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Consultants in: Division of -; 
Southwestern Exploration Associates . ~ • Hydrometallurgical recovery 

• Heap and conventional leaching 
4500 E. Speedway, Su.ite 14 '. • Precious and base metals 

• 

-- ~ranium/Vanadium 
_ ' ngsten 

Worldwide Mobilization 

Tucson, Arizona 85712 ···· . 
(602) 795-6097< 

. -

S.E.A .. Hydromet, Inc. 

Me~~It~. Tom SQhlo~~ 
and Vwight Lee 

FAMCO 
1700 Bltoadway 
New YOltk., 
New Yoltk.(10019) 

Vealt Tom and Vwight: 

A pltil 1 1, 1 9 79 

Richard F. Hewlett 
Vice President and General Manager '. 

Chemical Engineer 
Mining Engineer 

Ba~ed upon my expeltienQe at Tomb~tone with the heap leaQhing 
pltojeQt ~n the ealtly te~ting pha~e, the 60llowing lteQommendation 
i~ made: 

1. PltoQeed with the next pha~e 06 late-~tage te~ting and 
ealtly-~tage pltQduQtion a~ ~oon · a~ po~~lble. · 

The above lteQommendation i~ made ba~ed on the nollowing lteQent 
Ite~ult~ and Qon~equential QonQlu~ion~: 

1. Olte Pdtentialha~ been adequately pltoven. 

'. 
z. Valtiou~~olvent~ othelt :than but al~o inQluding Qyanide 

have been pltoven e66eQtive with the Tomb~tone olte~. 

3. "InduQed PeltQola":tion" ha~ been te~ted on a Itea~ondble 
~Qale and pltoved i6~eQtive 60lt inQltea~ing lteQovelty. 

,. 
1 

Th e Ite~ult~ upon whiQh the above lteQQmmendation and QonQlu~ion~ 
welte dltawn 60llow~ in the e~Qlo~ed Itepoltt. 

SinQVtely yOUIt~, 

)
J; / / ~j / c~ 
U~/ l.:~ -; _ \~ /1 /(j~(-V~ 

RiQhaJtd F. Hewlett 
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North Ramp and 71 Minerals Plant 
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North Ramp showing "ripped & dozed" section 
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North Ramp 
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South Ramp 



Consultants in: 
• Hydrometallurgical recovery 

Division of 
Southwestern Exploration Associates 

• Heap and conventional leaching 
• Precious and base metals 
• ' lranium/Vanadium 

•
Jngsten 
r1dwide Mobilization 

S.E.A. Hydromet, Inc. 

TOMBSTONE PROJECT 

AnalY-6i-6 06 Ri-61<. 
and 

PILogJte..-6-6 Re..poJr..:t 

4500 E . Speedway, Suite 14 
Tucson, Arizona 85712 

(602) 795-6097 

Richard F. Hewlett 
Vice President and General Manager 

Chemical Engineer 
Mining Engineer 

FaQ.:tOIL~ .:tha.:t pILe..viou~ly have.. be..e..n pILove..n .:to no longe..Jt be.. a Jti~1<. 6aQ.:toIL 
aILe.. .:the.. 60llowing: 

1. Wa.:te..IL 
2. POWe..IL 
3. Lab OIL 
4. Supplie..~ 

1. Finaiiza.:tion 06 le..a~e..(~igna.:tuILe..~) 
2. Gove..lLnme..n.:tai Jte..~.:tILiQ.:tion~ 
3. OILe.. Re..-6e..ILve..-6 
4. Me...:talluJr.gy 
5. Me...:tal Re..Qove..Jr.Y 

Re..Qe..n.:t IL ~~ ul.:t~ have.. pILove..n .:the.. nollowing: 

1. Ne..e..d~ 6inaliza.:tion-- only ILe..maining ILi~l<.. 
2. No ILi-6I<.;~e..n.:t le...:t.:te..IL~ and Qon.:taQ.:te..d all age..nQie..~. 
3. No ILi~l<.;ampie.. aILe.. ILe..~e..ILve..~-Qon~.:tan.:t Qon6ilLma.:tion. 
4. Solve..n.:t~:No ILi-6l<.;pILove..n e..66e..Q.:tive.. 

"IPS":No Jti-6l<.;good pe..Jr.Qola.:tion and value..~ 
5. N a ILi~ I<. 

4t SummaILy 06 Re..~ul.:t-6 
A. SpILaying Side.. Slope..~ 

B. 

Hypo pJr.e..g on 0.25 .:t.oz. Ag/.:ton;e..xaQ.:tiy wha.:t wa~ pILe..diQ.:te..d. 

"IPS" 60IL Taiiing~/dump/ope..n-pi.:t aILe.. 

gO .:ton~ ILe..Qie..ve..d .:the.. "IPS" .:tILe..a..:tme..n.:t and .:the.. ini.:tial(5 min.) 
pJte..g wa.o: 

.015 Gold and .35 Silve..IL 

Thi.o i-6 an e..xQe..llan.:t ILe...:tUILn and .:the.. pe..ILQola.:tion wa.o ve..Jr.Y good. 
The.. Jr.e..~ul.:t.o Qould no.:t have.. be..e..n be...:t.:te..Jr.. 
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TOMBSTONE 
PRODUCTION 

SUMMARY 

In Si.tu. Le.ac.hing 
06 He.ap 

Fine..6 
t 

! 

Sc..Jc.e.e.ning 

A.tomic.. 

Co aJc..6 e. 
! 

! 
A.tomic. 

Ab.6oJc.p.tion 
A.6.6 alj 

Ab.6oJc.p.tion 
A.6.6alj 

. • Wa.6.te.. . 
OJc.e. ! OJc.e. 
-----r -I-

I * * 1 * * 
* Wa.6.te. * 
*He.ap * 1 
******* 1 

C Jc.u..6 h 

! ......... . .......... ! 

"IPS" 
! 
1 
! 

Le.ac.h 
1 
1 

Plan.t 

1 
Me..tal Sale..6 
$$$$$$$$$$$ 



Ltem 

15 KVA Tnan~6onmen 

PVC 6itting~, elbow, tee~ 

Spninklen head~ 

Lab 
Atomie Ab~o~ption . 
Std. Chemieal~ 
Wonk beneh 
pH Meten 
Shaken 
Vnying Oven 
Pulvenizen 
Cnu~hen 
Aeeteylene 
Compne~~on(6on oxygen) 
Pne~~une negulaton~ 

Padloek~ (1 0@$4) 

Chemieal~ 

Management(Fee~/expen~e~) 

Laban 

BUVGET 

E~t. Expenditune 

$ . 600 

1 ,000 

ZOO 

10,000 

40 

5,000 

4,000 

5,000 
$ Z5,840 

---~~~~~~~----;--



TOMBSTONE 

Pftojec.ted 
Ca..6h Flow 

Following i.6 my be.6t e.6tima.te on c.a..6h nlow nOft the next month: 

Week. "IPS" In-Situ 

One $10,000 $10,000 

Two 15,000 25,000 

Thftee 15,000 35,000 

Fouft 15,000 50,000 

The a.bove i.6 ba..6ed on a.ll pfteviou.6 te.6t WOfttz, eitheft la.b oft 
pilot .6c.a.le. 



For ______ .-_._. _-._-____________ ~ __ . --_-. --~~--~--~-------------
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::::on su ltants in: 

· base & precious metals . uranium 

• coal. geothermal • environmen t 

• rem ote sensing· color aerial photography 

I )retation-image processing 

tV.ide Mobilization 

Southwestern 
Exploration Associates, Inc. 

4500 E. Speedway, Suite 1 
Tucson, Arizona 85712 

(602) 795-6097 

James A. Briscoe, Preside nt 
Registered Professional 

Geologist 

TOMBSTONE HEAP RE-PROCESSING BUDGET 

e · 

·e 

Following is the initial capital investment required for re-processing 

the Tombstone ·Heap. 

Item 

Ini t i al Pro perty Pa ymen t 
Geological Report 
Lease Expenses 
Engineering 
Power Hook-Up Deposit 
Electrical Wiring 
Pump Installation 
West Side Water Line 
Office Support 
Pre-Production Royalty 
Consul ting Fees 
Spray Lines/Manifolds 
Directional Rainbirds 
Preg Pond Lining 
Pad Preparation 
Laboratory 
Building 
Office 
Recovery Plants 
Reagent Tanks 
Crushing - ~orking Capital 
Chemicals 
Insurance and Bond 
Management 
Labor 

Expenditure 

$ 6,000 
3,000 
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 



e TOMBSTONE 
Staht-Up Chemical~ 

Name Quantity Unit Phice Total Phice 

SR- 3 Re~in 
( Ion - Exchange) 100 # $ 6.50/# $ 650 

Lime-Paul SpUh 20 ton~ $14/ton 280 
PhO ce.~~ e.d (CaO) Haul .. $25/hh 100 

Sodium Hypochlohite 
$0.90/gal (NaOCl-14% ~oln.) 5-55 gal.bbl. 248 

Sodium cyanide. 
(NaCN) 1000 # $0.5615/# 562 

Sodium ~ul6ide 
(Na 2S) 400 # $0.248/# 99 

Zinc du~t 
(Mehhillite) 300 # $0.662/# 199 

e Sodium thio~ul6ate 
(Na2S20r5 H2 O) 300 # $0.246/# 74 

$ 2, 2 11 
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Ca.tegolty 

Powelt 

Wa.telt Line 

PVC Fitting¢ 

Splta.y¢ 

Plteg Pond 

La.b 

Building 

Pla.nt 

Ta.nk. 

C h emi c.a.l¢ 

Moving 

La.bolt 

Ma.na.gement 

TOMBSTONE 
Immedia.te Expen¢e¢ 

Ac.tivity 

APS Hook.-Up(Vepo¢it)i 
, Wel>t Side Wa.telt Pump . 

Old '71 Min. Pla.nt 
066ic.e 

Box & Metelt Loop 
Elec.tltic.ia.n 

Ca.ble 
Switc.he¢ & Elec.. Mi¢c.. 

Pump pa.nnel/In¢ta.lla.tion 

3-inc.h PVCi3,000 6eet 
In¢ta.lla.tion 

Teel>, Ma.ni6old.6, etc.. 

Viltec.tiona.l lta.inbiltd.6 

Linelt & la.bolt 

Quote 

$ 800 
2,400 

50 

2,250 
300 

E¢tima.te 

$ 600 
500 

1,000 
500 

1 , 000 

100 

80 

100 

Chemic.a.l.6 100 

TIta.ilelt(40X8' )-2 month.6 + $215 
Monthly ltent;$135 500 

4-50 GPM 6iltelt/ltec.ovelttj unitl> 2,500 

1350 ga.llon 350 

Sta.ltt-Up .6olvent.6 & Itea.gentl> 2,432 

La.b · equipment & o66ic.e 

Lea.c.hing & c.ltu.6hing 

RF Hewlett, et.a.l. Sa.l/Expen.6e.6 

Repolttl> & .6UppOltt 

Pltoc.e.6l>ing, 6lteight, etc.. 
6.650 

Tota.l; $25,000 

1 ,500 

2,000 

4,000 

900 

1,038 
18,350 



DATE 
/8/79 

/8/79 

/9/79 

/2/79 

/12/79 

/13/79 

/13/79 

/14/79 

~ /14/79 

~ /' 4/79 

e e 

PAID TO 
Arizona Public Service 

Arizona State Land Dept. 
(P.0.4226) 

Deposit 

Richard Hewlett 

Ionac Chemical Company 
(P.O. 4224) Inv #100640 

Keenan Supply Inc. 

e 

(P.O. 4256) Inv. #30153925 

Keenan Supply Inc. 
(P.O. 4251) Inv. #30153924 

Willett Transport Equip. 
(P.O. 4267) Inv. #1229-28~7 

Arizona State Land D~pt. 

Arizona State Land Dept. 
(P.O. 4268) 

CK # 

3 

4 

5 

6 

7 

8 

2 

e e e 

PURPOSE 
$50.00 deposit and $3,200.00 hook up for 
Skyline road residence 

Applications for mineral prospecting permits: 
T20S-R22E Sect.4,6,18 & 30 
T20S-R23E Sect 7 
T21S-R21E Sect 12 
T21S-R22E Sect 4,5,7 & 8 

Expense Advance 

100 lbs. Ionac SR-3 

5 3" PVC Sch 40 Socket 45 Ell s 
1 3" PVC Sch 40 Socket TEE 

2,700 3 PVC Sch 40 plastic pipe 
2 Gal PVC Primer 
2 Gal PVC Cement 

1 rental, 40 1 Storage van trailer 
for period of 3/15/79 - 4/15/79 

1 application for mineral prospecting permit 

9 V 0 I D 

10 19 Prospecting permit application fees: 
T20S-R22E Sect 4,5,36 
T20S-R23E Sect 5,6,7,8,17,19,20,29,30,31,32 
T21S-R22E Sect 1,2,3,9 
T20S-R22W Sect 7 

e 

AMOUNT 

$ 3,250.00 

250.00 

25,000.00 

2,000.00 

689.00 

19.66 

2,203.52 

499.00 

25.00 

475.00 
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DATE PAID TO 

[j /15/79 

L15!79 

Gordon Coristine 
(P.0.4275) 

McKesson Chemical Co. 
(P.O. 4272) 

3/15/79 Foxworth Killen Supply Co. 
(P.0.4276) Inv.#94l9 

3/15/79 Wa lly Dun 
(P.O. 4279) 

3/15/79 Ed Pice 
(P.0.4278) 

3/15/79 Thomas Colvin 
(P.O. 4277) 

3/15/79 Dusty Escapule 

, 3/16/79 U.S. Postmaster 

3/16/79 Mountain Bell 

• 
CK # 

11 

12 

13 

14 

15 

16 

17 

18 

19 

- - ------

e e e e 

PURPOSE 

Labor for moving lab equip. office, etc. 
Storage and maintenance of Jeep Wagonner 

1 Drum 55 gallon 400# Na 2S 
3 100# Drums Zinc Dust 

Materials for electrical hook-up 

C H & 0 Bottle deposit 
72d~ys a8vance rental plus 1 day credit 

1/2 HP Centrifugal Pump 
2 HP Centrifugal Pump 

1350 Gallon Tank 

Salary Advance 

Overnight delivery, receipt #B3306603 

Deposit on phone in Tombstone 

AMOUNT 

$ 200.00 

358.07 

448.30 

75.00 

.200.00 

350.00 

500.00 

7.65 

50.00 

20 V 0 I 0 

3/16/79 

3/16/79 

3/21/79 

Heflin - Harrington Industrial Plastics, Inc.21 
(P.O. 4303) Inv. #3690 

Patio Pools 22 
(P.0.4319) Inv. #7984 

S.E.A. Hydromet 23 

1 3x3xl Tee Soc PVC-40 
8 1 1/211 S.U. Ball Valves Soc PVC 
3 311 3-way Ball Valves Soc PVC 
3 3" T.U. Ball Valve Soc PVC 
1 1" T.U. Ball Valve Soc PVC 
3 3" Tees Soc PVC - 40 

4 EC - 65B Hayward filters 

Payroll Advance 

24 V 0 I 0 

TOTAL 1,214.07 

- . 

1,069.54 

600.00 



DATE 

3/22/79 

3/22/79 

3/22/79 

3/22/79 

3/26/79 

3/27/79 

3/28/79 

3/28/79 

3/28/79 

3/30/79 

4/3/79 

4/4/79 

- e e 
PAID TO 

Richard Hewlett 

Keenan Suppl.y 
(P.O. 4327) Inv.#30153927 

Ernie Escapule 
(P.O. 4329) (Archie's Auto Parts, Inc.) 
Inv. #7939, 7930, 7938 Yellow Front 

Foxworth-Killen Supply, Co. 
)P.O. 4328) Inv. #9589 & 9516 

First National Bank 
(P.O. 4309) 

Richard Hewlett 
(P.O. 4350) 

S. E. A. Hydromet 

S. E.A. Hydromet 

Nellie Cashman Apts. 

S.E.A. Hydromet 

S.E.A. Hydromet 

Arizona State Land Dept. 
(P.O. 5229) 

CK # 

25 

26 

27 

28 

• e 
PURPOSE 

Travel Advance 

140 3" Sch 40 PVC Soc. Couplings 
1 3" Sch 40 PVC Slip X mip adpt 

e 

1 Freight Charge TOTAL 

BDM OXY, valvoline oil, 3 filters, 
2 G.E. bulbs, and other misc. auto parts 
Misc. Truck parts 
1 weeks rent of two trucks TOTAL 

Misc.: pipe, galv. nipple, outs, hub, 
straps & log screws 

29 V 0 I 0 

30 

31 

32 

1001 

1002 

1003 

1004 

1005 

Cashier's check for Mayflower Co. 
moving D. Hewlett from Sparks to 
Tombstone, Arizona 

Deposit to account of AFH for cash for 
purchase of transmission to be installed 
in truck of George Jewett as compensation 
for rent of truck and purchase of chemicals 
used in Heap Leach processing 

Payroll Advance 

Payroll Advance 
(first advance was not enough to cover payroll 

Travel expense, April rent 

Payroll Advance 

Payroll Advance 

Prospecting permit application fees 

e 
AMOUNT 

$ 500.00 

162.39 

237.08 

20'.94 

1,704.05 

5·00.00 

700.00 

700.00 

188. 70 

600.00 

1,500.00 

50.00 



DATE 
4/4/79 

4/7 /79 

4/7 /79 

- e e 
PAID TO CK # 

Arizona State Land Department 1006 
(P.O. 5230) 

Richard T. Hewlett 1007 

Ernie Escapule 
(P.O. 5210) 

1008 

'-

e e e · e 
PURPOSE AMOUNT 

Prospecting permit application fees 
$ 75.00 

Gas reimbursement for March 309.47 

Reimbursement for: Texaco gas, elbos, 
repair kit, welding rod, pipe, oil filter, 
C2H2 OXY for welding/cutting, plastic 

tubing paint strip and ACY-OXY welding/ 
cutting 137.44 

BALANCE $3,14 L 12 

- - '- - -="'-' -------------------- - -
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TOMBSTONE 

ApJtil 10, 1979 

~. 

Following aJte a ~ummaJty on ~he vaJtiou~ ae~ivi~ie~ and ~heiJt ~ta~u~ 
in ~he Tomb~~one Heap Leaehing OpeJta~ion. . 

Lea~ e 

The lea~e mu~~ be ~igned veJty ~oon, a~ la~~ FJtiday 1 Jteeieved 
ano~heJt eall nJtom Bill High~ wan~ing a eopy on ~he ~igna~uJte 
page and niJt~~ page. He al~o wan~ed ~o know wha~ ~he opeJta~ion 
wa~ ~o be ealled. . 

AI~o, the advaneed minimum Jtoyal~y 06 $7,500/month ~~aJt~~ on 
May l;i~ mu~~ be paid PJtomp~ly. 

PJteeiou~ Me~al Sale~ 

MJt. Tom Sehlo~~ i~ woJtking on who we will be . buying ouJt gold 
and ~ilveJt. We expee~ ~hi~ JtepoJt~ ~oon. 

PJtodue~-in-kind 

MJt. Sehlo~~ i~ al~o wOJtking on ~hi~ ma~~eJt and will be JtepoJt~ing 
on ~hi~ ~oon-eoupled wi~h a vi~i~ ~o GJtand 1~land. 

1 n~ uJtanee 

PJte~en~ly we have eoveJtage ~hJtough Jim BJti~eoe'~ poliey ~ha~ eoveJt~ 
him and hi~ ~~a66 on any PJtopeJt~y ~ha~ ~hey aJte woJtking;exploJta~ion 
i~ eoveJted with hi~ poliey. r~ PJtovide~ 60Jt $500,000 bodily injuJty 
and $100,000 60Jt PJtopeJt~y damage. r have ineJtea~ed ~he PJtopeJt~y 
damage pOJttion ~o $500,000 60Jt an annual 6ee 06 $153{~ee enelo~ed 
le~~eJt ~ha~ 60110w~l. 

71 MineJtal~ Building 

No PJtogJte~~ ean be made ~n oeeupying ~he old 71 MineJtal~ building 
un~ill peJtha~~ Augu~~. 

Land S~atu¢ 

No money ha~ been budge~ed 60Jt lea¢e payment~ ~o ~he S~a~e 06 
AJtizona. We eould have lea~ed poJt~ion¢ 06 ~hJtee ~ee~ion~, bu~ 
$2/aeJte wa¢ JtequiJted, oJt oveJt $1900 plu~ a ~uJti~y bond·. 
The pJtoeeeduJte ~ha~ will be 601lowed un~ill ~he leaehing PJtoduee~ 
~ ea¢h 610w i~ ~o keep applying 60Jt a peJtmi~ and hope ~omeone 
el~e doe¢ no~ ge~ ~he lea~e~. 
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RECEIVED fl1A~ 
I . I' 2 ~ 1979 

Tucson Realty & Trust C-U. 

March 23, 1979 

Mr. Richard Hewlitt 

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 
woul d not cover your 1 i abil ity. Instead a personal fi nanci a 1 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, 

tW~ 
Allan 
Assistant Vice President 
AAD:jo 

Insurance / Real Estate / Property Management / Risk Management / Mortgages ... " Since Territorial Days" ~ 

20 South Stone Avenue / 'Post Office Box 990 / Tucson, Arizona 85702 / Telephone 602-62 4-045 1 ~ 
REAlTOR 

(l _'-//'F, (j) 
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Goven»me»tal Requin eme»t~ 

Co»taQted QO»Qen»i»g oun heap leaQhi»g aQtivitie~ at Tomb~to»e 
ane the 60110wi»g: 

1. Mn. R. E. Riley 
Sub Vi~tniQt Mgn. 
M.S.H.A., VOL 

· 2721 No. Ce»tnal Ave. 
Suite 900 
Phoe»ix, AZ (85004) 

Telepho»e: 261-3232 

2. 066iQe 06 the State Mi»e I»~peQton 
7th Floon 
New Capital Buildi»g 
1700 W. Wa~hi»gto» Telepho»e: 255-5971 
Phoe»ix, AZ (85007) 

3. Ro» Holly 
EduQatio» & Tnai»i»g 
M.S.H.A.,VOL 
500 Vate Stneet 
Boulden City, Telepho»e: 702 - 293 - 1033 
Nevada (89005) 

Followi»g i~ a letten to M.S.H.A. 
AI~o e»Qlo~ed i~ the Qonne~po»de»Qe QO»Qen»i»g pneviou~ leaQhi»g 
with ~odium thio~ul6ate. Followi»g the Hypo Qonne~po»de»Qe ane 
the M.S.H.A. nequineme»t~. 

Powen 

The waten-pump ha~ bee» Qo»»eQted 60n ~ome time, a»d neQe»tly APS 
Qo»»eQted oun thnee-pha~e 440 v. ~enviQe. We punQha~ed a 3 KVA 
tna»~60nmen(440 V. to 220). Thi~ i~ adaquate 60n oun 2-2 hon~epowen 
pump~, but »ot a»y langen pump~. Th e wini»g ha~ bee» Qompleted 
a»d all thnee boxe~ i»~talled. The pump~ u~e 220 V. ~i»gte pha~e 
a»d have bee» openati»g ~i»Qe la~t Thun~day. 

Waten Li»e 

The waten ll»e wa~ Qompleted a weeQ ago a»d the po»d 6illed with 
waten. The ~ubmen~ible pump develp~ a di~Qhange 06 50 gallo»~ 
pen mi»ute ~ 2800 6eet 6nom the We~t Side ~ha6t. The po»d wa~ 6illed 
i» 5 houn~ a»d thi~ ne~ulted i» 15,000 gallo»~ on 62.5 to»~ 06 waten 
60n ~pnayi»g. 



Consultants in: 
• HydrometaJlurgical recovery 
• Heap and conventional leaching 
• Precious and base metals 
• llq,nium/Vanadium 
.. ssten 
.Idwide Mobilization 

S.E.A. Hydromet, Inc. 

Mit. R. E. Riley 
.Sub Vi~tltiQt Mglt. 
M.S~H.A., VOL 
2721 No. Centltal Ave. 
Sui:te 900 
Ph 0 e ni x , A Z (8 5 0 0 4 ) 

Vealt Mit. Riley: 

A pltil 5, 1 9 7 9 

Division of 
Southwestern Exploration Associates 

4500 E. Speedway, Suite 14 
Tucson, Arizona 85712 

(602) 795-6097 

Richard F. Hewlett 
Vice Presidenl and General Manager 

Chemical Engineer 
Mining Engineer 

1 Qalled today and wa~ dilteQted to Mit. Tweety 06 yoult o66iQe. 
The pultpo~e 06 my Qall i~ to . in60ltm yault o66iQe 06 OUIt intent 
to QonduQt heap leaQhing in the 6utulte at Tomb~tone, Altizona. 

Plte~ently, we alte pltepalting to QonduQt te~t~ on the ~ame leaQhing 
6aQility that '71 Mineltal~ u~ed 601t many · yealt~. We would u~e the 
~ame pad and pond ~y~tem and the ~ame monito~ing pltoQeedulte. 

Howevelt, we will not be u~ing Qyanide. We will be te~ting on a 
velty ~mall ~Qale the u~e 06 ~odium th{0~ul6ate(Na2S203·5H20), 
whiQh i~ al~o Qnown a~ photogltaphelt~ Hypo. You may lteQall that 
we expeltimented on the u~e 06 hypo 601t . leaQhing undeltgltound in 
1976. Mit. W~ll~am H. Sha6elt 06 the Bulteau 06 Watelt Quality Contltol, 
Altizona Vepalttment 06 Health SeltviQe~ ~pent Qon~ideltable time 
evaluating the toxiQ(olt non-toxiQ) qualitie~ 06 Hypo and 6inally 
Qame to the 60llowing QonQlu~ion: 

"Sha6elt ~aid laboltatolty te~t~ ~how a pelt~on would have to" 
dltinQat one time 300 gallon~ 06 Hypo at the pltopo~ed 
QonQentJi:ation 601t the ~olution to be toxiQ". 

(Se e enQlo~ed new~papelt Qlipping). 

Howevelt, we will not u~e a~ high a QonQentltation 06 Hypo a~ Itepoltted 
in the Tomb~tone. Epitaph. We will be u~ing undelt one pound pelt ton 
06 ~olution, Olt .05%. 



I ha.ve. be.e.n told tha.t '71 M-<'ne.lta.l.6 "k-<.lle.d the. c.ya.n-<'de." -<.n the. 
he.a.p w-<.th .6od-<.um hypoc.hlolt-<'te.. A.6 a. plte.c.a.ut-<'on, we. w-<.ll a.dd molte. 
.6od-<.um hypoc.hlolt-<'te. to be. .6Ulte. tha.t we. do not ha.ve. a.ny c.ya.n-<'de. 
-<.n oult c.-<'ltc.ula.t-<.ng .6olut-<.on.6. I w-<.ll c.he.c.k nOlt c.ya.n-<'de. c.onte.nt 
w-<.th the. .6ta.nda.ltd h-<'lve.lt n-<.tlta.te. a.nd pota..6h-<.um -<.od-<.de. t-<.tlta.t-<.on. 
Howe.ve.lt, I lte.a.l~ze. tha.t home. c.ya.n-<'de. w-<.ll be. ~ de.te.c.te.d by 
t-<.tlta.t-<.on tha.t w-<.ll not be. nlte.e. Olt a.va.-<.la.ble. cya.n-<'de.;-<.t -<'h c.omb-<.ne.d 
w-<.th c.oppe.lt a.nd w~th z-<.nc. a.h z-<'nc.a.te.h. In I ha.ve. a.ny doubth 
c.onc.e.ltn-<'ng the. cya.n-<'de. c.once.ntlta.t-<'on, 1 w~ll ha.ve. a. "nlte.e. c.ya.n-<'de." 
de.te.ltm-<.na.t-<.on ma.de. by the. d-<'ht-<.lla.t-<.on me.thod. 

Qult -<.n-<.t-<.a.l te.ht.6 w-<.ll be. ma.de. w-<.th wa.te.lt -<.n oltde.lt to obta.-<.n a. 
"wa.te.lt-.6olut-<'on ba.la.nc.e." to ma.ke. hUlte. tha.t the. pondh a.nd pa.d 
do not le.a.k. I w~ll -<'nnoltm Oyoult onn-<'c.e. on the. lte..6ulth oOn oult 
te.h th a..6 .6 0 0 n a..6 the.y a.lte. c.omple.te.d. : 

I ha.ve. c.onta.c.te.d Mlt. Ron Holly'.6 onn-<'c.e. c.onc.e.ltn~ng the. °lte.qu-<'lte.d 
tlta.~n-<'ng OUIt e.mploye.e.'h w-<.ll Ite.c.-<.e.ve.. He. w-<.ll n0ltwa.ltd -<.nnOltma.t-<.on 
c.onc.e.ltn-<'ng the. tlta.-<.n-<.ng pe.lt-<.od a.nd c.oult.6e. on -<'n.6tltuc.t-<'on. 

I would a.pplte.c.-<'a.te. 1te.c.L-<.v-<'ng a.ny othe.1t -<'nnoltma.t~on Olt a.dv-<'he. 
c.onc.e.ltn-<'ng va.It-<'OU.6 Ite.gula.t-<'onh Ite.la.te.d to he.a.p le.a.c.h-<.ng. 

Tha.nk you nolt yoult he.lp -<.n th-<'h ma.tte.lt. 

S-<'nc.e.lte.ly YOUIt.6, 

R-<.c.ha.ltd F. He.wle.tt 
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RICHARD F. HEWLETT 
President 

NANNINI'S FINANCIAL CENTER 
7110 NORTH ORACLE ROAD, SUITE 213 
TuCSON, .ARIzoNA 85704 
602/297-2566 

-e 

. e 

Mr. William H. Shafer 
Manager, Monitoring Section 
Bureau of Water Quality Control 
Arizona Department of Health Services 
Phoenix, Arizona 85007 

Dear Mr. Shafer, 

". 

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 i n 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 submitted 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; 
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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 or~ 715 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 circulated per day. 

This is a total requirement oLwater 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 will request another inspection to fully assess the hypo leaching 
underground. 

Sincerely yours, 

Richard F. Hewlett 



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 myself on 
June 2,1976. The sample descriptions are as follows: 

A. Tombstone City l4ater ~Jell 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 ~nough 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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ARIZONA DEPARTMENT OF HEALTH SERVICES 
Division of Environmental Health Services 

e . UL H. CASTRO, Oovernor 

SUZANNE DANDOY. M.D .. M.P .H .. Director 

Hay 4, 1976 

I·ir. Bert C. Romero 
State Mine Inspector 
705 West Wing 
State Capitol Building '. 
Phoenix, AZ 85007 

RE: 71 Minerals - underground 
leaching operations -
Toughnut Mine 

Dear Hr. Romero: 

The Bureau of \-later 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 
itself; 

2. 

3. 

That there is a significant difference in the assessment of potential 
groundwater pollution as made by 71 Minerals and this Bureau. 71 
Minerals asserts that pgllution potential is very low and that water 
recovery tests will verify this position. The nature of sodium 
thiosulfate and the sel ectivity of its action are also cited ~s . reasons -
for 10\ .. pollution potential. The Bureau of Hater Quality Cont.r..~~ 
asserts that tl~ prc.?posed operation is very risky and that potential 
for ground\vater pollution is high. Extensive flooding of existing 
m~n~ng shafts coupled with highly-fractured geologic strata make it 
almost certain~hnt any leakage from the leaching operation will have 

. direct access .to the groundwater supply. The Bureau concedes that 
'vater recovery testing may indicate that leaching operations can be 
succe~~ul if_orQEer1v supervised; 

That the Bureau of Hater Quality Control does not have adequate staff 
to supervise the leaching operations to insure that contamination 
of groundwater supplies can not occur; 

That contamination of the ground",ater supply ",ill more likely be the 
result of reaction products rather than frpm sodium thiosulfate in 
its original form; if __ .~ I 

State Health Building 1740 West Adams Street Phoenix, Arizona 85007 

c...'--'-_--= ..... :::.:.... __ -'-=~~ .. -~.~. '''-''=-=-~. "'-.. .::.- ..:... =c.:::..-=-'--".-'.c:: ..... "--~'--"'-:..:.. ----'.. --'-~ ~ ~ .... ..:....,. "- • . ~ . -



Mr. Bert C. Romero 
Hay 4, 1976 
Page two 

3# 'e 5. 
That the quality o.f the sodium thio.sulfate solution and water 
after passing through the leaching zone are not known; 

'4-. 6. That it is not possible to estimate the impact on groundwater supplies 
with available existing data; 

.'1. 7. That water levels in the Toughnut mine, Westside mine, Silverthread 
mine, Contention mine, and the t\OIO wells owned by the City of Tamb
stone should be identified using a cammon bench mark; 

8. That the strike and dip af the major fracture zanes in the leaching 
area should be identified; 

~9. :-r. That a water quality monitoring pragram is needed to. identify existing 
quality and trends. A methad to detect movement af patential pallu
tants prior to. reaching the water table shauld be part af the mani
taring system; 

10. That adequate recards need to. be maintained to. determi~e recovery of 
all salutians pumped; , 

11. That the praject as propased may be in vialatian af U. S. Public Law 
93-523, the "Safe Drinking l-later Act"; , 

12. , That the State af Arizona has no. graundHater quality standards that 
apply; 

13. That an adequate enviranmental assessment has nat been campleted. 
That such an assessment shauld evaluate impact an graundwater supplies 
and the availability af ather \-later supplies ~ar Tambst:ane. That 
there is no. ' authari'ty, to. require such an impact statement; 

14. That the City o.f Tambstone is highly dependent upon existing graund-
~ water supplies; 

,e 

• 

15. That the City af Tambstane , is highly cancerned with industrial develap
ment within' and adjacent to the City, and shauld be made m-lare af 
any develapment ,·11th a patential impact on the City ,water supply. 

l6~ That th~ dtyplannfng' 'guide recagnizes the need far develapment 
that complements " • ," . ' . both adjacent activi ti,es and the averall 
pattern af corrimunity develapment"; 

17. That the prapased leaching pracess may be unique and a desirable 
nan-toxic leaching pracess such that it could became an asset to. 

_ the Ci ty cf Tombs tone; 

'., 

. 
i 
i 

' / 
! 

I 

I 
,I 

I 
I 
I 



Hr. Bert Romero 
May 4, 1976 
Page three 

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 allm'led to'· conduct a water recovery test subject to the 

e following conditions: ' ,. 

e. 

1. That prior to the actual water recovery test, a surface test will be 

conducted using water and a sodium thiosulfate solution (equivalent 

2. 

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 areas should be conducted, if possible, by representatives 

of the Bureau of l.Jater Quality Control, the Arizona \'later Commission, 

the State Hine Inspector's office, the Arizona Bureau of I'lines, 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; 

3. That prior to ' the ,.;rater 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 Hater 

Quality Control; 

4. TIlat prior to the water recovery test, 71 Minerals should submit 

plans and specifications satisfactory to the Bureau of 'Hater 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,.;rater 

directly or indirectly', and that there . is a system for positive 

metering of all solutions applied and recovered; 
. ". : 

' . I · 
That the actual water :recovery test be observed by representatives of 

all concerned "parties; 

That ade'quate :records he kept of all solutions applied and rec~vered; 

That. ie~'ults of all ''later testing be revie''led prior to approval ' to 

apply any chemical agents such as sodium thiosulfate; 

That water samples of recovered Hater be collected and submitted to the 

Arizona State Laboratory for analyses; 



" 

Hr. Bert C. Romero 
May 4, 1976 
Page four 

9. That a ~onitoring program satisfactory to the Bu~eau 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 ~eaching 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. 

\.ffiS:mh 
cc: 71 Minerals - l-1r. He,.,lett 

Venture llining Co., Ltd. - Mr. Darrah 
Arizona Water Commission - Hr. Briggs 
Arizona Bureau of I-fines - Hr. Rabb 
Arizona Land Department - llr. Allen 
Cochise County Health Department 
Ci ty of '. Tombstone 
SEAGO 
U~ S. Geological Survey Mr. Babcock 
EPA 

.. 

Wm. H. Shafer, Jr., P.E. 
Manager, Nonitoring Section 
Bureau of Water Quality Control 
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ARIZONA DEPARTMENT OF HEALTH SERVICES 
Division of Environmental Health Services 

e.L H. CASTRO. Oov e rnor 

SUZANNE DANDOY. M.D • . M.P .H . . Director 

Mr. Richard F. Hewlett 
President 
Sierra "Metals 
Nannini IS Financial Center 
7110 North Oracle Road, Suite 213 
Tucson, AZ 85704 

Dear Mr. 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 
condi tions: 

1. Please submit a water balance or accounting procedure prior to water 
balance test. This should include any forms to be used and a sample 
of calculations to be used. It might ~e helpful to show the balance 
o~ the water applied to date. 

2. Results of the water test must be reviewed prior to actual leach1ng, 
using hypo-solution. 

3. This approval for water testing does not imply approval for IIhypoll 
leaching. 

1~:bOQ. 
Mr. Rabb of the Bureau of Mi nes and Mr. Li ndeman of our offi ce, plan to obSerVe! I . hr. 

the water tests whi le under way, sometime during the week, beginning August 2. ~ ~ 7b 
Methods 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 
office. 

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 

State Health Building 

William H. Shafer, Assist. Chief 
Technical Services & Support 
Bureau of Water Quality Control 

1740 West Adams Street Phoenix, Arizona 85007 



• 

Mr. Richard F. Hewlett 
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Pg. 2 

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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Preface 

The following program . has been d es igne d for operators in surface 
operations to meet the requirements of Part 4 8 , Subpart B , Health and 
Safety Training and Retraining of Mine rs, as published in the Federal 
Registe r, October 13, 1978 . 

The materials are general in nature and a ttempt to cover concepts that 
are common to most surface operations. In e~h module or unit, 
suggested spots for insertion of material directl y r e lated to s pecific 
operations have been included. It is importan~ that the safety policy 
and procedures developed for specific operations be i ncluded at these 
points. 

Visuals including 35 mm slides and 16 mm film s have been suggested in 
certain areas. These materials and visuals will be available on a Loan 
basis and may be reproduc e d by any operator. 

When used in its entirety , including material pertinent to specific 
operations, the program i s sufficient to meet the following requirements 
of Section 48.23(a): 

1. Training new miners . 
2. Training newly employe d, experienced mine rs. 
3. Annual refresher training . 

The chart included relate s the modules to specific courses required by 
the regulations. In most cases, modules will o verlap one or more 
r e quired courses. The anticipated time for each module will vary 
according to the needs of the property ; however , it is assur;1(~(l the 
entire program would include between twelv e and sixteen hours of 
required training . 

If the eight-hour/s ixteen-hour option is req uested and approved as 
described in Section 48.25(a) , programs with asterisks are required to 
be given in the first eight hours prior to t he miner reporting for 
work. The remaining modules could be given during the next sixty days 
to meet the requirements. 

Each module contains a list of goals or obj ect ives that may be us ed to 
meet requirements under various sections of t he r egulations. By 
selecting goals you wish to achieve, each module c an be tailored to 
meet the needs of any of the three · programs me ntioned above. 

Materials are also included covering ·the task training program required 
under Part 48.23(a). The se materials are sample materials only and 
are designed to be guidelines for you in the development of your task 
training program. 

The goals listed in the modules are the major s ubjects found in the 
training program. These goals can be use d "as is" or changed to 
facilitate the nee0s of a particular operation. These goals are put 
together in a general format to assist the instructor in designing 
programs that fit the needs of a particular p lant or op eration . 
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Module Course h~lationships 
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.. -------------------------------------------------------------------------------------

To the Instructor 

The mat e rials in this packag e have been dev e l op ed b y a committee compose d 
o f membe rs of various industry associations, corporate safety and training 
representatives, and MSHA personnel . These materials a re designe d on an 
open principle so that they ma y be used in larse groups consisting of more 
than one company, or at small operations with individuals . Visua l s h a ve 
been keyed to specific areas and add to the p resentation; however , the u se 
of the visuals i s not -imperative to the succes s' o f the class. 

If the materials are used in large groups cons i s t ing of more than one 
property, each property attending must fill i n the s pecific information 
required when the trainee reports for duty. 

In order to use the materials effectivel y , i t will be n ecessary to read 
through the entire package and determine what you will be required to add 
to the program regarding your prope rty . The n a t erials m2_y the n be s e parated 
and u sed in modular form in any o rder neede d o n your property . 

Visuals to accompany the materials can b e borrowe d from the Training Center 
and copied for your own use . If you would p r e f e r using slides of your 
own operations , the program may prove more ef f ective . 

In some areas, handouts would add to the e ffect ive n e ss of the mate rials. 
Handouts for your lock-out procedures , eme rge n c y proce dures, and preshift 
checkoff sheets for equipment operators may prove to be a valuabl e addition . 

The materials have been geared as much as poss i ble to active stud<o!n t 
participation. The questions asked are meant to b e answered by the trainees 
if at all poss~ble . The more the trainee parti c i pate s in the p rogram, the 
better the change for r e tention of the materia ls. 

Evaluation devices have been include d in each modul e to help the instructor 
determine if h e is getting t h e points acros s . These eva luat ion devices 
were not meant to be for pass/fail on the p a rt of the trainee. Use the 
evaluation s i n lig h t of how to improve the presenta tion . 

The quality of the training will be determined to a great extent on the 
effort put forth by you, the trainer. You r enthusiasm and effort will 
"payoff" in more safety minded e mp loyees and, hopefully , a reduction -in 
the accident fr equency. 

1 
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Goals and Objectives by Module 

1. Statutory Rights of Miners--48.25 (b) (1) 

The trainee will: 
a. Read and ask questions on MSHA statutory rights brochure. 
b. Listen to explanation and ask any questions regarding the 

author·ity and responsibility of supervisors. 
c. Read and ask any questions he might have about safety rules. 
d. Follow proper procedure to report hazards. 

2. Mobile Equipment--48.25 (b) (2), (3), (4), (8), (12) 

The trainee will: 
a. Make proper preoperational checks of equipment. 

(1) Know what to do if the vehicle is not safe for operation. · 
(2) Know who to report to. 
(3) Know how and what to check for safe operation. 

b. Know traffic· patterns and traffic rules on the property. 
c. Understand basic safety operations for operating equipment 

he will be required to use. 

3. Working Around Mobile Equipment--48.25 (b) (2), (3), (4), (8), (12) 

The trainee will: 
a. Be familiar with areas where you corne in contact with vehicles 

and know proper walkways, travelways, and traffic patterns. 
b. Know what to do in order to keep in a driver's line of 

visibili ty. 
c. Be familiar with hand, light, and audible signals. 

4. Stationary Equipment--Protective Equipment--48.25 (b) (2), (4), (8), (12) 

The trainee will: 
a. Be aware of inherent dangers of stationary equipment. 
b. - Know and understand machine guarding. 
c. Know the different types of protective equipment available 

and when to use them. 

5. Slips and Falls--48.25 (b) (8), (12) 

The trainee will:· 
a. Identify the causes of slips and falls on the same level. 
b. Identify means of eliminating potential hazards causing slips 

and falls. 
c. Identify the causes of slips and falls on lower level falls. 
d. Identify methods of eliminating potential hazards from lower 

level falls. 
e. Know correct methods for climbing and placing ladders. 

2 
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6. Communica tions--4 8 . 25 (b) (3), (4), (5), (11), (12) 

The trainee will: 
a. Know various types of one-way communications. Know the types 

used on his property and what they are used for. 
b. Know the types of two-way communications. Know and demonstrate 

types used on · his property and know where they are located on 
the property. 

c. Know what communication systems to use'in case of emergency 
situation. 

7. Lifting--48. 25 (b) (8) , (12) 

The trainee will: 
a. Know the cause of back ailments. 
b. Know basic methods of transferring material. 
c. Identify points to remember before moving a load. 
d. Know and demonstrate the six steps in correct lifting. 
e. Be aware of ways to prevent back strain. 

8. Health (Hygiene) --48. 25 (b) (2), (4), (7) , (8), (12) 

The trainee will: 
a. Know that monitoring devices are used to measure any health 

problems that could occur on the property . 
b. Be aware of the type of respirators used on the property. 

Know how to use, when to use, type to use, and how to keep 
in proper operating procedures. 

9. Noise--48.25 (b) (4), (7), (8), (12) 

10. 

The trainee will: 
a. Be aware that noise over a long exposure time can be detrimental 

to hearing. 
b. Know the types of protective equipment that are available; know 

when and how to use. 
c. In a r eas where sound suppression equipment is used, make sure 

you know when it is working effectively. 

Fire Extinguishers--48.25 (b) (5), (12) 

The trainee will: 
a. Know where fire extinguishers ahd alarms are located on property. 
b. Know four basic types of fires. 
c. Know four basic types of fire extinguishers and the correct 

selection and use of each. 

11. Highwalls--48. 25 (b) (4) , (6) , (7) , (8) , (12) 

The trainee will: 
a. Know what a highwall is. 

3 
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b. Know inherent dangers around highwalls. 
c. Know when safety harnesses and lifelines are required on the 

property. 
d. Know the procedures for reporting any unsafe condition(s) that 

might be found when working around highwalls. 

12. Electrical Lockout and Grounding (contact accidents)--48.25 (b) (4), 
(8), (9) , (12) 

The trainee will: 
a. Identify contact hazards located on the property. 
b. Be able to recognize fire hazards. 
c. Be able to recognize electrical hazards. 
d. Know what electrical lockout is and company procedures for a 

lockout system. 
e. Know housekeeping procedures that lead to unsafe conditions. 
f. Know what grounding is and how to insure equipment is grounded 

correctly. 

13. Explosives--48.25 (b) (4), (8), (11), (12) 

The trainee will: 
a. Identify various types of warning devices. 
b . . Be able to list different safety steps to observe when working 

around stor?ge areas .. 
c. Know specific blasting regulations on his property. 
d. Be able to identify vehicles that move explosives. 

4 
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Stat·· .... ory Rights of Miners--A 

Instructor 

FMSHA 77 established that all miners have 
specific rights dealing with their health 
and safety at the work sites. These rights 
have been published as rules in the 
Federal Register. These rules were de
signed to protect you, the miner. 

Media Material 

Excerpts from rules, 
in Federal Register, 
(Handout of Rights) 

CFR 30, as pub~ished 
March 3, 1978 

Most importantly, the Act states that .the I VISUAL-~Digest of statement, re: safe 
operator must furnish a safe and healthful working place. 
working place and ' establish a p rogram Lo 
provide that the working place remain as 
safe and healthful as possible~ 

The Act also suggests that you, the 
employee, have the responsibility of fol
lowing the safety and health procedures 
designed b y the operator topro~ect you 
while you are at work. The emo lover or 
operator has the responsibility of 
instructing you in all safety and health 
rules and procedures established for your 
working place. 

The key to safety is cl~se cooperation be

are established 

VISUAL--Do It Right 

VISUAL--YOU + BOSS -- Safety 

IVISUAL--General 

tween you and your employer 
safety and health procedures 
and followed at all times. 

In general, your rights as defined in the 
published standards fall into general areas. 

Rights of Miners 

r ', 

(1) Right to a safe working ',place. 
(2) Repor~ing of unsafe conditions. 
(3) Rights to proper training for safety. 

and health procedures. 
(4) Rights to accompany inspectors. 
(5) Discrimination because of exercising 

of rights under the Act. 

e e 

Student 

Listen and watch. 

Listen and watch. 

Listen and watch . 

~ 

Listen and watch. 

Listen and watch. 
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Stat"tory Rights of Miners--B 

Instructor 

We have already mentioned the employer's 
responsibility of furnishing a safe and 
healthful work place and your responsibil
ity to follow established procedures for 
health and safety. 

Right now, you are engaged in the second 
mandated right--training for health and 
safety. Your employer has the responsibil
ity of providing you basic health and 
safety training. This training must . include 
specific courses related to mineral opera-
tions and follow a training program ap-
proved by MSHA for this purpose. In 
addition to the mandated training, the 
operator must also train you in the safety 
aspec ts of tasks that you will perform 
while working on the property. He must 
also set up 8 hours of annual refresher 
training for all employees as submitted 
in t he approved training plan. 

The train ing p lan the operator uses was 
posted for 2 weeks so the employees.or 
employee representatives could examine it 
and make written comments prior to its 
submission for approval. 

Instructor Note : Signify how it was done 
on your property . 

e -
Media Material 

VISUAL-~Tratning 

(1) Entry· 
(2 ) Refresher 
(3) Task 

You W:i:ll Receive: 

When you comp l ete your training, the VISUAL--Upon termination--copy of 
operator wil l keep a r e cord of the training training records. 
a nd furnish you with a copy of this record. 
If you terminate your employment with your 
~mployer, you are entitled to a copy of all 
~raining that you have received . 

~he second general area of rights regards 
eporting procedures for unsafe conditions 

pr procedures in your work ing place . Your 
~mployer will inform you of the proper 

e e 

Student 

Listen and take notes. 
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Statutory Rights of Miners--C 

Instructor 

reporting procedures established on the 
property; however, usually it involves 
reporting any hazard or unsafe condition 
immediately to your foreman or immediate 
supervisor. He, then, has the responsibil
ity of de terming a satisfactory solution to 
the problem . If the solution of the 
immediate supervisor is not satisfactory, 
the safety director or safety.department 
should be notified. 

If the solution is not satisfactory, your 
union representative or designated 
representative may be of help to you. 
The y will follow a predetermined 
p rocedure to arrive at a solution to the 
problem. 

You also have the right to call MSHA to 
ask for help in the problem. The MSHA 
inspection office in your area is at 
telephone The MSHA 
people will assist you, answer any question, 
and come to the propert¥, if necessary, to 
determine the extent of the problem and 
specific solutions that may be needed. 

~~e . n~x~ ge~e~al area of rights involves 
~1scr1m1natlon. If you report a hazard or 
'~nsafe condition or in any other way file 
or action in the area of safety or health, 
he employer may not discriminate against 

YOU for your activities. These activities 
nclude: 

(1) Filing a complaint because of 
--alleged dangers 
--safety or health violations 

e e 

Media Material 

VISUAL--Reporting Procedures: 
(1) Immediate Supervisor 

. (2) Safety Department 
(3) Union or miner representative 
(4) MSHA 

(Hand out sheet with reporting 
procedures. ) 

e e 

Student 

Fill out steps of 
reporting procedures. 

y 
: 
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Y Rights of Miners--D 

Instructor Media Material 

--medical evaluations (under 101 of 
Act) 

--proceedings relating to the 
Act (pending, testifying) 

If you feel you have been discriminated 

e 

against because of healt~ and safety I Copy of procedures for discrimination. 
involvement, a procedure for filing 
discrimination charges has been determined 
under Section 105(c) of 1977 Mandatory 
Act. 
Instructor ~ote: . Procedures for filing 
discrimination charges have been included 
in this pack age. 

The next g eneral area of rights include the 
right to accompany MSHA inspectors on 

OJ I regular an"d spot inspections. Miners are 
e ntitled to have a designated representa
tive accompa ny the inspector on all regular 
and spot inspections. 

--- ---- .- ... .. 

e e 

- ' 
Student 

List on hand out shee t. 
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Procedure for Filing Discrimination Charges 

Complaint Valid. 
You ~il1 Be 

Reinstated l~til 

File COcr?laint ~ith 
Secretary of Lg bor 

vithin 60 Days 

Secretary ~ill Start 
Investigation ~ithin 

15 Days 

Within 90 Days, Secretary 
Yil1 Send You p~s Preli

minary"Determination 

Revie~ Coani t tee 
Will Uphold, ModiFY 

or Disci'ss Cot:;" laint 

8a 

"--------~------------ -
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QUICK CHECK--STATUTORY RI GHTS OF MINERS 

1. My rights under the Act include (check all that apply): 

a. Safe and h e althful working place. 

b. Reporting unsafe conditions. 

c. Suggestion box and awards. 

d. Accompainment of inspectors. 

e. Training in health and safety. 

f. Company financial report. 

2. Reporting procedures include the first step of reporting hazardous 

or unsafe conditions or p rocedures to (check one) : 

a. Immediate sup ervisor. 

b. MSHA. 

c. President of company. 

3. During inspections, the inspector may be accompanied by (check one) : 

4. 

a. Myself. 

b. Designate d r e presentative of miners. 

c. A disintereste d third p a rty . 

The operator must have a training program approved by MSHA (check 

true or false). 

True False 

5. If I don I t understand any safety procedure s or rules, ' (my inunediate 
sup ervisor), (a HSHA i nspect or) will a nswer a n y que stions I r ... ay 

have (circle correct ans wer) . 

9 
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Mobile E, )ment-- A 
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Instructor 

Mobile Equipment 

Many of you will be operating vehicles 
as part of your assigned duties. 
Remember, as an operator your responsi
bility for safety doubles. You will be 
controlling a vehic le that could injure 
not only yourself but others as wel l. 

In the operation of these vehicles , you 
need to be constantly alert to things 
going on around you . In all cases , if 
you are 'not sure that it's safe to 
operate the vehicle, check out the 
situation with your foreman. Don 't 
trust luck--know what you're doing. 

Your company will train you in the 
proper procedures for oper ating vehicles 
you will be using on the job. Howeyer, 
here are a few general rules regarding 
v ehicle operation that if followed will 
i n sure that you don't injure yourself 
or somebody else . 

(1) 

(2 ) 

(3) 

(4 ) 

If you are not familiar with a 
piece of equipment, learn it 
before you use it. 
Know the limits of the vehicle 
you are operating and what it 
was meant to do. 
Visually inspect the vehicle 
before you try to operate it (use 
operator check list). 
Use the proper method of mounting 
the machine. Don't jump on or 
off. 

e e e e 

Media Material Student 

Hand out quick check. Have class Listen. 
answer ques tion No.1. Go over course. 
After film, have class answer question 
No.2. 
Slides of different types of mobile 
equipment. 

VISUAL--I Can Drive Anything 

(1) Men in bucket. 
(2) Lifting too much too high. 

(slides) 

Listen and l ook. 

Listen. 

.'1 

Listen and watch. 

Listen, watch, and 
discus s . 

-.l. ___ -''-__ _ 
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Mobile EOllipment_-- B 

I-' 
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Instructor 

(5) Check out all controls and safety 
devices before moving. If you 
find that something is wrong with 
the machine, report it to 
your foreman immediately. He 
will assist you in finding 
a solution. 

(6) Use seatbelts where they are 
included in the procedures. 

(7) Check area around machine before 
moving. 

(8) Move with caution at all times. 
(9) Observe all speed limits. 

(10) Shift down when going down a 
grade (use same gear needed to 
go up). 

(11) Be aware of other vehicles and 
workers in your work area. 

(12) Follow the prescribed traffic 
patterns. 

(13) Park only in designated areas. 
(14) Never get off machine without 

shutting it down. 
(15) When dismounting, use handrails 

and steps provided. 
(16) Follow any blocking procedures 

used when parking. 
(17) Riders only where authorized . 

This film will repeat many of the things 
we have already mentioned in class. 
On the paper provided, mark down any
thing we have mentione~ in the right 
hand column and anything we missed and 
they mentioned in the left hand column . 
We will discuss them at the end of the 
film. 

e e 

Media Material 

(Visuals of 16 items listed could be 
used. ) 

Show film, "Color of Danger" 

Instructor Note: What did you find 
in viewing the film? 

e e 

Student 

~ .. 

Watch film. Make out 
lists. 

Go over the lists. 

--
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QUICK CHECK---MOBILE EQUIPMENT 

1. '" List any safety rules you can think of when operating mobile 
equipment. 

2. List any other safety procedures learned from discussion or film. 
(To be answered after film) 

12 
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Wory - 1 Around Mobile Equipment--A 
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W 

Instructor 

Working Around Mobile Equipment. 

Moving vehicles are used in all 
processing areas within the mineral 
industry. Part of your responsibility 
for your own safety is to be aware of 
vehicles that operate on your property, 
traffic patterns they follow, and means 
of keeping yourself clear of any moving 
vehicle. 

In places where you come in contac t with 
vehicles such as: 

(1) loading docks 
(2) cleanup work 
(3) dump points 
(4) haulage ways 

(Ask what vehicles they may be working 
around.) All operators have been trained 
in the operation of the vehicles and are 
trained to look for people and things 
that may be hazardous to the ir operation; 
however, due to limited visibility, poor 
illumination, concentration on the load, 
or other things, they may not see you. 
Don't count on. the driver or operator of 
the vehicle to watch out for you. Watch 
out for yourself. 

What kinds of things can you do to let 
the driver know where you are? 

(1) Let driver know you are in area 
--wave 
--whistle 

(2) Stay in line of vision, driver's 
side 

e e 

Media Material 

VISUAL--Don't get yourself in this 
position. Know: 

(1) vehicles 
(2) traffic patterns 
(3) walkways 

Rail and truck 
Forklifts 
Front-end loaders 
Bobcats 
Hoppers 
Dump points 
Storage piles 

Example of why operat or may not see 
you: 

(1) lighting 
(2) visibility 
(3) not knowing you are there 
(4) concentration on other things 

Watch out for No. I--ME. 

VISUAL--(l) attention, (2) position, 
. (3) clothing, (4) distance, (5) motion 

e e 

Student 

Liste n and watch. 

Listen, watch, and 
discuss. 

Listen and watch. 

Answer questions; give 
suggestions. 
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Working Around Mobile Equipment--B 
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Instructor 

(3) Wear reflective clothing in low 
light areas. 

(4) Stay as far away from moving 
vehicles as ·possible. 

(5) When directing a moving vehicle, 
move using a sideway motion to 
watch your step and the vehicle. 

Know the standard hand, light, and 
audible signals used on your property. 
Use of standard signals between you and 
the operator will assure both of you as 
to what moves are going to be made. 

What does this sound mean? When you 
hear this sound, STOP, LOOK, LISTEN. 

What will you do when working around 
moving vehicles? 

Your company will instruct you in the 
proper walkways and travelways, traffic 
patterns, signals used, and other safety 
procedures used when working around 
moving vehicles. Know and follow the 
safety procedures. 

e e 

Media Material 

VISUAL--Reference with slides of these 
suggestions. 

Some standard signals c ommonly in 
use. (Use signals used on your 
property. Handout would help.) 

Back up signal sound. STOP-LOOK-LISTEN. 

VISUAL--
(1) Know what are operating 

in your area. 
(2) Know the that the 

vehicles normally use. 
(3) Stay in whenever 

possible. 
(4) Wear clothing when 

light is poor. 
(5) Let the know you are 

around. 
(6) When you hear a backup signal, 

------, _____ , and . -----

Company safety policy and procedures. 
(Handout if possible, or reference to 
portion of Federal Safety Manual.) 

e e 

Student 

Students identify 
meaning of signals. 

Students answer ques 
tions. 

Students f ill in 
blanks. 

.-
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Stationary Lpment--Protective Equipment--A 

f-' 
Ul 

Instructor Media Material 

Stationary Machinery 

In the working environment of the plant, I VISUAL--show e xposed machine parts. 

you will be exposed to sta~ionary 

machinery. There are dangers that exist 

around these machines--exposed gears, 

b e l t s, pulleys, shafts, crushing and 

grinding actions, and rollers that can 

pinch and tear. You also run the risk 

of being struck by ejected machine 

parts. If you find a machine t hat is 

not properly guarded, report it to your 

supervisor and do not use it until it 

is fixed. 

In most cases, guards have bee n designed 

to separate you from any moving machine 

parts. These guards should be checked 

periodically to insure they are working 

properly. Never take a guard off an 

operating machine unless following a 

prescribed maintenance procedur~. 

Another area where potential hazards 

exist is in the use of hand tools. 

Grinders, saws, welders, drills, and 

many other types of hand tools can cause 

serious safety problems in any working 

environment. These machine s have the 

potential for throwi ng broken parts or 

scraps from the cutting action of the 

machines. : n order to work around these 

machines safely, you will be instructed 

as to the types of personal safety 

equipment to use. 

F ilm. 

VISUAL--Show correct machine g uarding . 

VISUAL--Rernoving guard incorrectly. 

VI SUALS-- Protective Eq uipme nt. (Dis

p lay of equipment in use o n your 

property help ful.) 

Film, "Accident Pr evention Thr ough 

Eq uipment Guard i ng " 

e e 

-
Student 

Listen and watch . 

Liste n and watch . 

.V 
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Stationary ~quipment--Protective Equipment-- B 
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Instructor 

Generally speaking, loose clothing, long 
~ air, and beards are considered unsafe 
in a working environment whe :::'e moving 
machinery is used. If you wear long 
hair, make sure it fits within your 
safety hat (hard hat); 

Protective Equipment 

Whether using mobile or stationary . 
machinery , safety protective equipment 
is important . Some protective equipment 
that may be used are: 

--gloves 
--hardhats 
--face and eye shields 
--shoes 
--ear plugs 
--respirators 

Media Material 

VISUALS--Unsafe practices. 
is wrong in slides. 

Ask what 

VISUALS--Protective equipment . Handout 
on protective equipment. 

When working around equipment that can I VISUALS--Face and h e ad protection . 
throw off material, it is "mandatory"'that~ 

you wear face protection. In most areas, 
it is required that you wear a safety 
hat. 

(Review company safety policy.) Be 
sure: 

(1) machines are correctly guarded 
(2) you are wearing correct protective 

equipment 
(3) you report any defects i n equip -

VISUAL--Reviewi or write it on black
board. 

ment to your foreman. 
Instructor Note--A discussion of the Hand out q uick check . 
pertinent subjects should be used at the 
end of this section . A handout will come 
with this course to help you in a 
discussion and answer period . 

e e 

Student 

Listen, watch, and 
discuss. 

Listen. 

Listen. 

,. 

Listen. 

-



QUICK CHECK STATIONARY EQUIPMENT AND PROTECTIVE EQUIPMENT 

1. In your own words wha t is machine guarding? 

2 . What hazards can be caused by power hand tools? 

3. List six kinds of protective equipment. 

4. From Question 3, take one of your answers and describe when it should be 
used. 

17 
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Slips and Falls 
A. Falling (same level) 
B. Falling (lower level) 

Slips and falls .on the same level often 
result from poor housekeeping or poor 
physical conditions on the walking and 
working surfaces . By good housekeeping, 
most hazards that cause slips and falls 
could be eliminated . 

Pick out the slip and fall hazards from 
the following 35 rnrn slides . 

How could these hazards be eliminated? 

e e e e 

Media Material Student . 
[ - -

Hand out pamphlet, "The Big Fall," Dray I Listen . 
Publications 

VISUALS--Potential hazards that may I Listen. 
cause slips and falls . 

VISUALS--
(1) oil and water spills 
(2) Dirt and dust 
(3) Electrical cord in walkway 
(4) Uneven surface 
(5) Obstructed walkways 
(6) Poor illumination 
(7) Improper shoes 
(8) Horseplay 

Instructor list for board presentation 
(1) Pick up 
(2) Clean up 
(3) No horseplay 
(4) Report to foreman 
(5) Awareness of hazard 
(6) Proper shoes or boots " 

Listen. Look and po int 
o u t . Discussion b y 
instructor and class . 
Individual can l ist . 

:I 

Discussion. Answers 
from class. 

, 
-----------------
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Instructor 

Falls to lower levels can potentially 
cause more serious accidents than falls 
on the same level. · Extra precautions 
should be made when operating in areas 
that require you to be off the ground. 
Accidents of this type usually result 
from poorly secured, old, cracked, and 
rusted ladders; unguarded openings in 
floors; lack of proper guardrails; and 
any areas that are unguarded above the 
ground level. 

When working on equipment off the ground, 
check over guardrails and safety equip
me nt. Equipment should be in good 
working order. Make sure lifelines and 
safety belts are used in areas where 
they are required. Point out the safety 
factors in each of these slide s. 

When using a step ladder or extension 
ladder, secure the feet of the ladder 
on a firm foundation. Use both hands 
when climbing and always face the 
ladder. There is no excuse for using 
ladders and other climbing devices that 
are not in proper condition . Report 
any defects to your foreman immed iately . 

Instructor Note--If teaching this 
program to a single company, house
keeping ru 2es and regulations should be 
included into this section. 

e e 

Media Material 

VISUALS--Areas where lower level 
falls could occur . 

VISUALS--Areas showing: 
(1) Steps and handrails 
(2) Catwalks and guardrails 
(3) Safety chains on openings 

VISU~nS- -Areas showing: 
(1) ladder placement 
(2) climbing a ladder 
(3) coming down a ladder 

Company safety procedures. 

e e 

Student 

Listen. 

Watch and l isten . 
Discussion. 

Watch and listen . 

Discussion 

Questions and 
discussion. 

--
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What's wrong in these pictures and VISUAL--Slide of: Class discussion. View 
how would you correct it? If the (1) Ladder on muddy surface and correct. Then, 
situation is correctable, correct it. --firm placement show corrected slides . 

(2 ) Safety chain 
--chain being put in place 

(3) Trash on stairway 
(4 ) Oil spill on walkway 

I 
(5) Broken surface 
(6 ) Leaning over without safety line 

or belt 
(7) Any other slides that may show . 

unsafe conditions 
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Instructor 

communications 

Instructor Note--This module is intended 
to develop student awareness of the 
importance of communication systems in 
his working environment. This i nsert 
can be used anywhere in the course s at 
the discretion of the instructor. 

Media Material 

Communications systems have bee n developed VISUAL~-Communications: 
to inform the workforce about what is (1) One way 
needed or going on within the operations (2 ) Two way 
and to let management know what is 
happening in your area. Sometimes t he 
communications are one way and at other 
time we get a chance to talk back (two 
way ) . 

Some examples of one way communications 
device s are: 

(1) Bulletin board 
(2) Signs 
(3 ) Barricades 
(4) Flashing lights 
(5) Horns 
(6 ) Whistles 
(7) Sirens 
(8) Bells 
(9) Labels 

VISUAL--Worksheet . Have students li st 
di fferent types of one way 
communications . 

Can you think o f any more? What would IVISUAL--Worksheet 
these communications devices be used for? 

(1) Bulletin board 
--pay day 
--special events 
-- laws and protection 

e e 

-
Student 

Listen 

Discuss and add methods . 
Write down with 
instructo r on worksheet . 

~iscuss and fill in 
~orksheet . 
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Instructor Media Material Student 

--changes i"n procedures Worksheet. Discuss and fill in 
--las t injury in area worksheet. 
--special information 

(2) Signs 
--exits 
--walkways 
--restricted ~reas 
--hazardous materials 
--speed limits 
--operating instructions 

( 3) Barricades (Cones) 
--restricted areas 

'd 
--detours I (l) 

~ 
--damaged surface c 

I 
0'-; 

What does a barricade usually +l 
c 

mean? Keep out. 0 
u 

(4 ) Flashing lights. Danger. Stop, 
N Ul look, and listen. 
N c 

0 (5 ) Horns 
0'-; 
+l - 7""Lunch 
ttl 

--Break °time u 
0'-; 

--Vehicle in area c :1 I ~ 

§ I 
--Get out of way o I 

0 --Special signal for emergency 
u 

(fire, earthquake , flood, etc. ) 
>. 

(6) Whistles ttl 
~ 

--Train in area 
(l) 

--Quitting time c 
0 
I --Starting time 

N 
--Special signal for emergency 

blasting 
(7) Sirens 

--Ambula nce 
--Police 
--Fire 
--Special emergency 
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Instructor 

(8 ) Bells 
(9) Labels (color coding) 

--poisons 
- -fl ammable liquid 
--harmful fumes, etc . 

(Use devices used on your property.) 

These are examples of some of the one 
way communications devices. What do 
they mean? 

What will you do if you see a 
flashing light? Stop, look, and listen . 

Know the communications devices in your 
areas . They are there to inform you of 
what is going on and any hazards that 
may be present. Look for the signs, 
barricades , and other visual devices and 
know what the audible signals such 
as horns , sirens, and whistles mean on 
your property . 

---------

e 

VIS UAL- 
Signs 

e 

Hedia Material 

No smoking (know the rules in your 
plant for smoking) 

Restricted area 
Do not ente r 
Hot pipes 
Speed 15 m.p . h . 
Barricades 
(Two or three examples of each) 

Flashing lights 

Company safety policy and procedures. 

e e 

Student 

Identify and tell. 

Answer. 

-' Listen. -
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Instructor 

Two way conununications allow you to 
talk back. These include: 

(1) Radio 
(2) Telephone 
(3) Paging systems 

You will be given· instructions as to 
which system is in use at your operation 
and how and when it should be used. 

In any emergency situation, it is 
important that you understand: 

(1) How to report the emergency 
- -be calm 

(2) Who to report it to 
(3) What to report 

--give exact location 
(4) Describe the emergency 

situatio n (be as brief as 
possib l e) 

In every plant operation, emergency 
conununications systems have qeen 
implemented. These systems will be 
shown to you and you will learn how to 
use them in case of an emergency . Be 
sure you know where the emergency 
conununications systems are located in 
your working area and know how to use 
them . 

Instructor Note- - If this section is 
being taught to one mine, use its 
communications system . 

Handout of two way conununications 
systems. 

• 

e e 

Media Material 

VISUAL--Views of Devices 

VISUAL--Wr ite on board. 

Hand out. Go over in class. 
Have class fill out questions 2 and 3 
on worksheet . 

e e 

--

St udent · 

Listen . 

Listen . 

.1 

Read with instructor. 



QUICK CHECK -- COMMUNICATIONS 

l. Give some examples of one way communications. 

l. Bulletin board 
., 

A. B. C. 

D. E. F. 

2. Signs 

A. B. C. 

D. E. F. 

3. Barricades 

A. B. C. 

D. E. F. 

4. Flashing lights 

e· A. B. C. 

D. E. F . 

5. Horns 

A. B. C. 

D. E. F. 

6. Whistles 

A. B. C. 

e· D. E. F. 

7. Sirens 

A. B. C. 

·e D. ' E. F. 

8. Bells 

A. B. C. 

D. E. F. 

25 



e': 

·e · 

QUICK CHECK -- C011MUN ICATIONS (cont.) 

9. Labels 

A. 

D. 

10. ? 

A. 

D. 

B. 

E. 

B. 

E. 

2. What are some two way communications devices? 

l. 

2. 

3. 

4. 

3. In any emergency situation you should know: 

l. 

2. 

3. 

4. 

26 
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Introduction to lifting. 

Twenty-five million Americans , or 1/8 
of the country ' s total population , 
suffer painful and i~capacitating back 
problems annually . This, in turn, has 
an adverse effect on industry through 
lost man- hours and production. 

Because back problems are difficult to 
tre3t, U18 answer lies in the prevention 
0.f them. 

Before class starts, hand out material 
on proper lifting and discussion check
list. 

VISUAL- - Introduction to lifting showinS 
statistics. (Use statistics of your 
plant or area, if available.) 

VISUAL- -Prevention, key to back 
problems . 

The back bone consists of many vertebrae I VISUAL--Spinal column showing the discs. 
con::3t ituting the spinal column . ' Discs 
b c t\,' ee i~ the v e rt,::b:;7ae permi,t some 
twisting and bending . 

The bottom five vertebrae , knmm as the VISUAL--Show lower five vertel?rae . 
sacroiliac, carry the weight of the upper 
body . This area of the back ' causes 
most of the back problems . 

All the bones a~e connected by joints I VISUAL- -Show connections on visual. 
wil.i ch provide us freedom of movement and 
flexibility. The bones are held in 
place by ligaments and muscles control 
the movement. 

Damage to any of these three elements canl VISUAL- - Pain!! 
bring o n e xcruciating pain and inca-
pacity. 

e e 

-
Student 

Listen. 

Listen. 

Listen . 

Listen and wa tch . 

.. 
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Instructor 

Some back ailments are brought on by poor 
posture, most are caused by: 

(1) improper lifting 
(2 ) slipping 
(3) impact 

Most of these types of falls affect the 
lower back. In the ,most severe circum
stances, a disc can slip out of place 
or become ruptured, often requiring 
surger y. 

Most back injuries are caused by improper 
transfer of materials. The three basic 
t~~es of transferring material are: 

(1) lifting 
(2) pushing 
(3) pull i ng 

The limits to which you can perform any 
of the se moves, of course, depends largely 
on your physical condition. But, 
rega r o l e ss of your phys ical size or 
condition, there are some p o ints everyone 
should rerr,ember before moving anything. 

(1) Size up the load. 
(2) Is it h e avy? 
(3) Is it bulky? 
(4) Does it have sha~pedges that may 

injure your hands or cause you to 
drop the load? 

(5) will it block your vision? 
(6) If you need help, get it. It's 

better to get help than to develop 
back problems. 

e e e 

Media Material 

VISUAL--Show slides of incorrect lifting,IListen. 
slipping caused by poor housekeeping, 
falling off or stepping down incor-
rectly. 

VISUAL--Lifting- slipping-impact 

e 

Student 

VISUAL--Slides of incorrect lifting, 
pushing, and pulling •. Describe in each 
slide what is incorrect. 

Listen and discuss. 

VISUAL--Slide s of six points that 
should be remembered . 

Listen and d i scu s s. 
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Instructor 

Film. 

Talk about the movie and check quiz. 
Make sure lifting is down correctly. 
(Note, the followin~ items will corre
spond with the check quiz . Go through 
the check quiz and demonstrate 
simultaneously.) 

(1) Foot position (one alongside 
and one behind) 

( 2) Bac k (strai ght) 
(3) Chin (tucked) 
(4 ) Pa lm (pa lm8 r grip) 
(5) Body weight (centered ) 
(6) Arm position (clos e to body) 

Ta lk about lifting away from your body . 
Some thi ng weighing 50 pounds equa ls 
500 pounds when it is stretched out in 
front of you. 

Ta lk a bout twi s ting. Move your feet , not 
your b ack. Have one foot turne d in the 
di r e c 't ion of movement. 

e e 

Media Material 

Film and hand out small chec k quiz to 
be answered after film . (located at end 
of module . ) 

Demonstrat i o n . 

e e 

Student 

Film . 

Have students d emon
strate correct lifting 
procedure using a fairl ~ 

heavy object . Discus
sion on heavy lifting 
and check quiz. 

~ 

Demon s trate corr e ct 
me thod of lifting and 
turning . 

I The r e sults fro~ imbalance, muscle strain,1 Slides of correct posture and prevention I Listen . 
and fatigue ,are just as important factors I o f back problems. 

4-' in back injurie s as improper li'fting, 
0 .5. p ulling, and pushing. Be sure your back 
i:: III . 
~ t gets correct rest and p osture 1n your 
~ ~ daily activities. 
§ .I<: (1) Sit up straight. ' 
:> u ) . m III (2 Stand stra1ght . 
H co 
c.. 

I 
Lf'l 
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o '0 ( 3 ) Do not stay bent o ver for long Go over six steps i n lifting. 
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~ QUICK CHECK -- LIFTING 

1. Most back ailments are caused by: 

1. 

I e ., 

2. 

3. 

2. The three basis types of transferring materials are: 

1. ______________________________________________________ __ 

2. 

3. 

3. What are the six steps in proper lifting? 

1. 

2. 

3. 

4. 

5. 

6. 

e· 

.e 
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Health (Hygiene ) 

In today's working environment, there 
are many inherent h~zards that exist. 
By using protective equipment, all of 
these hazards can be eliminated . We 
have already discussed different types 
of protective equipment that protect 
the external portions of your body-
hard hats, eye and face shields, proper 
clothing, gloves, boots. 

By using this equipment properly, you 
will have adequate protection for your 
extren-, i ties. 

But what about your internal parts? 
What, if any, protection is needed? 
All mineral industry operations are 
required by law to furnish a safe, 
healthful working environment. 

A. 

B. 

To accomplish this, each employer 
monitors the working environment for 
dust and noise on a regular basis . 
To assist the companies in their 
efforts , MSHA inspectors also 
monitor operations for dust, fumes, 
and noise in the work areas. 

To assure a healthful workplace, the 
employers have installed various 
types of engineering devices to 
remove excessive dust, fumes, and 
noise from the work area. The types 
most commonly used for removing 
dust and fumes are: 

e e 

Media Material 

VISUALS--External Protective Equipment 

VISUALS- - Plant being checked for dust 
and noise. Show devices used and 
explain importance of proger measure
ment. 

e e 

--
Student 

Listen. 

Lis.ten. " 
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(1) Vacuum systems 
(2) Ventilation systems 

--hoods . 
--fans 

c. These systems, in conjunction ~ith 
good housekeeping procedures, keep 
most areas free of hazardous dust 
and fumes. 

D. In areas where the dust or fumes 
cannot be controlled to acceptable 
limits by existing engineering, 
additional protection is required 
in the form of personal protective 
respirators. 

E. There are several types of respi
rators that have been approved for 
dusty atmospheres. The respirator 
your company uses has been 
determined by the nature of the 
dust and atmosphere you will be 
working in. 

F . These respirators, when used 
properly, will remove dust particles 
considered as nuisance dust as well 
as respriable dust particles that 
may be considered health hazards. 

G. If your working station requires the 
use of a respirator, use it at all 
times. Respirable dust particles can 
be so small that you can't see them . 
Even in areas where the respirators 
are required look clean, they may not 
be. 

e e 

Media Material 

VISUAL--Vacuum system visuals. 
VISUAL--Ventilation of clean work area. 

VISUAL--Types of respirators (use 
models, if available) 

e e 
~ 

Student 

Listen. 

" 
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Protection from dusts and furnes. 

To combat any contaminant problems, 
there are two principle types of 
respiratory devices. These are: 

(1) Oxygen or air supplying 
respirators to combat the oxygen 
def~ciency and aerosol problems. 

(2) Air purifying respirators to 
combat particle contaminants. 

We will not be concerning ourselves with 
the air supplying respirators . We will 
be looking at the types of air purifying 
respirators. 

Each one of you required to wear a 
respiratory device must be familiar with 
its: 

(1) function 
(2) care 
(3) limitations 

The important thing is 'to know whe n a 
respirator is called for and to be sure 
you have the proper one. You will be 
instructed at your plant to the type of 
respirators need~d and when to use them. 

Three basic types of Ciir purifying 
respirators: 

(1) mechanical filter 
(2) chemical absorber 
(3) chemical- mechanical filter 

The respirator, to do its job, needs to 
fit snugly over your nose and mouth so 
that all the air you breathe comes 
through the filter. The duration of the 

e e e 

Media Material 

Visuals of oxygen supplying respirators I Listen. 
and air purifying respirators . 

(Select material related to respirators 
used on your property.) . 

Write on board: 
(1) function 
(2) care 
(3) limitations 

Visual of mechanical filter, chemical 
absorber, and chemical-mechanical 
filter. 

Listen . 

Listen. 

e 

Student 

.1 
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filter is dependent on the type of 

respirator and the dusts in the air. In 

al l cases, the respirator should be kept 

in a clean condition and the filter 

changed at regular intervals. Usually, 

you can tell when a new filte r is needed 

as i t becomes harder to breathe through 

the respirator . 

(1) Mechan ical filt er--is a special 

filter respirator designed to 

filte r only particulate matter 

s uch as dust . It is not designed 

for use in atmospheres that con

tain toxic gases or vapors that 

may cause difficulty in breathing . 

Also, it has limited time of use. 

Always use a clean filter since 

t hey are changeable. Leave t he 

area immediately if you experience 

( 2 ) 

(3) 

difficulty in breathing. 

Chemical absorber- - three basic 

types 
--universal gas mask 

--special canister gas mask 

--special cartridge respirator 

Each of these is designed to 

absorb only gases and vapors . 

Do not use t he ::e respirators 

either in oxygen deficient : 

atmos pheres or in areas containing I 
excessive contaminants . 

Chemical- mechanical filter--is 

either a gas mask with filt~r 

type or a filter with chemical 

cartridge type. These systems 

are designed to combat a 

e e 

Media Material 

Demonstration model respirator and 

filters. 

e e 

Student 

Watch and li sten . 

Handle , if possible . 

In most operations, the mechanical Demonstrate correct 

filter will be commonly used. Several procedures pertaining 

types should be used as a demonstration. to mechanical-filter 

(1) When to u s e usage. 

(2 ) How to use 
(3) How to c l ean 

(4 ) How to change filter 

Visuals of chemical absorber filters. 

Optional--demonstrate correct usage of 

chemical absorber as is done with the 

mechanical filter. 

Visuals of chemical-mechanical fil ter . 

Optional- -same as with c hemical 

absorber . 

Listen . • 
Optional--student will 

demonstrat e correc t 

procedures in using 

chemical absorber fil teL 

Listen . 
Optional--same as wi t h 

chemical absorber . 

----- •. ~------------~------------------------------~------------
----------------------------~------------------------~ 
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combination of particulates and 
gases and vaports. 

If you are required to wear any of these 
types of respirators , make sure you are 
wearing the right one and you understand 
the correct procedures of operation. 

Your company can do only so much to make 
your working environment a safe and 
healthy one. It is up to you to keep 
your environment clear from safety and 
health hazards . 

Quick Check (True or False) 

(1) A respirator should be worn 
by everybody on the property. 

(2 ) Respirators look nice hanging 
around your neck. 

(3) Wear your respirator when you can 
see dust in the area. 

(4). Put your respirator on loose so 
you can breathe easier. 

(5) Clean your respirator semi-
annually . 

e e 

Media Material 

VISUAL-~Handout of questions may be 
used. 

e e 

Student 

Answer and di scus s 
questions . 

~ 
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Noise 

In areas where cont"roJ.s are not suf
ficient to control noise to acceptable 
levels, special protective devices are 
used. 

Noise controls are based on the loudness 
and frequency of the noise. Your 
exposure to noise is limited to 
prescribed periods of time at various 
noise levels. Noise measurements at 
various 'work areas are take n to determinE 
l evels and exposure times for workers in 
those areas. The plugs or muffs 
assigned to you will keep the noise to 
levels under the limits prescribed by 
law. 

Many machines operating in your are~ may 
have special baffles and enclosures to 
reduce noise levels for people working 
in the area. 

These devices help reduce the noise 
levels by reducing the amount of sound 
waves that reach you. 

In other cases, enclosu~ces and cabs have 
been insulated and sealed to reduce noise 
levels for the operators. I t is 
important that these systems be used and 
kept in repair. Report any deficiencies 
in the noise suppression devices in your 
area to your supervisor immediately. 

e e 

Media Haterial 

,/ 

VISUAL--Chart of exposure to noi se and 
acceptable noise levels. 

VISUAL--
(1) Mufflers 
(2) Cabinets 
(3) Baffles and screens 
(4) Cabs 
(5) Enclosures 

e e 

--
Student 

Listen and discuss . 

.. .. 
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In areas where the engineering doesn't 
reduce the noise levels to permissible 
levels, noise protection must be worn. 

Protection from Noise. 

Loud noises over a prolonged p eriod of 
time can cause permanent hearing imp air
ments. The effects of loud noises are 
accumulative and can build up for years 
before any obvious hearing loss is 
noticed. Protection from noise is 
achieved by wearing protective ear muffs 
or ear plugs. Ear protection removes 
the high frequency range noises where 
most damage is done and leaves the lower 
range noises audible for communication 
with fellow workers. You will be told 
at your plant if and when you need to 
wear any type of ear protection. Make 
sure you understand when and how to 
wear these protective devices. 

e e 
_._._--- _._--------_._-- -

Media Material 

VISUAL--Noise survey s howing device to 
measure noise . 

Visuals-- Typ es of e ar prote ction 
(1) ear muffs 
(2) ear plugs 

Quick Check 
Why is it important to wea~ prot~ctive 

ear devices in areas of loud noises? 
(Make class aware of possible effects 
of not wearing ear protection when 
required.) 

e e 

Student 

Discussion and answe r . 

.1 
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Firefighting Procedures 

In the event there should be a fire in 
your plant, you should be aware of the 
alarm system to use and what procedures 
to follow. 

Media Material 

Introduction 

In your walk around training, you will J VISUAL--Know (1) location, (2) proce
be shown the places where fire alarms ar dure. 
located and what to do if there is a 
fire. Be sure you are familiar with the 
systems that are located in your plant 
and know the correct procedures to 
follow in the event of a fire. 

When working with fires and fire 
extinguishers, it is very important to 
know the different classes of fires and 
the correct extinguishing agent to use 
on each. Using the wrong agent can not 
only be ineffective but also dangerous. 

Examples 
--Water on a magnesium fire can result 
in an explosion. 
--Applying water on burning grease or 
oil can spread the fire. 
--Applying water on an electrical fire 
can result in a deadly shock. 
--Using the wrong agent for extinguishing 
fuel fires or wood fires can result in 
flareups or hidden burning. 

Fires and Fire Extinguishers (Types) 

There are four basic classes of fires. 
These classes are determined by the 
substances involved. Each extinguisher 

e e 
... 

Student 

Listen. 

.. 

Listen. 
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Instructor Media Material Student 

should be labeled a ccording t o the c l ass 
of f ire it is dcs i ::ped to be used fer . 
Some fire ext inguishers are labe led for 
more than one type of fire . Mo s t p l ant s VISUAL- -"ABC" fire extingui sher . I 

, today use an "ABC " fire extingu isher . , 

We , in this c ourse , will go throu gh the 
four typ es individually . Always check 
the l abel befo re us ing a n extinguisher . 

Class "A" Extingu ishers 

These are labeled wi th an "A" inside VISUAL--"A" extinguisher. Listen. 
a triangl e . Cl ass "A" extingui shers VISUAL--Use of "A " extinguisher . 
wi l l p u t o u t fire s that burn with a n 
ember , such as wood, paper , c l o th , and 
rubber . Class "An fire s are p u t out by 
removing the heat f rom the fire. Water , 

.t> 
can be used on these f i res but 0 

appropriate dry chemicals will work 
faster . 

Two types o f ir A" extinguishers used : VISUALS--Two types . .' 
(1 ) Requires that the extinguisher 

be turned up side down t o permit 
gas forming chemicals to provide 
pressure to force the liquid out. 

(2) Requires only the operation o f a 
handle to obtain a stream o f 
extinguishi ng l iquid. 

When using either o f these types , it is 
import ant to direct the stream o f l iquid 
at the base o f the f l ames (to remove 
heat from the fire ) where the heat sourCE 
is origina ted. Think of 'Cl ass "A" fires 
as tho se that leave ashes. 

-- ----
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Class "B" Extinguishers 

These are labeled with a "B" inside a 
square. Class "B" extingu~shers are 
effective in fighting fires caused by 
hydrocarbon , fuel oil, benzene , solvents, 
gasoline, and other petroleum products. 
Class "B" fires are put out by smothering 
the fire. When fighting a fire of this 
type, you should direct the foam over thE 
fire in such a way as to smother and 
block the path of oxygen to the fire . 

As with type "A" extinguishers, type "B" 
extinguishers are also the type that are 
turned upside down and the type that 
are under pressure . Think of class "B" 
fires as those that involve contents that 
will boil . 

Class "e" Extinguishers 

These are labeled with a "e " inside a 
circle. Class "e" extinguishers are 
designed especiallY for use on electrical 
fires. These are fires which occur in or 
near energized electrical equipment . If 
possible, the electrical equipment should 
be shut down. If not possible, only a 
class "e" extinguisher should be used. 
When fighting an electrical fire, it is 
best to smother the fire with the 
chemical agent. Do not use a conductive 
agent to put out a class o"e" fire unless 
it has been deenergized. Think of class 
"e" fires as current fires. 

e e 

Media Material 

VISUAL--Type "B" extinguishers . 
VISUAL--Use of "B" extinguisher. 

(Instructor may want to use black
board. ) 

VISUAL--Type "e" extinguishers. 
VISUAL--Use of "e" extinguisher. 

(Instructor may want to use black
board. ) 

e e 

--
Student 

Listen. 

Listen . 

Listen. 

Listen. 
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Class "0" Extinguishers 

These are labeled with a "0" inside a 
star. Class "0" extinguishers are 
special purpose units used for fighting 
metal fires such as highly flammable 
magnesium, sodium, zinc, titahium, 
aluminum, and potassium. The agent 
used to stop a class "0" fire is a 
dry chemical which smothers the fire 
(removes the air). 

Self check should be handed out on the 
section of contact accidents. This 
should be gone over by class when 
complete. 

Conclusion 

In a working situation, be aware of the 
types of fire extinguishers that are 
available and the locations of each. 

Make sure you understand the firefighting 
procedures in your plant. 

Know where the alarm systems, telephone, 
extinguishers, hoses, and firefighting 
equipment are located. 

Above all, in the event of a fire, you 
must notify the correct people and then 
evacuate the area. 

Media Material 

VISUAL--Class "0" extingui shers . 
VISUAL--Use of "0" extinguishers. 

Instructor should have class demonstrate I (Handout of procedures.) 
use of extinguishers used on property and 
go over company fire procedures at this 
time. 

e e 

Student 

Listen. 

Dis cussion on self 
check. 

.¥ 
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QUICK CHECK -- FIRE EXTINGUISHERS 

1. Most plants use a type fire extinguisher. -------

A. "A" type 
B. "ABC" type 
C. "0" type 
O. none of the ·above 

2. Class "A" fire extinguishers put out 

A. gas fires 
B. wood fires 
C. magnesium fires 
O. all of the above 

3. Class "B" fire extinguishers would most likely be found around a 

A. wood mill 
B. transformer 
C. gas station 
O. all of the above 

4. In a Class "c" fire, what should be the first thing done? 

A. call for help 
B. deenergize the system 
C. evacuate the area 
O. use a type "C"fire extinguisher 

5. Where would you most likely find a Class "0" fire extinguisher? 

6. Which type of fire would you try to put out by removing the heat? 

A. B 
B. D 

C. A 
D. C 

43 
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The problems o f slope stability in open I Visuals of highwa l ls and s lopes 
pit mine s and highwall a reas are , for our 
d i scussion, similar. In both cases we 
are c oncerned with the elimination of the 
ha zard . This may be accomplished by 
s t abilization of the embankment, or, if 
s t abilizati o n is not poss i ble , by deter-
mini ng the areas of potential slides and 
cave -ins. 

In this course we will not be concerning 
o urselves with· stabilization techniques, 

r 
but rather identification and causes of 
potential slide areas . 

Definition : a highwall according to the 
Bureau of Mines is " The unexcavated face 
of exposed overburden and coal or ore in 
an opencas t mine or the face or bank on 
the uphill side of a contour strip mine 
e xcavation ." 

··-_0_- _ . ______ _ 

e e e 
Student 

Liste n. 

Listen. 
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When work i ng a round a highwall make sure IVi sual o r draw a simp l e ove rhang . 
yo u are not under c utting . Undercut t i ng is 

I
c aused b y d i gging into the bank a nd leavin 
a n overhang . 
, 
Be aware--the s lope is composed of loose 
ma t e ria l. Rocks may be loose in a slope 
and wi th c e rtain changes in the weather 
may b e c ome more dangerous. After rains 
and temp e rature changes, an area may be 
more likely to slip and cause rock slides. 

Working around some highwall requires IVisuals of harnesses and lifelines 
s afety harnesses and lifelines. Make sure 
you a r e aware of the types of equipment 
needed when working around highwall areas . 

When working around highwall, you will be 
told b y your foreman the corr ect proce

Idures for working in the area. If you 

I
f ee1 a situation is unsafe, bring it up 
with your fore man and, if you are not 

-satisfied with his answer, ask your 
supervisor. Slide areas should be 
inspe cted regularly, but often potential 
hazards are missed or overlooked. 

~ Careful. 

Instructor should demonstrate use of (Handout of company policy .) 
harnesses and lifelines and insert company 
policy at this time. 

I 

e e 

-
Student 

Li sten . 

Listen . 
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I 
I 

Quick Check Discussion and a :r :J \,'c; r. 
(1 ) What i s a highwall? 
(2 ) What is undercutting? 
(3 ) What fac tors may cause a s lope to 

become unstable? 
(4) Why shoul d you report any unsafe 

condition you see to your 
supervisor? 

I 

, 

i 

. 

.,. 
0' 

i 

I 

! 
.1 

I 

I 

I . 
I 
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In3tructor Media Material 

Conta ct Accidents IVISUAL--Contact Ac cid e nts 

,f::. 
-..J 

(1) Hazards that create h e a t a nd fir e 
(2) Electrical hazards 
(3 ) Chemicals and ' liquid hazards 

Introduc tion to Contact Accidents 

I n a n y working environment, there are 
many accidents that are caused by 
"contacting" a hazardous condition- -hot 
and cold pipes, fires, electrical shorts, 
and dangerous chemicals, just to name 
a few. In this part of the course, we 
will be looking at: 

(1) Hazards that create heat and fire 
- - -fires 
--fire extinguishers 

(2) Electrical hazards 
- -lock- out procedures 

Hazards That Create Heat and F ire 

In your working environment, there are 
many conditions that can cause fires-
flammable liquids, combustible liquids, 
e xplosions, electrical shorts , smoking in 
unauthorized places, lighting; spontaneous 
combustion, overheated machinery, chemical 
reactions, and static electricity. These 
are just a few of the conditions that can 
and do cause fires. 

When handling flammable liquids, 
combustible liquids , and situations 
involving chemi cal reactions, make su!: e 
you understand the dangers involved and 
are aware of the correct procedures and 
correct protective equipment required. 

VISUAL- - Media material of diffe rent 
things and conditions that can cause 
fires. 

IvISUAL--Dangers 

e e 
-

Student 

Lis t e n a nd watc h . 

Listen a~d watch . 
~ 

Listen and watch. 
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I n s tructor 

Expl os ions can be prevented by practi cing 
careful work habi ts and being a l ert to 
the sur r ounding envir onment . 

e e e e 

Hedia Haterial Student 

--Know wha t you are do tng. I VISUALS--Demonstrating the five points . I Lis t en . 

"" OJ 

--Know the t ypes of chemicals you 
are handling. 

--Know the color coding of 
containers. 

--Keep t he area well ventilated. 
--Do not smoke in restricted areas. 

By be ing careful and following company 
r u l es , you will make your working environ 
men t a safer one for yourself and others. 

Instructor Note--Class discussion on the 
types of fire and chemical hazards found 
in a plant working environment. Have 
class name some. Instructor can list 
them on overhead or blackboard. 

Electrical Hazards 

In t he mining industry , i t is i mpossible 
to get very far from e lectrically driven 
equipment in one form or another. There 
are motors, vaults, outlets, t r ansformers, 
instruments, and dozens of other things 
present in all of our surroundings that 
could present electrical hazards. With 
proper training, most hazards commonly 
associated with electrical acc i dents can 
be eliminated. 

Lockout 

A major problem involved in e l ectrical 
accidents stems from the failure to 

Instructor Note --Cover compan y p o l i cy 
wi th h an dout or on b lack bo ard. 

Discussion. 

.' 

-
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Instructor 

loc k out equipment prior to performing 
the work . Never, under any circumstances 
attempt to work on any type of machinery 
until it is properly locked out. 

--Do not remove guards or wiring . 
--Do not try to free fr~zen belts 

or pulleys. 
--Do not attempt to tighten 

couplings. 

Do none of these things until the 
machinery is proper l y locked out. 

e 

Media Material 

What is a lockout? How is it performed? Use flow chart. 
In e ach p lant, the procedure may vary but 
the basic essentials are there. We will 
look at one representive lockout proce-
dure commonly used in the mining industry. 

When a lockout is required, at least two 
people are involved--the shift foreman 
and the shift electrician. These two 
people have special · locks and keys for 
a lockout. An employee r equired to work 
on electrically driven equipment should 
notify the shift foreman who will then 
contact the shift electrician and ask 
that the switch be disengaged. Electri 
cians are absolutely the only persons 
authorized to do any switching in the 
control vaults. The electrician will 
move the circuit breaker to the "OFF" 
position and, if necessari, pull the 
fuses. He will visually inspect the 
breaker to make certain that it is open 
before locking and tagging the cubicle 

~Notify Shift 
l_ Foreman. 

4-

Shift Foreman will 
notify Shift 
Electrician. 

4-

Turn circuit 
breaker o ff. 

+ 
Tag with reason for 
lockout and person 

doing the work. 

4-

e e e 

-
Student 

Listen. 

:1 
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door. Tags pi-aced on the cubic le door 
will state the r e asons for the lockout 
and t he p e r s on for whom the lockout was 
a ccomp lishe d. Before procee ding with 
work o n the e quipment, the start button 
will b e trie d by the person who is to 
perform the maintenance . This serves as 
a pre caution to make certain that the 
power is a c tually off . When the work is 
c ompl e ted , all tags and locks will be 
remov ed b y the person whose name appears 
on the tags and the shift foreman of his 
alte rnate will be notified. The tags 
should then be torn up and disposed. Be ' 
sure you are aware of the correct lock
out procedure used at your plant . This 
p rocedure will be taught to you at the 
plant you will work at. 

Instructor Note--Use this or other 
f l ow chart of lockout procedure. When 
finished describing, film , "Electrical 
Lockout Procedures," could be used. 

Other problems come from carelessness 
or poor housekeeping. Extension cords 
and trailing cables should never be hung 
over nails or other metal objects having 
sharp edges. They should be protected 
at all times . In particular, they 
should be p l aced where they can not be 
run over by equipment. 

Before you use c o rds, connections, and 
guards, you should inspe~t them to make 
sure they are in proper working order. 
If any hazardous conditions exist, bring 

e - e 
- ._---_._._-_. ----_ .. _-- - _ . __ ._------- ------

Media Material 

The person doing the 
work will t es t 
the switch. 

'" 
~1en work is comple ted , 
tags and locks will be 

removed by persons 
whose name is . on 

the tags. 

'" 
Shift foreman 

will be notified. 

ViSUAL- - Show film. 

VISUAL--Compare correct electrical 
conditions with incorrect conditions. 
Co rrec t e l e ctrical conne ctions visual. 

e 

Student 
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them to your foreman's attention 
immediately. 

l'lhen working around vaults and tran s-
former areas, be careful. 
can be highly dangerous . 

These are as 
Enter them 

only when necessary and, then , only with 
the knowledge of your supervisor and the 
accompainment of an electrician. When 
carrying metal objects such as p ipes, 
rods , o r tool boxes, avoid outlets and 
other electrical components. Contact 
with the se could result in a n accident. 
Any time you are working in the rain or 
with water, there is the inherent danger 
of e lectrical shock. Electrical motors 
and othe r electrical equipment must 
never be cleaned with water or steam 
r egardless of whether or not they are 
operating a t the time. 

A particular problem in electrical safety 
is the use of cranes and other hoists 
around high voltage electrical wiring. 
Although you may seldom or never be 
requi.red to operate such equipme nt, it is 
like l y that you will be in areas where 
such Bquipment is being used. 

'. 
Never . set a motor overload or place your 
hands inside a motor starter. You could 
come into ~ontact with as much as 480 
volts alternating current which could 
prove fatal. 

Never we ar jewelry around electrical 
components . It is actually a good i dea 
to no t wear jewelry at a ll whil e working. 

e e e e 

---

Hedia Material Student 



lJ1 
tv 

- e e 
_._- ----------- --

Contact Accidents-- F 

Instructor 

Should an accident occur involving a 
person hung up on high voltage current, 
there are only two methods of rescuing the 
person. 

(1) Cut the power. 
(2) Insulate yourself from the victim 

using rope, rubber, blanket, or 
length of dry board. Anything 
that is nonconductive will work . 
Make sure it is nonconductive 
before using it. 

Whenever rescue from electrical shock is 
made, medical treatme nt is requ .i .- "d . Seek 
he l p immediately _ If the victim is not 
unconscious, make him lie down and treat 
him for physical shock . If the victim 
is not breathing, perform mouth-to-mouth 
resuscitation. If no pulse if p resent, 
cardi opulmonary r esuscitation is r equire d. 

Grounding 

Most of us tend to r egard static 
e lectricity as somewhat mysterious and to 
highly underrate its potential fire and 
explosion hazard. It is myste rious i n 
that it is weightless , colo rless , and 
incapable of description except in the 
most technic a l terms . 

Underrating static electricity ' s potential 
fire and explosion hazard must be 
considered as a serious threat to the 
safety and welfare of all employees . 
Th e most effective and widely use d 
procedur e for the control of s t atic 

e e e e 

Media Material Student 
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e lectricity is called grounding. In 
simple terms, this means that as soon as 
static electricity is formed (generated), 
it is harmlessly conducted away to the 
ground or earth. Thus , grounding pre
vents the accumulation of static charge 
and thereby eliminates the possibility 
of static sparks from becomming a source 
of ignition. 

e e 

Media Materia l 

Quick Check. Discussion--what is 
grounding? What is lockout procedure? 

e e 

Student 

.< 

I 
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Instructor note : this schedul e i s designed 
to be used with the communication s ection, 
if explosives are being used on the prop
erty . The materials are designed to famil
iari ze the miner with warning devices asso
cia ted wi th blasting op~rations. These 
materi als can be modified to accommodate a 
parti c ular oper a tions blasting policy. 

In general, blasting usually occurs during 
t he shift changes or lunch break or at 
designated times. Procedures used as safe~ 
precaution s to insure that miners are lo
cated in an area removed from the blasting , 
area include: 

(A) Blasting Areas 
Blasting areas in surface mining . . 

.. bperations are blocked off b y vari-
ous types ?r warning devices. 

(1) Barricades 
(2) Cones · 
(3) Flashing Lights 
(4) warning Signs 
(5) Flagmen 
(6 ) Combination of the above 

In addition, sirens and other audi
ble warning devices are sometimes 
used to warn of an upcoming blast. 
Be aware of what these audib le de
vices are used for and what they 
each represent. 

Company should insert s peci f i c policy on 
blasting here. 

e e e e 

Media Material Studen t 

Listen. 

Visuals .of warning devices. Discussion. 
.Y .. 

Handout-company blasting policy . 

~~~--'-~~~_~~_~~~~._~~~~~~~~~~_~~~ __ ~~ _ _ ~~~ _ __ ~~._~~~~~_~~_~ ___ ~_L _ _ ___ _ 
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(B) Storage of Explosives (Magazines) 
Working around and in explosive 
storage , areas requires special carE 
and han~ling for a safe work place 
All safety requirements must be 
followed completely. It is impor
tant that every safety step is 
observed. Here is a list of 
safety steps t9 observe: 

(1) No smoking 
(2) No horseplay 
(3) Follow all safety instruc

tions 
(4) Handle explosives using pre

scribed procedures 
(5) Keep area clean 
(6) Authorized personnel only 

are allowed in magazine and 
storage areas 

In your p~ant operation, you will 
be told the specific safety proce
dures and warning devices associ
ated with working around and han
dling explosives. Know safety 
procedures and follow them. 

(C) Transportation of explosives 
All equipment used to move explo
sives from a magazine to a blasting 
will be marked and maintained in a 
manner prescribed by law 'and cor
rect safety procedures: 

(1) Stay clear of explosive trans 
porters at all times. 

e e e e 

Media Material Student 

Listen 
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Spltay Line..6 

The. .6pltay line..6 that we.lte. on the. top 06 the. he.ap we.lt e. u.6e.d 
(2 ineh blaek pla.6tie) and we.lte. 6itte.d with .6ix dilte.etional 
.6pltinkle.lt.6 and thlte.e. dilte.et .6pltay .6pltinkle.lt4. 

Plte.g-Spltay Pond 
" 

Fille.d with 15,000 gallon.6 Olt 62.5 ton.6 06 wate.lt 6ltom the. We..6t 
Side. mine.. 

Laboltatolty 

Eoee.ne. .6till ltun.6 oult .6olution .6ample..6. Howe.ve.lt, I ean only 
have. .6olution.6 analyze.d at ee.lttain time..6 dulting the. day-u.6ually 
in the. a6te.ltnoon. To pltope.Jtly monitoJt oult plant and to de..6ign 
oult le.aehing .6Y.6te.m.6 60lt valtiou.6 OJte. type..6, we. de..6pe.ltate.ly ne.e.d 
oult own atomie ab.6oltption unit. 

TJtaile.lt 

Th e. tJtaile.lt will be. u.6e.d 60lt the. laboltatolty and the. plant. 

Tank.6 

MO.6t tank.6 alte. available., but .6ome. eould be. pulteha.6e.d at a latte.lt 
date. 6Jtom Ge.oJtge. Je.witt. 

Che.mieal.6 

Pulteha.6e.d to date. aJte. the. 60llowing: 

A. HN0 3 and HCl (Nitltie and HydJtoehloltie aeid.6) ~ 6o~ lab 

B. Zine dU.6t; 300 # 

C. Sodium thio.6ul6ate. 

v. Viatam~ee.Q~.6 Ealtth 

To be. de.live.lte.d .6oon: 

A. Li me. 6ltom Paul SpuJt ne.alt Vougla.6, Altizona 

B. Sodium .6ul6ide. (Na2S); he.ld-up by the. Te.am.6te.lt.6 Stltike. 

C. Sulphultie aeid nltom Apaehe. Powde.lt ne.alt St. Vavid. 
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"BREAK-THROUGH CHEMICAL COSTS" 

A. Lime.; Paul Spun Lime., Vougla.6, Anizona 

"Stack VU.6t" = $ 'i.4 (t.on 

Li.me./t.Qn one. 

5 
1 0 
1 5 
20 
25 
30 

$Lime./tol1 O/l.e. 

$ 0,035 
.070 
• 105 
, 140 
• 1 75 
.210 

B. Sul6unic Aci.d; Apache. Powde.-'L, St, Vavid, Anizona 

$ 6 /1 00% t.Q n 

Tank Can; 22 tOI1.6 

A ci.d i.~ 70% 

15lton.6 100%) ($6/.:ton) = 
Tna.n.6pon.:tation = 

, 0265 

$ 90 
50 

$140 
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TOMBSTONE ACTIVITIES 

CATEGORY 

Powe.Jt 

Wa:t.e.Jt Line. 

SpJtay Line.h 

PJte.g Pond 

LaboJtat.oJty 

Bu.Ltding 

Ptant. · 

Tankh 

C he.mic.alh 

Pu.mph 

F e.nc.ing 

Pad 

( 0 p Ota:t.io nh ) 
********** 

SPRAY SIVE SLOPES 

220-Single. Pha~e. 

2700 6e.e.t. 

540'-2 inc.h 

Line.Jt & Cu.t. 

Eh c.apu.le./ Eo c.e.n e. 

TJtaile.Jt 

200 GPM 

1350 Gallon 

$ 2,211 (Ini:t.ial) 

220-Single. Phahe. 

AJtou.nd Plant. 

CJtu.~hing Equ.ipme.nt. 

"IPS" Fe.e.de.Jt~ 

"IPS" St.oJtage. 

Mining Equ.ipme.nt. 
! 

CRUSH HEAP OPEN-PIT MINING 

480-3 Phahe. 480-3 Phahe. 

2700 6e.e.t. 2700 6e.e.t. 

500'-2 inc.h 1000'-2 inc.h 

Line.Jt & Cu.t. Lowe.Jt Pond 

Own AA/cJtu.hh.Own AA/CJtU.hh/Pu.lv. 

TJtaile.Jt Me.t.al Bldg. 

300 GPM 400 GPM 

1350 Gallon 2-2,000 Gallon 

$ 6,000 (Ini:t.ial) $ 10,000(Ini:t.ial) 

480-3 Phahe. 480-3 Pha~e. 

AJtou.nd Gu.n Co. AJtou.nd Ope.n-Pit. 

Small LaJtge.Jt 

Jaw & Cone. LaJtge.Jt 

5-t.on 10-t.on 

20-t.on 40-t.on 

Loade.Jt AiJt-t.Jtak/c.ompJte.~~oJt 
Loade.Jt/t.Jtu.c.k~/doze.Jt 



• 

• 

• 
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- ------------------------------------------------------

TOMBSTONE 

Ope.n Pit. Sa.mple.h 
Cont.e.nt.ion Vike. 

>. 

Summa.4Y on Cont.e.nt.ion Vike. Ope.n-Pit. Sa.mple.h ! 

Sa.me,le. Ide.nt.i6. i c.a.t.ion T.Oz ~ /t.on 04e. G40hh Va.lue./t.on 

Gold Silve.4 ($250/$7.50) 

Cha.nne.l Coa.4he. · 126 • 39 $ 34.43 

A-Fine.h/c.oa.4he./mixe.d • 130 1 • 32 42.40 

B-Fine.h/c.oa.4he./mixe.d · 1 35 2. 88 55. 35 

C- COa.4h e. • 105 .48 29.85 

V- F ine.h / Co a.4h e. • 158 1. 94 54.05 

Ave.. • 158 1 • 94 $ 36.00 

04e. 



TOMBSTONE HEAP 

~ Following are recent samples taken from the heap, grouped by 

screen size and mineral: 

• 

Troy Oz. /Ton Value* Total 
Ore Type Au ~ Au ~ Value 

Clay .041 .26 $10.25 $1. 95 $12.20 

Fines .086 .29 21. 38 2.18 23.56 

Large .038 .53 9.38 3.94 13.32 

Manganese .155 1. 44 38.75 10.80 49.55 

The above were weighted by their respective weight percent age 

(15%,25%,40% & 20%) and the average value ($250 Au & $ 7 .50 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. 

, 

'---------- - -- - ---
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SOUTHEAST CLAY 

.021 Au/.12 Ag 

~l 

I 

~ ____ I 

I 

o 

SOUTHWEST CLAY 

.060 Au/.36 Ag 

v 
~GJ 

NORTH CLAY NORTH FINES 

.04 2 Au/.30 Ag .051 Au/.15 Ag 

~. 

SOUTH FINES SOUTH LARGE 

.120 Au/.42 Ag .042 Au/ 
.57 Ag 

SOUTH MANGANESE 

.150 Au/1.89 Ag 

TOMBSTONE "HEAP" 
**************** 
Assays of ore type s 
and sizes ......... . 

NORTH MANGANESE 

East .177 Au/1.98 Ag 

West .138 Au/.45 Ag 

NORTH LARGE 

.033 Au/.48 Ag 



Loc.ation 

Heap 

" 

" 

" 

NOILth Ramp 

Eme~ald Vump 

Contention 

Sh-t 

Contention 
Vike-Cave 
Open - Pit 
AILea 

OILe Type 

TOMBSTONE 

Sampling Summa~y 
M a~c.h 1 2, 1 9 79 

T~0!f. Oz. 1 ton 

-. 

o~e 

Gold Silve~ 

Coa~h e • 038 ' .53 

Clay • 041 .26 

Fineh .086 .29 

Manganeh e • 155 1 .44 

Contention · 1 38 1. 31 

Fineh 1 c.oa~h e • 127 2. 72 

Tailingh .050 • 63 

Ca~bonac.eouh .234 1. 56 

AlteILed Vikel 
Lim eh to ne-
No M a.ng a.n eh e • 158 1 • 94 

G~Ohh Value 

($2501$7.5) 

$ 13.48 

12.20 

23. 56 

49.55 

44. 33 

52. 1 5 

17. 23 

70.20 

36. 00 
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TOMBSTONE 
/" 

e 
No~th Ramp Sampling: 

" (Tom Sc.hlo.o.o et. al. ) 

e (C. E.oc.apule Lab R e..o ult.o ) ; 

Samr;!.le Numbe~ T~olJ. Oz./ton .oo1n. T~o~ Oz./ton o~e 

I 
Gold Silve~ Gold Silvelt 

e NR- .043 · 31 • 129 .93 

NR- 2 .040 .38 • 120 1. 14 

NR- 3 .063 1 • 80 · 189 5.40 

NR- 4 .039 .24 • 11 7 • 72 

NR- 5 .043 · 41 • 129 1 • 23 

NR- 6 . 104 • 58 • 31 2 1. 74 

e. NR- 7 .037 .29 • 111 • 87 

NR- 9 .039 .41 · 117 1. 23 

NR-10 .034 .20 · 102 .60 

NR-11 .034 .29 · 102 • 87 

NR-12 .040 .29 • 120 • 87 

NR-13 .052 .46 • 1 56 1 • 38 

NR-14 .039 · 20 • 117 .60 

e NR-15 . 037 · 25 • 1 1 1 • 75 

Ave. • 138 1. 31 

e. 



TOMBSTONE 

" 
No~th Ramp Sample Map: 

~. 

~ , -.~~,:) 
,-" . . 

, c:--.... 

t ...,!' • 

. • I' . '-, 

l 
I : " 

#15 

t,e 

t .~ # 1 3 

" 
'~ , 

:1 C 
~ 

I ,~ 

# 1 2 

NORTH ! 



TOMBSTONE 

Open Pit Sample~ 
Contention Vike 

Summa4Y 06 Contention Vike Open-Pit Sample~: 

SamEle Identi6. i c.ation T.Oz~/ton 04e G40~~ Value/ton 

Gold Silve4 ($250/$7.50) 

Channel Coa4~e • 126 • 39 $ 34.43 

A-Fine~/c.oa4~e/mixed • 130 1. 32 42. 40 

B-Fine~/c.oa4~e/mixed • 135 2. 88 55.35 

C- Coa4~ e • 105 .48 29.85 

V- Fine~ / Coa4~ e • 158 1. 94 54.05 

Ave. • 158 1 • 94 $ 36.00 

04e 



Sample Iden~i6ic.a~ion 

Channel Sample along 
Contentio n Vike 

A- Fine~ 

A- Mixed(mine Jr.un) 

A- C 0 aJr.~ e 

e B- Fine~ 

B- Mixed(mine Jr.un) 

B- C 0 aJr.~ e 

C- CoaJr.~e (Channel) 

V- Fine~ 

V- C oaJr.~ e 

·e. 

TOMBSTONE 

Open Pi~ Sample~ 
Con~en~ion Vike 

T. 0 z . / to n ~ 0 In. 

Gold SilveJr. 

.042 .13 

.060 • 70 

• 035 • 25 

.035 .37 

.055 2. 03 

.040 .35 

.040 .50 

.035 · 16 

• 050 .96 

.055 .33 

T.Oz./ton oJr.e GJr.o~~ Value 
Ton OJr.e 

Gold SilveJr. ($250/$7.5) 

· 126 • 39 $ 34.43 

• 1 80 2 • 10 60. 75 

• 105 . 75 31 . 88 

• 105 1 • 11 34. 58 

· 165 6.09 86.93 

• 120 1. 05 37. 88 

• 120 1 • 50 41.25 

• 105 .48 29.85 

• 150 2. 88 59. 10 

• 165 .99 48.68 
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Sample La c.a:U.o n 
Map Show.[ng 
Open- PLt 
Sample 
La c.a:t.[ a nh 
********* 
Con:ten:t.[on VDte 
*************** 

Sampled MaJtc.h 11, 1979 
by RF Hewle:t:t and 
VUh:ty Ehc.apule ...•.••. 



TOMBSTONE 

Spe.cia.l Sa.mple.ll: 
(Tom Schlollll e.~. a.l.) 

(c. Ellca.pule. La.b Re.llul~ll); 

Sa.mEle. Numbe.Jt TJtoy Oz./~on lloln. TJtoy Oz./~on OJte. 

Gold Silve.Jt Gold Silve.Jt 
Eme.Jta.ld Vumpi 

Fine.ll .037 2. 14 • 1 11 6.42 

Co a.Jtll e. .060 · 38 · 180 1 • 14 

High Ag .026 · 70 .078 2. 10 

e ' Ho~ H .046 .40 • 138 1 • 20 

• 127 2.72 

Con~e.n~ion 
Ta.iling.6; 

Ea..6~ . . 010 
/ 

· 2 1 .030 .63 

I. 

Middle. • 017 .28 · 051 • 84 

- We..6~ .023 • 14 .069 .42 

.050 .63 

e Sh-~ .078 • 52 .234 1. 56 

,-
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TOMBSTONE 

S P e. c..<. al Sam p I e..o 

CYANIVE v.o. ACIV LEACH: 

To e..o~'<'ma~e. ~he. e.66e.c.~'<'ve.ne..o.o 06 c.yan.<.de. a.o a le.ac.h.<.ng .oolve.n~ 

w'<'~hou~ p4e.-~4e.a~me.n~, .oample..o ~ake.n 640m ~he. .oame. loc.a~'<'on We.4e. 

le.ac.he.d w'<'~h c.yan'<'de. and aqua 4e.g.<.a' ~o de.~e.4m'<'ne. ~he. 4e.la~'<'ve. 

4e.C.ove.4ie..o. I~'<'.o known ~ha~ aqua 4e.g.<.a w.<.ll d.<..o.oolve. all 06 

~he. gold and .oome. 06 ~he. .o'<'lve.4, mak.<.ng aqua 4e.g.<.a a good 

e..o~'<'ma~04 06 ~o~al value.!he.ad.ol. F04 gold, aqua 4e.g.<.a .<..0 m04e. 

p4e.C.'<'.oe. ~han 6'<'4e. a.o.oay.o, and w.<.th ~he. u.oe. 06 an a~om'<'c. ab.o04p~'<'on 

mac.h.<.ne., .<..0 muc.h 6a.o~e.4. Follow.<.ng a4e. ~he. 4e..oult.o: 

CYANIVE AQUA REGIA Pe.4Ce.n~ 
CYANIVE 

T.Oz./~on .ooln. T. Oz. /~on .ooln. RECOVERY 
04e. T!iEe. Gola Silve.4 Gola s.<.lve.4 Gola 

Sh-~ .020 .27 .070 .42 29 % 

Eme.4ald F.<.n e..o .005 .24 .045 .21 11 % 

Con~e.n~'<'on Ta'<'I.o.020 • 2 1 .047 .08 ,43 % 

N04~h Ramp-6- .025 2. 85 • 082 • 52 30 % 

The. above. c.yan'<'de.-aqua 4e.g.<.a c.ompa4.<..oon c.on6'<'4m.o Ralph VanA4.odale.'.o 

.otate.me.n~ c.onee.4n.<.ng the. 4e.eove.4y on only 10% 06 ~he. value..o n40m 

~he. mangan'<'6e.ou.o 04e. 1e.6~ .<.n ~he. Eme.4ald dump and wha~ wa.o haule.d 

to ~he. he.ap and le.ac.he.d. 



'71 MINERALS CYANIVE LEACH TfSTS 

Notice that the p~ojected ~ecove~ie~ we~e all . low(unde~ 50%) 6o~ 

a cyanide leach. Realize 6u~the~ that cyanide wa~ u~ed to 

dete~mine the dump g~ade which doe~ not ~e6lect the t~ue total 

g~ade(head~) . 
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.- Test 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 • 

DGcember 23, 1974 \ 

Homo tOI R. .1.' Hewlett 

. Froml Jt.. M. Darrah 
" 

Subject I Tombston~ Metallurgical Test, Resultl 

The result. for the 8econe! aerie. of cyanide leaching 
test to evaluate haap leaching are aa foilowsl 

Gold Leached. oz/ton 
1 AAx 2 day' 

Silver Leached, ozlton 
Duma 1 dq 2 MIl 

Tranquili ty .016 .023 .35 .45 
Empire . .015 .022 .23 .32 
Touglmut .g08 .010 .26 .32 
Contention 1 • 24 .131 .52 .70 
Little Joe .006 .008 .34 .53 
West Side .013 .018 .44 .60 
Grand Central . .007 .010 .59 .76 
Lucky Cus. .018 .024 .51 .73 
Emerald .004 .005 .44 .57 
Contention .022. .O3~ .83 1.18 
Average .013 .018 .46 .62 

Using $4.50 per troy oz. for silver, and $185 per troy oz. 
for gold. the total leached value. 111 $/ton for 2 dqa 
leaching are as follows I 

Tranqui11t,y •••••• 6.30 
Empir •••••••••••• 5.43 
Toughnut •••••••• 3.20 
Contention 1 ••• 8.80 
Little .108 •••••• 3.92 

West Side ••••••• 6.l1 
Grand Central •• 5.31 
Lucky CUS •••••• 7.75 
Emerald •••••••• 3.53 
Contention 2 ".11.l5 

The total silver recovery for 2 day. i. $2.77 per ton an4 
gold recov.~ i. $3.40 per ton, for a total go14 and .ilver 
average of $6.17/ton. 

CyanCie consumption in 2 day. baa been about one pound per 
ton with the exception of Contention 1 and Lucky tu... which 
have used about tva pounds per ton. Lime consumption for two 
day_ i. about 1.5 pound. per ton. 
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Page 2 

The a.bc7n result. are extremely encouraging in regard8 
to, the economic. and viability of heap leaching. 

A ritcommtmdation to proce.d with the initial 50,000 
ton production test vill be made .when test. 10 - 19 
an completed. Thi. viii be· around" J'an. S. 1975. 

CC I Jim ICennedy 
File (2) , 

Robert H. : Darrah 
Consul. ting metal1urgi.t 

" 
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Projected Gold and Silver 
Production From Heap 

Lea,ching the Tombstone Dumps 

December 30, 1974 

u. S. Dollars/short ton 

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

Contention 1 100,000 '7.00 4.00 
Lucky 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, S185/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 



e Leach Period 
I . Apri l 1975 

Apri~ 1975 

e May 1975 
June 1975 
J une 1975 
July 1975 
J u l y 1975 
Aug. 1975 
Aug . 1975 
Aug. 1975 
Sept. 1975 e Sept. 1975 
Oct. 1975 

Tot als 

. Month 

April 1975 
May 1975 

e ~une 1975 
July 1975 
Aug. 1975 
Sept. 1975 

e Oct. 1975 

Tonnage 

20,000 
30,000 
50,000 
20,000 
30,000 
2) ,000 
30,000 
20,000 
10,000 
20,000 
30,000 
20,000 
30 1 000 

325,000 

Mining and Leaching 
SeQuence, Tombstone 

Waste Dumps 

Dump 

Contention 2 
Contention 1 
Contention 1 
Contention 1 
Lucky Cuss 
Lu cky Cuss 
Tranqui1i ty 
Tr anqui1i ty . 
West Side 
Gr and Central 
Grand Central 
Empire 
Empire 

Production ~ Net Profi t S 

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

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

Production 1 S Net Profit ~ 

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 1 400 26 2 400 

1,963,000 987,800 

Cum. Net Profit ~ 

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

886 ; 9bb 
961,600 
988,000 
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Test 

10 
11 
12 
13 
14 
15 
16 
17 
IS · 

19 

e · 

Summary of 
·Cyanide Leach Tests 

Metal leached, Mg. Metal leached tr oz/ ton ore 
Dmnp Silver Gold Silver 

" Tranquility 1449 7S 0.37 
Empire 1061 65 -, O. 27 

Toughnut 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 lS31 IS 0.47 
Contention 2 4419 115 1.14 

Average 0.52 

Sample si·ze, pounds •••• -................ 250 
Leaching time,. days ...... ;. • ••• •• •• • •• • • • 2.0 
Washing time, days..................... · 5.0 
Average cyanide consumption, lbs/ton... ~.O 

Average lime consmnption, 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 
0.01S2 
0.0046 
0.0295 

0.0154 
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I 
I 
1 

.og~ 

0, :2.3 

0.31 

2 .SI 

2., 1-4 I ~ , .r~ 

0.37 

0'7f 

3 .</3 
/o .J'" 

. 01(, {).I~ 0 -11 
.OZ(; ' 0 . ,0 /- /1 

· ?17 3.39 

. (;5"0 

· DDS 

.14 I 

I 
{) . (,0 I 

I 

0.04 i 0 . 04 

· :2.07 

· ::U, ( 

o.~ 

O.~3 

1.04-

0.31 

.3.S~ 
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· (g~ 0.11-
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. :J S 0 i 1,~.2.. 

. 4s--s i /.J I 

.4,3 1 lJ?J 
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,r:J /.2... o. SJ 

. (0l.3 I 0,1.3 
/0/ I 0, {-a 

. __ . 
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I (~o 

1 0.81 
! 

i \ 1-1 g 
I v.'-/ 'I 
1 sJf 

S. (]S 
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1 .31 

/f.l~ 
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0 . yo 
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e It:. (0 e 

Dump Location ;RA6IrtlML-cr'1 

Sample Weight, Lbs. ",S'O -------
Total Days Leaching __________ __ 

Date GMS CaO GMS NaCN cc Water cc Water 
Day Month/Yr Added Added Added Removed 

ttl btl' 't 'f r"6'6 -9- W( 000 -(f-

Z.o ~'t-(.' 'tV- J('},p ' ~b· F3 ZJ (J(J 0 rI 
AI t)l:C -7lf, Q y5 5tJt?t? 5tJtJ{) 

I 

22. J) I~ c. -7'1 (/J ~ b,ooo 5:000 

1'J J)I/C-7lf rp ¢ , 7,000 .5&1~~ 
/ 

2 L/ 7)r:c- 7 1.j ¢ 30,. rP /tJ1OOO h 2l/2 
'/' ,. 

2(' ,7> I~C ' 7'1 r/J ¢ I ~l r1(Jo 7. 7S 2. ,~ , 
17 vtc ':]ll ¢ rj JtJ coo 7 too 

2 g :D/~'fC -7 1l (/;> cp o (/J Y' (,~ 
7 

. , , 
, ' 

Total ' 
~t, ~ tj~ ~7'1 Ave. S'6 ~ <6' C~~o6 

"' 

TOMBSTONJilHEAP LEACH 

METALLURGICAL TESTS 

December, 1974 

Reagent Consumption 
Lime NaCN 

#/Ton Ore #/Ton Ore 

~ ~ 
~ ~ 
~ ~ 
~ ~ . I 

~ ~ 
~ ~ 
~ ~ , \.:) 11, 

~ ~ 
~ ~ 
~ ~ 
~, ~ 

'. 

e e e 
Conducted by: _____________________ __ 

, Approved by: ____________ _ 

So lu tion Assays MG. MG. ot.. 'f.r.tJI. 7. 
Silver Gold Gold Silver Gold Silver 
Oz/Ton Oz/Ton Leached Leached Recov. Reeov. 

. . V -;7 
/ 7' 

1.792.. ,tJ8').... I'/.Pl/ ?tJ~ .. X'.:' ~ ~ 
I.~' 2 , ~'if 3 J '(.'2.( 1(7.S-~ ~ 
/.3(0 .,(J72 /:<" :5';J ,~.3~ ~ ?, ~ • ,01 ~ 
"y~ 7 ,t) J..! /I 10.91 ' '2,.60 .. } fl' As" 
, -.5"'t7 . 03.5'" ?.< 7 /J{J,.;;" ~ ~ 

,-1"1.. 7 • 0 7. I r, L./. 6 . <g5,/ ~ . ,,'/, 
• " I % , . ~ I ~ 

.. I'?' .. o/l 3.SC7 St: 2 7 h • • ()\11 ~ 
- V 7' 

./ ~ 
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fe-S.T l( 

TOMBSTONE HEAP LEACH , 

METALLURGICAL TESTS 

Dump Location EMPIRE- Conducted by: 

. Sample We.ight, Lbs. v~O 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~ MonthLYr Added .Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached RecQv. Recov. 

It! ()r.-c. 7"(- ~6'B -e- z,o,ooo -l)- ~ ~ / / 
2CJ j)EC ~ 711 /o/~i St,g- 2J t)OO ¢ ~ ~ V / 
:</ 1) Ir c. - 7-',L ($ ¢ 5' (J (!~ I;/Jt}(J ~ ~ ) IR2 I ()7f1 13.3'>t. 203. '12 7 ~ 

r) rf 
/ 

~ ~ ~ ~ 22 Vffc ~ 7l/ ~ (JtJo li16IJCJ ., I • 130 , () 73 ll. '25 111/./1 

2?, .7JEC-7lf ¢ ¢ /,oo() ~ 0 ~O ~ ~ . 0 _7 &0 ' 
9 'i'l'/ .0 S" '} /0. /0 Itl. t t/ ~ • .0 0 ~ . . \~ 

30, ~4 
/ 

~ ~ ~ # 2'-/ 7J,jc-7lJ /0,1 LtJ. (JO() 7J 2l/1 ,~~2 .0'1/ Ie .17 ,'1{. 2-

?t ]) IIc -7Lf _¢- ¢ I~J (loa 7. oq Z. ~ ~ ' . /.3.f-V ,ilt/ ;0:<1 t, (0 . 1It'.! ~ . 01 ~ 
<fJ 

f . 

~ ~ # ~ 17 D6"C··71/ . cp . I()J06'~ 7/'1 t)D .'3]0 .0/8 '1.56 t:j J. 63 .o~ 0,,,1 • D • '2 ) I 

2.q- lJl-rC -7 1;: cf 0/ . rp ~J.fo ~. ~ • (;t.{- .f¥ -Itt , b 10 :').,r;co 117;,47 ~ .D ,~o 
.0 ~ 

. . ~ ~ / ~ I 

~ ~ ./ / 
Tota 

7" f( $fe, ~ (r, (JoO tf~ 7<Cl/ Ave. 

~l 1 - Daily 
2 - Cutm.1l a ti ve 



,-
,.- ", .' 

'e e e e ' e e e 
7f;~T Cz...- TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location 
to c..tblf N &A....T 

Conduc te d by: 

Sample Weight, Lbs. ~o December, 1974 

Approved by: 
Total Days Leaching 

Reagent Consumption Solu tion AssaJs MG. MG. i. f. 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 

Day_ Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached RecQv. Recov . 

Iq f)(:;C,'T':' r6'a' -&- Z,(;lOOtJ -e- ~ ~ V /' 
20 "JEc - 7'1 ,~a. d ;r,. t 1,000 ? ~ ~ / 7 

¢ 
, 
~. ~ ~ ~ ~/ J)fjC -7 LI C/J 5'ptJt/ ,.,~"C7 J.>~ ".1 '12 6 .. 40 "<3t.3D 

I 

~ ~ ~ ~ /o.1J rj). s: (JO 0 2, (t;O I./'l7 ,1:' 33 2~93~ lo(). 3 2.2 J)ffC -7'/ ·17(, • • D~ 

23 7)/)c -711 t1 ¢ 'Z tJt'C) 1/ Q(}O ~ ~ • C; 5'1 .t12 ~ 3"~Jt ,30 .. 1 ~ 1 ~OO~ ~ 
1. ~I J)jC-7 'I roo q; 30·cP I~, ood C- 91/2-~ ~ • tg-9 ,02.0 ~, -; 55 I ~ 3,. ~ h ~ 

¢' dJ ~ ~ . .511 ,(;/( h %J c, 702. . 
. '-1 

J.2/J 1/7. J 2' ]) ,re -7q /01000 I · cf f ' 

7-7 cb rP ~ ~ 
- # ~ Ire. ,1J/ /P,P tJf) 7) '- "I f) . i,..r J(; . I ¢t -010 z. til ~~. 7~ . "" cO 

2<? 1JtJ"c - 711. ¢ C; . ¢ ~ 390 ~. ~ . { • ..r-,j11 .. 2/3 ..~o5 1,'f~7 tl. 1. 0 h n 
. . ~ ~ V ~ , 

~ ~ .V ~ 
Total . 

/tY&, <6 &,(.~ C(j/~OO l(o,87f{ Ave. 

~ 
1 - Daily 
2 ~ Cumulative 



U20 1 - Daily 
2 - Cumulative 



~, ~ . ' e e TOMBSTO~~AP LEACH - e -7Es-7 I~ 
METALLURGICAL TESTS 

IXImp Location L IffiJ;- f.rz.~ Conducted by: 

Sample Weight, Lbs. jJr '2 SO December, 1974 

Approved by: 
Total Days Leaching 

Reagent Consumption Solution Assays MG. MG. 7. % 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 JHTon Ore OzjTon OzJTon Leached Leached RecQv. Recov. 1 

/1 PfC. 74 5'1,'8 rI. l() ()OO ¢ ~ ~ V /' 
2() J)5c- 7'1 30,~ 6" ~, g 21 CO () ~ ~ ~ V /' 

@ ,r! 
, 
~ ~ ~ ~ 2/ .1> /lc -7'-1 .5 ~6' t7 .5~("J~ :l,t)I);J .13~ ~ '179 5'12.9 R: 

¢ ¢ 
/ 

~ ~ ~ ~ 2'- ,7)lle - 711 Si () ()(J 'I, () 06 I. 'it{3 .025'_ 3~, 173 1~2A1 I tJCZ oJJ . 
23 .7)(/C-7 'I ¢ ¢ h~OtJ ,/;J()V ~ ~ I" t'!'"7 ,02?' '3.%3' 227.3 ~ • () , D°;r\ A'5 • • ~ \ I 

la. ¢; 36.$ 
I 
~ ~ I ·2 3.5' ,0 17 '3 ' ~ 71 ~ ~i 2'-( ])/£C -7~ 10 tJ()() S; t'I/Z 1'38.(; , .0(') 

26 I]) fIC· 7l/ (/J cp 1~/fJ()(J C. 7,)2-~ ~ o } 33~ , f7J . ()/,s- 'J. '1(.( Jot, ,1 n p;;J 
rjJ ¢ 

, , 

~ ~ Ill· ( [% ~ 17 f)Pr!~ 7'f It?Jo#() ('1&/0 ',-t yO • .fa 9 '0(0 2-- "Vt:,'I> .coS8 ,~r7 

(P~ ¢ ¢ <g: ((0 ~ ~ 
. 
~ ~ Z? . ])t:-C - 7'/ ,J77 ,~O~ I, 4&3 III, ~ , 

~ ~ / ~ , . 
.. 

~ ~ ' / / 
Tota -
Ave. 9t,~ ~,,~ ~ql (/00 '(~, ~t-I( 

~I 1 - Daily 
2 - Cumulative 



.' - --, ·~T '- .... 't;T"'cr.,-·,-c~-o-r 6J.'~ . 

• .1't- I S' e TOMBSTON~ - e -'-
-- ----- -- - --- - --

Dump Location ~~r S. lJ)c Conducted by: 

Sample Weight, Lbs. Z. 5'0 
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 Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

1<1 7J5c, ]'1 5'~~~ ¢ . 20. 000 d ~ .:1 • 0 ~ :/ /' 
~b Dlc...14 (Zf b? ,l! ~/JaCJ d ~ ~ - / / .:t '0 

¢ 
, 
~ ~ t ? ~ L ~ 21 .lJl:-c-7 '( 

(l' .5 t?t!J /J 5~c1c7 1\ 

¢ r; 
/ 

~ ~ ~ y 22 PlJ'c- ]'/ s: fJt')O ~(')(XJ ;Z,'<f . p~r .it (,1/ Jf£::<9 

¢ (( 
, 
~ ~ .otS ~ ~ 23 rt>§.c-7lf h ~tJ() 5" , biJ - . (;0 1_~g-r /I .. I) J~7.5 , l __ .~. ~ ~ ~ ., , , . 

2 0.5'1 .. Clef¥' 16 .'it 3S'1.7 • ."ct'3 

'£\f ]Jt1c -7l/ It .. rJ 30,cjJ I () (J()O 'h~I!J.. . ~ ~ /. 115 ... ~25 6,. 11 4 47.··2- b ~ . 
~ ~ ~ ~ lC 1) (iC-7 11 ¢ ¢ I~O.O(J (" tjtJ 2.. " f?9.;z- .O~~ ~, 16- ;<10. ~ • 0 , tlsi-

¢. -~-
, 

i.c/o ~ ~ ...r8~ ,ot.( % ~ 17 0((·,/./ · !O/Ot7{) -~ ,. f 7)' l"q~ t~) • ,0c1o • 4-q I 

2g- 1J CC-79 ¢ . . r; ¢ 8';rg'!'O ~ ~ .2 ttl? .. ()O 7 2,. 1'21- ~tI. tt't h . 0' ~ ,0 .. ~\) 

~ ~ ./ ~ 
Tota 

t9. ~()O lfCJ~· L/4 Ave. 7/ . . ~ '6(.~ 



,""", .' n-- ' p Ite 

Dump Location GSBIJ,P Vtl1r?8L 

Sample Weight, Lbs. 2 fQ 
Total Days 'Leaching ____________ ___ 

Date GMS CaO GMS NaCN cc Water cc Water 
Day Month/Yr Added Added Added Removed 

{1 J}~c, 7'1 X'(. r m 1 i.fro rj~ 

2.0 :J)EC·7IL 3~.¢ S'IP.g 11 ~()O rf 
J 

~/ ]) lic-- 71/ (Jj ¢ ~ tJ~f) 7t'pd 

¢ ¢ / 
2l J)/Tc -1L! .5:oClO 3LYOO 

f f 

23 .7) !Fe- '} t.; (j ¢ h110() if t1 t' 0 

¢ 
, 

1 
1..L/ J);':C· 7~/ 3'0, r} 1(}/~~() .~ 71.g 

u: ,7)6'C -7l{ ¢ q /4~oo C. 7~ 2.., 

17 ¢ . ~ 
/ . 

Dfc·ftt /~J~t't' t, ) 1/7 ~ 

2.? 1)£c'-7 1/ . -rp~ p~ ¢ ~ 900 

, . , 

Total ' g-, .. ~ Ave. ~(,~ CC .. ( Ifll Cf 30 

~I 1 - Daily 
2 - Cumulative 

r- \ 

TOMBSTON~AP LEACH 

METALLURGICAL TESTS 

December, 1974 

Reagent Consumption 
Lime NaCN 

#/Ton are #ITon are 

~ ::s. , 0 ~ 
~ 1,5"3 ~ 
~ ~ 
~ ~ 
~ ~ ' 16 0 

~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 

~ -~ 

- e e 
Conducted by: ______________________ __ 

Approved by: ________________ _ 

Solution Assays MG. MG. 70 % 
Silver . Gold Gold Silver Gold Silver 
Oz/Ton OzlTon Leached . Leached Recov. Recov. 

/' ~i 
~ :/ /1 . I 

? 'IJ5?' .0"1.( 7,19 .5YJ.~1 ~ ~I 
'). ,. ¥I? ,0110 !: .. 2()~ 3'~, 9 ~ ~ 0'31 

.6 
~I .0 • ~t{~ 

2,3S'7 . ~3b 4,790/ 323 .. 2 h ~ 
j,3J( ,~l.J2 ~,77t( 3~o~. ~ h • ,00 #" ,6 ,~~11 

/,011- ,017 3, rJ 7 .{ J~,·· l ~ ~I 
,6q.j 'o~S" 1."16 (!~I ~ % . .ooqe ~i ,,jo'7i 

.3~7 ,,~()C ,.829 117.9 ~ ,0 .o,o.,l ~i 
:/ ~1 
./ ~I 

I 

I , 

~~------



" , 

e e ' 
1jsr p / 7 • 

~ 
TOMBSTONE HEAP LEACH - e e 

METALLURGICAL TESTS 

Dump Location t-l{CKY COS, Conducted by: ______________________ _ 

Sample Weight, Lbs. 2 5 (J 
December, 1974 

Total Days Leaching ______________ _ 
Approved by: ____________ _ 

Reagent Consum£tion Solution Assays MG. MG. % % 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN ' Silver Gold Gold Silver Gold Silver 

Day Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore O",,/Ton OzLTon Leached Leached Recov. Recov. 

1ft . 7)r.:~. 7lf 6t,'(; (j to ~OO d ~ ~ fJ(~_ v=C--&J <"l) ~O~/~ ./ ./ 
20 J)5c- 79' 3CJ,,~ St. 't 21 tJ(}O ¢ --------~ f\\-e ~C ... t b ... (. t.l~ - " V ./ 

//J_ r6 
I 

--------~ , ~ ;'/ 1) lie .. ? 'I :f Ct' 0 5't!tJ~ ;<,I-2Z .o~l if. 51' YI/9,11/ 

'22 IVI1C-7 t/ ¢ ti S:L100 3~ 2 .("0 ~ ~ 2 .. 5' 7%' ,0g-5 9.'1(1 2~'·1 ~ ~ 
(j) (j) 

I 

--------~ ~ ~ 23 lJ,fc -71/ h /J()t) YI'oc,J '2 .. //1/ .. /;7S r~.l 7 2~C,.C ., 

~ ~ ~ #1 21./ .Jlfc-7t/ /0, (j 3b,g; 1~ltJotJ &1 ?"II g-' 1 ... 1/~3 " ~bZ /1. '2. 0 3· ~1. y; 

2~ 1])!1i. -7 tl C/J (/J. /tt)1()OO 6~ .lJft- · ~ ~ 1.1/7 . (;.3 'i 1, 17 l1:/: .J ~. ' ,01 fir 
cp c) 

, . 

~ ~ .78Q 1,(10 lee % ~ 17 .f} Ec-1tf . /1J.0 ~ CJ t1JfO ' (.(.n ,oog 
'0[1(.{' 

ci. q ¢ 
/ 

~. ~ n ~ z.r I ])/f"C- 7'1 ' ~ &5'0 { . .J I -r ~1./79 .O/l/ 4.ILf7 IlI/,q ,0 .~~ 

. . ~ ~ ".,/ Li , 

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

? ("1' r5(.(j (~tJOO '-fl. 300 
I 

Ave. . 
i -- ~---~ - ~~-- --- -- -

l/3J 1 - Daily 
2 - Cumulative 



· .. _---y-. ._- - --- --- - r---. 
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e -n:seJ:J; I~ e TOMBSTON~AP LEACH - e e · 
METALLURGICAL TESTS 

Dump Location /V'1 F /! R L.7J Conducted by: 

Sample Weight, Lbs. 25'0 December, 1974 

Approved by: 
Total Days Leaching 

'( 
\ 

, Reagent Consumption Solution Assays MG. MG. 7. ? 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Sil ver 

Day Month/Yr Added ' Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

,1 Dr-c. 7'1 S'G.<;r ¢ lO, ()OO rf ~ ~ V /. 
2() J),cc,- 71/ 30 ... <t £fJ,~ ~~OO rI ~ ~ V / 

(j If 
, 
~ ~ ~ ~ /./ 1) /le>7/f :>-: (,7 t: t7 5~t?t?_ ' ' ~,')..l/tj ,Of'! J. ;J. ,~ 3~S".1 

.I 

~ ~ ~ ~ 12. J)C"c- 7lf /0. ~ 30.t:/ ~ /J{/O 2. ~6 '2 .. 003 .n/~ I~ to 3 17~~ 3 

¢ j~,¢ 
f 

~ ~ ~ ~ 13 ]J1ic,·7LJ 7/ tJt1.(j ~_ 000 -y ¥ F"f~ ' 1,727 ,Ol? 1., (() 3 26'3 '1 .~ .1.\~ 

(p 
( I 

~ ~ ~ ~ 24 1)~c· 7t/ 'lo,d. IO,()OO .Z~I!.~ , 1<8 1 ~ / ... (33 , t1/:J 3,4 0 5 4tJ/, b 

'2~ 7J/ic -7 If ¢ ¢ /0. ~OO ~ 102-~ ~ -(. 3 ~ ~ %0.1 ~oo1 ~. 1~7 ' Irr, '.r ~ A? 
2-7 Dtt -1i ¢ ,rj I~ j otJ ~.1 1. ~o ~ ~ - /)/' »)~ , 7~7 ,67,tf G·18( ~O.r, 'f % .00 )0 ~ .+(8 

28' 1)£c-7'j' .¢. (jJ ¢ ~Jr'?O ~ ~ • L(re 3 ,,()J /.1/6 q II-{/,'j # ~ 
" ~ ~ / /. , 

, . 

~ ~ ./ /'. 
Tota 

9/, r._ t9. /1()O l{3·/~ Ave. l3.6. ~ 

~ 1 - Daily 
2 - Cumulative 



./-• nJ~1 e 

Dump Location C 12'" 'Ti?' AI 72 d AI t:r::o:.. 
Sample Weight, Lbs. 25'0 

Total Days Leaching 

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

Vi ])£C;. ZlI 3'6# <? d Itc:LOO 

,~ Pte, 'Jt/ Ii_ ,{ (,,8 . (/) 
-

1( ])CC.7'- j{5 -f)- -J (i t .",? 

" 
22- 7JrC- 7l/ ¢ rI _I'{ /JOQ 

23 'DffC ~711 ~ rf 7:"oClC 

2. Ll ])ic.- 7Jj (j ]o.t/; /(J,lJtJ() 

(J) cP_ ' 
, 

2(, :fl/iC· ]'-1 1t)~OO , 
27 Pic.7t{ ¢ ¢ 101 c tJ{} 

2.8' J)cc- 7'-1 ' ¢ rj ¢ 
. -

t 

Tota 
j~-? ~6.~ ?~. LeO Ave. 

.' 

~l 1 - Daily 
2 - Cumulative 

I . Vf' 
I, C; 

cc Water 
Removed 

d 
(j . 

5'~pi) 

'3/ /JCJO 

Jj~6iJ 

f ?IIR" 
/ 

7,~/2-

~L:) 10 

~ CJ'10 
./ 

'13,94/0 

,--, 

TOMBSTON~HEAP LEACH 

METALLURGICAL TESTS 

December, 1974 

Reagent Consumption 
Lime NaCN 

#/Ton Ore #/Ton Ore 

~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ t. f 

~ ~ . "{tK 

~ ~ ,-SO 

~ ~ 
~ ~ 

e e 

Conducted by: 

Approved by: 

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

~ /f,y '/ ~ 2 :<O,~_q 

L/ -( I/'€~ ,;-1'315 1? tl3 

-:?,7~O .. 1/3 ) ~, 4 <i 
2,<g12 .,. (J 7'1 :2.1. '12 

.{./SJ' , (}f't /'-/. 11 
/,1'18 'Olt,. ).,c.~ 

• 7l/7 ,01../ t. L/t5' 

e 

MG. 7. 7. 
Silver Gold Silver 
Leached RecQv. Recov. 

V V 
V V 

Ri'!/,2Y ~ ~ 
L/77.5~ ~ , ,"ooCj ~ . 5b .3 

5 ''1~~ ~ #0 
~S 9.-, h # 
-!",{J', -1:1 ~ Afi ' • ~j 

2..bt.t.. % · Ol.-~O ~ .q/8 

2- '3~.' ~ ~ 
V V 
.l/ V 



-I {cJ 

I - .. . . 

< ()"~ < o--r 
--. - 1- - .. . -.- . -

z.,'1b O'{,l--

...,. if'f 

17 

_. 

O' ig 

.O'L'{V (It; Vl-Y 
·~SD 1,6/3 

~ ti-~/T, tx.:J. 

wt 'Ic 
A-""
A" _ 

v-1 X' A~ 
_. - - "-' -- - .. 

v1 k' 1-..'1 
()/J /tv.. 

'10 .41 

(8 

.- -
(7 60 

,6'0 "et. 
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41 Joe', .~ '\~ e 
I ' TOMBSTONE HEAP LEACH 

e e ~ 
METALLURGICAL TESTS 

Dump Location $4, -r' 71".-.,1 Conducted by: ______________________ __ 

Sample Weight, Lbs. _' ______ _ December, 1974 
Approved by: ___________ _ 

Total Days Leaching ______________ _ 

Reagent Consumption Solution Assays MG. MG. '0 % 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 

Day MonthjYr ' Added Added Added Removed #lTon Ore #lTon Ore OzlTon OzJTon Leached Leached Recov. Recov. 

/:1 /- rJ~ //J. S- .-@" I..(O()() ..R' ~ ~ / ~ 
Ii{' I- 7j/ P 5't.1~- .1 tJcJO --cr ~ ~ ~ L 
/j/ /- 1.5' ~ ~ ~~O() .jOtJO ~ ~ ' ..? JlIJ .otf' Ij, 3.5Zt. :iCc. 95' ~ ~ 
Ie I" 7s- A7" ~ ttJoo 0/Joo ~ ~ ' :2. 1.1"0 .O?3 /II, ~I 2..'3 Jtfl.ls' ~ , ,00 fo( 

! 17 /-75 S'O,O --&-' , !)O~, '.j:OOCJ ~ ~ ' .11~ · , /" ~.f3 . ott" II. C1J? ::t f;r. (/.j/ ~ ' '\.:-tJ dj/ ~ 
I I f /- '7{ ~ --&- ~tJtJo o/.f{}o ~~ ~, 

~ " f78' , O'lr t. 'ITff' I'li/. o~ ~ #1 
! .. 

~ ~ 
,1 

~ ~ !/ 9' /- ? 5 . -e-- --9- '-1(700 </, .rIo .79'/ .0J/ l trJtJj Ii s/:?t. 

~ o /-1~-
,. ..... '1t-z.o ~ ~ ,/tJ- ,019 ~, t'lJ~f fJ./s1 ~ ~ v --

I ~ ~ , :,/ / I 

: '~ ~ / / I 
I . , 

j ~ ~ ./ ~ : 

Tota 
11:!.6U 6',ll" I/j~OOO ;(8,070 ,?jt t7. J C. J , 3, JiY i: (3).. ~1- OJ . v IJ t .., / \ 

'Ave. 
r :').) 
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TOMBSTONE HEAP LEACH 

e e e 
METALLURGICAL TESTS 

Dump Location C", ~ he t Conducted by: ______________________ _ 

Sample Weight, Lbs. _. ______ _ December, 1974 
Approved by: ___________ _ 

Total Days Leaching ______________ _ 
( 

Reagent Consumption Solution Assays MG. MG. % % 
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 OzjTon Leached Leached Recov. Recov. 

I J 1- J.~ 
./ 

113,s ....e- /q (Jot) -$" ~ ~ / ~ 
I If 1- 7..,-" .~ .,,~, 1j- .1(j()() J?' ~ ~ V / 

I~ 7s' 
. 
~ ~ ~ff~ ~ ~ /~ ft --.&-- ..['000 ..10(JO • . '¥ J-J .0:1..0 QI3Ctj .1J·:</7 

I It 1-7J- -er ~ ../boo ':;;'00 .YGf ~ .. tf"".J9 • 0/0 0.1016 f7.lJef' r #3 
17 /- 7j - --e- ---e- 0 0 (}O .JfoO ~ ~ . I, o'J....· .fJI • tJ 10 I, 301'/ 0t.O'1 ~ #1 

I /f 
. /' 

1- 7> Ar .-67-' ~oo gS'oo ~ . r.'~ . ~ ~ 11'1' .00.5' (), J'79J .1.5.),/' ~ #6 
I . 

-f:T ...-e-- .~ ~ 11,'/ .:< l £fs"" ~ ~ 1/ '1 I' ?~ ~ooo 'JP60 . I. o~ ·2/£ T/? .0 

120 /- 7 :t" -lyj"'o ~ ~ .. 1,// 7/z.. Ai/! It . .{ff ~ • ()~o ~. 
~ ~ V /' 

. . ~ ~ V V . .. . 

~ ~ .V ~ 
Tota 

J. Iy. 7 f J :J 19(; Ave. L--.~._ - - - - - --~- .---~ -~~ ---~ - --

-

~ 1 - Daily 
2 - Cumulative 
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TOMBSTONE HEAP LEACH 

METALLURGIC,AL TESTS 

Dump Location ft,1l/t! ,,/:/ 
I - -- Conducted by: 

Sample Weight,. Lbs. 
December 1974 

\ Approved by: 
Total Days Leaching 

~. 
, 

Reagent don sump tion Solut i on Assays MG. MG. % % 
Date GMS CaO GMS NaCN cc Water cc Wa t er Lime NaCN Silve r Go l d Gold Silver Gold Silver 

Day MonthjYr Added Added Added Removed .#jTon Ore #IToh are OzjTon OzjTon Leached Leached Recov. Recov. 

/:1 /- 7.5 /1.1, .1- -R /3. .joo -€J" ~ ~ / / 
I f /- 7,j .... ~ 47.)- ,totJo -er ~ ~ V / ·17t of , " 

.-

1.3/ / ... 7j --& --8- -Jot)o .,t.j./t'CJ ~ ~ .01) J1~Lf .l?1 , 117 I, 1-1;'.;' z:; /' 5 ./51/ /' ~ 
It 1- 7 j./ .jo,O ~ 6'oo() .11100 ~ ~ 7'/0 , 0/ 7 I. IJft I, 7t,~:l7 ~ ."/)09 % ~ 
17 -" .JtJoO '1000 ~ ~ ,t!"'! ,011/ I. r11?' 7d 1,11 ~ ~ /- 1j $CJ· O --er . ,0 

If 
- ./ "-& .-r9- £boo < t,oo ~ ~ I ¢,-/2- &';011 :J9.1jt ~ ffto /- 75 ¥' ~ 009 .0 .001 

~ -if 400 0 J~ 'It) _ ~ ~ /,I'1,f'J- ,/f or T # ~ 19 /- J(- .~o2 .0/0 ,0 001 
I ,7 -

;20 / - 75- 3!.jJo ~ ~ '. JO? , (Jot O. 11C'j" :It If.! ~ ~ 
(1),) ~ ~ /' /. 

.. ~ ~ / /. - -

~ ~- .-/ /. 
Tota 7. YX 10 5S1.4D lAve. . 

~) 1 - Daily 
2 - Cutmllative 



~ -1:1 e e ' 

Dump Location $}1"'>'" .rle/ 
rAJ k:;6f 'c 

'e 

Sample Weight, Lbs. ______ _ 

Total Days Leaching ______________ _ 

- e e e 
TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Conducted by: ______________________ _ 

December, 1974 
Approved by:, ______ ..,..-____ _ 

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

Day Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

I /J /- 7s- IIJ,S- - -8- /.(000 -&' ~ ~ V~ 
If J-7J aJS' ~~7.!J- ~ooO ~ ~ ~ V V 
IJ" 1"7":'~ --& .-4!Y 6000 JoOO ~ ~ 5'.. 1L1_~ .tJ3 Lj 3.'11.>:< .f.2J.l_'/{(tf~ 
Ii /-75 -r;. ~ . JIJOO '<900 ~~~ ;l.99¥ .~JI'7 · J/tt7~ if9':.97Y~'~ 
17 /-1~- A? -6l 6"""(Joo .:J90o ~ ~ 1.170 .tJ3Y' s.o1s3 0I'C.?S",(~# 
l<g /-1j'" jo,o ' 10.0 -.Sooo ~f{}O ~~ ~ .t.fI/6~ "O'2j~ J..'!~7J ~7;.~br ~ ~ 

fer I-?~ - . ---&' --t;;)-- ~ooo ~/lO _~\~ 2.gJ9 .oZ? ;t,fJ//..... J()c,.ojj~~ 
j6 /-1~~ .5170 ~ ~ ,1.2'70 #0/2- \ /,.J''I9.J 271.077 ~ .#i 

~~ I //' 

~~ V/' 
~~ ,/~ 

~~:~1 ' .1~.'Yr XG,}l' 2C ,(IJI j~~1.J~,) , cO~1. liJ-c, 

~ 1 - Daily 
2 - Cumulative 
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TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location Bt'J, J: .. c.~/ 
~ , Conducted by: 

Sample Weight, Lbs. December, 1974 

Approved by: 
Total Days Leaching 

Reagent Consumption Solution Assays MG. MG. io 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. Recov. 
/' 

//?.j ~ It,jOO ...q ~ ~ / /' 1.1 /- 7J 

1'/ 1-7J~ S't.7,5 ..J~7S ~C)OO --e-- ~ ~ V / 
~/(J(J ~ ~ , ~ /3"'- J-7~ -R .$ (t?(lO . 'I 

. 9Jt It 9JIJ ,J)} 17.'1Qt3 ;1.t5Y3Jt 

I~ /-13~ ScJ. 0 ~ '1tJ()() "J jot) ~ • . Q. 11 ~ J .~ .. ",],7 ~rI" 9 I~OI 13 )1t, Hiy ~ ~ 
/1 

........ 
/- 7.5 sao ~ ttJtJO 37/J0 ~ ~ II, <?~ 1 ,O3() i ()o'f Is77. ~J'l ~ ,0 0 01 ffi? 

/i l-1j/ ~ JO, .O · fr1()O .5 Sl)O ~ ~~ 7. ';3,/ ' O:j~J., t, 1t 71 /019, 'If'! ~ ~ 
~ ..-6r .fOGO ~ ~ '/..(' OJ t.(}1?rt 9.t'/,f17 ~ ~ 1'1 I~ J £' . 3S~o , " 0/ . 1,30 - . 050 

1-1S- :!1Co ~ ~ /' -' 
,,033" '/, ? 1J 1- 1t~?1' B!! J!!i.:f 2 0 . , - J ,fs -: , ,Olt. 

I ~. I'II ! 

~. ~ . / / 
, .~ ~ L L 

I ~ ~ ./ ~ I 
ITO tal :)'~v I J~' J~ ' I>(;d B'35 ,IJ;)X ) ) ~ y 
Ave. -

~ 1 - Daily 
2 - CUrm1lative 
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TOMBSTONE HEAP LEACH 

/;za~ METALLURGICAL TESTS 

Dump Location ~( eel- Conducted by: 

Sample Weight, Lbs. 
December, 1974 

Approved by: 
Total Days Leaching 

-

, 

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 Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz}Ton Leached Leached Recov. Recov. 

if 1·7S" 113.s -€!I" /.5;000 -0' ~ ~ ./ ;/ 
Ii /·7J 

.....-
S"~.1~ .-6'- ~()()O --A!!Y ~ ~ ./ ./ 

/J/ 1-7,r ~c. 7S- "t~l~ ~tJ~O --e- ~ ~ / ./ 
/~ /,1j- -4'- --&- -5"00/) ~:!..JtJ ~ ~ , • 3~2... • &3() !L,,_IIJ£ 1./7.1?7 ~ r '. 

./ ..-e- -{7- 6 !)()O .:?feJO ~ ~ - Y,t.l?t/J ~ #1 17 /-7J • J.t~ .()t.l .14/31 · 

If' 1~1~ -t)- r ...e- £000 -'!O.t'C ~ . 3S D ~ .el{ . . 10if .;ler( ,(Jlf' J. Lift t ;11. 17/ ~ ~ 
/ '1 I-? ~ -& ~ 4 (700 3p·>o ~ ~ ' . ' 14.1- .2-f? .0 1,5 /.f~~tj :J~ 7,11 hl ~ 
10 /- 7:>'"'" 55,5/0 ~ ~ . :101 . ()~9 I. OJ.1S'' t5.1'/t? ~ . . () ~ 

~. ~ ./ 7' 
, .~ ~ ./ / 

I ~ ~ .V ~ 
Total' .1').1, O IS 4 ~~ 1 I ~J' 1 4J I 

r;}4f 
Ave. 

. (J ,) J..J 

~I 1 - Daily 
2 - Cumulative 

- - - ---
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/- J'~ e e - e 
5' w;'J.e~~;

K "Wi, ~ Dump Location ,~ 

Sample Weight, Lbs. _______ _ 

Total Days Leaching _______ _ 

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

/~ 1- 7J- II..!. s -# I~()()O 

Ii /·7S t7.-l5 , j --&- :J.()Cf) 

IJ 1-1..>' f'~ 1.5 ft. 15 ~tJ(J() 

It /-7.)/ -&' -B- St7PI/ - -61. ~()()O /1 /-1~ --B-

If 
. /" 

/-7j -Q- -4>- -.!Opt; 

/ r /~ J~ -P -6r ~ooo 

l ;to /-7S"" 

, 

Tota 
Ave. . 

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

~ 1 - Daily 
2 - Cumulative 

cc Water 
Removed 

-rr 
--<r 

--&-

~tJO() 

fI(}O 

:11.{'0 

'56 to 

Jto() 

TOMBSTONE.AP LEACH 

METALLURGICAL TESTS 

" 
December, 1974 

Reagent Consump_tion 
Lime NaCN 

#/Ton Ore #/Ton Ore 

~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 

.~ ~ . . 'Ii~ 

~ ~ 
~. ~ 
~ ~ 
~ ~, 

e e e 
Conducted by: ______________________ __ 

Approved by: ___________ _ 

Solution Assays MG. MG. % 7. 
Silver Gold Gold Silver Gold Silver 
o ziT on Oz/Ton Leached Leached Recov. Recov. 

V V 
V V 
/ ~ 

,7..),,7 I (J~'-: t :?,~35"C J5.5''1i ~ r 
~ 2.17 , tJ~s 7.12Z~ jo. 'it'l l ~ • QO # 
.//.1 , () 3 C '/, 7J/~t ;~/1.J ~ I .00 #; 

./';2 ,0 ]3 '/. /sfl9 17. ;96 ~ # 
, II/ ,oz/ .I, fi?" IS, ~?.j l# ' .~~ #i 

V ~ 
V V 
.V V 

2j , H ;J1 ~1.11\ .o OJ 1 " J)'jA 
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TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location V; £l.~ ?::. Conducted by: 

Sample Weight, Lbs. December, 1974 

Approved by: 
Total Days Leaching 

, 

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

,b a~_ Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore OziTon OzLTon Leached Leached Recov. Recov. 

: /1 1- 1f" 11.J',.j .--Q /..{ ()OO ~ ~ ~ . ' V V 
Ilr ' 1-1s .-tr ~,7.i'~ ~()OO ...u- ~ ~ V L 
I /f~ /- 7,j" ~ -G" 6;oO() .1.5'00 ~ ~ , 1v~ 7. Cs./y ;tJ 1:1 . /,,j~~~ 718. () j r ~ 
/h /- l,j.l So. tJ -cr S()OO ~:JSo ~ ~ . 9(' y £ . .9f . Oil o. g'lJ3 S'J...r. O~ .... ~ %' 

I 

ttJOO ~ ~ %0 #1 17 - 30. 0 .tj7tJO 0; :l3j I '11ft g'i~, J. rr /-7J (7 .(J()Y 

Ir 1~' 7f ~ -L).., . ./OIJO :<7()CJ ~ ~v 3, '116"- ;< (lo? O,f7Jf J1S: MO h Af! 
I r /-l~' -B . -U 9-0 00 3 J S"o .~ ~ ?5?oz. ,~o~ 0" Ijjfy J~/. Ljt~ # M1i 
:(0 Iv 7s- 7'/71- ~ ~ :l./,/~ ,,(ltJ z:.. ()" 3t uP .3'/t,71. ~ ~ 

~. ~ V V 
: ~ ~ V V . . 

~ ~ .V V 
Tota 

S· JH~ 3J~1JJ .O()/~ Ave. 
. 

- - - - .--

~ 
1 - Daily 
2 - Cutmllative 
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~ J?e' e e e , e e e 
TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location a .foerl" (" , Conducted by: 

Sample Weight, Lbs. December, 1974 

Approved by: 
Total Days Leaching 

, 

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

Dav Month/Yr Added Added Added Removed #/Ton Ore illTon Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

/.1 /- 7j ...... //j.,j , --iT /.J ooa -e- ~ ~ :/ / 
Jr' 

./ 
/- 7J ~ &. 7J ..... ~CXO ~ ~ ~ V / 

Jj/ /-15" .-(7" -e- ~OO() ~ooo ~ ~ 4. 70t ' O/j../ ~. 5'6;-5 
,/ 

fOJ. f:V 
, ~ 

, /b /-7j- :;0. () .70.0 6000 f,f-J-o ~ ~ 5',9/7 , 0;1- I. 7~17 ftJ,jJ ~ ~1 
! 17 /- 7j- ...(f -&- t?(JOO i3s'O ~ ~ . l l'H 3, 2~7 . a/I J. t1?7 '/71. 7t- h ;%0' 
)£7' I:' 75---- -&- -&- fl()O J-/5dl} ~ ~ /. '1~'l .00& o. rt17 .1o/. 7a ~ I • pQ yfft'f 
I o? I, J S -ct -& bJooo -/,0 170 , ~'V ~ /. ~// .;04 0, ~tf19 ~f!~. 'Ire l# All . 

, J. o I-/j- ¥O'lz.. " ~ ~ /,/0S'" .oa/ O·/:J~1 J~l.'l/' W7 ~ 
I ~, ~ V / 

, ~ ~ V / 
~ ~ ,7 / 

Tota 7.~or~ U'2Y-¥ . 00 7.0 ~~JO Ave. 

, 

~ 1 - Daily 
2 - Cutm.llative 
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TOMBSTONE lAP LEACH 

e e e 
METALLURGICAL TESTS 

Dump Location ~ ish l' EJ{te"$;"'- Conqucted by: 

Sample Weight, Lbs. ,t.j/O 1J~t. December, 1974 
, 

Approved by: 
Total Days Leaching : 

, 
, 

ReaKent ConsumQtion Solution Assays MG. MG. '0 % 
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. Recov. 

.20 /- 15'" //:1.r -e- ~9000 -(J- ~ ~ ~ ~ J 
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~ ~ V / .z/ I-!s -&- -.r( 1s I~ O()O -e-
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7, <1 I- ?~ pj 
~ 1000 J270 ~ - 'Y ,c?1) ~ IIJ'Ir /001 .//J.O 0:116' ~ ~ 

:t~ - /-'7s' --fr ' ..-0" , 7J(JO /760 ~ ~ .olf ~ 00/ ~ oto;.. 'I 'if. (/ Y # 
..." ,~ ~ .off3 ~ ~i 2C /·7$ ~100 . tJ'1 Z- . (J~/ ~ /S 1 • , Q 
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~, ~ / /' 

. , 
" .~ ~ /' / t 

~ ~ .V / 
Tota ~ 

·3&0 ]; ,~1-t1 0 ~ .0)0 
Ave. 

" , 

~ 1 - Daily 
2 - CUnnJlative 
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pfO .. ~th.~. e e e e e 
TOMBSTONE HEAP LEACH . I , 

; / . , 
.. METALLURGICAL TESTS 

" . ' . 
Conducted by: Dump Location .. .' . 

Sample Weight, Lbs •. 2j~ . P~i. December, 1974 
, 

Approved by: 
Total Days Leaching : 

.' . 
.. 0' 

. -' ',. 
'. 

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

Day Month/Yr Added Added Added Removed #/Ton Ore #lTon Ore OzjTon OzjTon Leached Leached Recov. Recov. 

20 /-1.r //:J,s-' ' -&- ffooo ~ ~ ~ , / /' 
7-/ 1-1~ &,7.)' 

''1'~ 
~7J ' /-6- ~ ~ ~ / / 

~ ~ 
I , ~ .1:1 1-7f' -4-, ' ~ 700() tJhO .. t ,'!:5 .03'1 7. f 71t. IttJ.1/31/ 

Z l /. 7~ ? p' 
60 0 0 !:~9'O ~ ~ .d • 7<1j-' .&", 1: lj'sJ~ /J9. 793 ~ • 0° #f 
~ ~ 

, 

~ ~ z.4- I-?S p' Jlf s. Qod 9' 7J 0 . . s~J . 0/7 f,t'~rl It?, f¥'z 

'/ ./ ~, 
, 

teo 0 ~?'10 ~ ~ . '1'/6/ -Cl/ 'I I. i1
" 

'1S,J 10 ~ ~ tr /- J i ~ 
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". 
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~ 
1 - Daily ' 
2 ;.. CU1lllllative 

,~ I' 

,; .. ' 
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TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location Conducted by: 

Sample Weight, Lbs. . ~.J-O '[)Il/ December, 1974 

Approved by: 
Total Days Leaching 

, 

, 

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

av Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore OzjTon Oz/Ton Leached Leached Recov. Recov. 

:10 / .. 1,j' //:!.S- -e- /.{O()O -&'" ~ ~ V / 
.-

.f'~lj 
IYQ() 

--&- ~ ~ V VI J/ 1-1.s ..)(.15 -e-
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~tJoO :/'1(0 . ~ ~ O.Jljt r ~ Zz. 1-7.~ -r;- . ~ / • ..j":Z 7 ~ 00 %- /7?~73 

?- J J- ?t; pJ J¥ SOOD r t>oc) ~ ~ I./L/~ ,00/ 0, /7/:L ·/9$:.j1P 6' ~ 
I?/I I-? S p' jlf .s. 0 00 ~ 000 ~ ~ ·9/1 .00/ (). "710 "11. f'f, h # 
I 

/~7'S~ t~oo ~ ~ ./ 0, / '!5'J ~ #? .., 
~ : ~. .!9·j'''O • 72.!. , ()ol 7f,Olf :!) • OUO , 
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-

D2}] 1 - Daily 
2 ... Cutmllative 
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::? ,/:2- .V~ ft~~ e e e e e 
TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location Conducted by: 

Sample Weight, Lbs • . ;?Ji~ VRt. 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 A<ided Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

20 /- 7.s- II f . ..5 -e- /~r:JOO --8- ~ ~ V / 
.2/ /-7-5"" ..{'t.7.s-' ~0,lj- 1000 

-:/ 
~ ~ ~ V / 

~::z. /·75 ..p- . -fr' ta?o ..f/.JCJ ~ ~ /. 373 • O/~ ~; 1) 1'/ .t'l/.l~.J r ~ 
z 1 J- 7~ f3' .d 6,0 () 0 S?oo ~ .~ /.2.23 .0/0 1.9&"1. / 13 f, 71(. # ur ' ".,. 

L~ /- J ~ 70 .P S.OOD 9~oo ~ ~ I. !)c t/ ,,0/0 J. 3~ 19 . Js'3, ifJ). # . ,00 ~ 
:.~ /:"75 - ~ '~ tt7()() ~310 ~ ~ , (/0F' 0, 1ot'!' f1.13t! ~ # ·170 :J1-.00 t 

1-1~- r:l. 00 .~. ~ 
/./ 

~? ,,(66 "tJ~t 0 .. ; 'JCJ rf.t/Z- h , Q OD t. ~ 
-. 

~ ~ / / 
~. ~ / / 

. . .~ ~ / / .. 

~ ~ ./ / 
ITotal ' 
lAve. 

. q. ~~Jt 1'0(7- 3&7 ()O~ ;l-(, L-
-- - - -- - - -

c:z;J 1 - Daily 
2 - Cumulative 
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TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location ____________________ __ Conducted by: ____________ ~---------

. :ZS-O PJlt 
J 
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::If f 1/ .~~~ "~~t e e e e e ~" ~~t1 TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location Conducted by: 

Sample Weight, Lbs. ,t.j() 'Y;ej December, 1974 
; 

Approved by: 
Total Days Leaching i 

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

Day Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

~O /~ 15" //J.s ~ /6, 000 ' --B-- ~ ~ /' /' 
1-7,S &'1:;"'-

It/Of} 

~ooo ~ ~ / /' -" / -ft.1J- ---t::>-
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"2 1 /. ? {' pi ff 'lOOO ~'t()tJ ~ <y,"~ ~ .1' " . nv '.I. 7/0 .O()/ 0. Ifg, 7J? 9/f ~ # 
-t..4 I- J) ¢ P ~ooo 7b<lO ~ • 7', ~I ~ • v .- l/l'Y- .J, / t9J- • QO()J'" O.111t" fj3./tZ. ~ ,0 # 

./ 
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. . y # , :z~ / '. 7,:j -(J-' --e- J~~~O z 21'C /j(., ~,(,. 'I?J. .0 

; 2~ 
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/~~oo .~ ~ I. t/ / z.. J-'.. .)It' / t(f/...t If' # ~ 
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II ~. ~ :/ ~ 
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, . ~ ~ /' / I 

I ~. ~ . ' ./ /' 
Tota .5751 ) 'If? )C1 ,~I / Ave. 

. 

[23J 1 - Daily 
2 - Cumulative 
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~ (j"" .-10.-1< .,..~~. e e e e 
~ \II J".' TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location Conducted by: 

Sample Weight, Lbs • . .(j-O JJ~I December, 1974 
7 Approved by: 

Total Days Leaching 

, 

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

Day Month/Yr A-dded Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

~o / ... 15' //J.j- -&- :1-?./oO .-((r ~ ~ / / 
I¥Od 

KlJoo ~ ~ / / 2/ /, /.j- ~ ~&'7.J ~ 

/-7"j [000 8'rtO ~ ~ 
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Tota . 1;1'l (;JJ]of{ .;J u41t . . 
Ave . 
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e e e e e e e 
TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Locati~n ;;~.,. i~ Conducted by: 

Sample Weight, Lbs. --<."'6-0 Z>~i December, 1974 
I Approved by: 

Total Days Leaching 

, 

Reagent Consumption Solu tion AsSCIT~S MG. MG. ,. % 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 

Day Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

.{7 j- 7-5 ./ Ilf,S -er /t.OOO -e- ~ ~ V /' 
sO /- 705- a.T~ .f~ 1,j/ /000 ~ ~ ~ LC / 
JI 1~7/ -&- -ffJ- 7000 S'.:<~o ~ ~ / . ..J~7 .O~7 It. ?;J/~ 

; 

,17". () 7 ~ ~ 
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l 
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0 , t f" 

, / 0 ~ , oIl 2. Z Z ~ "2 /f, lt'f , 0 . /7f 
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: V /' , 

" 
.~ ~ V /. .. ' 

, . 

~ ~, .V /. 
Tota 

~~q.1~1j Cq}-~~ 
I /' Ave. . 

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

.. 

l/3J 1 - Daily 
2 - Cumulative 

.-,: / -' 
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(1 e e e e e e e 
TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS -Dump Location /'i.,/ tJl.l.' ~'4" Conducted by: 

Sample Weight, Lbs. ;(5 ..... 0 7J~y 
December, 1974 

I Approved by: 
Total Days Leaching 

, 

Reagent Consumption Solution Assays MG. MG. 7. 7. 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 

Day Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

.(] /- 7~- //J . .5' -<? l.)tJo6 fOoO ~ ~ / /' 
Jo /-7S 66, 7j/ S"t.7s I C'tJO -&- ~ ~ V / 
11 /- 7j 
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-9- -(7- tooo 1foo ~ ~ I. C 11 ,/tJ;t.o I'. 7~1/ J7'1. t9~ 
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, ..5 ct' ~ 7J .... .--t?- --C)y f"ooo <t J1O ~ ' ')ljJ ~ ' ·1~o .i/6Z .01) I/. 1'107 t~. J9'A ~ ~ 
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II , ~ ~ V /i 
II ~ ~ ·V /1 
·Tota {f.? r 10 77 {1UJ ·/1tJ . I to IAve._ .0,1'0 

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

~ 1 - Daily 
2 - CUrmJlative 

/. I 
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TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location c... tI. tz.« Z~ tfI. Conducted by: 

Sample Weight, Lbs. 2 ·1-0 '?'<>i December, 1974 

Approved by: 
Total Days Leaching 

Reagent Consumption Solution Assays MG. MG. % % ! 

Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 
Day Month/Yr Added Added Added Removed #jTon Ore #ITon Ore OzjTon Oz/Ton Leached Leached Recov~ Recov. 

: Zy /-7s //J, J 
;#'" -tr ;(/000 -f? ~ ~ V V 

I 

/ ... 7.5'/ s1. 7J/ 41,s"'" £(}(}O ~ ~ V / I 2 0 ~ 
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~ 2 - ? 5' ¢ pi - S-ooo ~ ~ , .e,L.J 9 . 022 .? ?, ? I ~.J./ /'/ l# . " I {"/, 
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~ ~ / V 
. . ~ ~ V V 

~ ~ ./ ~ 
Total' .J'7'. J' , I' .y N3~.I{f -0(1J / Ave. . 

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

~ 1 - Daily 
2 - Cutmllative 

~ .I 
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TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location C#H7eNt"!f Conducted by: ______________________ __ 

Sample Weight, Lbs. ' :z. 3CJ ?~i , 
December, 1974 

Approved by:, __________ _ 
Total Days Leaching ______ _ 

Reagent Consumption Solution Assaj1s MG. MG. 10 i. I 
Date GMS CaO GMS NaCN cc Water cc Water Lime ' NaCN Silver Gold Gold Silver Gold Siiver 

Day MonthjYr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached 'Leached Recov. Recov. 
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1 - Daily 
2 - CUIm.1lative 
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.J'-"O e e e e e e e 
TOMBSTONE HEAP LEACH 

, METALLURGICAL TESTS 

Dump Location i~eA;t (4U Conducted by: 

Sample Weight, Lbs '. ' :t J ..... O '7)t1V December, 1974 
J Approved by: 

Total Days Leaching 

"-

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

Day Month/Yr Added Added Added Removed #/Ton Ore #lTon Ore OzlTon OzlTon Leached Leached Recov. Recov. 
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S ~"'1~ -G'>-' -e- too u £"~~o ~\ ~ I . f:" ~J , o~? r. 10/0 lr'l'.I/5 ~ #t 
.......... 

6t)OO ,~ ~ '/,117 0 16J~ or; ~ ~ .; ~-1J . ~ .--/r 1/7/0 I. 0:1..j ,0:/0 

'~' ~ ~ ~ S" l-.?)" ' ~ ~ - ~J~o ,~2 '? ,0 Z '3 7. 1"UJ /0 0 , <t 117 
, 0 I J ~ ,'" .f ~ J ,0 

~ ~ /' /' 
. , .~ ~ V V , 

~ ~ ·V ~ 
Tota 

JJ ·11Q7 li (,f ,Olol, ,0 n.l' / lAve. 
\ 

~ 1 - Daily 
2 - CUImJlative 

/ , .1 -I .. __ /.{J J 



-Sf e e e e e e e 
TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location 1. ~~k.y C4 £1 Conducted by: 

Sample Weight, Lbs. :< ,j-O VA'/ .December, 1974 
I Approved by: 

Total Days Leaching 

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

Day Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

.17 / ... 7.j- //j,S ~ I ~ot)O .-()-- ~ ~ / / 
:70 /- 7i" ,j't.1-J st,7s I (JOO 

J 
-fJ- ~ ~ L / 

31 /-7.5 --e . -e- /! (JOO ft;;zo ~ ~ ~ . .1.0S'" , ~7.J ~1. $'J()O tt'~, f.ll' ~ ~ 
./ 

<1050 ~ ~ It.lltt/ ~ #' / 2-7j -e- -er /~ 000 . (11 . l{j/V I . f''1f ' OJJ- '/71. 71'1 ' ,001 (, 

t '1- 7S" 
-&- -V &00 0 <7.15"0 ~ ~ /.0<1.1 ,01>" )0, ()DS' > J! 2~~"J p , o~ ,/'1. '1 ~ JI . 3 7 0 

.J % '-7~ ~ ~ 'ODO .f~OO ~, ~ . 9'1b ,0) I t/, t11 ~ /1t,~l/r ~ # 
i z. - 7~-- . -0" ~ .( () ~(J ~:JCO . ~, ~ _ '10 . (J:</ f. .f1f() /J.t. 8'~J ~ , ,~I #i 
~ ? ')~ . )6 fi - r:>.5"o ~ ~ , -I) I ,0' > 7. ~~'7~ ~". 9// h ~ 

~ ~ / / 
, .~ ~ / / , 

~ ~ ./ ~ 
Tota ~O.J,V11 f g 0 3 . .1 ~~, / . I 
Ave. 

- --- -----

~ 1 - Daily 
2 - Cutmlla ti ve 

I . • .1./ .d. "_ 11 



. 
0~ e e e 

TOMBSTONE4itAP LEACH e e e 
METALLURGICAL TESTS 

Dump Location 4'$1/'''' t Conducted by: 

Sample Weight, Lbs • . i(JCJ ])/-I December, 1974 \ 

/ Approved by: 
Total Days Lea'ching 

, 

Reagent Consumption Solution Assays MG. MG. % % 
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 #jTon Ore Oz}Ton Oz/Ton ·Leached Leached Recov. Recov. 

-<7 /- 7J- /I.? ---.J -@- ..,; 
/0 (JtJO --6'- ~ ~ V V 

sO /-7j- s?: 7.;- a.7J -&- -e- ~ ~ V V 
~11 / I- 7,j -&- -g t()OO '17YO ~ ~ :1. o(J<jy' . 0L/t/ 7.:t()J..7 .1'/1. fOj ~ ~ 

/ /(J(}O 1/0'/0 ~ ~ /1/ , ()JI .j. :J1~7 ~ #' / :t.-7j ~ -rr . IjrT f I.s ~ tyl,(}JY ,0 Do3~ 

-Z "'2·7'> ~C . .Z~ -B" (" o. 0 Lyt>.:? C) ~ ~ /·/72 ,07 C) -I. ~7JZ. Ifl. If J ft o (ft ~ 
o . 0 % . , i 

.1 

.3 
. ..." 

2. - 7j --er -fr , 000 ~ot:Jo ~ ~ .((JI • 0/7 1.1'1?C ~J~Jll ~ # 
1/ 

/ £tPtJO .-J;(,j"'O .~ ~ # #i 2.-1~ --fJ' --(1' ,,[';zo , f?/I I. 't 777 1.3.'193 . • .f) 

! 

~ ~ V /' 
~ ~ V L 
.~ ~ V V 
~ ~ .V V 

Tota 
~.~gJ! ?1? R~ ~ oorJ /' Ave. 

~I 1 - Daily 
2 - Cumulative 

};//.,/ ... -I A 
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-...... ~ e· e e e e e e 0-.5 TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location & It .1..11 !! t:. , Cond4cted by: 

Sample Weight, Lbs. <? .1'-0 7)I(V December, 1974 
7 Approved by: 

Total Days Leaching 

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 Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore OzlTon Oz/Ton Leached Leached Recov. Recov. 

21 /·1'; //1,S- -f!J- /ftJoo -#- ~ ~ /' /' 
J'c:J 1- 7.1- ~"2: 7J- .jt.73 -& -e ~ ~ V /' 
JI /-7.5' --e- -f} 1000 if '/0 ~ ~ I. 1.s.? . tJ1t 1. 19.11- '<f~ . Jcf voJ:Y' y ~ 
/ 

./ tooO 'It 10 ~ ~ ./ 0~ .jrl' ~ # . .t-1.!J ..AI"' .R /~ 32. ( • (J JJ J./:t.. 0'1 • .00 

' 2 Z· 7>" {"C'.7> --t:Y ("D 0 0 46>0 ~ ~ : yJ''7' .t? z4 1.9(11 I~.l ~/3 ~ • ."oot fi . " /, 1 
• 'J 

:J 
. ./ 

.A().. ~f ~~ <II. 9~' # #01 z -7~ ~ 6> • t:> 0 ~&OO . 79~ .o/f! I. f'l9 J 
I 'I Z -1S'" -5'@ , ~~ ~ ./ 

f~ 3"~ # ~i --tr -t?" '1f~O _ s /0 .O/J- /. yfJO ,0 .oO!i 

I ~ ~ V / 
~ ~ V ~ 

. . .~ ~ L L , . . . 

I ~ ~. .V / 
ITota . 11,03 ~ ~ J-~. ~qt / -lJ3 iAve. . 

- --- _ .- ------

l2:5l 1 - Daily 
2 - Cutmllative 

-r.. _I -I ~ 
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0'-( e' e e TOMBSTONE4itAP LEACH e e e 
METALLURGICAL TESTS 

Dump Location .-- b ' /11- _ _ £.~ ~ t£.~t: Conducted by: 

Sample Weight, Lbs. ." ..... 0 ..:..1 j)~( December, 1974 

/ Approved ' by: 
Total Days Leaching . 

~ 

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 JlLTon Ore OzLTon OzJTon Leached Leached Recov. Recov. 

12 9 , 1-7.s- Ils.s .$ 11. 000 -e- ~ ~ V V 
30 /- 73- -e- -:i6.1-J- /000 -er ~ ~ ~ / 

l-if /-1S -&- ' -e- r:tJOtJ ..?~OCJ ~ ~ . f1j , (Jle I. f7.t? JO~.!Lst- f ~ 
/ 

/. -cr toao , .J /)..0 ~' ~ . <jON'" • OJ 1!." :# #'" :2 - 7.5 ~ I. 97tl f~. JJ. .. f' 

I t.- 7~ sf'.?> -+/ SC1c>O ~(~a ft-(.:i ' (.C) r ~ . 7/6 ,o/z I." 10 r / /<1-. " 1 0 ~ ' . 00
1 » . i Ci . " 

:J 2 :.1j 
". 

~ ~ 60 0 0 3,/0-0 ~ ~ ·6;:>0 .01/ /. 3111 fL/. ffl ~ # 1 
1 

....,., 
2. -7~ ~ ........p' sOJO r1~O , ~J ~ . 17' I PIC; I.e!? 'I l1J.17!' # • .00 # 1 

, , ~ ~ V /' 
~, ~ V V 

, ~ ~ V V . '-' 

, ~ ~ .V V 
Tota 9·r ro f 4n~~1 ·0023 Ave. . ,-

- - -- ---

'k23l 1 - Daily 
2 - Cumulative 

""7:. ~ / • ./.. .. ~ "11'..(. .. ", •. , / 
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~~ e e e TOMBSTONE~AP LEACH 
e e e 

METALLURGICAL TESTS 

Dump Location ~#.,e t:. Conducted by: 

Sample Weight, Lbs. ..1 ,j '0 . 'b7~ i: December, 1974 

/ Approved by: 
Total Days Leaching 

Reagent Consumption Solution Assays MG. MG. % ;0 
Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 

Day Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

-<7 /-7.s Ilj .-. j -er / 7, CJO~ -4r ~ ~ V ~ 
.10 /- 7.3- ..so/t.rS' ~t.1J t tJtJO 

fl"M,"") tJiJt'I.+J, ~ ~ V / 
JI 

/' 
-0- -e- : ()()O 

j;.!;~ ~ ~ .!. ,j''''jj'''/ ~ ~ /-7.5 0, ilJ() .0;(/ fC, ,j"'1.5" 

/ 2-15 
./ 
~ P &()OO .1Ct/o ~ ' ~l~l ~ ~ tJ.1(}{) .();l./ .t. t17~ 77. :1-' 0 fii .0 ood # 
jlf ~. ~ ~ fo Z-7C Y (; D 00 Lj2~cJ .(f5" il" o~ r) 

0° 'I 
2 1; - .~/') 2.113 • .~I)I 

J :J.':' 7,j- .,.(f ~. sooo 1<,/00 ~r ~~ . ~1J .0 f] l.lJl0 fl,O'lI . M • . 00 ffi 
L/ :2-1.5 -e- ---&-' 6CVt> .:1170 . ~t ~ ,.JC:J- • t?tJl /, Iyt? J/.7, 771 ~ jJ2 0°1- %I 

~ ~ /' ~ 
~ ~ / ~ 

, .~ ~ /' / 
I ~ ~ ./ / 
Tota (0, vCtr ~ 313-11) . 
'Ave. . , 

- ---

~ 
1 - Daily 
2 - CUIm.1lative 

./ ' -L 



.j"'~ 
.- e e ' e e 

TOMBSTONE HEAP LEACH 
e e e 

METALLURGICAL TESTS 

Dump Location CodfctJ/'ON /- A Conducted by: ______________________ _ 

Sample Weight, Lbs. ' 2.j-O December, 1974 

Total Days Leaching _________ _ 
Approved by: _____ ~------

, 

I 
Reagent Consumption Solution Assays MG. MG. % % ' 

Date GMS CaO GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 
Day MonthLYr Added Added Added Removed jfjTon Ore ilLTon Ore OzjTon OzjTon Leached Leached Recov. Recov. 

,;:0 1/73- -//1.~ ~ /s-ooO ..-e- ~ ~ / / 
I :// 

.., 
,"0,0 ~ ~ / / .,",' 7 ~ -0-- ~otJo --0-' 

~i :!/Jj/ JO.O .JG. 7~" G, ( &0 -:J/77 ~ ~ , fS'.3 .ofTS' c. ~.s,o Y't.07 ~ ~ 
12S" 3/1~ If .t ~ ~ ~ J l -t V L --&- y ..... 
1 

;'( 
" ? ,(J' -Air 

I 

~. ,s-C' 0 d:l0 () ~ ~ .~1Z JoS-5 P. O~ </0 /.21. :1.2-~ . 00... ooJ J %f , ,0.$ 

l)7 ~ 
i 

. .-0: :;oov S /3° ~ ~ It:!:: ,oil 7. 1Jo/ /09. tf.J" ~ # 1 . . 4, fro • . 0° 

1-)% J,)/ -~ 7 ~{J1) ,;;js/f) . ~ ~ J tin .O2'l J-:' 51 J 7 'i~ 2~ ' h %i • • 10 

. I 4/lJ/ 30- rJ .. .g Jnn ~~pJ ~ ~ .f7~ • I)r z, . 4. 31 11- J !9 . o! ~ n tJ~" ~ . 12:1 

1.2 .fj · 8 ~tJtJtJ ,,-"flO ~-J ~ ,. Zl~ .OIC .J. 1?3C 6s~rl ~ · .0° ~ 
\3 . . -0 '. ?D "1_(b(Ul {(3o ~ ~ , ;{/1 ' OIL- ,{./o'?Z Sf'. /.:1.- ffi gj . . . i ' O~ · 0 0 

' 4 bJfo ~-; ~ 
. . 

fi~ ~ , 11ft! • 0 () t I. J. <.f 11- ))-, £y. 
[ ota . 15),C; ~ ~ ' l~ &s~ 4° I ~~1 J~ ' ~)\i1 ~ ,1. rrv .ooq i "rl Ave. 

~ 1 - Daily 
2 - CUIm.1lative 
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0~ 1 e e e TOMBSTONE ~AP LEACH e e e -
METALLURGICAL TESTS 

Dump Location G.d-h"Dov /~lJ Conducted by: 

Sample Weight, Lbs. ;;( ..1-0 December, 1974 

Approved by: 
Total Days Leaching 

• 

CJ4r~" Reagent Consumption Solution Assays MG. MG. io % 
Date GMS ..c.ae- GMS NaCN cc Water cc Water Lime NaCN Silver Gold Gold Silver Gold Silver 

Jay Month/Yr Added Added Added Removed #/Ton Ore #/Ton 'Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

:; 0 3/Zj-- /01"11 
10 - II 

(f- J.:{' (}o 0 _...I.#"" ~ ~ V ~ 
-:' I :1/7S / to. v -e- t tJo(J -e- ~ ~ V / 
'.2~/ :;/7j~ .1 0.0 6"( 7.5/ ~foo 0 ZZ9.~ ~ ~ , t't? ~ 0'/ r .1. Cj 'It / 0"'/. 00 " , , ~ 
. r-

-fr J,- ~ ~ ~ -.t, ~ ~ ~ V Y' ..--0-

..e- --&- SO (} O <26S 0 ' ~ ~ .'}b ,. 7']/" . 7J'a .0.3/1 6":17JO tC,:2s' # # , 0 

. . J ~ -if. S W lJ 3f{' O ~ ~ , &05/ " OL/~ .j~ tOt( J, 13.7( ~ #0 I 

'/J. -fJ' f~ 361-0 . ~r ~ , frl-
. / 'I. 19? f.7.J2.. ~ g? .J ( ' .. e- . () 1 s 

I 1/1J- 30, () ~ ~ 'f}VJ J q 1""'0 ~l ~ • ~3 %0- J O:t'i? ~. % K st·7{' ~ ~I . . 03 0 : 

1 ;2. , 1 .B ,.6 .,JdO d j?70 ~ I ~ ,27-5- , CJ tXO ;(. ~, 'It( 3? 30 ~ #0 
\3 . . t) , )0 CoM\) j~ S1) ~ ~ , ~f;Z , rJ/C -<I (JooO vO, ;<s ~ ~ , .00 

+ 321 0 ~ ~ . 11 J- . 010 (30gy ;'1.$'0 . ~ ~ , lot 
fota 

/.20 t g~ . ,. {),~ ) iro?- ,q,~o'l 4t1U . I~ 0011 A.ve. . 11 __ ,/ 

-- -- - -- ---_._-- __ t ____ ----

~ 1 - Daily 
2 - CU11DJlative 

" 



~/?, e· e e e e e e 
TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

~p Location C()AI-k;.; to)/ ,,1,A Conducted by: 

Sample Weight, Lbs. :<. S-O December, 1974 

Approved by: 
Total Days Leaching 

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

Day Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore Oz/Ton Oz/Ton Leached Leached Recov. Recov. 

:<.J 5/1J/ //1'. ,5- -tr /.J--' c;oO --f!}- ~ ~ '/ '/ ,; 

::!.I ~I -_ I 7,5, to, 0 -€J" ..-fr -cT ~ ~ '/ '/ 
1i J/7~ JO,o f'C.7J./ (gb(j() .5'06"'1:,-~ ~ 1.{'9C , 0 fl /1, 01'1/ t:ajJ K ,0 ) ~ 
o 0 

Ai -rr I J, .~ ~ ,1 j ,J J. V / '! 

, -& - Y' ..so 0 0 .{/0 (,- U ~ ~ .1. orf' ~ 070 /J.01'"/1 Lj&O,01 ~ . ,00 Jkfi 
. \ 

~ ~ :;, 'I ~// ~ # . , 
if vr<l'l ,jJr/ 0 , ott / (), t/« 'if I ·if :! 7R. 9Z- ,0 009 

J~i , , Q./ ..-eY bOfoO 31J7J . ~ ~ lBr8 .1)(1 1. If1' J§I.jYj h ~ ' ,4 1 

I 41-J1- off €r 1vu . si~o ~ ~v /. i/.t 'J . ~~" I 7. J.31y. ~,n . 1"'0 . ~ . I~ . 0 ~ 
I 

Q. .g. stl()O /floo ~ ~ g:;; #i .2.. 
( I 

l~oCl .tJ/~ 7, r~to /71. 7,/ ' ,oft 

,] -'C) · ..2.G ~~ 4°~O ~ ~ ' r,r, ,R'II .031 
./ 

0, J.2~ L //3. Co %r ' ,0/ 1 #1 
4 0](yO ~i ~ , s:t-v 0;).0 t/.{ (,rj 12/. )..J 0 ~ ~ , (J .s-~8 

Tota ,-
& ~. q{ 5 i QIVO 31 , J.Cr 1ro]yi J..i1J· ~ I d- ().) ,S 

,. 
·J'1" Ave. 

/ 

~I 1 - Daily 
2 - Cumulative 



0'? e e e -
Dump Location C~/V' *~)f;oJ ~-~ 

Sample Weight, Lbs. ~6-0 lis 

Total Days Leaching 

C.AusQ; 

Date GMS Ga& GMS NaCN cc Water cc Water 
Day MonthLYr Added Added' Added Removed 

:(0 ;/7.5/ 
~fJl 

.-G'" /.5000 -~ 10 - I 1 

.:! / .:1/1S- Jo.o -e- j;(l()O -e-

11 :1/1s/ 3'0,0 ..5(:,7,j Kooo £IS'?-
. ) ,.. {}- ~ J . \~ 

.. i. -Is 00 C-~. 10 . ..0- ---&-
} 

.--&- --0- ~t;/lJ Sf/ () 
.' 

"L "" , ·cr -/).-- 107) fl.~ 

( . r(11- &- ..l::f' 8f1O'J 6:r~ 

:L ~ Qj ltJoD C'ICO 

\ ] -'6 . :)IJ ~~ S~\O ' . 
... 

4 bt lo 
Tota 

ft ~ t __ t~ _ J{ ~ q rY' 4 q I ~~ ~ Ave. 

L22l 1 - Daily 
2 - Cumulative 

TOMBSTONE~AP LEACH 

METALLURGICAL TESTS 

December, 1974 ' 

Reagent Consumption 
Lime NaCN 

#/Ton Ore #/Ton Ore 

~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ 1/01. ~ 
~ ~ 
~ ~ 
~~ ~ 
~i ~ 
.~ '·0 ~ 
~ ~ 

--

e e 

Conducted by: 

Approved by: 

Solution Assays MG. MG. 
Silver 
OzLTon 

; ·10 

~ 

:1. 'Ief 
I.?Otj 

/.:< V1' 

~f~J.. 

,.0'71 

. SCi' 

. '013 

Gold Gold Silver 
Oz}Ton Leached Leached 

. ' 

. O~9 /1/, [ ..172- &1(\99 

\~ ",L \L 

" Of:} '7. 50it! ..{/(J. :2.1 

" OtT /j,/()Il J,5J, 1! 

". Off t '/JO 7 )~(,~~4' 

.O'3~ 7. ~510 111rSf 

• 0;1 ~ t,I'1 t/!/' / 1 ~/ 3:z... 

. tJ/f 
/' ./ 

:1. j 8'1.5 7 S. 2,2 

. 0 t3 3 . 0'3/1 ~1.J·q1 . 
1~ , 0) 1'\ J.134 · ~ O 

0<.. _- i:r:. , 
" 'J 

G "' ? Y u 

\ 

/! -'--'" 
G 'C) ' I 

e 

% % 
Gold Silver 
Recov. Recov. 

V V 
/ V 
:% ~ 
V /' 
~ ~ . , :;' 

Ih %if 
lh P.(41 
~ ,17 /V ~ • .5 

~ • .0119 foi 
~ • .01'6 #I 
~ ' 0 \ ~ t, ~ 

' 0\ ~~ il't 
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~ e e e e e e 
,TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location CoN~MIN))/ 7l Conducted by: 

Sample Weight, Lba. December, 1974 

Approved by: 
Total Days Leaching ; 

, 

Mf)II Reagent Consumption Solution Assays MG. MG. % i. 
Date GMS.-Cftt} GMS NaCN cc Water cc Water I\t~ nLl.rne NaCN Silver Gold Gold Silver Gold Silver 

Day MonthjYr Added Added Added Removed _#JTon Ore ilLTon Ore OzjTon OzJTon Leached Leached Recov. Recov. 

'1 '/- 75' 60,0 $, ' /,('0(» . ---I>- ~ ~ /' /' 
/0 ~- 7..5- SG, 7 ." ---" ~ ~ .-- ~- .--'- --- / / 
/1 . 30 cJ 0~ 51\('D ~ ~ 1, C5/ ~/~1 ~2;~ J"?4.t5 ' ~ ~ 

JDlTh ' ~ ~ ~ ~ .: I 3~fK) 3 . !.2~ ,/5':<' IV. J~11 t.f.1f.O} 
.otJ.? 

'-I ,,'Of1 • ) I'{, 

-- 3tf¥o ~ ~ ~ %, 1--1 ~ . j~ , 3'. (Ic/ t I~J) /.}·l'J.-JJ S('t.gJ- "01;2° .J / 

I Il ' vcJYJ'f) J.f9o ~ ~ J. ?~ f of/ 7, t)r!~ 21(; '. r't' Z; .%r 
I ' .1~b . ) ,-- , 'o/f" 

I / r -e SstnJ ~ ~ ;,~~ .'/151 1Jllv :;..JJ-05 ;;:;;:; . • OJ {, -J ~ ~MJ. 

, , ~ ~ / ~ 
~ ~ '/ ~ 

, , ~ ~ / L , 
, ' 

~ ~ -V ~ 
Tota -Ave. - - - ~ - - _ ._-

k3J 1 - Daily 
2 - CutmJlative 



fie e e e e e e 
TOMBSTONE HEAP LEACH 

METALLURGICAL TESTS 

Dump Location ci.aff.. i,,; /; ON ..;:;I Conducted by: 
\ 

December, 1974 Sample Weight, Lbs. 
Approved by: 

Total Days Leaching 

-
-, 

#'1 01/ Reagent Consumption Solution Assays MG. MG. 'dar- % 
Date GMS...c.o GMS NaCN cc Water cc Water jlV tH?'t I:.inre NaCN Silver Gold Gold Silver Silver 

Day Month/Yr Added Added Added Removed #/Ton Ore #/Ton Ore OzJTon OzJTon Leached Leached Recov. Recov. 

1 '1- 7s'" CO.O 0(1J' 1,s'ooO ~ ~ ~ L ~ 
/0 ¢-7j/ ...... 4'140 ~ ~ J. ,6/(J 0. /yz. .1 'I. 02 :/.:1 J'f! fz. ~ ,0 ~ 
/I \f'/vzro J?-~O ~ ~ .Ju23c ,/UI }r,oCfof 3rt, ,/tJ % . alVO :A:f 
It! J?tn .7350 ~ ~ . · 9f.f ;2. 1--/1 ,/1.3 /2. f%Cft IJ/J. f1 % . o/"; % .J.2-

If ~ ~'t(/o ~ ~ . · 1~ · ~. r2<J/ .Ctj':z f. 9411 ,,21«. 3ft ~ . o/V'r; % . . 'j'! I 

l:r ~ 2-1 q 0 ~st ~ (.11.3 ,!J II f.21~2 /Jr.,/! ~ . ,o lq-S" ::!!i!i . o~ (:.:2. C, 

(~ 3/,/V . ~ .tJ 
l.otJ ~ /. Jy..J ~tJJJ ~1/k /(J,jO % ' , 0/ ? 0 ~ .. ~t3 

~ ~ / / 
I ~ ~ '/ /" 
, 

. . ~ ~ L L : 
.. ' 

~ ~ ./ ~ 
rota 
Ave. 

-

[;2}J 1 - Daily 
2 - Cutmllative 



e e e GEOLOGIC DESCR_ION OF TilE PRINCIPAL e e e 
DUMPS, TOMBSTONE DISTRICT, ARIZONA 

Principal* Ct) Mn 
Hi ne - Oump_ Rock Tj'pes ~ . . . Oxides Oxides Sulfates SiJlfides Remarks 

Lucky Cuss ArB., Ls" Monz. 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 sampled .. xxxx - - Not samp.-produced Mn 0 

Bunke r Hi 11 La. Not sampled .. xxxx - - Not samp.-produced Mn a 

Rattlesnake I Ls, Not sampled .. xxxx .. .. Not samp.-produced Mn a . 
Comet Ls., Monz. Not sampled - xxxx .. .. Not sarnp.-produced Mn a 

Black Eagle Ls. Manz. Not sampled .. xxxx - - Not samp.-produced Mn a 

Emerald Ls., qtzt. xxxx xxx xxx xxx Copper oxides and wulfe 
! te abundant 

" 
Stlver Plume Ls,. qtzt, ' xx xxx xx xx 

Luck Sure Ls. Not sampled xxx 

State of Haine Lat! te porph. x xxx ' x -0- Contains some trash & t 
,~ 

AbbreviationSI Ls=limestone, Arg=argillaceous quartzite, Monz=intermediate igneous intrusive rock, Novac=fine grained 
quartzite, qtzt=quartzite 

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

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



e e e e e e e 
, 

GEOLOGIC DESCRIPTION OF THE PRINCIPAL 

DUMPS, TOMBSTONE DISTRICT, ARIZONA 

Prineipal* CU Mn 
HI ne - Dum Rock T es Oxides Oxides Su lfates Sulfides Remarks 

Emp 1 re Arg., Ls., Monz 
,I 

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 

Vis1na Novac.~ Ls. Not sampled Very siliceous 

\.'ests1de Arg., Ls'., Novae. xxx xx x xx East \ only is ours 

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

L10s s Arg., Monz', Not sampled Probably similar to 
the Westside 

Defence Novae., ,Arg., ManzI I Not sampled Probably similar to 
the Westside 

Tribute ,Arg., Ls., Monz. Not sampled Probably similar to 
the Westside ,. 

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

Grand Gentral Arg_, Mom:, xxx x xxx x 

Uttle Joe Arg., Monz. xxx x xxx x 

Arizona Queen I ' Arg. Not sampled .. Probably similar to Tranq. 

Su lphuret . Arg., Monzo 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 
Herschedl #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 
Tranquility #1 9,200 

114,600 

Weighted averages 

Au 0.047 oz/ton 
Ag 2.47 oz/ton 

Au bz/ton 

0.030 
0.134 . 
0.091 
0.014 
0.358 
0.059 
0.159 
0.009 
O.OB 
0.014 
0.026 
0.013 
0.080 

1. 001 

@ $100.00 
@ $3.00 

Value per 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 

.ci01 

.004 

.001 

.029 

.001 

.006 

.005 

0.047. 

Ag oilton 

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 

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

Qoa~~e would be eQonom~Qal. 

'f 
I 
, 
I 



EFFECT OF SCREENING 
TOMBSTONE DUMPS 

. 

Screened 
Unscreened -3/4 inch -1/4 inch 

Dump 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 50 .030 2.95 

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 



" EMPIRE 

-e 
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 



e 
EFFECT OF SCREENING 

TOMBSTONE DUMPS 

-
Screened 

Unscreened -3/4 inch -1/4 inch 
Dump No. Au ' Ag Wgt.% Au Ag Wgt.% Au Ag 

e Contention 

38-1 .035 .93 
38-2 .009 .73 75 .006 .92 49 .005 1. 06 
38-3 .010 .21 
38-4 .023 .56 66 .025 .58 40 .040 . 64 
38-5 .041 1. 92 64 .048 2.31 _ 40 .050 1. 61 
38-6 .010 .23 
38-7 .027 1. 21 76 .031 1. 34 48 .045 1. 76 
38-8 .014 .86 66 .017 .97 40 .015 1. 09 
38-9 .027 .96 67 .038 1. 37 39 .055 1. 88 
38-10 .005 .80 68 .006 .49 41 .010 .81 

'e 38-11 .030 1. 89 46 .015 1.18 41 .030 1. 89 
38-12 .015 1. 37 67 .019 1. 02 41 .020 1.14 
38-13 .002 .30 59 .002 .25 33 .005 .46 
38-14 .016 .68 85 .025 1. 03 33 .040 1. 30 



e 
EFFECT OF SCREENING 

TOMBSTONE DUMPS .. 

" .-
Screened 

Unscreened -3/4 inch -1/4 inch 
Dump 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 
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 
39-11 .009 1.13 80 .Oll 1. 29 55 .015 1. 70 
39-12 . 015 1. 38 53 .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 



TRANQUILITY 

Total Unscreened Screened 
SamEle 1'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 .02l .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 . w 087 2.166 

31,500 .049 1. 590 20,796 .070 2.101 
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R. F. HEWLETI 
President 

Sample 

J-1 
M-1 
M-2 
M-3 
M-4 
M-5 
M-6 
M-7 
M-8 
M-9 
M- I0 

No. 

. .' 

SIERRA M INERAL 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 .AlRE PLAZA 
TuCSON, ARIZONA 85718 
602/299-9736 

Ag 

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. Tranquili 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 

I e May St. Maine/lngersol .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 



.. 

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 
Tranquili 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 
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 
Sta,te 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 
Su1phuret 6,000 .043 1. 05 3,000 
West Side 60,000 .019 1.62 42,000 

644,600 .032 2.07 460.800 

e 
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SIERRA METALS 

' . 

R. F. HEWLETr 
President 

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

Extraction 
Method 

Heap Leach 

Mill (H.L.) 

H.L. & Mill 

Mill Only 

Ext. Method 

Heap Leach 

Mill (H.L.) 

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% 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. 23.4 505,439 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 

Ag 
Month 

43,699 

30,086 

73,785 

20,530 

NPBT 
$200 

$218,046 

73,390 e H.L. & Mill 295,140 228,904 66,236 168,900 225,200 235,136 291,436 

Mill Only 82,120 93,743 -11,623 35,100 46,800 23,477 35,177 
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'. SIERRA METALS 

." 

R. F. HEWLEIT 
President 

4741 EAST SUNRISE DRIVE 
SKYLINE BEL AlRE 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: 

Break-even Extraction Rate (Dec. 5) 

Break-even Precious Metal Prices 

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

Silver (Same; Gold=60 & 85, Si1ver=50 & 75) 

Heap Leaching 

23% 

$54 

$ 2 

The graphical presentation is shown on the following page. 

Mill 

53io 

$193 

$ 2 
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R. F. HEWLEIT 
President 

Constants: 

1. Gross 

2. Gross 

3. Total 

4. Mill 

5. Heap 

Variables: 

SIERRA M ETALS 

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 

Heap Leaching & Milling Milling 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 
" 

4741 EAST SUNRISE DRIVE 
President SKYLINE BEL AIRE PLAZA 

TUCSON, ARIZONA 85718 
602/299-9736 

SUMMARY 
OF 

TOMBSTONE HEAP LEACHING TESTS 

~ Gold z T.oz. Eer ton Silverz t.oz. Eer ton 
.1st DaI 3rd 6th 1st DaI 3rd 6th 

Tranquility .0133 · .0190 .0200 .287 .37 .37 

Empire .0110 .0160 .0167 .193 .27 .27 
• 

Toughtnlt .0056 .007 .007 .• 195 .24 .25 

Contention #1 .0192 .024 .0244 .40 .54 .55 

Little Joe .0053 .007 .0077 .282 .44 .44 

West Side .0100 .0139 .0154 .453 .57 .57 

Grand Central .00882 .0103 .0103 .448 .58 .60 

Lucky Cuss .01422 .0182 .0182 .383 .55 .56 

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

Contention #2 .0170 .028 .0295 .764 1.08 1.14 

NOTE: 395,000 tons at an average of $3.11 net profit per 
ton (not leaching Toughnut, Little Joe & Emerald) 



HEAP LEACHING VS. MILLING 

e 
Dump Mill H.L. Recovery Mill RecoverI: Tons 

Recvry. TroI: Ounces " TroI: Ounces 
(All/Ag) All !£ All ~ 

e Tranqulli ty 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 

e 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 

• : 
Heap Leaching 

Dump Gross Value ~$185L4.5) Prod. Net Profit 
All ~ Total Cost (3) Before Tax 

Tranquili ty $166,500 $ 74,925 $ 241,425 $135,000 $106,425 

Empire 139,120 54,675 193,795 135,000 58,795 

e 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 

All ~ Total Cost (7.5) Before Tax 

e Tranquility $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 

e 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 

e 

e 

e 

' e 

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 z 640 130,152 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 Ratio (Milling) " 

lH.L.) Monthly 
~Millin8) 

Tranquility $103,549 (M) 1.97 

Empire 62,828 (M) 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 (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 



'. 

.e Month 

3 

6 

9 

e 12 

15 

18 

21 

24 

27 

30 

·e 

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

" 

Income Discounted Income 
PW (12%) H.L. Mill Heap 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 1.48,500 132,611 

.869 148,500 129,047. 

.845 148,500 125,483 

.821 .. 148,500 121,919 

.797 148,500 118,355 

.776 -- 146,500 115,236 

.755 69 2300 52 z322 

$1,075,700 $1,405,800 $1,021,023 $1,216,862 

Therefore, the discounted income is very nearly the same, without 
considering the differential in capital investment. 



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

Dump 
Name --

Empire us 
s 

Tranquili ty us 
s 

Contention us 
s 

Little Joe us 
(Grand Central) s 

Sulphuret us 
s 

, 
Sil ver 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 Ai!, .Au Ag 

- - .039 1.42 
.085 1. 39 .044 1. 58 

- - .049 1. 59 
.082 1. 50 .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 



KAR L G. RONSTADT 
PR ESI DENT 

~ February 27, 1979 

Mr. James Briscoe 
S.E.A. Hydromet 

?ttw (!Juab CONSTRUCTORS !Arc. 
P . O . BOX 2 7566 

TUCSON , ARIZONA BS72 6 

4115 EAST ILLINOIS STREET - PHO N E 74B-8000 

GENERA L CONTRACTORS AND HEAVY ENGIN EE RING 

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 30" 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 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 
2.9.1/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 minimum expenditure) we have provided a second estimate which includes 
crushing approximately 30,000 tons to a maximum of 1 1/411. 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 
1/2" could be crushed to a finer dimension (1/2") at 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 Pueblols standard job cost accounting system. Method of 
defining costs would be in accordance with attached "Schedule of Project Costs". 



I 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 ove'rhead and participating in the net results as a 10% partner 
entitled to 10% of the net revenues or benefits. All expenditures concerning 
the processing and crushing would be subject to revjew 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, 

NEW PUEBLO CONSTRUCTORS , -, INC ., 

~(il£Q 
Karl G. Ronstadt, President 

KGR/kb 

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

ACCEPTED BY: 

Date: ----------------------------
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~:HJ PUEBLO CO:\STP.UCTOI{S, I!':C . 
SCIJEDULE OF Pl~OJECT COSTS 

I 
1 terns Rc imLursablc ' 
At Cost, Including 
Direct Costs on 

____ ---.:D=-.E;::.'::.s.::.c.::.r.::.i ..... p=--t=-l=-· .::.o.::...n __________________ ---"'S_a-'-l a r i es ,& I-;;; 2, '2 S 

1. EO~1E OFFICE COSTS 

e A. Executive Salaries C, Expenses 

e 

e 

B. Engineering 

1. Chief Engineer 
2. Project En g ineer 
3. Design Engineer 
4. Detail DTaftsman 
5. Material Take-Off 
6. Esti~ating Engineer 
7. Specifications Enginee r 
8. Critical Path Scheduling 
9. Engineering Clerk 

10. Secr e tarial Se tvice 
11. O.A.B., Social Security and Other 

Payroll Tax 
12., 

13. 
14. 
15. 
,16. 
17. 

18 '. 
19. 
20. 
21. 
22. 

Compensation Insuranc e , Public 
Liability and Similar Insu rance 

Payroll and Ac countin g Exp en~e 
Sick Leave and Abs enc e for Cau~e 
Standby Salaries 
Pensions 
Proportional -Cost of Light, Heat, 
Rent, et c. 

General Supplies a~d Equipment 
Personnel Procurement 
Actual Cost of Copy Work 
Computer Service 
Overtime As ~ecessary 
22.1 Straight time portion tif cost 
22.2 Pre~ium portion cif cost 

C. Proiect i-ian agement 

1. Project Nanazer 
2. Project Engineers 
3. Cost Engineers 
4. St enogr aphic and Clerical 
5. Expediters & Purchasing Cl e rk 

e . D. Centr<'tl 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-re i mbursable 

It ems Cov e Ted By 
Administrative & 
O'lerhca d Charges 

x 

x 

X 
X 
X 
X 

X 
X 
X 

x 
X 



. '\ , 

Descrivtion 

}10:-E OFFIC E COSTS - cont' d 

E.Labor Relations Personnel 

e F. Construction l'!anager and St2.ff 

G. Chief Purchasing Agent 

e R. General Office Expenses 

.' 1. Traveling Ex pens·es of above ei:1ployees 
when on trips authorized by you 

2. Long Distance Telephone, Tel e graph 
and Teletype 

3. Lo·cal Telephone Service 
4. Rental on Busiriesi Machines 
5. Group Ins~r aIlce, Hospi t al ization 
6. Parcel Post and Ex pre ss 

. 7. 
8. 
9. 

10. 
lL 

Post2.ge . 
Depr~ci2.tion, ·Repairs & Naint c nance 
Rent, Light, Heat, Texes and 
Insurance. 

Office · Suppli e s a nd Statione~y 
Forms require d sp e cially for a 
particular Customer 

I 
Itens Rei~burs~ble 

At Cost, Includ i n g 
Direct Costs on 
Sa lari"es & \'! <l ~ (; S 

X 

X 

X 
X 

X 

-,-. 

II 
~'; on-re i r.lbursab Ie 
It~~s Covered By 
Administ r ative & 
O-Je rhe ad Chacges 

x 

x 

x 

. . 

X 
X 
X 

X 

. X . 
X 

12 • . Niscellaneous Items, such as l\fant Ads, . 
Subscriptions, Dues, Catalogs, 
Bulletins 

13. For monthly field service \vhich 
includes project ledge rs, cost 
report BoTk sheets~ cost reports, 
field payroll earnings reco r ds, 
quarterly reports, >Jorkmens c om
p ensation for field personr. e l. 

2. ~L'\TERIA.LS, St:BCO ~.JTR..-\CTS_ M!D CONSTRrCTIOi\ 
SUPPLIES COSTS 

e 3. 

Actu21 cost of all material and equip~ent, 
including tr2.Dsportation and unloadin g of 
same, \-:he ther purchas e d by you. or by 
our s elves. All di s counts and cor.~iss ions 

are pass e d on to the Customer. 

Actual i-l.:mufacturing cost . of a ny Equip :TI~ nt 

made in our shops. Equip8 ent can be 
furnished at fix e d prices. 

x 

X 

X 

X 

: ,--.:r_-_---:-~ -- . _-._~~ - .... - -•• ,.... - - - _ .- -- •. - . ...-:-~ ~_~ • • .- .. ~..,..~--- - - -- -



' r 

I 

! 

I 

I· 

Description 

HATERIl-\"LS . SllECOi\TR_J\CTS , ASD CO:':STRUCTIOl'! 
SUPPLIES COSTS - cont'J 

C. All Subcontracts 

D. All expendable r.lateri<:ls c...Tld construction e supplies, also v7ater & electricity 

3. FIELD LABOR AND RELATED COSTS 

B. 

D. 

A. Sa laries and Wages 

1. Field Superintenden t of Construction 
2. Assistant Superintendent 
3. Generai Foreman 
4. Resident Engineer 
5. Chief Surveyor 
6. Instrument Men , Stakers & Rodmen 
7. Field Acco"lmtant and Staff 
8. Cost Analysis Engineer 
9. Timekeepers 

10. Field Pur ch as in g Agent 
11. Warehous emen and Helpers 
12. Safety Engineer, Doctor & Nu rs es 
13. Hatchmen a nd Guards 
14. Other nec e ssary Non - Nanual Field 

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

in accordance 'hlith Established Policy 
and with your prior approva l 

15.1 Hh e n Overtime is Harked, the 
overtime premium ~ayroll will 
be a job cost. 

16. Vacation and Holiday alloHances, in 
accordance with NPC policy 

"17. Sick leave . for monthly salary employee~ 

Trayel and living expense and subsistence for 
personnel 3-A (1 to 14) above , in a c cordance 
\-7ith NPC policy 

Soc i al Security, Unemplo)~ent Insura nce an d 
payroll Taxes applicable to Em~loye e s , 3-A 
(1 to 15) above. 

All Job Site Craft and CO ffiffio n l abor salaries , 
wages and fringe benefits as require d by work
ing rules of Unions h aving jurisdiction, 
including travel and premium p ay allo\,?ances 
for field manual eQp loyees . 

I 
Ite,[tS Reil:1buT!:ablc 
At Co s t, Including 
Direct Costs on 
Salaries & \-13 ,;c: S 

"' x 

x 

x 
X 
X 
X 
X 
X 
X 
X 
X 
X 

:X 
'X 
X 

X 

X 

x 

x 

, 
X 

'. :, 

II 

Non-re it.lbu r ~ab Ie 
It~~s Covered Ey 

. AUDini::;tr<!tive &: 
Overh C: c>.. <1 Ch .1 r ges 

. .. ~ 

x 

--';- '~ -""- -.' -.' "", '_ . - -- -.' ---=' :-'"=-' - - -- --- -: . -~-- - -- -" ' -.-~ -.':" ""-'..-r-~-:-"""''''''-_ --- - •..• - -. - __ .:::;;:f'.;- ' . 
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Description 

FTELD LA.nOR A'\D RELATLD COSTS - cant I d 

D (a) ~·?hen overtim~ is 'vorked, the premium 
overtime payroll will be a job' cost 
vith no addition for Contractors 
'burden or fee. 
(1) Labo~ for tie in o f subcontract 

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

installations 

(2) Labor to install changes after 
start-up 

(2.1) 1-Iaterial needed to install 'changes 
after start-up 

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

F. Work~en's Compensation; Liability , Property 
Damage, . Builders Risk and othe r insuran ce 
as requ ired. 

.- . . 
Cost of labor recruitment, testing and 
transportation to the Jo~ Site. 

H. Cost of labor negotiations, spec i fical ly 
for this work as required. 

I. Cost of Engineers, Technicians, or Manu
facturer's SpeCi a lists £or installation 
and start:...up. 

4. , CONSTRUCTION EQUIPl'iE ~';T i\";'\-U TOOL COSr 

B. 

C. 

·e , 

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

Purchase of major construction equipment. 

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

D. Rental and transportation of any constr
uction equipment, \'lhcther furnislled by 
contractor or others. Rental rates for 
contractor ol-med equipment, if avail2ble , 
will be negotiated . 

. 1 
Items Reimbursable 
At Cost, Inclu~ing 
Direct. Costs on 
Salarj es & \·.'<I %es 

x 

x 

X 

X 

x 

x 

x 

x 

x 

x 

x 

x' 

x 

II 
~';on-rc: Im~)u r sable 
Items Cuvered By 
Ar] ;:J ip.istrative & 

(N e rhe 2.d Ch<!rges 

. __ ___ _ -. -___ _ ... _ __ .,.._ . . ___ . -.--~ .... ".- ,, ~ ~ . - ' - '-- - r ... :-,- -::. ~";; _- ' '''- _ _ _ ~~'' .' -r _ -. . ro-. -~'--!,,""_ "'"T' 
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I 
Itcms Rcin:hur!":2.ble 
At Cost, Includin g 
Direct Cos Ls on 

Descri tion s ~ laries c: l:2.?e s 

COSSTRlJCTIO~ EQUI P~r:r:~rI' A?':D TOOL COST - cant I d 

DCc.) ~ormally NPC equipr;lent "Use" rate \Jill 
be charged. This r at e includes all costs 
of o\Vi1ership) and operc.tion except oper
ator labor . . These rates are fueled & 
maintained, and are bas ed on A.E.D . Rates. 
50% of this rate will be charged for stand-

· by time • . No charge will be made if equip
ment is stored or inoperat ive. 

E. Small Tools and Rigging 

e F. Naintenance ·of outside . r ented equipmen t . an d 
tools) including renovating at end of job. 

G. Gas) Oil and othe r maintenance supplies on 
outside rented equip;-aent only. 

5. HISCELT·_~"\""EOUS JOB COSTS 

A. 

B. - C. 

D. 

E. 

Tempo rary Const ruction Facilities 

Field Office~ Yurniture) Off i ce Equipment 

Building Permits and Lic enses 

~ield Telephone & Telegraph 

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

- ·· F. Lo sse s or Exp enses not compensa t e d by 

H. 

J. 

Insurance. 

Rental cars at cost. 

Sales, Use and Privilege Tax es (if any). 

All other .dire ct cash outlays for job 
costs not s pecifi cally e x cluded. 

Outside consultants . 

x 

x 

x 

x 
_. 
-
X o -

X 

X 

x 

x 

x 

x 

x 

x 

1- _ _ 
L_ 

..... 

II 
l';on-re il"!'lllu rs a b Ie 
Items Cov~rcd By 
Ad~inistr~tive & 
Ovr-rhc<J. d Char es 



Description 

• HISCELL.tu"JEOUS JOB COSTS - cont I d 

K. InspectiE n in Suppliers Shop or in Field. 

·e L. 

H. 

e· 

Includes travel tit:le and travel and 
living expense. 

Cost of legal fees and expenses caused 
by Force Majeure. 

Cost of Performance .Bond (if required). 

I 
Items RCimb:.ur s able 
At Cost, Including 
Direct Cos t .S on 
Salaries & !-:a;c :; 

x 

x 

pOOL 0 

II 
Non-re itOlQur::able 
I te:ms Cov(;red By 

. Admini s trative & 
Overhead Char ges 

•. :" . 
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• 

• 



METALLURGICAL TESTING 

Tomb~tone p~oblem o~e type~ Qla~~i6ied by leaQhing Qha~aQte~i~tiQ~ 
a~e a~ 6 ollow~ : 

1. High-i~on and Qlay;ea~te~n po~tion 06 Vi~t~iQt 6~om the 
Empi~e to G~and Cent~al along the Contention Vike. 

3. A~gentoja~o~ite 

4. Mangane~e Qa~bonate-oxide mine~al~ 

7. 0 xidiz ed ~ ul6ide o~e~ . 

The~e o~e type~ Qau~e ~e~iou~ p~eQiou~ metal ~eQove~y p~oblem~ 
when u~ing Qyanide . 

In addition to the QhemiQal-mine~alogiQal p~oblem~ Qau~ed by the~e 
o~e type~, phy~iQal p~oblem~ that Qau~e poo~ ~eQove~y when ' 71 
Mine~al~ leaQhed the heap a~e: 

1. Clay~ and 6ine~ Qau~ed blinding and would not pe~Qolate. 

2 . Coa~~e o~e~ Qould not leaQh into the ~oQk;value~ lOQked 
in~ide the ~oQk we~e not expo~ed to leaQhing. 

SQ~een analy~i~ 06 va~iou~ Qoa~~e and 6ine 6~aQtion~ 06 the o~e 
6~om all 06 the dump~ appea~~ in the o~e ~e~e~ve ~eQtio~ . NotiQe 
that the~e a~e good value~ in the Qoa~~e;it i~ eQonomic~l to 
Q~u~h and ~e-leaQh;"IPS" will yield high ~eQove~y 06 the Q~u~hed 
o~e . 



Cyan-<-d e. 

Ohe. 6hom the. Conte.nt-<-on ahe.a (no mangane.~e.) wa~ ~ample.d and one. 
~pl-<-t wa~ d-<-ge.~te.d w-<-th a~id ( aqua he.g-<-a) and an e.qual ~pl-<-t wa~ 
d-<-ge.~te.d w-<-th ~yan-<-de. . Re.~ult~ 6hom 24 te.~t~ ~how that ~yan-<-de. 
he.~ove.he.d only 35% 06 the. phe.~-<-OU~ me.tal value.~ ( ~e.e. the. 60llow-<-ng 
table.). Cahe.6ul ~tu dy 06 the.~e. he.~ult~ ~how that the. a~-<-d d-<-ge.~t 
he.~ove.he.d abo ut 6~ 60ld mohe. gold than the. ~yan-<-de. d-<-ge.~t. HOWe.Ve.h; 
the. ~yan-<-de. d-<-ge.~t he. ~ OVe.he.d 1~ nold mOhe. ~ilve.h than the. a~-<-d 
d-<-ge.~t. Thi~ -<-~ due. to: 

A. Cyanide. doe.~ not bhe.ak down the. e.n~ap~ulat-<-ng ~ahbonate.~ 
that phe.ve.nt the. gold 6hom ~omple.te. le.a~hing. 

B. A~-<-d bhe.ak~ down ~-<-l-<-~-<-ou~ gold Ohe.~ that ~ yan-<-de. doe.~ 
not ~ he.m-<-~ally atta~k. 

C. A ~id bhe.ak~ down gold~l-<-mon-<-te. - ~lay ~omple.xe.~ that ahe. 
only ~lightly e.66e.~te.d by ~yan-<-de.. 

V. S-<-lVe.h n-<-thate. 60hme.d with aqua he.g-<-a -<-~ paht-<-ally 
phe.~-<-pitate.d by the. ~hloh-<-ne. -<-on(nhOm the. hydho~hloh-<-~ 
a~-<-d ) ;~-<-lve.h ~yan-<-de. ~omple.x -<-~ mOhe. ~ta b le. than the. gold 
~hloh-<-de. ~omple.x. 

Mangan-<-6e.hou~ Ohe.~ We.he. le.a~he.d w-<-th ~yan-<-de. and aqua he.g-<-a . 
Eme.hald ohe.~ we.he. the. ve.hy 6-<-ne. Ohe., and ~howe.d that ~yan-<-de. 
le.a~he.d only 11% on the. gold le.a~he.d by the. a~-<-d. 

Sod-<-um thio~ul6ate. 

Sod-<-um th-<-0~ul6ate. -<-~ an e.66e.~tive. ~olve.nt 60h ~-<-lVe.h. Follow-<-ng 
ahe. the. he.~ult~ : 

Con~e.nthation S-<-lve.h L e.a~he.d Thoy Oz, Ag 
(gh/ l ) (t . oz . /ton Ohe. ) Gh. Hypo pe.h l-<-te.h 

20 1 . 33 . 06 7 
1 0 1 • 2 3 · 123 

5 1 . 00 .20 0 
2~ . 73 · 2 9 2 
1~ . 48 · 384 
. 6 25 • 32 · 512 
. 3 125 .22 · 70 4 
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TOMBSTONE 

e Solve.nt Compaftl.6on 

ACIV BASE 
Ag:ua Re.gla Cyanlde. 

Pfte.c.lou.6 Me.tal Re.c.ove.fty 
U:.oz./ton Ofte.) 

Sample. Loc.atlon Gold sLlve.ft Gold Sllve.ft 

I-H e.ap/Vump · 105 .24 .003 .15 
2-No. Ramp(N) · 075 .30 .009 .27 
3-No. Ramp(S) .090 .42 .030 .45 
4-Vump .075 1 . 1 4 .009 1 .56 
5-Vump,.6mall .090 1 . 02 .024 1 .65 
6-Vump,laftge.ft · 180 .69 · 015 1 . 08 
7-Vump, LN. · 150 1 . 05 .01 5 3. 75 
8-Laftge. Vump · 150 .30 .009 .36 
9-Vump-.6outh · 1 50 .30 .01 2 .06 

10-N. e.nd pad · 075 • 2 1 .009 .24 
11- Y-gate. · 267 .54 .01 5 .27 
1 2 - PT ; we..6 t · 081 1 . 05 .030 1 • 98 
13-PT;W/M .048 2.67 · 015 1 . 02 
14-PT;M · 1 20 1 .68 · 015 2.76 
15-PT;E .075 1 . 02 .02 7 1 . 1 7 
16-PT;Rojo .075 .99 .003 .24 \e 17-L.Cont(S) .207 1 . 95 .057 3 . 48 
1 8 - L. Co nt ( N ) · 120 .93 .01 2 . 69 
19-P.Sha6t(E) · 1 20 .24 .01 8 .27 
20-P.Sha6t(W) .072 .27 .027 .48 
Flo!ta Mo!t!tl.6on .264 .69 .006 .09 
Talllng.6 .096 .84 .030 1 .20 
Cont.Vump(W) · 120 1 . 74 .024 1 . 2 6 
Cont.Vump(E) · 102 1 . 08 .039 2 . 2 8 

· 121 . 89 .01 8 1 . 1 2 



Thi~ i~ ve~y ~imita~ ~e~utt~ to that p~odueed p~eviou~ty with 
Tomb~tone o~e~(~ee Metatt~gieat Te~ting Seetion). 

At~o, notiee the ~imita~ teaehing ~ate~ and ~eeove~ie~ 06 Hypo and 
eyanide. 

It wa~ at~o ~hown that a weak Hypo ~otution and eyanide in eombination 
teaehed about the ~ame amount 06 ~itve~, but Hypo and eyanide 
teaehed 150% mo~e gotd than eyanide. 

U~ing .5 g~am~/tite~ Hypo teaeh ~otution, we have obtained 60~ 
many day~ a .25 t.oz. ~itve~ p~eg, whieh eon60~m~ with ou~ 
te'aehing te~t~. 

~ Hatide-Sodium Hypoehto~ite Sy~tem 

Hatide-~odium hypoehto~ite ~y~tem~ have been p~oven an e66eetive 
~otvent 6o~ Tomb~tone o~e~. At~o, a hatide-~odium hypoehto~ite 
~y~tem i~ a ve~y e66eetive p~e-t~eatment p~io~ to eyanidation. 

Fo~ att Tomb~tone o~e~, p~e-t~eatment with NaCt - NaOCt ine~ea~e~ 
the gotd and ~itve~ ~eeove~y by ove~ 200%. 

The 60ttowing g~aph p~e~ent~ ~itve~ ~otubitity te~t ~e~utt~ 6o~ 
Tomb~tone ~itve~ o~e in a 3% NaOCt ~otution with va~iou~ amount~ 
06 ~att(c..hto~ide ion). It i~ obviou~ that ~att i~ impo~tant 6o~ 
ou~ p~et~eatment. 

Re6~aeto~y Sitve~ Mine~at~ 

Sitve~ Sut6ide O~e~; 

Sitve~ ~ut6ide mine~at~ ean be eonve~ted to ~otubte ~itve~ 
ehto~ide~ b y ~ a dium hypo ehto~ite - b~ine teaehing ~ y~te.m . . A~g entite 
i~ teaehed in an oxidizing b~ine by: 

Sitve~ ehto~ide i~ ~otubte in eithe~ a eyanide ~otution a~ a eyanide 
eomptex o~ in a b~ine ~otution eontaining exee~~ ehto~ide ion a~ the 
tet~aehto~o eomptex, a~: 

(1). AgCt+2CN 

(2). AgCt+ 3Ct 

Ag(CN)Z + ct 
-3 Agct 4 
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Mangan~6ehou~ Ohe~i 

Thehe ahe ba~~Qally two ox~de mangane~e m~nehal~,a~: 

Mn ValenQe FOhmula 

II 

IV 

In ohdeh to d~~~olve the above, the 6ollow~ng aQ~d~ ahe hequ~hed: 

Mn (I V) 

Mn (I I) 

..... ReduQ~ng AQ~d ----- HzS0 3 

Any 1:-Q~d 

The heaQt~on 60h ~uQh a ~y~tem Qan be exphe~~ed a~ 66llow~: 

MnO z + SOz + MnS0 4 
Sol~d Ga~ Aquou~ 

Ga~ Ga~ Aquou~ 

Al~o, the ox~de ~hon m~nehal~ would be ~oluble ~n an aQ~d med~a: 

+ + 3 Fe Z03 + 6H = ZFe + 3H ZO 

·1 



Mangani6enou~ One Te~ting 

Following ane te~t~ made with Emenald one: 

Te~t IV H2SO 4 Co n~ umptio n __ E~t .. Mn % Silven Rec.oveny 

Em-1 '287 # 1 % 85% 

Em-'2 '245 # '2% 85 

Em-3 '230 # 1 % 80 

Em-4 306 # 4% 51 

Thi~ ne~ulted in: 

Te~t IV #H ZS0 4/Oz. Ag $H 2S0 4/Oz. Ag 
, 
" 

Em-1 76.74 $0.'244 

Em-'2 48.74 · 1 55 

Em-3 8'2.14 · '261 

Em-4 '2 '2 '2. '2 '2 • 707 

Ave. 113.19 .360 

Thene6one, the amount 06 only ~ilven libenated by a ton 06 
~u16unic. ac.id i~ oven $15 pen $1 ~pent 60n ac.id. With the 
gold c.ontent, oven $'20 in pnec.iou~ metal~ i~ nec.ovened pen 
$1 ~pent 60n H'2S04. 

% Gold Rec.vn. 

88% 

89 

84 

65 



PRE-TREATMENT 

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

anything done 
be requireq or 

Common "problem ores" at Tombstone are as follows: 

to an ore 
desireable 

before 
to use 

A. Ore with precious metal values more uniformly distributed 
wi thin the competent rock than on frac t ures (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. 

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

C. 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 
percola t ion problem, while non-c yanide solvents are by far ' 
more economic. 

D. Montmorillini te clays are common at Tombstone becaus e they 
form in limestone environments (see Clay Technology sect i on 
at end of "IPS"/next chapt e r). 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 fe e t 
contributes to the depletion of oxygen lower in the heap as 
solutions percolate in depth. 

F. Manganiferous ores have gold and silver "locked" 
mineralogically. 



PRE-TREATMENT 
06 

VaftiOUl Pftoble.m 
Pfte.~iOUl Me.tal Ofte.l 

60ft 
HEAP LEACHING 

- . - . ~ . - - -. - ~ - - -. . . . .. 
.Size./Value. Viltftibution Mine.ftalogcj 

* 
Pe.ftme.ability 
* * * 
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. Vump Ofte.; Clay/Fine.l 
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Appli~ation 06 IPS Solution 

Spftay while. Voze.ft il pUlhing, 
le.ve.ling , and !tipping , 
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............ !!!!!!!!!! ! 
Spftay He.ap ..... ! 

! 
! 

Colle.~t E66lue.nt 
Pfte.g Pond 
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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 ' oxygen deficent 
environment in the heap (reducing environment). ~ 

The degradation of organic substances buried in fine-grained 
sedimentary rocks depends upon the depth of burial .and the Geothermal 
Gradient. This temperature-time relationship is a i so 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 resul ts 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 sal t (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 method s of pre-treatment 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 important. 

to pH, as is 
for the Carlin 
the amount of 

The Carlin carbonaceous ore have been analyzed as follows: 

Ore Category Ore TYQe 
I Carbonaceous 
II " 
III " 
IV Oxidized-sl. 

.... 
Organic Carbon 

0.60 % 
.45 % 
.42 % 

C .06 % 

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

These have all responded differently to hypochlorite, 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 
be tter response because hypochlori te is a much stronger oxidant in 
more acid pH's; under a pH of 7 the oxidation· potential of 
hypochlorite 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 that 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 

Plte.-Tlte.atme.nt 

BASIC 
METALLURGY 

LAs VEGAS, NEVADA 89109 

A. Oxidize.d Sul6ide.6 

Sul6ultie aeid i~ 60ltme.d whe.n wate.1t i~ eilteulate.d ove.1t 
the. Olte. on the. he.ap. The. amount 06 oxidiz~d ~ul6ide.~ 
PJte.~e.nt de.te.ltmine.~ the. ineJte.a~e. in aeidity due. to the. 
addition 06 wate.lt(eilteulation). Fait e.xample., the. pH 
06 the. "le.aehing-wate.Jt-~ouJtee." eould ~taJtt at 6 and 
the.n lowe.Jt to 5 due. to the. H2S04 6oJtme.d in the eiJteulation 
~olution. 

An e66e.etive utilization 06 the acid ~olution a~ a 601vent 
i~ by adding ~alt. 

The H2S0 4 t NaCl = HCl + Na2S04 

The. 60Jtmation 06 HCl i6 u~e6ul a~ 601 1 0w~; 

1. TheJte. aJte numeJtou~ ~ilve.Jt eompound6 that 
aJte ~oluble in aeid~ and not NaCN 

2. The. oJte then eon~ume~ the aeid and the pH 
beeome.~ mOJte ba~ie. 

B. Un-Oxidize.d Sul6ide.~ 

Aeid pJte-tJteatme.nt ~olvent~ that di~~olve ~ilveJt . 
~ul6ide.~ aJte.; 

MineJtal 

AJtgentite. 

Aeanthite 

Both 06 above 

Solvent 

HCl 

H2S0 4 

NAOCl 
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SILVER COMPOUNDS SOLUBLE IN ACID SOLUTIONS 
BUT NOT CYANIDE 

e Name. FOJtmuia 

S-i.ive.Jt ace.tyi-i.de. Ag Z C Z· . 
" oJtthoaJt.6e.nate. A93 A.6°4 
" oJtthoaJt.6e.n-i.te. A93 A.603 
" be.nzoate. AgC7 HSOZ 
" bJtomate. Ag BJt°3 
" caJtbonate. A9ZC0 3 
" chioJtate. Ag Ci03 
" pe.JtchioJtate. AgCiO 
" 6e.JtJt-i.cyan-i.de. A93 Fe.!CN)6 
" 6iuJt-i.de. AgF 
" 6iuo.6-i.i-i.cate. AgzS-i.F6·4HZO 
" 6uim-i.nate. Ag!CzNzO z 
" -i.odate. Ag 03 
" me.Jt cuJty -i.od-i.de.(-i.c) ZAgI.HgI z " nitJtate. AgN0 3 
" n-i.tJt-i.te. AgNO Z 
" n-i.tJtopJtu.6.6-i.de. AgzFe.(CNJSNO 
" pe.Jtox-i.de. AgZOz 
" paim-i.tate. AgCfy6 H31OZ 
" me.tapho.6phate. AgP 
" pJtop-i.onate. AgC3~50z 
" .6ai-i.cyiate. AgC~H503 
" .6e.ie.n-i.de. Ag Z e. 
" .6ui6ate. AgzSO 
" ( P Y JtaJtg y Jt-i.t e. ) A93Sb~3 - 'I ( P Jto U.6 t-i.t e. ) A93 A.6S 3 
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R. F. HEWLETT 

PHONE (702) 731-1601 

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

" 

C. Ba.6 e M etal.6 

Coppe~ ox~de m~ne~al.6(~nQlud~ng .6ulphate.6, Qa~bonate.6, 
etQ.) a~e .601uble ~n both .6ul6u~~Q and hyd~oQhlo~~Q aQ~d.6. 
It ~.6 ve~y ~mpo~tant not to get Qoppe~ ~n thez~nQ
p~eQ~p~tat~on .6y.6tem beQau.6e QOPP~~ ~eta~d.6 .6~lve~ 
p~eQ~p~tat~on(~eplaQement) and the ~e6~ne~y w~ll penal~ze 
60~ Qoppe~ Qontent. 

Lead .6alt.6 ~nte~6e~ w~th the z~nQ p~eQ~p~tat~on 6~om a 
Qyan~de .601ut~on. 

The.6e w~ll .6ettle du~~ng the aQ~d pha.6e, but enough 
.6ettl~ng t~me mU.6t be allowed. 

Solvent SeleQt~on 

A. Sod~um Qhlo~~de (NaCl) 

B. 

U.6e 06 .6alt wa.6 d~.6Qu.6.6ed ~n p~e-t~eatment. F~ee. Qhlo~~l1 e 
~on ~.6 ve.~y ~mpo~tant 60~ good d~.6.601ut~on 06 .6~lv e.~ and 
gold. H~ghe~ ~e.Qove~y ~.6 obta~ne.d ~n the. Qyan~de pha.6e 
by u.6~ng weak .6alt .601ut~on.6. 

Sod~um th~0.6u.f..6ate (Na2S203·5H20) 

Sod~um th~0.6ul6ate ~.6 a ve.~y e66eQt~ve .6o.f..ve.nt 60~ 
.6~lv e. ~. I have. e.xten.6~ve..f..y ut~l~zed "hypo" on a 
Qomme~Q~a.f.. .6Qale at Tomb.6tone 60~ le.aQh~ng unde~g~ound 
and Q~~Qu.f..at~ng to the plant at 60 GPM 60~ about 6 month.6 . 
Hypo doe..6 not ~nte.~6e~ w~th Qyan~de;the.y Qan be U.6e.d 
togethe~. Hypo Qan be. u.6e.d ~n a pH ~ange. 06 3 to 12. 
Fo~ nume~ou.6 ~e.a.6on.6, Hypo .6hould be u.6e.d ~n ve.~y weak 
.601ut~on.6; ~t.6 d~.6.6olut~on ~ate 60~ .6~.f..ve.~ and ~t.6 
deQompo.6~t~on ~ate.. Al.6o, .6un.f..~ght e66eQt.6 Hypo. Howe.ve.~, 
~t Qan ve.~y e66e.Qt~vely and e.Qonom~Qal.f..y be ut~.f..~zed. 

Follow~ng a~e. the. ~e..6ult.6 06 Qompo.6~te hal~de .6~.f..ve.~ 
o~e..6(Tomb.6tone., Rev~.f...f..e, PaQka~d, & Cande..f..a~~a) ·that 
have bee.n te.6te.d w~th · Hypo. 



R. F. HEWLETT 

PHONE (702) 731-1601 
730 ROYAL CREST CIRCLE S. 
APT. 4~8 
LAs VEGAS, NEVADA 89109 

C. Sodium hypoehlo~ide (NaOCl) 

Sodium hypoehlonide i4 a~ e66ee~ive ~olve~~ 60n oxide 
mi~enal4 a4 gold a~d ~ilven. Al~o, i~ i4 a good oxida~t 
a~d a 4~~0~g ba~e; i~ a 14% 40lution ~he pH i4 lZ.5. 
Sodium hypoehlo~ide i~ a. good 40lven~ ~o u~e in the 
p~e-~~ea~men~ pha~e beeau~e i6 i~ 60l10w~ the U4e 06 
~al~, ~he oxida~ion aet£ like HN0 3 in ehangi~g the valenee 
and gold(a~ well a~ ~ilve~} di440lve4-ju~~ like aqua negia. 

U~iliza~ion 06 NaOCl a4 an oxidan~ and 40unee 06 6nee 
ehlo~ine p~ion ~o the eya~ide pha¢e i~ veny e66eetive 
beeau4e gold and ~ilven ehlo~ide eomplex i4 di¢¢olved 
by ~he mone ¢table eyanide eomplex. Al¢o, the addition 
06 oxygen inenea¢e¢ ~he di¢¢olu~ion nate 06 gold and 
~ilven in eyanide; it ha~ been ¢hown that 6 ppm oxygen 
i4 neee¢¢any 60~ ~he mo~~ e66ieien~ di¢~olution nate. 
Al¢o, ~he di~401ution ~a~e d~op~ 066 ve~y napidly with 
deenea~ing amou~t¢ 06 oxygen. 

v. Cyanide (NaCN) 

Cyanide i~ the mo¢~ eommonly u~ed gold and ¢ilven ¢olvent . 
Vi¢~olution nate~ 60n ¢ilven ane mueh 410wen than 60n 
gold, and i~ wa¢ pointed ou~ that oxygen i¢ neee~6any. 

El6ne~'¢ 6undamental eyanid-¢ilve~ equa~ion6 ane: 

Halide~ 

Sul6ide~ 

ZAg + 4NaCN + ° + HZO = ZAgNa(CN)Z + ZNaOH 

(1) A9 zS+5NaCN+O+H ZO=ZNaAg(CN)Z+NaCNS+ZNaOH 

(Z) AgzS + 4NaCN = ZNaAg(CN)Z + NazS 
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Ba~~e ~~lve~-eyan~de p~oblem~ and the~~ ~olut~on a~e: 

Ba~~e P~oblem 

Oxygen ~equ~~ement 

Sul6ate~ 06 ~~on; ppt. 
~~lve~ ~n heap 

Sul6~de ~olut~on~ ppt Ag 

Soluble Pb ~alt~ ~nte~6e~ 
w~th Zn p~ee~p~tat~on 

S~lve~ ~ul6~de~ a~e ha~d 
to d~~~olve w~th CN 

Solut~on 

St~onge~ ~olut~on~ and good pe~eulation
lowe~ ve~t~eal l~6t~ on the heap; add~ 
oxygen. P~e-T~eatment with ae~d 
~olvent~. Add oxidant~. 

Above, plu~ ~p~ay(a~ ~a~nb~~dJ; 
monito~ p~eg at ba~e 06 heap
keep at 6 ppm 6~ee oxygen. 

Veeompo~e w~th l~me 

Add Pb(C 2H30 2J2 - allow to ~ettle 

P~ee~pitate and ~ettle with ae~d 
pH--de~ign la~ge ~ettl~ng pond~ 

P~e-t~eatment w~th NaCl and NaOCl 

Tet~ahed~~te, ~ul6-ant~- P~e-t~eatment w~th NaCl, H2S0 4 , 
mon~de~, and ~ul6-a~~enide~ FeCl 3, and NaOCl 
a~e ha~d to d~~~olve ~n CN 

Ox~d~zed Zn & Cu ox~de~, 
ea~bonate~, and hyd~ate~ 
and ~oluble ~ul6~de~--
eau~e h~gh CN eon~umpt~on 

Nume~ou~ p~e-t~eatment; ba~~eally 
ae~d w~th NaCl and NaOCl 
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To dete~m~ne the opt~mum ~eleet~on 00 ~olvent~, va~~ou~ beneh - 6haQ e~ 
te~t~ ~hould made oollowed by ba~~el leaeh te~t~. The~e a~e 46 
o ollow~ : 

1. S~lve~ d~~~olut~on ~ate pe~ ~olvent 
2. Opt~mum ~olvent eoneent~at~on. 

Sugge~ted ~n~t~al te6t ~ne~ement6 oo~ eaeh ~olvent a~e: 

Solvent 

Sod. th~o~uloate 

Sod. ehlo~~te 

Aqua ~e9~a 

Cyan~de 

HCl 

1 12. 3 I 4, 1, 2, 5 9 ~am6 I l~t e~ 

1, 2, 5, 10, 20 9~am611~te~ 

5, 10, 20, 50 mlll~te~ 00 14 % 601n. 

1/4,112,1, 5 9~am611~te~ 

5,10,20, 50 mlll~te~ 

1 I 2, 3 I 4, 1, 1. 5, 2 9 ~am6 I l~t e~ 

5, 10, 20 mil l~te~ 

5, 10, 20 mil l~te~ 
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Pltec.iou.6 
Metal 
Leac.hed 
(Tlto!! oz. J 
(Ton .6olnJ 

Value 
Pltec.io ll .6 
Metal 
Leac.hed 

SOLVENT ECONOMIC ANALYSIS 

. 
1 
1 
1 
J 
J 
J 
1 
J 
I 
1 
1 
I 
1 •••••••••••••••••••••••• ~~~ 

Solvent Conc.entltation (glt/lJ 

1 
1 
1 
1 
1 
1 
1 
1 
1 

$1 Solvent 1 
(Pelt ton .6olnJl 

1 
1~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Solvent Conc. entltati on (glt/l) 

730 ROYAL CREST CiRCLE S. 
APT. 438 
LAS VEGAS, N EVADA 89109 
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Leac.hin9 
Time 

Leac.hin9 
Time 

. ., 

SOLVENT STATIC & VYNAMIC ANALYSIS · 

1 
1 

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

1 .... ........................... Fitte 
1 
1 
1 
1 
1 
1 
1 , 

Solvent~; 

, , , 
Pttec.iou.6 Metal Gttade 

1 , 

Cyanide 
A c.i d.6 
Hypo 
Chlottine 
Etc. . 

, Solvent A 
1 , 
1 Solvent B , 
1 Solvent C , 
1 Solvent V 
J , 
J Solvent E 
J , , ................................ ~ 
Pttec.iou.6 Metal Gttade 
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Solvent & Reagent Co~t~ 

Solvent o~ Reagent 

FeJVUc. ChlolUde 

Sodium ChlolUde 

SocUwn ChlolUde 

Sodium SulMde 

Lime 

Lime. 

Zinc. 

Sodium Cyanide 

CaOCI(HTH) 

Lead Ac.etate 

SocUwn Truol>ul6ate 

SocUwn Hypoc.hlo~e 

FoJUn PIUc.e;22 ton load Suppli~ 

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

Pell~- 50#/$2.88 625# ~-delive~ed 

P~o~(SP) C~y.- 22 ton tnuc.k; $3/ton + $6/ton(GFI 

" 

~~(R) Flake-20 ton lou VeL WS 

" 

" 

" 

" 

" 

" 

" 

" 

" 

(P) Hy~ed-22 ton Iou-Vel . WS $134.43/t on 

(PI P~oc.e6~ed CaO~ $37/ton(P)+$5. 12/200 mil~ 

Flake Na20 - 500# ~ Vel. WS 

Powd . M~e-$68 . 32/0Wt Vel. WS 

Pell~ - Vel. WS 

C~y. 70%- 1000# lot WS 

Powd. 333# WS 

100# bag~- 22 ton lot Vel. WS 

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

Unit PJUc.e 

$ 0.21/# 

. 16/# 

$.0045/# 

. 195/# 

. 067/ # 

.021/# 

. 185 /# 

.. 6832/ # 

.44/# 

.70/# 

$2.34/ # 

.1625 /# 

.90/gal 
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In o~de~ to dete~mine the optimum ~olvent e~onomi~~, te~ting 
mu~t be pe~6o~med at a ~ompa~itive e~onomi~ ~on~ent~ation, a~: 

Solvent 

Cyanide 

Sodium Chlo~ide 

Sodium Hypo~hlo~ite 

Sodium Thio~ul6ate 

Fe~~i~ Chlo~ide 

Cal~ium Hypo~hlo~ite 

Lea~hing Te~t~ 

Quantiti!l. 6o~ 

0.23 

22. 

421 . 

.62 

.48 

. 1 4 

$O.20/ton. ~olution 

g~/l 

g~/l 

ml/l 

g~/l 

g~/l 

g~/l 

It wa~ ~hown in a p~eviou~ ~epo~t(June 23, 1978) that the TQ m b~;tone 
o~e t~eated ~howed the 6011owing ~e~ult~: 

1 . "Natu~al ~ ho oting" 0 6 the o~e ~e~ ulted -<.n; 

A. P~ope~ 6~agmentation 6o~ good pe~~ul ation 

B. Maximum expo~u~e 06 o~e-mine~al~ 

2. O~e ~ontained ~ome ~ilve~ ~ul6ide~, and they; 

A. Leaeh ~lowly in NaCN 

B. Will lea~h mo~e ~ompletely with an a~id p~e-t~e-tm e nt 

3. Leaehing ~ate i~ good due to a la~ge pe~~entage od Ho~n Silv~ ~. 
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Sc.lteen Anallj.6A.-.6: 

Sc.lteen 

+ 2~ 
2 
1 ~ 
1 
k 2 

% 
1/8 
1/8 

SA.-Ze 

A.-11c.he.6 
" 
" 
" 
" 
" 
" 
" 

730 ROYAL CREST CIRCLE S. 
APT. 438 
LAS VEGAS, NEVADA R9I09 

Leac.hed Ag Value(t. oz. )/tOI1 

0.25 oz./tOI1 olte 
.80 

1 • 1 0 
1 .40 
1 • 90 
2.55 
3.50 
6.30 

CompaltatA.-ve Leac.hA.-ng Rate and Rec.oveltlj Rate.6: 

TA.-me Pelt Cent Leac.hed 
RevA.-lle CandelaltA.-a Tomb.6tol1e 

24 hlt.6. 31 % 83 % 24 % 

48 " 65 % 94 % 32 % 

72 " 85 % 99 % 43 % 

96 " 91 % 100 % 58 % 

120 " 98 % 74 % 

144 " 99 % 82 % 

168 " 100 % 99 % 



I 
e BARREL TEST 

RESULTS 

'" Cyanide leach 

I 
", 

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

Atom. Adsorp. Atom. Adsor12· 
Date Au ~ 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 

10/19 .490 .180 
10/11 .200 

.207 
Leachinsr 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 
.431 
.500 

Leaching Rate 

Date Au Leached/day 

10/7 .044 

e 10/8 .031 
10/9 .025 
10/10 .080 
10/11 .042 
10/12 .050 
10/15 .120 - 10/18 .108 



LIME-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
S04 ), 

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 g+". 

# 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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TOMBSTONE 
METALLURGICAL TESTING 

SILVER-SOVIUM THIOSULFATE 

LAS VEGAS, NEVADA 89109 

In onden to quantinY the enneQtivene~~ and eQonomiQ~ on ~odium 
thio~ul6ate(Na2S203·5H20) a~ a ~olvent non ~ilven halide~, ~ample~ 
on high-gnade ~ilven one(+7 oz./ton) wene QolleQted and analyzed. 

PnoQedune 

1. Standand ~olution~ wene made with 1,4,10,21,30,40, & 50 
gnam~ ~odium thio~ulnate pen liten waten 

2. 50 ml 0 n eaQh ~tandand ~ olutio n wa~ plaQed in a nla~ k. 
with 20 gnam~ 06 -40 to +64 me~h one 

3. EaQh nla~k. on "hypo" ~tandand and one wa~ hand ~hak. e n 
non inQnement~ on ~ minute; ~hak.ing wa~ uninonm 

4. Anten eaQh peniod on agitation, the nla~k. wa~ allowed 
to ~ettle non 1 ~ minute~. Then a Silven detenmination 
wa~ made with the AA 

5. The nl~k. wa~ then ~ ealed and ~tep~ # 3 and 4 wene nep eated 
until 12 neading~ wene made; 6 minute~ on agitation. 

1 • LeaQMng ftate 

2. Silven neQoveny pen gnam "hypo" 

3. Silven neQoveny pen "hypo" C.Mt 

4. Value ~ilven pen $1 "hypo"-. 
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Agitation Time.. 
(MiYl.ute...6) 

O. 5 

1 . 0 

1 . 5 

2.0 

2 . 5 

3. 0 

3. 5 

e 4.0 

4.5 

5. 0 

e 5. 5 

6.0 

-. 
METALLURGICAL TESTING 

R e...6 ult.6 06 
Sodium Thio.6ul6ate.. Le..ac.hiYl.g 

o~ Silve..1t 
********* ***************** 

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

TROY OUNCES AG LEACHEV PER TON SOLUTION 

Gltam.6 Sodium Thio.6ulnate.. ee..1t lite..1t 

4 1 0 2 1 30 40 50 

· 14 .30 .47 .7 4 1. 60 2.63 2. 90 

· 20 .50 . 86 1 . 37 Z. 87 3. 80 4.30 

.25 .68 1 . 29 Z. 04 3. 1 5 4.06 4 .60 

.32 .87 1 . 62 Z. 44 3.85 4.90 5.58 

.36 .99 1 . 93 Z. 83 3.97 4.73 5.53 

· 41 1 . 24 Z. 20 3. 1 5 4. 1 2 4.80 5 . 6 1 

.46 1 . 33 Z. 58 3.35 4. 1 8 4.80 5.70 

.55 1 .57 Z. 79 3.69 4.30 4.90 5. 70 

.57 1. 65 2.95 3.99 4.40 4 .8 2 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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APT. 438 METALLURGICA L TESTING 
LAS VEGAS, NEVADA 89109 

--; 

*Silve~-Sodium Thio~ul6a~e* 

Leac.hing Ra~e 

INCREMENTAL TROY OUNCES AG LEACHEV(PER TON SOLN.J PER Yz MINUTE INTERVAL 

G~am~ . Agaatio n Time, Min~~ 
Sodium 
Thio~ul6a:te Ini~ial 
Pe~ Li~e~ k 2 1 lYz 2 2Yz 3 3Yz 4 4Yz 5 5Yz 

O. 14 0.06 0.05 0.07 0.04. 0.05 0.05 0.09 0.02 0;'10 0.02 

4 0.30 .20 . 18 . 19 · 12 . 25 .09 .24 .08 .25 .05 

1 0 0. 47 .39 :43 .33 · 31 .27 . 38 .21 . 16 . 31 .34 

2 1 0.74 .63 .67 . 40 . 39 .32 . 20 .34 .30 .00 . 15 

30 1. 60 1.27 .28 .70 · 12 . 15 .06 . 12 .10 .00 .04 

40 2.63 1. 17 . 26 .84 -. 17 -.10 -.10 .00 -.08 .00 . 15 

50 2. 90 1. 40 0.30 0.9 8 -.05 0.03 0.09 0.00 -. 10 0.00 O. 10 

The above ~~~ ~how ~he 6ollowing: 

A. Inilial "hypo" c.o~c.:t wah ~he ~ilveJr.. mine.Jz.a1...6 ~ ~he mM~ e66ec.live 

B. Addilionai ~ilveJr.. ~ leac.hed wah eac.h ~e inMemen.:t at low "hypo" 
c.onc.e~OM 

6 

0.06 

.07 

.52 

.36 

.06 

-.05 

0.05 
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METALLURGICAL TESTING 

*S~lve~-Sod~um Th~o~ul6ate* 

S~lve~ Rec.ove~y Pe~ G~am "Hypo" 

The we~ght pe~ te~t ~olut~oY!. 06 wate~, hypo, aY!.d 

G~am~ Hypo Wgt. Hypo & H2O Wgt. 50 
Pe~ L~te~ Pe~ L~te~ H2O 

100 1 g~. 49.95 gft 

4 1004 " 49.80 " 

1 0 1010 " 49 .50 " 

2 1 102 1 II 48.97 " 

30 1030 II 48 . 54 " 

40 1040 " 48 . 08 " 
50 105 0 " 47.62 II 

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

o~e ~~ c.omputed: 

ml 
Hypo 

.05 g~ 

.20 " 

.5 0 " 

1 .03 " 
1 .46 " 

1 . 92 " 

2 . 3 8 " 

F~om the~e c.omputat~oY!.~, the ftec.ove~ed Silve~ pe~ g~am Hypo 
pe~ toY!. 06 ~olut~oY!. i~ c.omputed . 

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



The.oe Jz.e.ouLt6 have been plotted6.n the gMph on. the 60llowing page. 

The 60llowin.g gJz.aph maQe~ the 60llowin.g con.clu~ion~ obviou~: 

A. Lowe~t con.cen.tJz.ation.~ 06 "hypo" aJz.e the mo~t e66icen.t 

B. Lowe~t concentJz.ation~ 06 "hypo" do not load-up with Ag 

C. High concen.tJz.ation~ 06 "hypo" aJz.e in.-e66icient, due to 
induced chemical pJz.ecipitation. an.d the po~~ible ch emical 
de-compo~ition 06 the "hypo". 
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4 gtwm/.t 

1 0 gJz.am.6/.t 

gJz.am.6 / .t 
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Ec.onomic.~ 

METALLURGICAL TESTING 

*Silven-Sodium Thio~ulnate* 

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

The value on the ~ilven nec.ovened i~ c.omputed nnom; 

Gn HBEo 
l HZ_ 

4 

1 0 

2 1 

30 

40 

50 

Ounc.e~ Ag 
Pen 50 ml = 
Solution 

Ounc.e~ Ag X Ton~ Soln. X Gn HzQ 
Ton Soln. Gn H20/ton ' . 50 m-t 

= 240 gal 8.331 # 453.6 gn 
ton X Gal HZO X # 

VALUE OF LEACHEV SILVER ANV PER $1 HYPO 

T. Oz. Ag Value Ag Co~t Hypo Ag Rec.oven!i. 
50 ml ~oln. @ $5.00 @ 18~/# $ 1 H!i.Eo 

.0000413 $.0002065 $.00002 $10.33 

.0001109 .0005544 .0000794 6.98 

.0002248 .001124 .0001984 5.67 

.00024Z9 .0012145 .0004087 2.97 

.0002408 .0012039 .0005794 2. 08 

.0002597 .0012985 .0007619 1 . 70 

.0003071 .0015354 .0009444 1 .63 
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Gold Dissolution Rates 
(Milligrams Gold Dissolved Per Hour 

Equal quantities of gold foil were weighed an~ allowed to dissolve in 
various sol vents to determine the dis sol ution rates. After the time 
to dissolve was observed, the quantity of gold, dissolved was checked 
by titration. Therefore, the rate of dissolution was computed 
(milligrams Au/Hour), and the dissolution rate cost (milligrams Au/$1 
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: 

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; 

C. 

AuCl + C1 2 + Cl = AuC1 4 
and AuCl + Cl = AuC1 2 

The aurous chloride ion is later oxidized to the auric 
but in dilute chlorine solutions this is not the 
controlling reaction. 

state, 
rate-



Sodium Cyanide 

This standard leach solvent produces the following dissolution rates: 

Solvent Concentration; 
# / ton solution 

5 

1 

.2 

Sodium Chloride-Chlorine System 

Milligram,s Au 
Dissolved Per Hour 

2.4 

3.0 

.36 

A standard-brine-solution was prepared using 58.86 pounds of salt 
(NaCl) 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. 



~ Sodium-Chloride-Chlorine-H2S04 System 

e 

The same standard-brine-solution was used with 58.86 pounds of salt 
(NaCl) per ton of solution. In t o this solutioD were added various 
amounts of liquid chlorine and s.ulphuric acid. Following are the Au 
dissolution rates: 

Solvent Concentrations; Milligrams Au 
if / ton solution Dissolved Per Hour 

C1 2 H2SO 4 

. 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 e following results: 

-

Solvent Concentration; 
if / ton solution 

.874 

4.0 

ChI . H2S0 4 System orlne- -

Milligrams Au 
Dissolved Per Hour 

3.6 

20.4 

Various sulphuric acid concentrations were added to chlorine 
solutions, with the following results: 

Solveni Concentration; 
# / ton solution 

C1 2 H2SO 4 

.874 1.6 

. 874 16 . 

.874 20. 

Milligrams Au 
Dissolved Per Hour 

9 . 

21.8 

37.2 

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



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

~ Chlorine Solutions 

Various solvents were mixed with chlorine solutions, with the 
following results: "" 

Solvent Concentration; 
:II / ton solution 

C1 2 Other 

4. 1. Br 2 

4. 4. CaC1 2 

4. 16. HCl 

4. 40. Na 2S04 

4 . 40. NaF 

Bromine SolUtions 

Milligrams Au 
Dissolved Per Hour 

19.2 

40.8 

225.6 

19.8 

21. 

Various solvents were dissolved in bromine solutions with the 
following results: 

Solvent Concentration; 
:II / ton solution 

1. 

60. 

60. 

60. 

Other 

4. C1 2 

40. NaCl 

50. KBr 

Milligrams Au 
Dissolved Per Hour 

19.2 

110.4 

960. 

2220. 



Analysis of Various 
Gold Solvents 

Dissolution 
Solvent Concentration; IIlton soln. Ra,te; Mg. Au Per 

Rank Reagent A Reagent B Reagent C Mg. AuLHr. ~1 Solvent(s2 
-. e 60. Br 2 50. KBr . 2220. 94.9 

2 4. C1 2 16. HCl 225.6 74.2 

3 60. Br2 40. NaCl 960. 60. 

4 4. C1 2 4. CaC1 2 40.8 60. 

5 4. C1 2 20.4 51. 

6 2.36 C1 2 58.86 NaCl 108. 41.7 

7 . 874 C1 2 3.6 40 . 

8 4. C1 2 1. Br 2 19.2 30 . 

9 . 874 C1 2 1. H2SO 4 - 9. 22.5 

10 2.36 C1 2 14. H2SO 4 58.86 NaCl 108.6 15.7 

e 11 60. Br 2 110.4 7.7 

12 .874 C1 2 16. H2SO 4 31.8 6.3 

13 .874 C1 2 20. H2SO 4 37.2 6.3 

14 1. NaCN 3. 4.8 

15 .236 C1 2 5 . H2SO4 58.86 NaCl 16.2 4. 1 

16 4. C1 2 40. NaF 21. 2.8 

e 17 · 118 C1 2 5. H2SO 4 58.86 NaCl 7.8 2.0 

18 5. NaCN 2.4 1.9 

19 4. C1 2 40. Na 2S0 4 19.8 1.5 

e 20 · 118 C1 2 14. H2SO 4 58.86 NaCl 8.4 1.3 

21 .2 NaCN .36 1.3 

22 · 118 C1 2 58.86 NaCl .18 . 1 

e 



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 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 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 dis sol ved in one liter of slightly acidified 
water was completely recovered with the aid of Ionac SR- 3. Further
more, even after 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 inorg~nic 
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% 
Shipping Weight: 750-850 gil 

Capacities 

Gold: 150 gil 
Platinum: 65 gil 
Palladium: 58 gil 
Iridium: 25 gil 
Mercury: 150 gil 

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



e 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. 

2. Adsorption of noble metals or of mercury i .s 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: 

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 solution of thiourea to which 5 ml/li ter of HCl has 
been added yields a sol ution from which the metal can be 
recovered by reduction. When el ution is appiied, the resin 
can be reused for many cycles. 

4. The el ution 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 Jto c.e.~~ Che.mi~:tJty 

'I 

Re.c.ove.Jty Me.:thod 
Ac.:tivi:ty Solve.n:t Re.age.n:t . Ag Au 

A. SpJtay Side. ( 1 ) Na
C

S203 None. Powd. Zn Na2S 
Slo pe.i, (2 ) Na N Lime. Na2S Re.~in 

B. CJtu~ h & Le.ac.h 
No. Ramp ( 1 ) Na 2S203 None. Powd. Zn Na2S 

(2 ) CN Lime. Na2S Re.~in 

C. CJtu~ h & Le.ac.h (1) NaCl NaOCl Na 2S Re.~in 
He.ap (2 ) CN Lime. Na2S Re.~in 
(Low - Mn) 

v. CJtu~ h & Le.ac.h ( 1 ) NaCl NaOCl Na ' S Re.~in 
He.ap (2 ) Na 2S203 Po&d. Zn Na2S 
(High-Mn) (3 ) CN Lime. Na2S Re.~in 

E ~ Leac.h he. <t p ( 1 ) H2SO 4 Non. e. 
Tn. Si:tu (2 ) NaCl " Powd . Zn. R e..6 in. e (3 ) NaOC l " 

( 4 ) NaCN Li me. Na ZS Re..6in. 
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-------------------------------------------------.--------------------------------, 

INDUCED PERCOLATION 

The use of an "Ind uce d Percolation Substance" (IPS) 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 t 'o 35 dollars per dollar IPS cost. 

The absolute change (increase) in percolation and consequent recovery 
due to the use of an IPS can be summarized by the following: 

TYQe of Ore DeQosit Absolute Increase Per Cent Minus 4 Mesh 
ill QQ1 ill 

Gold and Silver Percolation 45 61 80 

Gold Recovery 25 43 55 

Silver Recovery 26 42 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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PERCOLATION TESTS 

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 "blast" very 
easily and will also percolate 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. 

Pre-treatment is a simple technique for clay or fines that trades a 
small additional initial cost for much higher costs later and a much 
faster percolation and hence recovery rate. It is therefore very 
desireable to pre-treat for better percolation to maximize recovery 
and minimize the leaching period. This is especially useful for a 
gold deposit with such a high-valued pregnant solution. 

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 addition, a study of the waste dumps determines the 
parameters of the worst open pit ore. 

4t Notice in table 1 that there are some very poor percolation materials 
in the upper portion of drill-hole number 2. This "initial stripping 
waste" (for the initial north pit) will obviously make very good pad 
material (see later section) if "over-blasted". 

ce 

Also observed in table 1 
problems the fines will 
Obviously it is necessary 

are the facts relating to percolation 
produce in some of the ore intervals. 

to blast very lightly; load the blast-holes 
lightly with prills. 

It must be pointed out that 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 "soil cement" and therefore minimize the slimes 
that would get into the preg pond. 

I 



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' " 

(38) 155-160' 

ce 

TDC-9 " 
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 
Cuttings Ore Each Percolation Category 

Fair Good 35 % 
Poor Fair 30 
Very Bad Poor 35 



Procedure 

The use of an induced percolation substanc e (IPS) to agglome rate clays 
and fines to greatly enhance the porosity to allow leaching of the 
total agglomerated mass is a new technique. 

, 
Modifications of the basic technique has resulted in even more 
spectacular resul ts applied to the Tombstone deposit than has been 
obtained on other ores. Basic modifications ini tia ted by the author 
are to introduce "TriCalcium Silicates and TriCalcium Aluminates" into 
the system. The resulting 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 
getting the values out of the fine fraction; maximization 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 hydra ted 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" silica into 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 directly 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 resulting compacted density is to 
compact the test material with varying amounts of moisture into 
the same known volume (test vessel) and weigh the amount of 
material that was compacted into the known volume. This yields 
the "compacted density" and the optimum moi st ure con ten tis 
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: 



A. Test Vessel Data 

1. Volume; 
a. Diameter = 3 15/16 inches 
b. Height = 4 9116 inches 
c. Volume - r:--/ 2 

II r h 
= 3.1415927 ((3 15/16)(1/12))2(4 9116) 

= 0.0321507 ft 3 2 12 

2. Tare weight = 10.380 # or 4708 grams 

B. Moisture Preparation (for 4 #'s dry sample); 

Required PerCent 
Moisture-Dry 

7 
8 
9 

10 
1 1 
12 
13 
14 
15 

C. Compaction Test Results 

# 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 

Ml. H20-% Dry 
for 4 lbs. (1814 gm.) 

127 
145 
163 
181 
200 
218 
236 
254 
272 

Compacted ~ens. 
# Net Dry Wgt. Dry #/Ft 

3.57 II 
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 moistur e -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. Halides 
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 com-paction 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 #, with the pan weight = 1.885 #. 

The moisture retained in the clay lattice by the clay in the 
desert dirt after 24 hours drying is computed as follows: 

Prepared % Calculated Pan & Sample PerCent 
Moisture- % Moisture, Weight Retained 
Dry Weight Total Wet Dry Moisture 

7 6.54 5.730 5.450 12.0 % 
8 7.40 5.750 5.409 17.6 
9 8.24 5.790 5.429 12.8 

10 9.07 6.048 5.642 9. 1 
11 9.91 6.049 5.609 8.2 
12 10.72 6.050 5.577 7.2 
13 1 1 .50 6.051 5.544 6.3 
14 12.28 6.052 5.512 5.3 
15 13.04 6.053 5.479 4.4 



Ce 

Ta bl e 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 /# Lime 

i .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 hydra ted lime/ton ore). However, the 
best and most economical results 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. Notice that after 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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Ie 

INDUCED PERCOLATION SUBSTANCES 

ORE TYPE 
******** 

Acid Basic 

Clay 
Tailings 

. . .......................... . 

ORE 
CHEMICAL 

COMPOSITION 
*********** 

Silica 
Alumina 

Silicates 
Iron Ox ides 

CaO & MgO 

SOLUTION 
QUANTIFICATION 
************** 

Compacted Density 
Application Techniques 

Solvent(s) 

TYPES OF IP SUBSTANCES 
********************** 

Lime Portland Cement 
Agricultural Type I 
Dehydrated Type II 
Hydpated 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 



e Re sults 

Agglomeration of the ferric aluminum silicates (limonitic clays) 
occurred with the agglomeration (soil cement) possessing excellent 
porocity. The optimum level for each of the parameters is as follows: 

Parameter 

Ore Chern Comp. 
Clay 
Clay 
Ferric Oxides 

Moisture Content 

IP Substances 
Hydrated Lime 
Port land T-ype II 
Flocculant 
Diatamaceous 
Earth 

ECONOMIC ANALYSIS 

Optimum Level 

Excess H2 0 
Excess Hydrated Lime 
Excess Hydrated Lime 

10 % by weight 

10 tilton ore 
3 tilton ore 
.02 tilton ore 

4 tilton ore 

Remarks 

About 9 % extra 
Extra pound 
With above 1-1/2 tI 

Allow for clay swelling , 

Max.; varies for consi 
or screen analysis 
Depends on above 

The following table (3) presents the results 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 analysi s) 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, additional 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. 



Table 3 
ECONOMIC ANALYSIS 

INDUCED PERCOLATION 
Tombstone 

e PARAMETER PERCOLATION 
Good Fair Poor 

% Minus 4 Mesh 48 % 6.0 % 8.0 % 

e % Tonnage 35 % 3D % 35 % 

% Recovery; 
Treated 75 % 75 % 75 % 
Un-Treated 5.0 % 32 % 2.0 % 

Gross Value/Ton; 
Treated $12.2.0 $12.2.0 $12.2.0 
Un-Treated 8.13 5.21 3.25 

Difference 4 . .07 6.99 8.95 

e Quantity/Ton; 
Hydrated Lime 1/2 if if 2 if 

Portland II 1/2 if if 2 if 

Flocculant . .0 1 if • .0 1 if • .02 if 

IPS - Cost; 
Hydrated Lime $ • .037 $ • .074 $ . 148 

Portland II . .021 . .043 . .085 

Flocculant . .01.0 • .0 1 .0 . .02.0 

e • .068 .127 .253 

$ IPS Increase CGV} 
$ IPS Treatment $59.9 $55 • .0 $35.4 

ce 
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e BARREL LEACH TESTS 

Wgt . ( Dry) Ore 49.5it (A) Un-Treated Ore 
Wgt. Barrel + Tray ( B) 

e Lime added (gr. ) 2 gr -> pH + 10·5 

Time Total Wgt. Wgt. AA/Ton Soln. {Wgt. Soln.} ---.AlL ~ 
{A+B+Soln.} Soln. --AlL -AL {Wgt. Ore} Per ton ore 

e 4 64.08# .002 1.295 .002 

8 BLINDING 65.36 .002 1.320 .003 

12 BLINDING 62. 18 .004 1.256 .005 

24 Blinding 65. 11 .005 1 .315 .006 

96 Severe 64.48 .012 1.303 .016 
Blinding 

Not 
The Added 
Same Hyd. Lime 65.37 .043 1 .321 .057 . -

e 



e BARREL LEACH TESTS 

Wgt . (Dry) Ore 40.0 (A) "IPS" Pre-Treatment 
Wgt. Barrel + Tray (B) 

e Lime added (gr.) 2 gr pH - 10. 5 

Ti me Total Wgt. Wgt. AALTon Soln. {Wgt. Soln · 2 ~ -AL 
{A+B+Soln.2 Soln. --AJL -.AL (Wgt. Ore) Per ton ore 

e · 1 Day 63 . 40 If .004 1 .585 .007 

.2 " 61.46 If . 032 1.5365 .049 

· 3 " 64.20 If .034 1.605 .054 

· 4 " 63.96 If .035 1.599 .056 

· 5 " 62.10 If .038 1.5525 .059 

· 6 " 62 . 83 If .038 1.57075 .059 

.7 " 62.63 If .038 1.56575 .060 '- - If .060 .8 " 61. 25 .039 1.53125 

.9 " 61.75 If .040 1.54375 .061 

Day 62.30 If .039 1. 5575 .061 



, 
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 

b"> 
..:: :8 

+ + 
t)) b"> 
s:: s:: 

·rl ·rl 
.c ..c: 
u u 
(1j (1j 

<lJ <lJ 
.-4 ...-l 

PARENT ROCK 
+++ K,Na,Ca,Fe present 

reducing or 

oxidizing and 

leaching . 

HYDROUS MICAS -<4<P-------- +K --------KAOLINS 
(ILLITES) - - - - - leaching ------t'J~-



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 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 

Temp. 

3200 C 
16 

(AI 20
3

' 2Si0
2

· 2H 20) 

Synthetic modes of formation: 

Time Solvent 

24 hrs. 0.5N HCI 
96 " dil. HF 

Substance 

Orthoclase (KAISi 30 S ) 
" 

300 250 I' 0.5-l.oN HC1/H 2S0 4 " 

The pH ranges of formation are: 

ACln NEUTRAL BASIC 
......................... .... , .. . ~ .............. ~. , 
Kaolin Kaolin 

******** ****** 

Ions with alkali 'Free of 
metals(Li,Na,K,Rb,Cs) 'Alkali 

(4.5-5.2 pH with opt. 
range 4.S-5.0) 

High AI~Si02ratio & 
Potasslum Conc. 

'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 
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1', - - /' 
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~', 
8, 
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Cfl, 
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'8 , 
H ' 
H! 
H' 
~, 

, :r:: I 
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_- "- \P-< ' ............................... --:- .. '. 
High Potassium Low 

*CLAY MINERAL SPECIES* 

1. Micaceous Clay Minerals 

a. 

b. 

Kaolinite Group 

Dioctahedral 
Kaolite 
Halloysite,2H ° 
Hydrated hal16ysite,4H 20 
Nacrite 
Dickite 

Montmorillonite Group 

Dioctahedral 
Montmorillonite 
Beidellite 
Nontronite 

c. Hydrous Mica Group 
Dioctahedral 

Illite 
Pinite 
Glauconite 
Celadonite 
Brammalite 

d. Mixed Layer Grodp 

Anauxite -
Bravaisite 
Vermiculite-chlorite 
Kaolinite-nontronite 
Montmorillonite-illite 

3 . 



Synthetic Formation 

MONTMORILLONITE: 

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

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

ALUNITE: 

A. H2S04 + K2S04 + Na 2S04 )) + NH 4S0
4 
--~ Alunite 

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

B. 50g AlS0 4 + ((H 2S04 + K2S0 4 + Na2S04)) ---~ Alun i te 
.05M 

50-99 % Alunite in 100 days at 1000C 

HALLOYSITE: 

Kaolinitic clay + S04)) ---~ Halloysite 

Within carbonate rocks; 
therefore a pH change 

KAOLIN: 

4 . 

Solfataric Action: ((Alkali)) + S02 + S2 + HCl ---~Kaolinte 
Me tal 
Soln. 

Solubilities 

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



Decompositions 

A. Kaolin 

Ionization 

A. 
B. 
C. 
D. 

Kaolin + H2S0 4 » ---~ Si02 + AIS0 4 
strong 

White powder 
Soluble in cold H20 - 31.3 gr/IOO 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 lattice; . 

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

(Gives up ioni zed "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 hi g hly alk. - +10 
C. Rain with dis. CO 2 is acid(H+) and H ions replace 

Na and form dil. soln.s of NaHC03-Na2C03 or NaOH; 
resulting in increased alkalinity of Na clay s 

D. Mix; Na clay + CaC03 ---~ alkiline upon leaching 

(Ca++replaces Na++ + Na2C03 
Also, Mg repl a ces 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 a r e 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 f ormation 
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 polyur onides and 
polysaccharides. They are readilly adsorbed by clay molecules. 

To p roduce 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) . 

i . i 
I 

I 
I 



Organic matter modifies the plasticity of clays by utilizing its 
bulk and adsorptive capacity to adsorb water and i nsulate 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 4It 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 arsenat~ 
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 mirierals. Formate ions are also adsorbed 
by H-montmorillonite by treating wi t h f ormic acid. 

., 
.... 
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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 

1. H2S04 

Add 1,2,3,4,&5 # H2S04/ton ore and note effect 
on perculation. 

A. Basic 

1. Pretreatment with lime 
2. CaCN 

B. Bas i c 

1. Pretreatment with lime 
2. NaCN 

C. Acidic 

1. Pretr eatment with ~2S04(1-5#/ton ore) 
2. HTH 

D. Acidic-Basic 

1. Pretreatment with H2S04 
2. HTH 
* After no more AU/Ag leaches 
3. Neutralize with lime to 10.5 
4. CaCN 

E. Basic-Acidic 

1,2 Lime & CaCN or NaCN 
* After no more Au/Ag leaches 
3,4 H2S0~ & HTH 
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