ~ha~ can 
be ~e-p~oce~~ed u~ili zing ~ecen~ "heap leaching 
innova~:i..on~" 

3. P~dven open-pi~ 6~e ~a~ge~~ 60~ devel6pmen~ 
06 open-pi~ o~e ~e~e~ve~. 

Ac~ivity 

Heap ~e-p~oce~~ing 
Open Pit; 

Gob 
"New O~e" 

Unde~g~ound 

Net 0re~ating PJi.06it 

$ 3,250,000 

18;821,000 
133,480,000 
100,000,000 

The mo~t impo~tant 6act to ~ecognize i~ that due to "the authoJi.~ 
k.nowledg e. 0 n the: To mb~ to ne. 'Di~t~ict and he.ap le.a.ching', the. 6 allowing 
activity ~e.que.nce. i~ p6~~ible: 

A. Initiate Ji.e.-p~oce~~ing 06 he.ap 
B. H e.ap le.aching p~o 6it 6inance.~; 

1. Continued heap leaching to net 6ve.~ $3,000,000 
in one. ye.a~ 

2. Explo~ation/de.ve.lopme.nt 06 ope.n pi~ o~e-
6o~ he.ap le.aching ove~ ~h~ee ye.a~~lba~e.d 
On ~e~ul~~-6e.a.~ibili~yl 

3. Explo~a~ion 06 unde~g~6und. 
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The budge~ 6o~ Tomb~~one i~ a~ 6ollow~: 

A. Lea~e~(Tomb~~one Vevelopmen~, Tomb~~one 
Ex~en~ion, TMR, e~e. J 

B. Va~a Compila~ion 

C. Su~6aee Sampling/Me~allu~9Y 

V. Heap Re-P~oee.~~lng; 

Wa~e~ (~ub. 'pump and line..6 PVC) 
Powe~ 
Pump~(~p~ay, p~eeep, e~e. J 
Building & Labo~ato~y 
Plan~ 
Chemiea.e.~ 
Managemen~ 
Ope~a~o~.6 

E. V~il.e.ing 

E. C~u~ hing - Va zing 

Time Pe~iod 

' :l Janua~y 

Feb~ua~y 

*'" 
Ma~eh 

~*Comp.e.e~ion 06 .e.ea~e 

Lea~e~-O~ganiza~ion 

Lea~e~-Va~a Compila~ion 
Samp.e.ing-Me~a.e..e.u~gy 

Heap P~oe~~.6ing V eve.e.opmeY1.~ 

2602 Monte Verde Way 
Sparks, Nevada 89431 

EXPENVITURES 
Pha.6e. To~al 

$ 3,000 

3, 000 

4,000 

$15,000 
12,000 
7:0,000 
35,000 
50,000 

5,000 
8,000 
5,000 

$ 10,000 

150,000 $160,000 

$10,000 

$30,000 $200,000 

Expe.ndi~u~e 

$ 3,000 

7,000 

75,000 
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TOMBSTONE 
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Tomb~tone, A~izona i~ in ~outh-ea~t A~izona in Co~hi~e County, 
about 75 mile~ 6~om Tu~~on. Following a~e a ~umma~y 06 pa~t 
p~odu~tion and a dl~~u~~ion ~on~e~ning the potential 06 the 
Tomb~tone Mining Vi~t~i~t. 

VISCOVERY 

In 1877, Ed S~hiennelin lent Camp Hua~hu~a and went p~o~pe~ting 
in the a~ea ea~t on the San Ped~o Rlve~. He wa~ wa~ned agaln~t 
the Apa~he~ by "All you'i.e. eve~ nind in tho~e hill~, Ed, i~'going 
to be you~ tomb~tone." An unu~ual ~od<. 60~mation att~a~ted hi~ 
attention, and he took ~ome ~ample~ to hi~ b~othe~, Ai, at the 
Signal Mine. Vi~k Gi~d a~~ayed hi~ ~ample~, and the th~ee 60~med 
a pa~tne~~hip. The town wa~ named ante~ the wa~ning made to 
Ed S~hiennelin. The initial di~~ove~y by S~hien6elin i~ unknown, 
but he latte~ di~~ove~ed and ~taked the Lu~ky Cu~~. Soon the 
di~~ove~y wa~ known and p~o~pe~to~~ pou~ed into Tomb~tone. 

EARLY MINING 

Out~~opping ledge~ and nl~~u~e~ 06 high - g~ade o~e made ea~ly 
mining ea~y, be~au~e the development ~ould ba~i~ally be done 
in o~e. All o~iginal mine~ we~e developed by ~inking on out~~opping 
o~e;the Goodenough In~line i~ an ex~ellent example on ea~ly mining. 
La~ge tonnage~ 06 high - g~ade o~e wa~ mined on the ~u~na~e n~om the 
apexe~ 06 anti~linal ~t~u~tu~e~ that p~edominate in the vi~inity 
On the Toughnut Mine. Al~o, the "Million Volla~ Stop'e" i~ on the 
~outh ~ide 06 town, whi~h ha~ ~aved and ~emain~ a~ a "Glo~y Hole". 

Sub~equent mining wa~ ~on~ent~ated on the anti~line ~t~u~tu~e~ 
whi~h gene~ally plunge ea~te~ly, 6i~~u~e~, ~epla~ement bed~ and 
vein~, and along the ~onta~t~ on the nea~ ve~ti~al dike~ that 
~t~ike no~th-~outh th~ough the di~t~i~t. The~e ~t~u~tu~e~ we~e 
pu~~ued down to the wate~ table and late~ally 60~ ~on~ide~able 
di~tan~e~. Many unknown ~t~u~tu~e~ we~e di~~lo~ed a~ a ~e~ult, 
and blind o~e bodie~ di~~ove~ed and mined. 

Photo on the next page ~how~ unde~g~ound mining in the Tomb~tone 
Vi~t~i~t in 1904. Noti~e that the mining i~ in a p~e6e~ential 
lime~tone ho~izon;thi~ <~ typi~al 06 the Goodenough and T.oughnut 
mine~ . 

, <, 

"' 
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PROVUCTION 

1. M~n~~ that ~h~pped d~neetly to the num~nou~ eu~tom m~ll~ 
that openated ~n the Tomb~tone V~~tn~et Qept no.neeond~. 

2. High-gnade one wa~ not milled locally but ~ent qinectly 
to the ~melten(eommon 06 the plu~ 80 ounce ~ilven). 

3. Eanly m~ne~ w~th th~~n own m~ll~ Qept poon neeond~. 

4. Pontio n~ 0 6 mine~ wene lea~ ed and veny po on necond~ wene 
kept by the lea~on~. 

5. Pniee 61uctuation~ mad~ pnoduction n~eond~ Q~pt in dollan~ 
di66icult to n~late baek to the one gnade~. 

6. Smelten~ would ch~at the minen~ by neponting lowen g nad~~ 
and commonly not payton nepont) 60n the gold cont~nt. 

7. "High-gnading" wa~ pnaeticed which neduced the gnade. 

It i~ neponted that 1,635,639 ton~ 06 one wa~ mined. The computed 
gnade~ wene a~ 601low~: 

Av~nage Silven gnad~ ' 20.67 t.oz./ton 

Avenage Gold gnade .133 t.oz./ton 

The yeanly pnoduetion i~ ~hown on the 60llowing pag~(table 1). 

The actual value 06 the Tomb~tone pnoduction at today'~ pnice~ ane: 

Actual Tomb~tone Pnoduetion = $ 38 million 

Pne~ent Value 06 Pnoduction $225 million 

Vn. C. J. Sanle nepont~ th~ Tomb~ton~ pnoduction a~ $ 79 mil~~on. 
In any ev~nt, the pnoduction wa~ ~igni6icant at that peniod 06 time. 

-. ~ - =: 
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Table. 1 . 
TOMBSTONE PROVUCTION 

Ye.aJz.(.6) Tonnage. Au He.ad.6 Ag H e.ad.6 

1879-1880 55,567 .094 34.00 
81 i28,452 .072 43.00 
82 131,296 .075 34.00 
83 75,249 · 125 34.00 
84 33,582 .262 34.00 
85 31,736 .286 34.00 
86 25,885 .333 34.00 
87 14,500 .383 34. 1 2 
88 14,511 .453 34.00 
89 5, 51 2 .548 34. 0·0 
90 13,537 · 416 34. 00 
91 15,362 .479 34.00 
92 13,573 · 315 34. 00 
93 14,127 · 258 34.00 
94 11,213 · 258 34.00 
95 11,213 · 258 34. 00 
96 11,213 .258 34.00 

1897-1901 135,608 · 11.4 15. 00 
1902-=-1906 224,602 · 114 15. 00 

07 48,444 · 114 1 5. 00 
08 51,266 .080 6.97 
09 27,123 .084 7.44 

1910-1920 232,219 .090 12. 11 
1921-1930 266,330 .090 10. '32 
1931-1936 53,619 · 269 1 7 . 47 

'\ 1,635,639 · 133 20.67 

" 
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. FoLlowing aJte :the PJtoduc.:tion by ·m.{. n e : 

Mine Va:te Ton.6 Au ~ 

No Jt;thwe.-6;t July , 89 ;to '90 274 • 1 4 1 87. 1 
" June '90 ;to ' 9 1 458 • 2 1 5 67. 1 
" June ' 91 :to ' 9 '2 1 , 4 1 3 .35 87. 8 
" June '9'2 :to '93 1 ,4'27 · 1 8 87. 1 

Toughnu;t June. ' 9 7 ;to ' 9 2 7 , 702 • 55 88. 5 
" June '92 ;to '93 2,096 · 67 55.5 
" . Aplt. ''20 :to '25 5,203 .17 '27.45 

Empilte Aplt. '20 :to ''23 159 · '240 1 3. 48 

TJtanquili:ty ApJt. '20 ;to ''23 7 , 978 .3'20 '2 '2 . 46 

Sii..velt ThJtead ApJt. ' 2 0 :to ''23 4, 738 .'270 '25.47 
" 

We..6:t Side ApJt. '88 :to ' 89 63'2 1 . 794 84.40 
" ApJt. '20 ;to ' '2 5 1 , 238 · 560 38. 58 

We..6:t Side- June ' 9 0 :to ' 91 1 , 1 05 1 . 380 73.30 
Sui..phulte:t June ' 9 1 :to ' 9 2 1 , 490 1 . 130 66.50 

" June '9'2 :to '93 1 , 1 84 · 8 '2 48.60 

Sui..phulte:t ApJt. ' 89 :to '90 500 1 . 931 84. 80 

Con:ten:tion ApJt. '20 :to ' '2 3 3,639 · 198 7 3. 57 

Head Cen:teJt ApJt. ' '2 0 :to '23 1,738 · '200 14. 50 

Glta.nd Cen:tJtai.. ApJt. '20 :to ' 23 1,438 · 140 13. 75 

Luc.k.y C u.6 .6 Aplt. ' 8 8 :to ' 89 3, 253 · 576 41 . 1 0 
" ApJt. ' 89 :to '90 '2,488 .466 44.60 
" June. '90 :to ' 91 2,271 .740 54.90 
" June. ' 9 1 :to '9'2 2,684 .460 43 / 60 
" June '9'2 :to ' 9 3 3, 729 · 110 '25. '20 
" Aplt. ''20 :to ' 2 1 5, 560 .056 16. 92 

OJtegon ApJt. ''20 :to .' 2 1 3, 866 .01 3 '23.00 

PJtom:telt ApJt. ''20 :to ' '2 1 9,688 .01 7 16. 50 

EmeJta.i..d ApJt. ''20 :to ' '2 1 119 · 010 8.00 
'----

Bunk.eJt Hii..l ApJt. ' '2 0 :to ' '2 1 100 .035 15.45 

f· 
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It wa~ ge»e~ally a~~umed ~ha~ ~he wa~e~ e»cou»~e~ed i» ~he mi»e~ 
wMthe ~ea~on 60~ the clo~ing 06 ~he Tomb~to»e mi»i»g ope~a~io»~. 
Howeve~, ~he mi»e~ co»t~olled ~he wate~ level i» the Pump Sha6t; 
~he mi»e~ a~e ail in~e~connected wi~h the Pump Sha6t. In 6act, 
I have ~alked ~o mine~~ ~ha~ went a~ 6a~ a~ Glea~on ~o wa~n ~he 
mi»e~~ the~e when "the pump~ we~e ~hut down a6~e~ the 6i~e in ~he 
pump hou~ eo 
I» gene~al, the development 06 new o~e wa~ ove~looked when the 
Bona»za o~e~ we~e bei»g mi»ed. Al~o, lea~e~~ would "~ob pilla~~" 
a»d i» ge»e~al leave ~he wo~ki»g~ in an u»~a6e condi~io». 
Whe» developmen~ co~~~ we~e the» ~ela~ed wi~h lowe~-g~ade o~e~, 
unce~~ain~y would exi~~ co»ce~ning ~he economic~ 06 6u~the~ 
u»de~g~ou»d developme»~ away 6~om ~he mai» wo~ki»g~ a»d ~hi~ 
wa~ 6u~~he~ complica~ed by lowe~ gold and ~ilve~ p~ice~;~ilve~ 
wa~ unde~ $1.25/~.ounce. 
Fina»ci»g Q6 the ope~a~ion~ co»t~ibuted to the complexity;whe» 
»0 wo~ki»g capital wa~ available 6~om a» ope~atio», it would 
take time to make additio»al 6i»a»cial a~~angeme»~~. 
When the pump hou~e bu~»tdow» a»d »ew Co~»i~h pump~ we~e ~equi~ed 
(.6ee oppo~ile.. page), it would have to take ove~ o»e yea~ to b~i»g 
them "a~ound the Ho~»". The», when the mi»e~ 6100ded a»d the 
p~ice 06 »oble metal~ wa~ ~~ill ve~y low, ail g~oup.6 gave up 
and the mi»e.6 ~emai»ed clo~ed. 

GEOLOGICAL HISTORY 

Qua~tz latite po~phy~y~(Uncle Sam Po~phy~y) int~uded ,the Naco a»d 
Bi.6bee lime.6to»e, ~hale, che~t, ~a»d~to»e, and qua~tzite 60~matio».6. 
The.6e ~edimenta~y 60~matio»~ had p~eviou~ly been 601ded a»d 6aulted 
by tecto»ic activity, cau.6i»g ~ome domi»g. Along the~e zone~ 06 
weakne~~ the int~u~ive.6 60110wed, including a»de~ite po~phy~y a»d 
~hyolite po~phy~y dike.6. Then a .6e~ie~ 06 ~teeply dipping no~th­
no~thea~t 6i~~u~e~ developed, pe~hap~ due ~o the 6i»al i»t~u~ion 
06 Schie66elin g~anodio~i~e. Sub~equen~ ~o thi~ epi~ode and ~ela~ed 
to magmatic ~eg~egation 06 gold, ~ilve~, coppe~, manga»e~e, lead, 
zinc, a»d othe~ mine~al.6 wa~ the mig~ation 06 the mi»e~alizin9 
~olution~ along the va~iou~ 6ault~, 6i~~u~e~, joi»t~, b~eccia 
zone~, a»dope» beddi»g pla»e~ u»til ex~olution " occu~ed p~oducing 
the mi»e~alized ~t~uctu~e.6 ob~e~ved in the di~t~ic~. Eve~y 
~t~uctu~e occu~ing within ~he ~t~ucu~ally i»duced ~yncline i~ 
mi»e~alized at ~ome poi»t a»d ~ome th~oughout thei~ e»ti~e exte»t. 
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The mo¢z pnoduezive one depo¢iz¢ in zhe Tomb¢zone Vi¢zniez exhibit 
a pneoenenzial onden 00 pnionizy zo ¢znuezune¢ and ho¢z noek¢. 
0 0 highe¢t pnionizy anezhe ponou¢ on bnoken lime¢tone eapped 
by ¢hale on ozhen impenmeable uniz¢. 
Follow~ng ane zhe nelazion¢hip¢ 00 ¢znuezune¢ and ho¢z noek¢ 
in onden 00 zhein imponzanee on pnoduezive minenalizazion: 

HOST R.OCK 
********* 
Faulz ·bneeeia & gouge 

Blue lime¢zone 

Novaeulize 

10'/6' lime¢zone 

Naeo lime¢zone 

Vike mazenial 
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c::J '-.( MINERALIZING ..s= -\-.( 

-\-.( ~ STRUCTURES 
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WEST STVE MINE: Sounce on wate4 non 5 yean heap leaching openation. 
Cnane being uhed to lowen hubmenhible. pump an ten 
nepainh to the lagging in the hhant. When pnoblem~ 
would come up, the City wa~ veny nice and would 
alway~ allow Uh to u~e City waten. 

The authon and othen~ wene undengnound a gneat deal, 
e~pecially when .we wene leaching undengnound, and 
noted oven the yeanh that the waten level changed 
only about 5-10 neet(lowened) by pumping at about 
100 GPM. 

I . , , 
~ 

. .. 
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The wa~e~ ~able a~ p~e~en~ i~ app~oxima~ely 4115 6ee~ above ~ea 
level o~ abou~ 500 6ee~ below ~he ~u~6aee. I~ wa~ known ~ha~ ~he 
gold-~ilve~ value~ eon~inued undimini~hed 60~ ~ho~~ di~~anee~ 
below ~he wa~e~ ~able and ~he~e i~ good evidenee ~ha~ ~he value~ 
eon~inue in~o ~he ~ul6ide zone many hund~ed~ 06 6ee~ in dep~h 
below ~he wa~e~ ~able. In gene~al, ~he wa~e~ ~able ha~ no~ ehanged 
ve~y mueh 6~om ~he level du~ing mine~aliza~ion. 

In an e660~~ ~o exploit ~he o~e unde~ ~he wa~e~ ~able, nume~ou~ 
a~~emp~~ we~e made ~o dewa~e~ ~he Tomb~~one mine~. All a~~emp~~ 
~eemed de~~ined 60~ 6ailu~e beeau~e only ~empo~a~y ~ueee~~ ~e~ul~ed 
due ~o poli~ieal ha~~le~, ea~ele~~ne~~, meehanieal 6ailu~e~ and 
eaving g~ound 60~eed ~he ~u~pen~ion 06 pumping. A~ wa~ men~ioned 
p~eviou~ly, ~he Pump ~ha6~ wa~ ~ank ~o ~he 1,000 600~ level and 
~he wa~e~ level wa~ eon~~olled 60~ a ~ho~~ pe~iod 06 ~ime. 

Vu~ing ~he pe~iod 06 de - wa~e~ing, i~ wa~ p~oven ~ha~ ~he o~e 
eon~inue~ downwa~d whe~eve~ i~ ha~ been pu~~ued. In ~he Conte ntion, 
G~and Cen~~al, Luek Su~e, Emenald, We~t Side, and Silven Th~ead 
mine~ i~ wa~ 60und ~ha~ ~he o~e no~ only eon~inue~ below ~he 
wate~ ~able, bu~ that ~he gold and ~ilve~ ine~ea~e~ in g~ade, 
e~peeially the gold. In addi~ion, good value~ in lead, zine, and 
mangnae~e ~ul6ide~ a~e ine~ea~ing in value. Thi~ i~ al~o ~hown 
by deep diamond d~ill-hole~. 

The ini~ial de - wa~e~ing wa~ aeeompli~hed a~ a ~a~e 06 4500 GPM 
~o keep ~he 1000 600~ level d~y, and a ~~eady gain wa,~ made ~o 
de-wa~e~ ~he Tomb~tone Ba~in. Abou~ 2100 GPM would de-wa~e~ to 
~he 800 600~ level. Wi~h mode~n pump~, ~he eo~t 06 de-wa~e~ing 
would no~ be ve~y expen~ive. 

The wa~e~ unde~g~ound i~ no~ 6i~ ~o d~ink due ~o ~he ~own 06 
Tomb~tone dumping ~hei~ ~ewage into old mine ~ha6~~. Thi~ wa~ 
an advantage when ~he au~ho~ needed wa~e~ 6o~ a ~eeent heap-leaehing 
ope~a~ion and leaehed unde~g~ound beeau~e the au~ho~ poin~ed ou~ 
~ha~ ~he wa~e~ wa~ al~eady eon~amina~ed. Howeve~, i6 wate~ would 
be ~old, a~ to Tue~on, a ~~ea~men~ plan~ would be neeee~~a~y; 
a ~~ea~men~ plant would be ~equi~ed 60~ Tomb~~one wa~e~ 60~ 
eon~ump~ion a~ Tue~on. The au~ho~ ha~ looked in~o ~he po~~ibili~y 
06 ~elling unde~g~ound Tomb~tone wa~e~ to Tue~on, and it i~ noW 
po~~ible wi~h ~he ~wp-yea~ old deei~ion ~ha~ wate~ ean be ~~an~po~~ed 
6~om one ba~in ~o ano~he~ ba~in. The Ci~y 06 T~e~on have·~aid they 
we~e in~e~e~~ed in ~he wa~e~, and would buy it at Tomb~~one;Tue~on 
would pay 60~ ~~an~po~~ing the wate~ and a t~eatment plan~. 



I 

Famou~ unde~g~ound ~eam 06 Spea~ and Walke~ inve~tigating the 
G~ound Hog ~ha6t. Thi~ team ha~ been in mo~t 06 the unde~g~o«nd 
wo~king~ in the Vi~t~iet. 

- - . -- - ------ - . 
i , 

ASARCO d~illing nea4 Robbe~~ Roo~t 6o~ p04phy~y eoppe~ mine~alization. 

-( 
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Map~ made du~~ng ~he ea~ly m~n~ng pe~~od may ~~~ll be ava~lable 
~o ¢ome ex~en~. The autho~ ha¢ ¢een a numbe~ 06 them, and ~t 
would be ea¢y to acqui~e(on copy) any available map¢ i6 a pnoject 
wene initiated. The authon ha¢ been o66ened the oppontunity to 
copy numenou¢ map¢, but at the time it wa¢ not nece¢¢any. 

The eanle¢t explonat~on wa¢ conducted by Eagle P~tchen(ln the 30'~). 
The authon ha¢ been told that the data can be copied, but al¢o 
(by Eagle Pitchen) that they got veny poon cone necoveny due 
to thein d~~lling method, and i6 they wanted dnill-data 6nom 
Tomb¢tone. they would ne-d~~ll the ¢ame locat~on¢. 

Newmont ¢pent a g~eat deal 06 money on ¢un6ace d~ill~ng(coneJ and 
undengnound development. Much 06 thein data i¢ in Appendix A. 
Al¢o, thein cone i¢ in the cone ¢hed by the Empine mine. The 
authon had it ne-boxed whene nece¢~any and ~tacked ~n ¢equence; 
the no06 wa¢ al~o patched and made wate~ t~ght. The mo~t intehe~ting 
dnill hole¢ wehe #7 and #9. Data not included in th~¢ hepont could 
po~~ibly be obtained 6nom one 06 the Nebha~ka "6ahmeh" oWneh¢. 
B~ll H~ght'~ addne¢¢ ~~ a~ 60llow~: 

Mn. W~ll~am H~ght 
1824 NOhth Bhoadwell 
Gnand I~land, 
Neb n a~ k a ( 6 8 8 0 1 J 

When Newmont began explohat~on/development in Tomb~tone, they 
60nmed a company, the Tomb~tone. Development Company . . A6ten Fhed 
Seanle~ died, Newmont dhopped thein pheciou~ metal phoject~ 
(Tomb~tone and Gold6ieldJ and ~old the company to Bill Hight and 
vahiou¢ otheh 6n~end~ 06 B~ll'~(Fnank Gallup, John Ne6elt, etc.). 
They lea~ed ~t to 71 Mine~. He~ght, et. aL, paid $160,000 60n 
the 90 odd claim~, mo~t 06 which ane patented. They would have 
taken an end-pnice 06 $250,000 at the time 06 the 71 Minehal 
lea¢e, but I could not convience my two pahtneh¢ to add that 
to the lea¢e. A~ ~t tUhned out, H~ght, et. al., we~e pa~d mOh ~ 
than $250,000 in noyaltie¢. 

Vuval ~pent a ~hont time in Tomb~tone. The~n data i~ ~ncluded 
in the Appendix. 

ASARCO dnilled at lea~t thhee deep hole¢ in the bneccta p:tpe ahea 
no~th 06 the Cha~l~ton Lead M~ne. The hole~ wehe between 4-5,000 
6eet deep and ~nten~ected weak coppeh m~nehalizat~on. 
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71 Minenal6 wa6 60~med by the authon to pnoce66 the dump6 at 
Tomb6tone. A ~ecent di6cu66ion 06 the ope~ation i6 60und in 
the back "pocket". Al-6o, the authon wa-6 ve~y intene6ted to 
conduct explo~ation in the whole Vi-6tnict, but thi-6 activity 
wa-6 ne-6tnicted by the authon'-6 othen pantnen6 who we~e only 
in the limited pa~tnen6hip bU6ine66 and not 6amilia~ with mining. 
Howeven, a6 a ne6ult, con-6idenable knowledge wa6 gleaned with 
the limited explo~ation conducted by the authon and 60me ve~y 
pne6t~giou-6 geologi6t-6. 

Impontant explo~ation conducted by 71 Minenal6 wene a6 60lloW6: 

1. Vetailed lithologic, altenation, and 6tnuctunal mapping 
06 the Mi~6y and Fox claim-6. 

2 . U nde~gno (Lnd examinatio n 06 a lang e numb en 0 6 wo~king6 
in the Vi6t~ict. 

3. V~iiling in the Toughnut-Empine-Skip Sha6t-Tnanquility 
a~ea(-6halloW ~even6e-cinculation). 

4. Mapping and d~illing in the Robben-6 R006t bneccia pipe 
anea on the Chanl6ton ~oad. 

5. Mapping and 6ampling(back - hoe and dozen) 06 the Vi6tnict 
a6 a whole. 

6. Vnilling and -6ampling on TMR claim6. 

Penhap6 the g~eate6t advantage 06 the above explo~ation i6 the 
intimate knowledge gained about the Vi6t~ict by Me66n6. Bni6coe, 
Spea~, and Hewlett. Thi6 i-6 to 6ay that "Vi6t~ict knowledge" i-6 
an exlponation 6acton that i6 a nequi-6ite 60n 6UCCe-666ul di6cove~y. 

The ~e-6ult-6 06 the 71 Minenal-6 explo~ation will be di-6cu-6-6ed on 
an individual m~ne ba6i-6 in the 6utu~e potential 6ection. 

The~e60ne, anothen a66et will be di-6cu-6-6ed in detail-the heap 
at Tomb6tone which can be ~e-pnoce66ed. 
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Extenhive ~ampling wa~ conducted on evehy dump in the Di~thict. Thih 
wa~ done with back-hoe thenche~. Channel ~ample~ wehe taken in 
intehval~ not to exceed 20 6eet;~ample intehval~ con6ohmed with 
changeh in the natuhe 06 the dump matehial. SCheen analy~e~ wehe 
made and it wa~ 60und that ev~n though ~cheening up-ghaded the 
ohe, it wa~ ~till economic to take the entihe dump with out 
~cheening. An analy~i~ 06 chu~hing wa~ conducted by the authoh 
at the ~ame time, and it wa~ concluded that chu~hing would about 
bheak-even at tho~e loweh pheciou~ metal phice~(compahed with 
phe~ent phice~), e~pecially becau~e "IPS" had not been developed 
by the authoh at that time. Thehe6ohe, at that time, chu~hing 
libehated a gheat deal 06 value~, but the 6ine~ cheated heduced 
the phecolation and hence the hecovehy, loo~ing evehything gained 
by chu~hing. 

Dump 

Empihe 
Thanquility 
Toughnut 
St. 06 Maine 
Contention 
Lucky Cu~~ 
Emehald 
Heh~chel 
Ingeh~ol 
Old Guahd 
Little Joe 
Sulphuhet 
Silveh Thhead 
Bunkeh Hill 
Bo~~ 
Comet 
De6ence 
Ohegon 
Phomteh 
Rattle~nake 
Silveh Plume 
We~t Side 
Ghand Centhal 
Telephone 
NOhthwe~t 

TOMBSTONE DUMP ASSAYS 

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 
30,000 
26,000 
15,000 
4,000 
5, 0 a 0 

. 25,000 
60,000 

100,000 
5,000 
6, 0 0' 0 

Au* 

.044 
• 058 
• 029 
.006 
· 051 
· 039 
• 0 1 5 
• 025 
· 041 
· 021 
· 051 
· 043 
.030 
· 021 
· 037 
.030 
· 025 
.003 
.005 
· 010 
· 014 
· 019 
· a 5'() 
• 027 
· 037 

1 . 67 
1 . 92 
2. 82 
3. 35 
1 .60 
3.35 
3.61 
3. 1 7 
4. 01 
2.68 
2.23 
1 • 05 
2. 22 
3.39 
2. 39 
1. 56 
2 . 0 1 
4. 17 
3.63 
2. 80 
1 • 03 
1 .62 
2. 05 
1 • 98 
1. 75 

910,244 .037 2.26 

Pb** Cu**Zn** Mo** 

.78 

.99 

.50 

.50 
1 . 04 
1 . 1 2 

• 30 
.32 
.30 
.03 
· 31 
.65 

1 . 25 
.46 
.19 

. . 39 
.71 
.80 
.58 
• 2 1 
· 59 

1 . 1 9 

.07 .015 

.09 .008 

.05 .009 

.03 .40 .001 

.07 .76.001 

.28 .015 
• 07 
.04 1.44 .001 
.04 .54 
.01 .01 .00'1 
.03 .18.005 
.03 .006 
.192.00.005 
. 09 .45 
.03 .001 
.03 1.21 
.14 

.07 

.03 .006 

.05 .006 

.01 .16.001 

*=t.oz./ton 
**=%/ton 

Mn** 

.58 

7.95 
6. 90 
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Heap l~~eh~n9 " 4ite 
~outh 06 the town "06 
TOMBSTONE;notiee the 
town in the middle 
baekg~ound. Photo 
taken 6~om Contention 
Mine aJtea. 

Tailing4 ~ite;GiJtaJtd 
tailing4. Tomb~tone 
i~ jU4t noJtth. HateheJt 
home in 6aJt ~ight. 

,-

Pad 4ite;tailing4 a~e being 
layed down with the blade 
leveling into li6t4 06 
about 3 inehe4 and then 
the leveled tailing4 aJte ( ­
wate~ed 6o~ obtaining the ~ 
maximum eompaeted den4ity. 
Thi4 impeJtmeable pad wa4 
appJtoved by the BuJteau 06 
Mine4 and u4ed 60~ about 
6ive yea~4 without p~oblem:. 

'--
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Having de~e~mined ~he 6ea~ibili~y 06 heap-leaehing ~he Tomb~~one 
dump~, a ~i~e wa~ ~ elee~ed ~ ou~h 0 6 ~own ~ha~ wa:6 · no~ in view 
06 ~he ~own, but ~~ill elo~e enough 6o~ powe~ and ei~y wate~ \ 
(Aee photo~ on oppoAi~e page). . 

Tailing~ 6~om ~he old Gi~a~d mill we~e uAed 60~ pad ma~e~ial, a~ . 
well a~ ~ailinga 6~om ~he We~~ Side a~ea. · A~ i~ men~ioned on 
~he oppo~i~e page(la~~ ·pho~o), the pad i~ ~~ill in good eondition. 

- . 

Following a~e the 
ope~a~ion. 

~equen~ial developmen~ 06 ~he heap leaehing 

poze~ pu~hing and ~ipping 
on the ~o~~en~ion dump. 
Thi~ 6aeili~a~e~ -the 
loading ope~a~ion. 

r-------------- ,---~----------- ------------ -----
I 
J 

I 

'--------------- -- --

Loading at ~he Bo~~ dump; 
Loade~ i~ a Ca~ 988 and 
a~ 35-~on ~~uek~ 6o~ 
aulage. 

I 
I ' 
! 
i ' 
I 
I 

I 



. , 

Eall.ly load-ing 
he.ap 61l.0m the. 

06 the. 
Conte.nt-ion 

the. dump. Not-ice.-in 
60llow-ing photo~ that 
the. he.ap w-ill be.come. 
100 6e.e.t h-igh. 

F-ill.~t l-i6t on the. nOll.th 
e.nd 06 the. he.ap;above. 
-i~ the. ~outh e.nd. Not-ice. 
that the. 6-iIl.~t l-i6t 
about 25-6e.e.t h-igh. 
gll.ade.1l. -i~ pll.e.pall.-ing 
add-it-ional pad all.e.a . 

Top 06 le.ve.le.d 
look-ing nOll.th. 
that the. nOll.th 
be.-ing le.ache.d. 
the. ~pll.ay '£.-ine.~ 
be. move.d to the. 
e.nd and ne.w oll.e. 
the.n be. he.ape.d on 
nOll.th e.nd;~o goe.~ 
le.ach-ing cycle.. 

he.ap 
NotA:.ce. 

e.nd -i~ 
The.n 
w-ill 
~outh 
w-ill 

the. 
the. 

.,: l 



,,-­
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Fi~ht · liot ine~ement 
being p~epa~ed 60~ 
ieaehing. Notiee 
beyond and ~ight 06 
the piek-up a~e the 
heaph 00 o~e dumped 
by the t~uekh. 

South a~ea being 
leaehed while the 
o~e ih being heaped 
on the no~th end. 
Contention dump 
hite in oo~eg~ound. 

Completion o~ heeond 
lint on the no~th end. 

------

--------- --- --- - - - - -.--------- -- - -- - --
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Le.ac.h plant an:te.~ c.om l a~d he.ap 
~e.c.ond ..e.i~te.:t~on on 
no~th ~id on :the. 
tak.e.n n~oe.·T Photo 
dump and m. ~anqui..e.ity 

m~ne. a~e.a. 

Sp~aying , on :the. 'aOD :thi~d lint 
a~ D ~ ~outh e. d 

e. a ann a ~t h . n ; 
loade.d w':th be.~ng 
Wh

o ~ o~e. "h -<-te. c.~u~:t - . e.ape.d" 
~e.c.tion . don m~dd..e.e. 

~~ ~tJ d and ~o..e.ub..e. ~e. .c.au~tic. e. c.a..e.c.~:te. ppt. 



Chie6 metallu~gic.t; 
71 Mine~alc. leaeh 
plant. Plant wac. 
a Me~~ill-C~owe 
zine pneeipitation 
pneeiouc, metal 
~eeoveny c.yc.tem. 

Leaeh plant; 
Seh~iven p~ec.c.ec. 
on ~ight ane 601L 
elani6ieation and 
the yellow plLec.c.ec. 
aILe 601L the p~eeiouc, 
metal p~eeipitatec.. 
Eaeh pnec,c. held about 
$100,000 wo~th 06 
gold-c.ilven plLeeipc.. 

P~eeiouc. metal plLeeip 
p~ec.c, elean-up. BlaeQ 
eololL ic. unuc.ed zin e. 
Pneeip'c. aILe c.ealed in 
the blaeQ eyanide 
ba~nel'c, and c.hipped 
to the lLe6inelLY. 

II' I 
r ' - '.~ ·· 1 

_ _ ..... • .J ' I 



P~e~ent heap at Tomb~tone; 
The heap i~ about 700 6eet 
high. Co~pa~e thi~ photo 
with pheviou~ 'when 25-50 
6eet high. Hauling new 
o~e to the heap wa~ ~topped 
ove~ two yea~~ ago. P~od­
uc.tion c.ontinued by ~ec.ol1dJ /­
a~y ~ec.ove~y method~. 

Final ~tage~ 06 leac.hing 
heap;~outh end wa~ Eme~ald 
and Bunke~ Hill o~e. 
Notic.e that the ~outh end 
i~ bec.oming ~atu~ated. 

P~e~ent heap viewed 6~om 
the ~outh. Notic.e doze~ 
on top pu~hing o~e and 
~ipping to inc.~ea~e 
pe~c.olation. 





Kenyon Richard examining breccia pipes. 
Drill site on TMR property to test for sulphides. 





· J 
I 

! 
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FUTURE POTENTIAL 

7. Heap; 601t lte-pltoc.e.6.6ing. 

2. Open-pit and undeltgltound olte. 

2602 Monte Verde Way 
Sparks, Nevada 89431 

3. Watelt;601t pO.6.6ible .6ale to Tuc..6on and loc.ally 601t 
iltltigation. 

The.6e will bedi.6c.u.6.6ed, but the watelt potential wa.6 mentioned 
in the .6ec.tion c.alled WATER TABLE. Little c.an be added c.onc.eltning 
the watelt potential without 6ultthelt di.6c.u.6.6ion.6 with the City 
on Tuc..6on. 

Heap Re-Pltoc.e.6.6ing 

GltO.6.6 value 06 the heap i.6 known by the dump .6ample.6 taken and 
the .6ample.6 taken 6ltom the heap dulting tltuc.k-dumping and the heap 
leveling. Al.6o, .6ample.6 welte taken a6telt an altea wa.6 leac.hed to 
e.6timate peltc.ent Itec.ov elty. In all, good .6ampling wa.6 done a.6 an 
impolttant pha.6e on pltoduc.tion monitolting. 

The gltO.6.6 amount.6 and value.6 in the heap alte: 

Gold 

Silvelt 

Tltoy Oz. 

33,679 

2,057,151 

Plte.6ent $ Value 

$ 6,.1 35 ,806 

$ 11,314,333 

I - Fltom the lte6inelty ltec.eipt.6 and the c.omputed ltec.ov eltie.6: 

Quantity Remaining in Heap 
, . 

Pit e c.-<.. 0 U.6 Metal Tltoy Ounc.e.6 P lte.6 ent $ Value 

Gold 20,207 $ 4,041,483 

Silvelt 1,337,148 $ 7,354,316 

" 
$ 11,395,799 
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ReQen~ doze~ aQ~~v~~y; 
pu~h~ng and ~~pp~ng 
~nQ~ea~e~ pe~Qola~~on. 
Clay and 6~ne~ Qau~e 
Qhannel~ng and bl~nd~ng 
~n ~he heap, ~eduQ~ng 
~he ~eQove~y ~o abou~ 
35-40 pe~Qen~. 

ea~~lbeh~nd} p~Qk­A~ea 
up wa~ dozed down 15 6ee~ 
and ~~pped, p~oduQ~ng 
add~~~onal value~ ~n 
~he p~eg wh~Qh la~~ed 
60~ 6 mon~he~;~he heap 
~ep~e~en~~ a ~eal a~~e~ 
~ha~ ~~mple ~e-wo~k~ng 
Qan p~oduQe a ~~gn~6~Qan~ 
Qa~ h 6low . 

leac.hed. 
c.~u~~ 

~h~~ ~eQ~~on" 

Above a~ea be~ng 
NO~~Qe ~he Qau~~~Q 
wh~c.h ~nd~Qa~e..~ 
06 ~he.. heap ha~ de-wa~e~ed 
60~ abou~ ~wo week~. 

-
, I 
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A 6~nanQ~al analy~~~ 06 ~he Tomb~~one heap 60llow~: 

G~o~~ Value Rema~n~ng ~n Heap; $ 11.40/~on(60~ 1 mm ~on~) 

M~n~mum ~eQove~y w~th Q~u~h~ng 
and "I PS" t~ea~men~; 50 % 

M~n~mum ~eQove~able value; $ 5. 70/ton ......... . 

Ope~at~ng Co~t/Ton 

C~u~h~ng $ O. 25 

Voz~ng · 50 

LeaQh~ng .50 

"IPS" · 50 

Plant · 30 

Adm~n.&Ove~head .25 

Sh~pp~ng&Re6~n~ng · 1 5 

M~n~mum net p~o6~t; 

G~o~~ Value 
Ope~a~~ng Co~t 

Net Ope~a~~ng 
P~06~~ 

Ne~ Ope~a~~ng 
P~06~~ 6~om 
Re- P~o Qe~~~ng 
Heap 

$ 2.45 ..................... . 

$ 5. 70/~on 
~/ton 

$ 3.25/~on 

$ 3 , 250 , 000 ..................... . 

Requ~~ed Cap~~al Inve~~men~ = $ 200;000 
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Open Pit Potenti~l 

At the p~e~ent p~i~e~ 06 p~e~iou~ metal~ and by utilizing new 
lnnov~tion~ in· heap-lea~hing te~hnology, ~elatively ~mall open 
pit tonn~ge~ a~e ~equi~ed to be developed to p~oduce a ve~y 
~igni6i~a~t ~a~h 6low. 

It ha~ been ob£e~ved in the unde~g~ound wo~~ing~ that at lea~t 
the· ~ame tonnage(in the 60~m ~6 gob)i~ ~till unde~i~~und · . 
~~ wa~ hoi~ted to the ~u~6a~e and pla~ed in the "wa~te dump~". 
In mo~t(i6 not all) ~a~eH~ the gob i~ highe~-g~ade than the 
wa~te dump~;Goodenough gob ave~aged .15 Au and 10 oun~e~ Ag. 
Old mine~~ tell me that the gob i~ the lowe~-gAad~ mate~ial(Q~e) 
that wah expe~ted to be milled at a late~ date! · The wa~te wa~ 
a~~umed t6 be ·to . to low g~ade to eve~ be p~o~e~~ed. ~e~au~e 
it wa~ e~onomi~ to p~o~e~~ the "wa~te dump~", it will ·be ~ hown 
that i6 we· a~~ume to di~~ove~ the ~ame gob tonnage a~ · wa~ du~ped 

. on the ~u~6a~e("wa~te dump~") that an open pit ope~ation would 
ma~e money i6 no additional o~e would be di~~ove~ed. That ~eally 
~edu~e~ the ~i~~. . . . 

Following a~e the al~umptionl and 6a~tual data uled to ma~e o~e 
~e~e~ve e~timatel: 

Vepolit Name La~t P~odu~tion Walte Vump Gob A.6.6umed 
Ton.6 Au Ag ~. ~ Tonl Au ~ 

(XI000) (XI000) - -

Contention 
"Vi~e" 

T~anquilllty . 
S~ip-Ag Thd. 

Lu~~y CUl.6-
Old Gua~d 

Eme~ald 

Bun~e~ Hi-e.l 

Tomb~tone 
Exten.6ion 

• 207 1 5 .2 2 

.307 23.25 

.056 16. 92 

· 010 · 8. 00 

• 035 15.45 

.071 1 1 . 88 

381 .05 1 1 . 7 5 500 .050 2.10 

61 • 051 1 . 99 100 .058 1 . 92 

66.4 .036 3.23 70 .039 3.50 

70 • 015 ~ . 6 1 70 • 015 3.50 

38 · 021 3.39 40. • 021 3.40 

6 • 031 6.50 1 5 • 025 5.00 , 



HEWLETT MANAGEMENT 

\======= = ==--================-=-=-------- -

R. F. HEWLETT 

PHONE(702)359-1069 - 1 5 -
2602 Monte Verde Way 
Sparks, Nevada 89431 

P~e~ent open-pit mining ~nd heap-ledching co~t~ 'have been u~ed 
60~ the computation 06 g~o~~ value., net ope~ating p~06i·t be60~e 
tax(NOPBT), and total open-pit mining co~t.· Co~t~ u~ed ~~e: 

O~e ~pe~ating ca~t/ton = $2.25 
.Wa~te haulage/ton .50 

Fo~ example, 60~ a ~t~ipping ~atio 06 5.5:1 $5.00/ton o~e. 

P~elimina~y open pit~ we~e de~igned 60~ the ~ixopen-pit t~~ge!~ 
p~eviou~ly de6ined a~ having good potential. C~ite~ia u~ed we~e: 

A. 45 0 pit ~lope~ 
B. 50-600t m-<.n-<.t!lum width a·t bottom bench 
C. Pit depth doe~ not exc~ed o~e body width . 

. The above c~ite~ia allow~ compa~i.qon 06 the va~iou~ ".taJr.get" 
o~e bodie~ on an equita~le ba~i~ . 

. A~te~ an analy~i~ 06 the unde~g~ound map~ and pe~~onal knowledge, 
the 60llowing ~e~ulted 6~om the "mineable open-pit - o~e - ~e~e~ve~": 

Deeo~it Name Pit Total Tonnage % 0,'"1. e Ton nag e O~e Va.lue/Ton 

Contention Dike 9,100,000 12. 6 % $ 80.00 

T~anq-Ag Th~ead 4,220,000 5. 9 % 80.00 

Lucky Cu~~ 1,580,000 8. 0 % 68.00 

Eme~ald 1,340,000 9.4 % 36.94 

Bunke~ Hill 1,150,000 6.3 % 65.00 

Tomb . . Exte.n~ion 650,000 9'. 2 % 58.00 

Notice that the d~mp~ had an o~e value oi $ 20.96/ton and :that 
.the pa~t o~e p~oduction had an o~e value 06 $ 150.62/ton. The 
e~timated o~evalue~ above 6~om unde~g~ound ~ample~ 6all~ about 
hal6 way between the p~eviou~ly mined o~e and the dump value~. 
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A6 will be p~e6ented on the ~ollowing page, with a ~ealihtie 
p~oje.e.tion 06 de.POhit Olte. lte.he.ItVe.h, a ve.lty higI1i-6ie.ant e.ahh 610w 
Ite.hulth .. Howve.ve.lt, ~t ~h ve.lty ~nte.lte.ht~ng to e.valuate. the. 
in dividtdtl "ta~g e.t d e.po h ~th" 6ltom the 60 llowing mil1imum ~ih k 
point-06- view: 

A. Fo~ the. dehigned pith, it ih ahhume.d that no 
Olte. w~ll be. dihe.ovelte.d o~ de.ve.loped. 

B. Fo~ the dehigned pith, it ih ahhume.d that only 
gob exi6th;the g6bhah been obhe~ved awd hampled. 

Uhing the p~eviouhly mentione.d open-pit mining e.Ohth, the 
ne.t opeltat~ng e.Oht be.601te. taxeh wa~ e.ompute.d mining only gob. 
AlhO, the. "blte.ak-ev e.n" gob tonnage. wah e.ompute.d to Ite.late. to 
the minimum gob tonnage Itequilted to de.ve.lop and not loo~e any 
money. It ih ea~y to ~elate. to thih · app~oae.h, beeauhe it i~ . 

. quie.kly hee.n that ~elatively hmall tonnage.h a~e. ~equi~e.d to 
b~eak e.ve.n • . Fo~ example, tonnage.h hmalle~ than the "wahte. dump" 

,.-.. to nnag e.h alte. Ite.q uiJted. Following alte th eh e. e.o mputationh : 

a 

-
.... . 

OPEN PIT RISK ANALYSIS 
(Only Gob-No Olte) 

Ve.e.O.6~t Name. Total OP Mining GItOhh Value NOPBT Blte.ak Eve.n 
Co~t-Gob & Wa~te. Gob Gob - MM Gob Tonnage. 

Contention $ 5,425,000 $ 11,300,000 $ 5. 875 240,044 

T~anq.-Ag Th. 2,285,000 2,312,000 · 027 98,832 

Lue.ky CUh~ 912,500 2,016,000 1 . 1 04 31,684 

Eme~ald 792,500 1,680,000 · 888 33,0 21 

Bunke.1t Hill 645,000 984,000 · 339 26,220 

Tomb. Exte.n~. 328,750 525,000 · · 196 9,393 

Following alte the e.omputed · e.e.onomie.h 6o~ the p~ojee.ted olte and the. 
gob w~thin e.ae.h deh~gne.d ope.n pit. 
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Vepoflit .Name 

" Co nt'e. nti 0 n 
Vik.e"-
GJtand Ce.n;t/l.a.t­
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HEWLETT MANAGEMENT 

- 1 7-
2602 Monte Verde Way 
Sparks, Nevada 89431 

OPEN PIT POTENTIAL 

Ope.n Pit Vim en~ion~ 
Le.ngth Width Vepth 

2,000' 350' 300' 

900' 300' 300' 

700' 200' 200' 

600' 250' 200' 

500' 20(J' 200' 

300' 250' 200' 

E~timated OJte. Re~e.Jtve.~ Ec.oytomic.~ 
Type. ~ ~ Toyt~ GJto~~ Net Ope 

Value. PJto6it 

OJte. .10010.0 1.15MM $92.MM 
Gob .0502.10 .50MM 11.3 $95.93 MM 

OJte. .100 10.0 .250MM $20.MM 
Gob .0581.92 .100MM 2.312 $19.59MM 

OJte. .040 10.0 .126MM $8.6MM 
Gob .039 3.50 .070MM 2.0 $ 9.451MM 

OJte. 
Gob 

OJte. 
Gob 

.0056.0 

.0153.5 

.025 10. 

.021 3.4 

• 12 6MM 
.070MM 

• '0 72 MM 
.040MM 

$4.7MM 
1.7 $ 5.321MM 

$4.7MM 
.984 $ 4.893MM 

OJte .050 8 . . 060MM $3.48MM 
Gob .025 5 . . 015MM .525 $ 3.55MM 


