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R. F. HEWLE'IT . 
President 

Projects In 

1971 MINERALS LIMITED 
\J\Limited Partnership) 

4741 EAST SUNRISB DRIVB 
SKYLINB BBL AIRB PLAZA 
TuCSON: ARIzONA 85718 
602/299-9736 

The purpose of this memorandum is to summarize the status of Sierra's 
Advisory Board relating to projects approved for the 1971 MINERALS LIMITED 
Partnership. 

1. Mexican Metals 
. Dr. Lacy has briefly examined Santa Fe. Several other consultants 

have exami ned Santa Fe and E1 Azteca. More recently, r~e$srs. Norman 
E. Dausinger and Abraham N. Nasser have been retain~d through Mr. David 
Lowell to follow up any exploration on these properties. Presently, 
they are conducting a geochemical survey suggested as logical "follow-upll 
by Dr. Lacy. The results of this survey will dictate the further action 
on these properties. . 

As an extension of our exploration in Mexico, Messrs. Lowell a.nd 
Dausinger will generate other exploration targets. 

2. Dixie - Buckeye 
This joint-venture is with Noranda. To date, Noranda has acquired 

about 20 sections of mineral claims .or leases and is presently doing 
the c 1 aim di s cove ry work by drill i ng. · Aero-magent; cs and induced 
polarization geophysical surveys have been conducted. Kenyon Richard 
has spent several days in the field reviewing the geology with Noranda 
personnel and examining peripheral claim areas. Presently, our objectives 
are to reduce the area to the most favorable targets and test with 
drilling. Jim Briscoe (our new geologist) will conduct the follow-up 
mapping and geochemical surveys. 

3. Cody - Superior ',-
This project relates to examlnlng possible exploration targets 

in the Superior, Arizona area. Future expenditures are dependent 
on future board recommendations. 

4. Phoenix 
American Smelting and Refining Company (ASARCO) has discovered 

copper mineralization east of their Silver Bell mi ne. American Metal 
Climax (AMAX) has acquired mining claims and leases around ASARCO's 
discovery area. The AMAX mineral property has favorable aeromagnetics 
and induced polari zation surveys but more importantly is geologically 
favorable. This target will be tested with about 3 drill-holes and 
decisions concerning further exploration \'1ill be made by the Advisory. 
Board at that time. 
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5~ Minago 
Consolidated Mining and Smelting Company of Canada has spent 

about $1,800,000 for exploration on their Minago mining prope.rty . . 
About 15 intrusive targets have been located in the past by re- _. 
connaissance drilling and detailed geophysical surveys. To date, 
seven drill rigs are being utilized to test these targets. This area 
is a geological extension of the Manitobal Nickel Belt, the most . 
famous mine of which is INCa's Thompson Lake ... This project has 
been approved by Dr. Banfield of Behre Dolbear and Mr. Albert Koffman. 

6. Capore 
Four porphyry copper targets have been selected for further 

evaluation in Arizona. Any future exploration will depend on review 
of further geolog5cal evidence from these areas by the Advisory Board. 

7. Commonwealth 
This potential joint venture has been proposed but further 

information on this prospect will have to be submitted before final 
Advisory Board action can be taken. 

8. Coyote Wash 
Dave Lowell has been managing this project for Quintana to the 

point of drilling two deep holes. The assay results from these holes 
suggests the near proximity of a large porphyry copper deposit. 
This target was selected by Mr. Lowell after studying the structural 
geology and alteration features of two nearby large copper deposits 
belonging to Phelps Dodge and Kennecott Copper Corporation near Safford, 
Arizona. Several drill holes and geophys;c~ are proposed to further 
evaluate this prospect. . 

9. Little Hills 
American Metal Ciimax has conducted exploration near Oracle, 

Arizona for a porphyry copper deposit. They have mapped, "conducted 
geochemical and geophysical surveys and drilled about. ten holes. 
Kenyon Richard has examined the deposit and finds an interesting 
area of alteration and moly mineralization that deserves testing by . 
drilling. 

10. Volcanogenic 
COMINCO has conducted an ~xtensive program in eastern Canada 

searching for massive sulphide targets (such as TGS-Timmins). This 
joint venture will test by geophysics and drilling .the targets 
identified . by COMINCO. Dr. Banfield of Behre Dolbear, and Mr. Albert 
Koffman have recommended this project. . 



11. Tenneco - Sierra , 
Tenneco Minerals has outlined an area 'coverl ng -3ou t rre rn 'Ca l ifornia, 

Ari zona and New Mexi co. Tenneco has been compfl'i'ng 'reg i on-a'l r ec ohtl ai ssance 
data from thi s three-state area for many years ana -the.y h:av-e 'generat ed 
about 35 potential exploration targets. The crux ~f thi~ relati onship 
would be that the Advisory Board would examine 'each t ,arget s:ubmittedby 
Tenneco and decide if the 1971 Partnership sh-auld 'pa'r-t icipat e, and to 
what extent. 

12. C1ev - Sierra 
Cleveland Cliffs has a regional project in the western U.S~ t hat 

would be similar to the Tenneco regional project. No ' tdtifl1~t~ ;of interest 
would arrise due to the fact we are functioning on a "targets'li rirst-
right-:-of-refusal , basis. ' 

Acknowledged: 

D~(~ 
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R. F. HEWLETr PROJECT SUMMARY 4741 EAST SUNRISB DRIVB 
President SKYLINB BBL AIRB PLAZA 

1971 MINERALS LIMITED . TuCSON, ARIzONA 85718 
602 / 299-9736 

PARTICIPATION MINIMUM FUNDING REQUIREMENT POTENTIAL · 
PROJECT INTEREST OBLIGATION FIRST SECOND INCREMENT 

1. Mexican Metals 49% $ 25,000 $15,000/Apr 1 $10,OOO/Jun 1 $ 50,000 

2. Dixie-Buckeye 40% 40,000 30,000/Apr 1 1O,000/Jun 1 50,000 

3. Cody-Superior 100% 3,000 3,000/May 1 -0- 20,000 

4. Phoenix 40% 64,000 30,000/May 1 34,000/Jun 1 75,000 

5. Minago 10% 200,000 100,000/May 1 100,000/Jun 1 -0-

6. Capore 100% 2,000 2,000/Jun 1 -0- 25,000 

7. Commonwealth 40% 44,000 44,000/Aug 1 -0- 50,000 

8. Coyote Wash 40% 50,000 SO,OOO/Jun 1 -0- 50,000 

9. Little Hills 40% 50,000 . 20,000/Jun 1 30,OOO/Jul 1 50,000 

10. Volcanogenic 40% 120,000 60,000/Jun 1 60,000/Jul 1 -0:.. 

1l. Tenneco-Sierra 40% 350,000 50,000/May 1 150,000/Jul 1 300,000 

12. C1ev-Sierra 65% 150,000 50,000/Jun 1 100,000/Aug 1 100,000 

1,098,000 770,000 

TOTAL POTENTIAL $1,868,000 
Committment Schedule 

Al2ril 1 Mal 1 June 1 Jull 1 August 1 

$45,000 $183,000 $336,000 $240,000 $144,000 



1971 MINERALS PROJECT SUMMARY 

Santa Fe & El Azteca 

These mineral deposits are close to Anaconda's Cananea operating mine and 
American Smelting & Refining's new La Caridad mine near Nacozari, Sonora. 
These properties are optioned to the partnership and exploration is progressing 
as indicated by several geologic reports . . Geophysics and geochemistry surveys 
have been completed and we are awaiting the results. Presently. roads are 
being built for access and drilling. These are breccia pipe - intrusive 
porphyry copper targets. Dr. Lacy has visited the deposits and has layed-out .· 
an exploration program. American Metal Climax has requested a first-right­
of-refusal to joint venture and manag~ . properties. In such ~ase, American Metal 
Climax would handle the Mexicanization and be the "buy-out partnerll if we could 
prove-up an eCQnomic deposit. 

Dixie - Buckeye 

This property \'las first visited by Scott Hazen (our staff consultant) 
and later by other Sierra personnel. As an extension of our policy to joint 
venture with major mining companies~ this property was offered (on a joint-:-
venture basis) to Noranda who accepted our offer. . 

Noranda has acquired (for the partnership) about 30 sections. Surface 
samples indicate significant copper and silver mineralization and important 
nickel and cobalt values. Aer-magnetics have been flown for the area and 
Heinrichs Geo Exploration has finished 20 line-miles of induced polarization 
surveys which in total have outlined about 10 interesting anomalies which require 
testing by drilling. To date, the partnership has drilled approximately six . 
shallow (200 ft.) holes. The assay results will be avilable shortly. 

Cody 

This project is directed at finding extensions of Newmont's Magma ore 
deposit at Superior, Arizona. Also, City Services has a new orebodYJn the " 
area. To date, about 100,000 feet of drilling has been accomplished and all 
surface geology, geophysics and geochemistry ~ The foregoing indicates that 
further exploration is warranted. Our objective would be to prove-up enough . 
additional "ore-grade" mineralization to have a sufficient tonnage for an 
economic mining operation. 

Phoenix 

This joint-venture with American Met~l Climax is just east of the American 
Smelting and Refining Companies (ASARCO) Silver Bell mine. Our neighbor to 
the south of our 500 claim block is ASARCO who are ' presently drilling "ore-

_ grade mineralization". Our target is a largeporphyry '. copper deposit (similar 
to Silver Bell) in the pediment. It is the opinion of Dr. Lacy and Kenyon ... 
Richard that even though there is risk in this venture, there isa chance of . 
Jlhitting and elephant," Obviously, American Metal Climax . has mineral property 
with the same belief. There is favorable geology, structure, aeromag and induced 
polarization anomaly and ASARCO is drilling "ore-grade" (0.40% or -better) 
intersections on the south portion of the aero~agnetic anomaly. We will ~ be . 
drilling this property very soon. 

i_:. 
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Minago 

This joint-venture is with the Consolidated Mining and Smelting Company 
of Canada (COMINCO). They have spent $1,800,000 for; acquiring claims, geology, 
geochemi s try, geophys i ca 1 surveys and dri 11 i ng. COMI NCO has ,a very 1 a rge 
area on the extension of the Manitoba nickel belt, the most famous of which 
is the Thompson mine of International Nickel. INCOproduces 15,000 tons per 
day of nickel ore running 2.5% nfckel (50 pounds of nickel at over $1.60 
per pound). To date, COMINCO has discovered about 15 ultra basic intrusives 
that have a nickel mineralization. COMINCO is presently drilling these targets 
with seven drill rigs and this partnership furnishes about 1/3 of the drilling, 
money for this seasons work. Drilling is on frozen muskege and lakes and therefore ' 
will be finished for this season in May. AMAX has a nickel discovery on the 
adjacent ground to the east. 

Capore 

This project is a reconnaissance program in Southern Arizona aimed at the , 
discovery of porphyry copper, lead-zinc-silver, and gold deposits. To date, 
geological and structural maps have been compiled and made for the area. The , 
geochemical survey is about 1/2 finished. In another two months, the above 
will be finished and the results will be compared with the geophysical maps 
being prepared. If results are satisfactory, property acquisition wilJ start 
and the detailed project exploration will begin. We have been approached by 
several majors to joint-venture the initial phases of this program, but no 
decision has been made in this regard. . 

Little Hills 

This project may be a joint venture with American Metal Climax. ,The 
target is a San Manuel or Kalamazoo type ore body . . Each has 600 million tons 
of 0.75% copper. The San Manuel and Kalamazoo deposits are deep (2000 feet 
below the surface) and we would have to expect deep drilling on Little Hills. 
AMAX has done the geologic mapping, geochemistry and geophysical surveys and 
drilled about 10 holes. Results are a copper and molybdenum anomaly, a induced 
polarization and magnetic anomaly and weak but significant copper and 
molybdenum mineralization. The AMAX theory and our operating approach is 
that the past AMAX drilling did not explain the geochemical or geophysical 
anomalies (just as, the case of San Manuel and Kalamazoo) and that a large 
copper ore body could lie at depth. David Lowell dis~overed Kalamazoo 
with one deep drill-hble (3000 feet) and we would risk three drill-holes ' 
to test this venture. If ore is found at depth, the property may be animenable 
to surface mining. If this is the case, ore of a higher grade must be found 
in order to develop the property on an economic basis. 

Volcanogenic 

This project would be with COMINCO in eastern Canada. The target would 
be a "Texas Gulf Sulphur Timmins" type deposit (Kidd Creek). The TGS massive 
sulphide deposit is worth about $3 billion. COMINCO has about 10 targets they 
have staked and we would start geophysics and drilling this spring if our 
consultants approve the project. 

\ ' 



Coyote ~/as h 

Quintana and Dave Lowell have drilled two deep (3000 feet) holes just 
west of the Phelps Dodge and Kennecott copper ore deposits near Safford, 
Arizona. The partnership will drill one . more deep hole close to the best 
grade hole drilled to date and several shallow holes to evaluate my near 
surface structure related to the mineral deposit. 

r 



R. F. HEWLETT 
President 

Projects In 

1971 MINERALS LIMITED 
(A Limited Partnership) 

1. Mexican Metals (Santa Fe, El Azteca, etc.) 

2. Dixie - Buckeye (Noranda Joint Venture) 

3. Cody - Superior 

4. Phoenix (American Metal · Climax Joint Venture) 

5. Minago (COMINCO of Canada Joint Venture) 

6. Capore 

4741 EAsT SUNRISB DRIVE 
SKYLINB BEL AlRB PLAZA 
TUCSON, ARIZONA 85718 
602 / 299-9736 

7. Commonwealth (American Metal Climax Joint Venture) 

8. Coyote Wash (Quintana Oil Co. Joint Venture) 

9. Little Hills {American Metal Climax Joint Venture} 

10. Volcanogenic (COMINCO of Canada Joint Venture) 

11. Tenneco - Sierra (Tenneco Joint Venture) 

12. Clev-Sierra (Cleveland Cliffs Joint Venture) 



The 1971 Minerals Partnership has been formed with a nucleous of over 20 
mineral deposits. Committed joint venture partners include Noranda~ American 
Metal Climax, and Consolidated Smelting and Refining Company of Canada (COMINCO). 

A four-man advisory board has been officially formed that had as an objective: 

1. Unanimous approval for exploration of all projects selected for the 
1971 Minerals Limited Partnership. 

2. Consulting advise and project supervision 6f all 1971 projects. 

3. Review of progress on each project with reports submitted to all 
limited partners. 

Members of the advisory board are: 

l. Dr. W.C. Lacy 

2. Mr. Kenyon Richard 

3. Mr. David Lowell 

4. Dr. A.F. Banfield 

5. Mr. Albert Koffman 

6. Commodity specialist at large. 

A diagram illustrating this boards activities and a resume of the members follows. 
Sierra staff closely involved with the 1971 minerals partnership are: 

1. R.F. Hewlett - President 

2. J.A. Smith - Project Coordinator 

3. F.R. Hewlett Office Manager 

4. Albert Koffman - Geological Consultant 

5. L. Walters - Field Geologist 

6. S.W. Hazen - Staff Consultant 

7. J.A. Briscoe - Staff Geologist 

8. G.K. Williams - Geological Consultant 

9. O.E. Bowen - Geological Consultant 

10. Dr. R.R. Nelson - Metallurgical Consultant 

11. Mr. Norman Dausinger - Geological Consultant 

Their resumes follow. 

The 1971 Minerals Partnership utilizes Behre Dolbear in the same way as 
the 1970 Minerals Exploration Partnersh)p. 
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JAMES A. BRISCOE - CONSULTING GEOLOGIST 

Awarded the degrees of Bachelor of Science and Master of Science in Geology 
from the University of Arizona, Tucson, Arizona. 

Associated with Geodata Systems, Inc., of Orange, California, as Chief 
Geologist (1969-1970) managing an exploration budget of over one million 
dollars a year. In this capacity, designed regional exploration programs 
for base and precious metal deposits; designed, supervised and implemented 
research in lineament tectonic studies which resulted in original and specific 
exploration guides; designed and implemented- a color aerial photographic 
system; hired and trained geologic personnel; participated in customer and . 
investor relations, property acquisition and negotiations and many other 
facets involved in the business. 

Employed by the American Smelting & Refining Co., Southwestern Exploration 
Department (1965-1969). Assigned as pit geologist, · Silver Bell Unit, Arizona 
and was responsible for detailed mapping of open pit copper mines and logging 
exploratory diamond drill core. After one year, promoted to Resident­
Exploration Geologist in charge of exploratory diamond drilling project, 
Silver Bell. Played key role in training geologists from ASARCO's Mexican 
subsidiary in the techniques of geologic mapping of mineral deposits and 
interpretation of leached porphyry copper capping. After one year, promoted 
to Exploration Geologist working out of the Tucson Office on assignments 
in Arizona and Utah. Later that year, became part of a two-man field office 
in California generating and pursuing their own projects in precious and 
base metal exploration. During this period, gained valuable experience in 
disseminated precious metal occurence of the Calico District and Carlin 
types and worked extensively on the gold mineralization of the Mother Lode 
region. 

As an active participant in field trips, has examined most of the major 
unde~ground and open pit copper and molybdenum mines in the Arizona-New 
Mexico-Mexico area including recent major discoveries. Additionally, 
has examined specialty metal (rare earth, tungsten, mercury and sulfue) 
deposits in the California-Nevada area. 

Member A.I.M.E., American Society of Photogrammetry, the Arizona Geological 
Society, the Society of the Sigma Zi, Sigma Gamma Epsilon. Registered 
Geologist #518, State of California. Holds private pilot's license. 



Experience Resume January, 1968 

1937 

1937-1945 

1945-1967 

'45- 1 53 

'53-'63 

'63- '67 

KENYON RICHARD 

B.S. degree Geological Engineering, Mackay School of Mines, 
University of Nevada. 

Consolidated Copper mines Corp., Kimberly, Nevada 
Engineer, Geologist, Assistant Chief Geologist, Chief 
Geologist --- Ely (Robinson) property copper district. 

Geological mapping (detail, surface and underground,re­
connaissance, and regional), alteration, structure, .enrichment, 
stratigraphy, aerial photography, churn drilling, core drilling, 
ore reserve estimation, reporting (progress, comprehensive, 
feasibility) all as related to practical problems at operating 
mines (underground and open pit, large and small), to ore 
search, and to examination and evaluatipn of outside prospects 
in Basin and Range Province. Principally Cu, but also Au, 
Ag, Pb, Zn~ Mo, W. . ............ . 

Successful exploration programs (in conjunction with co­
workers) : 

*Morris Brooks --- Ely District 
**Old Glory-Veteran --- Ely District 

*Emma Nevada-Ruth Connection --- Ely District 

American Smelting and Refining Comp·any 

Geologist, San Francisco Office -- responsible for exploration 
in California; also worked in Nevada, Utah, Arizona, Colorado-­
reported to Salt Lake Exploration Office. Worked total 
about 2 years during several trips to southern Peru --­
reported directly to New York office. Work ~imilarto that 
described in first paragraph, but mostly exploration . . 

Chief Geologist, Tucson Office. Considerable field work of 
various kinds, including regional exploration and involvement 
in geophysical programs, but duties mostly administrative -­
in charge of 10 to 20 geologists covering southwestern and 
western U.S.--- reported to New York Office. 

Chief Geologist, New York Office. Various degrees of 
administrative responsibility over 50 to 70 exploration 
geologists in 14 field offices ·in Canada, the U.S., Mexico, 
Central America, Peru, Chile, London, Australia and New . 
Zealand. 

Successful exploration programs (i.e., participation usually 
consisted of making early recommendations and following the 
projects through): 



PAGE 2 - Kenyon Richard 

MEMBERSHIPS: 

BIBLIOGRAPHY: 

1948 

1954 

1956 

1958 

1959 

1960 

1966 

***Quellaveco, southern Peru 
**Toquepala, southern Peru 
**E1 Tireo, Silver Bell, Ari~ona 
**Oxide, Silver Bell, Arizona 
~*El Tire Ext., Silver Bell, Arizona 
**Mission, Pima District, Arizona 

***North San Xavier, Pima District, Arizona 
***Sacaton, Casa Grande, Arizona 
***Michiqui1lay, northern Peru 

(Note: *Mined out 
**Being mined 

***Not yet developed, but commercial 

All are porphyry copper deposits). 

Phi Kappa Phi (national scholastic. society) 

American Institute of Mining, Metallurgical and Petroleum 
Engineers. 

Geological Society of America 

Society of Economic Geologists 

Mining Club, New York and TUcson 

Arizona Geological Society 

"Drilling", in Mining Geology, by H.E. McKinstry, 
Prentice Hall, New York. 

with J.H. Courtright, "Structure and Mineralization at 
Silver Bell, Arizona": Mining Engineering; November and 
American Institute of Mining, Met~llurgical and Petrol~um 
Engineers Transactions, v. 199, p. 1095~l099. 

Discussion of paper in v. 202, p. 300. 

"Geologist-Metallurgist Cooperation in Porphyry Copper 
Exploration": Mining Engineering, July, p. 8-10. 

with J.H. Courtright, "Geology of Toquepala, Peru": 
Mining Engineering, February, p. 262-266, and Transactions 
A.I.M.E. 

with J.H. Courtright, "Some geologic features of the Mission 
deposit": Arizona Geological Society, Southern Arizona 
Guidebook II. 

with J.H. Courtright, "S ome Cretaceous-Tertiary relationships 
in southern Arizona and New Mexico": Arizona Geological 
Society Digest, v. III. 

with J.H. Courtright, "Structure and Mineralization at Silver 

Be 11, Arfzona II, in Geology of the Porphyry Copper Depos its, 



,-
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1968 to Present 

BIBLIOGRAPHY: 

Southwestern North America, The University of Arizona Press, 
Tucson, Arizona, U.S.A., p. 157-163. 

Additions to Experience Resume of January, 1968 

Consultation and field work on various exploration drilling 
programs involving evaluation of both prospects and operating 
mines, principally porphyry copper: 

Peru--one operating mine and several prospects. 
Arizona--several prospects. 
Nevada--several prospects. 
British Columbia--several prospects. 
The Yukon--several prospects. 
Ecuador-~one prospect. 
Australia--several prospects. 
Philippine Islands--one operating mine and several prospects. 
Borneo {Sabah)--one prospect. 
New Guinea--several prospects. 

"Process of Formation of Mineralizated Breccia Pipes ll
-­

paper read at the Annual Meeting of the Geological Society 
of America, November, 1969. 



5211 N. Oracle 
Tucson, Arizona 85704 

Education: 

J 0 DAVID LOWELL 

Consulting Mining Ge ologist 

Profe s sional Qualifications 

B. S. min. engr. University of Arizona 1949 
M.S. geology Stanford University 1957 
E. Geol. Prof. Engr. d egre e University of Ari zona 1959 

Phone 887 - 5341 
Area Code 602 

Univ . of Ar izona Short Course Computers in Mineral Industry 1965 
Participant 1969 Penrose Conference Depositiona l Environment Porphyry Coppers 

Arizona Registe red Ge ologist and Registe red Professiona l Mining Engine er 
Member AIME, Soc. Econ . Geol., Ariz . Geol. Soc . , and Can. Inst. Min. & Met. 

Experience : 
America n Sme lti ng & Refining Co .: 2 years as mine engineer, shift boss and 

mine foreman 750 tid underground mine . 

U.S . Atomic Energy Commi ssion: 3 years as geologist, project chief, and 
district g e ologist . 

Venture s Ltd . of Cana d a and subsidiaries : 3 ye ars as chief geologist, mine mgr., 
35 tid undergrou nd mine , a nd Western Mgr. (Int . Randwick Ltd . ) and 2 years as 

. resident mgT. a nd vice pre sident (Southwest Ve ntures Inc.). 
Utah Con struction & Mining Co .: 2 yrs as senior geologist and district geologist. 

Consulting g e o log ist , Tucson, Arizona : January 1962-present date, for 
Newmont M ining Corp . , Utah Construction Co . , Kern County Land Co. , American 
Metal Climax I Supe rior Oil Co . , Callahan Mining Corp . , N.Y. and H. Rosario 
Mining Co ., Quintana Petrole um Corp . , N . J . Zinc Co . , American Cement Co. , 
Occidental Pe trole um Corp . , Humble Oil Co . , Bethlehe m Copper Co.; Penoles 
Mining Co . , Union Pa cific Ra ilroad Co . , Kaiser Aluminum. Co . , Kaiser Steel Co., 
Aluminum Co . America, Mar copper Mining Co . , America n Exploration Co., Dravo 
Corp., and a nu mber of indiv idual mine owners, lawyers, and mine investors. 
Expert witne s s in a number of legal proceedings for companies, individuals, and 
State of Arfzona . Participate d in exploration andlor development drilling proj ects 
for several maj or porphyry coppe r d eposits. 

Geographic location of work : 

16 years, eight Southw e ste rn states and Alaska 
2 years in Mexico 
1 year in Cannda 
1 ye a r Domini ca n Re public, Hondura s, Argentina, Peru, Chile, Iran, Philippines, etc. 

Publications: 

Eight papers most of which concerned with porphyry copper geology in Econ. Geol., 
Am. Jour . Sci . , and AIME and GSA annua l me eting abst. 
Presented 1970 AIME Jackling Award Le cture. 

Profe ssiona l Office s: 

Chairma n, Ya vapa i Subse ction, Amer. In s t. of Min . Engr., - 1957 
Editor, Ari zona H ighw a y Ge ologica l Ma p, Ariz . Ge ol. Soc. - 1965 
Pres id e nt, Arizona Ge ologica l Societ y - 1965-19 6 6 

Associa t e d with J. W. Still, ConSUlting Mining Engineer, and 1. C. Arnold, mining 
geolog ist 



J. DAVID LOWELL 
CONSULTING GEOLOGIST 

5211 N. ORACLE TUCSON, ARIZONA 85704 

Harch 8, 1971 

Mr. Richard Hewlett, President 
Sierra Mineral Management 
4747 East Sunrise . 
Tucson, Arizona 85718 

Dear Dick: 

PHONE 887-5341 

I was interested to hear about the projects which your Company 
has underway and was impressed that you have been able to become associ­
ated with a number of promising exploration ventures in a short period 
of time. 

As I mentioned to you my time is mostly taken up by several 
retainer arrangements with mining and oil companies, and I could not 
guarantee to make available to you more than about three days a month 
at this time. It is probable that more time could be worked into the 
schedule on occasion and also probable that over a period of several 
months I might be able to shift responsibilities so as to make a little 
more time available. I also have other commitments which require me 
to take new prospects which come to my attention to other companies. 

Clark Arnold and Julio Barranco who work for me will have -only 
a little time available for the next 4-6 months but. might have time . 
available in the second half of 1971. We have the capability in our 
small organization to do an efficient job of handling exploration drill­
ing projects, and there might be an occasion in the future when we could 
manage a project for Sierra. 

I am associated with J. W. Still, consulting mlnlng engineer; 
Jack was formerly manager of the Bagdad Copper operation and General 
Superintendent of Miami Copper Co. His specialty is preliminary feasi­
bility studies, metal commodity studies, and design of mining systems-­
particularly bulk underground systems. He would be . available to assist 
when an expert opinion on economics and production problems is required. 

Mr. Still and I charge $300 per day plus expenses .for our services. 
I charge $150 per day for Arnold's time, and cost plu 25% for other mem­
bers ~f the staff. If Mr. Dausinger is to report to me in his work in 
Mexico I would charge 25% of the amount paid Dausinger. 

I also understand that the arrangement which we discussed would 
involve a 2% stock option in Si erra Minagement in exchange for which 
I would supply off-the-cuff advice and opinions based on my experience 
and files. This function would consist mainly of telephone conversations 
with you. 



I ·would be willing to enter into an arrangement as outlined above, 
and I appreciate having been considered for this associate arrangement 
with Sierra. . 

Your s very truly, 

J. David Lowell 

JDL:h 

2 



Persona l Data - J. W. Still 

Born October 21, 1900 - Tucson, Arizona 

Married (Lillian C. Cronin) December 31, 1921 - 3 sons 

Height - 5 f 10 1/2" Weight - 192 1bs. Health - excellent 

Educational: 

Grade and High School in Tucson, Arizona - 1906 to 1917 
College of Mines, Univ. of Arizona - 3 1/2 years - 1917 to 1921 

Professional: 

1921-1930 

1930-1934 

1934 (6 mo.) 

1934 (6 mo.) 

1935-1944 

1944-1945 

1945-1955 

1956-1968 

1968 -

Miami Copper Co., Miami, Arizona - Jr. Engineer, 
Underground transi tman, Stope & Efficiency 
Engineei, Office Engine~r 

Bagdad Copper Co., Bagdad, Arizona - Mine Supt. 

Bengue t Consolo Mi ning Co., Philippines, Shift Boss 

Phelps Dodge Corp;, Ajo, Ariz. Office Engineer 

Bagdad Copper Co., Assistan t Manager, General Manager 

U.S. Government, Washington, D.C. - Commodity 
Specialist, Metal Reserve & Chief of Copper Section, 
Foreign Economic Administration 

Miami Copper Company - Mine Supt. (1945-50), 
. General Supt. (1950-55) 

Partner, Siill & Still, Prescott, Ariz. 

Associated with J. David Lowell, Tucson, Ariz. 

Professional Org anizations: 

Member - American Institute of Mining, Metallurgica l & Petroleum 
Engineers (AIME) 

Director - Arizona State Section AIME 

Other: 

Member - Board of Governors, Arizona State Dept. of Mineral 
Re sources - 1961-1969 

Registration: 

Registered Mining Engineer, State of Arizona - No. 2136 



General Background on Consulting Work Done by J. W. Still 

General mine consulting, including mine valuations, mining project 
feasibility studies for both open pit and underground mines, under­
ground mine layouts for changes in mining systems, operating mine 
studies,mining tax cases, expert witness on mining lawsuits, ap­
praisal of proposed and operating mines for either loans or mergers, 
prospect examinations. 

List of Cl ients and References - on Some Major Work Done 

Cerro Corporation 

Quintana Minerals Corporation 

United States Steel Co. 

Banner Mining Co. 

Atomic Energy Commission 

Stat e of Arizona 

American Ivletal Climax, Inc. 

Hanna tvlining Co. 

R. P. Koenig, President 
Cerro Corporation 
300 Park Avenue 
New Y~rk, N.Y. 

Corbin J. Robertson, President 
Quintana Minerals Corporation 
500 Jefferson Building 
Houston, Texas 

John Quinn, Chief Engineer 
United States Steel Co. 
Lander, Wyoming 

Allan B. Bowman, President & 
General Manager 

Banner Mining Co. 
P.O. Box 5605 
Tucson, Arizona 

Rafford L. Faulkner, Director 
Division of Raw Materials 
Washington, D.C. 

Stan Goodfarb, Assistant State 
Attorney 

Arizona State Highway Dept. 
Phoenix; Arizona 

R. J. O'Hara, Vice President 
·Blackwell Zinc Division 
American ~Ietal Climax, Inc. 
1270 The Avenue of the Americas 
New York, N.Y. 

F. M. Chace, Chi ef Geologist 
The Hanna Mining Co . . 
100 Erievi ew·Plaza 
Cleveland, Ohio 



I 

Bagdad Copper Corporation 

Dresser Corporation 
(Magnet Cove Barium Co.) 

Molybdenum Corporation of 
America 

David C. Lincoln, President 
Bagdad Copper Corporation 
55 East Thomas Road 
Phoenix, Arizona 

L. M. Hermes, Jr., General Manager 
Dresser Minerals 
P.O. Box 6504 

Dan M. Kentro, Vice President 
Molybdenum Corporation of America 
230 Park Avenue 
New York, N.Y. 

List of Personal References 

Dr. C. A. Anderson (former Chief Geologist) 
U.S. Geological Survey 
345 Middlefield Road 
Menlo Park, California 

Dr. J. K. Gustafson, President ' 
Homestake Mining Co. 
100 Bush Street 
San Francisco, California 

Mr. Willard Johnson (former President of Magcobar) 
l3llA - 1st City National Bank Bldg. 
Houston, Texas 

Mr. W~ston Bouret, Vice President 
Utah Construction and Mining Co. 
550 California Stree t 
San Francisco, California 

Mr. Ira Joralemon 
315 Montgomery Street 
San Francisco, Californi a 

Valley National Bank 
Speedway and Swan 
Tucson, Arizona 



Resume of Staff Members of 

J. W. Still and J. David Lowell, As sociates 
Consulting Mining Engineers and Geologists 

Tucson, Arizona 

L. Clark Arnold, Ir., geologist: BS & MS in geology, all require­
ments completed for Ph. D. except final acceptance of dis sertation. 
Has a total of approximately three years field experience in porphyry 
copper exploration in the Southwe st, Canada, and South America. 
Arnold has worked for the firm two years on full-time basis and over 
five years on a part-time basis. 

I. C. Barranco, geologic technician: college courses in geology, 
petrology, and mineral identification. Fluent Spanish and German. 
Five years experience as sampler, draftsman, field geochemical lab­
oratory operator, supervisor of drilling proj ects, etc. Has worked for 
the firm five years. 

Helen R. Hauck, secretary: BA mathematics, registered medical 
and radiologic technologist, administrative and bookkeeping experience, 
technical editor, experience in offset printing I ad layout, geological 
editing and library research, ore reserve calculations, etc. Has worked 
for the firm five years. 

H. Diane Wright, draftsman: BA in anthropology, all requirements 
completed for MS in geology except thesis, studied scientific illustra­
tion, geologic library research work. Has worked for firm six months. 



The 1970 Jackling Award Lecture 

MINING ENGINEERS APRIL 1970, MINING ENGINEERING---61 



i. 

68-MINiNG ENGINEERING, APRIL 1970 SOCIETY OF 



MINING ENGINEERS APRIL 1970, MINING ENGINEERING-69 



70-MINING ' ENGINEERING, APRIL 1970 SOCIETY OF 



MINING ENGINEERS APRIL 1970, MINING ENGINEERING-71 



72-MINING ENGINEERING, APRIL 1970 SOCIETY OF 



MINING ENGINEERS APRIL 1970, MINING ENGINEERING-~73 . 
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WILLARD C. LACY 
4034 EAST BURNS STREET 

TUCSON, ARIZONA 85711 

Mr. Richard F. Hewlett, President 
Sierra Minerals Corporation 
4741 East Sunrise Drive 
Tucson, Arizona 85715 

February 20, 1971 

Santa Fe CI~im Group 
Nacazarl, Sonora, Mexico 

Dear Dick: 

On 'February 13, in the company of Rene Moulinet, I visited the Santa Fe 
claim group -- located approximately 30 ki lometers south-southwest of the 
town of Nacazri; Sonora, Mexico~ Approximately 1/2 day was spent actually 
on the property, and the claim area was traversed on foot. ' 

The Santa Fe claim group covers a bright red color anomaly that is a 
part of a more extensive zone of shattering and mineralization -- about 5 
mi les .long and I mi Ie wide trending generally east-west. See attached sketch. 

The country rock i5 an andesite volcanic unit, with flow breccia phases, 
that is intruded by latite to quartz-monzonite porphyry and basalt dikes and 
latite breccia plugs or pipes. . 

The mineralization within '- the Santa Fe claim group is centered around 
a cluster of five or more of the latlte breccia pipes or plugs with the cores 
of silicified and tourmalinized latite up to 300 feet or more in diameter 
showing local areas of favorable capping, and peripheral areas In the altered 
andesite rich in pyrite and chlorite. 

There was no copper sta I n i ng of the rocks either I n the centra I brecd a 
zones nor in the peripheral pyritic andesite zone -- though the peripheral ' 
zone was oxidizing with the formation of abundant ferrous sulphate as crusts 
on the, rock ' faces and in the stream waters and stream bed. Also, no ferro­
molybdite was Identified with certainty in either zone. Most of the color 
anomaly was due to supergen~ effects of oxidizing pyrite reacting with the 
andesite. 

There was no evidence of potassic alteratqon, an abundance of pyrophyllite 
was found In the central alteration zone. 



Mr. Richard F. Hewlett, President 
Page 2 
February 20, 1971 

A series of chips collected at 1/10 mile intervals across the southest 
portion of the color anomaly were sent for geochemical assay. Likewise, a 
sample of the propylitized andesite rich in pyrite from the outer fringe 
area was sent for assay. These results have not yet been received. 

Conclusions: . 

Surface indications at the Santa Fe claim group are not particularly 
favorable for the discovery of a shallO\'I orebody. There are possibi I itles, 
however, that in depth the extensive propylytic pyrite zone wil I change to 
a copper-bearing quartz-seric.ite zone. No prediction can be made as to likely 
depth. However, the rate of change in geochemical values in copper from the 
peri phera I propy lit i c zone toward the s i Ii c If j ed-pyrophy iii te brecc j a centers 
may be indicative. 

I would recommend that the initial steps be to: 

I) Obtain a base map campi led from aerial photos on scale of 1:6,000 
(I' = 500') to: 

2) Carry o·ut a geochemical sampling program using rock chip samples 
on a SOO-foot grid-reducing to a 250-foot grid in areas where anonalous 
values appear, or in the vicinity of the latlte breccia. 

3) prepare a geological map showing rock types, principal structural . 
zones, alteration and mineralization, and fracture intensity. 

On the basis of the above data a decision can be made as to the advisa­
bility of a dri I ling program and possible extension of claim holding. 

The mapping and sampling should take a geological crew of two men 
approximately two weeks. 

WCL/gs 

Sincerely, 

'7/~4 
Will ard C. lacy 
Head, Department of Mining 
and Geological Engineering 
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Bus. Ph. 943·1 714 
Res. 657 Oak St., 489·2080 

}:Ir. R.F. Hel'rlett, 
President, 

ALBERT A. KOFFMAN, P.ENG. 
CONSULTING EXPLORATION AND MINING GEOLOGIST 

702 CON F EDERATION BLDG., 457 MAIN STREET 

WINN IPEG 2, MAN ITOBA 

April $, 1971. 

Sierra l-1ineral Hanagement, 
4741 East Sunrise Drive, 
Skyline Bel Aire Plaza, 
TUCSON, Arizona, $5718 
U. S. A. 

Dear Hr. HeHlett, 
Re Cominco Ltd. Volcanogenic 
~loration Proj ects. 

I have discussed the $ exploration projects located 

in Saskatchel-.ran, Hanitoba and Ontario, 1-lith Hr. Art Asten and 

Hr. George Tikkanen of Cominco. The projects submitted to your 

group for participation are reasonable grass roots exploration 

areas. I am not too impressed ,-lith the Hamell Lake area in 

SaskatcheHan or the Hughes Lake area in ganitoba, but these 

projects have been budgeted for only $21,000.00. 

The total volcanogenic progr am is estimated at 

$240,000.00, ru1d during my discussions \rith Cominco personnel 

they \"lere reluctant to have a participant t ake only a part of 

the program. After reviel'Iing the $ projects i n detail, I am 

advising you that for a cost of $120,000.00 to your group the 

entire project is a "rorthy exploration effort. 

The follm·ling is a summary of exploration programs 

for each group:-

Hamell Lake, SaskatcheHan. This program, on a 

3,120 acres clai m block, is e s~:imated to cost $11,000.00. A 

35 line mile Turam 'ground Elect. romagnetic survey is planned on 

the lmters of Hamell Lake. This t ype of survey is able to pick up 

conductor zones that may carry economic miner alization up to a depth 

of 450 fto This area is approxi mat ely 4 miles north-"rest of Hudson 

Bay lUning & Smelting operating mine and Hudson Bay did limited 
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exploration in this area in 1936 before the advent of deep penetration 

TUram exploration technique. The ''lork proposed 'Hill have to be done 

in November and December of 1971, vlhen ice covers the '!,vaters of 

Hamell Lake. Should conductive zones be located a follovT-up diamond 

drilling program is planned to test the Turam Electromagnetic zones 

located. 

Hughes Lake Area, Manitoba. This program, on open ground, 

is estimated to cost $10,000.00, and is located 20 miles east of the 

Lynn Lake operating nickel mine of Sherritt Gordon Hines Ltd. A 

200 line mile airborne E.H. and mag. survey at one-eighth mile intervals 

is . planned for this area, vfhich is a favorable volcanic belt. Should 

the airborne survey locate conductive areas, ground E.H. and mag. 

surveys Hould be done in the next stage of exploration. 

Southern Indian Lake" Hanitoba . This program, on 39 claims 

in five groups, is estiraated to cost $9,000.00, and is located 80 miles 

south-east of Lynn La..1ce, Hanitoba. Ground E.H. and mag. surveys 'Here 

done on ground acquired after the release of an airborne Input geo­

physical survey done by the ,Hanitoba Government. A ground E.l·f. and 

mag. survey has confirmed the existence of 4 E.H. mag. targets '!,'lorthy 

of diamond drilling, and \'Till be done forth-dith. 

Captain Group, Ontario o This program, on 18 claims, is 

estimated to cost .$6,000.00, and is located 15 miles north of Larder 

Lake, . Ontario. This ground i'Tas acquired in a volcanic belt of the 

general Tirrnnins area. A ground E.H. and mag. survey totalling 

20 line miles is planned for this area, together ,·.rith geological 

mapping of the ground held. Further exploration \'rill depend on 

the results of the initial exploration programo 

Jellicoe, Ontario. This program, on an area comprising 

parts of six tOl'IDships, is estimated to cost $30,000.00, and is 

located 30 miles Hest of Geraldton, Ontario. This area is ll..l1derlain 
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by acid and intermediate volcanics. There are several Imo1m base 

metal mineral showings in the area. An airborne E.H. and mag o 

survey using Sanders airborne helicopter equipment, totalling 

950 miles, is planned for this area. Ground acquisition ,-rill 

depend on results of airborne survey. 

Eab Property, Ontario. This progr am on ~37 claiul s is 

estimated to cost $lO,OO~oOO, and is located 100 ndles east of Pickle 

Lake, Ontario, being largely covered by the 1'laters of Lake Eabamet. 

An airborne E.l;f. and mag. survey using Scintrex Otter airborne 

equipment, totalling 200 line miles, is planned for this area. The 

area to be explored is underlain by acid volcal'1ics. Ground folloH-up 

i'lork vrill depend on the r esults of the airborne surveyo 

Keezhik Lake Area, Ontario. This program, on open grollnd, 

is est:iJuated to cost $5,000 0 00, and is located 75 miles east of Pickle 

Lake, Ontario. An airborne E.H. and mag. survey using Scintrex Otter 

airborne equipment, totalling 250 miles, is plaD~ed for this area. The 

area to be floi'm is underlain by a volcanic complex. Ground acquisition 

and further folloi'T-up 1·rork lrill depend on the r esults of the airborne 

survey. 

Eagle Lake, Ontario. This program, on open ground, is 

estimat ed to cost ~18,000.00, and is located 15 miles south-1rlest of 

Dryden, Ontario. The area to be eA~lored is a rhyolite-andesite contact 

on a major volcanic structure. Ground E.H. and mag . methods I,rill be 

used in place of an airborne survey on this area . Geological ,'fork is 

planned in conjunction with the E . H. and mag. survey and ground 

acquisition ,,·rill depend on the r esults of above '·fork . 

r have advised the Cominco management i n Toronto that after 

the agreement is finalized betHeen yourselves and Comin co r iIould be 
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looking over their exploration i10:rk on a monthly basis., and 

submitting progress reports to your groupo This was satisfactory 

to COD.inco. 

.. 

Respectfully submitted., 

-·-·c:/~e 6-/tf1y~,~. 
Albert A. Kof¥m~, P. Eng., 
Consulting Geologisto 
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TRANSCONTINENT AL RESEARCH & DEVELOPMENT CORPORATION 

Ms.y 31, -1973 

SUITE 1410 TUCSON FEDERAL TOWER 
32 NORTH STONE A VENUE 

Mr. Richard Hewlett 
Sierra Mineral Management 
4741 East Sunrise Drive 
Tucson, Arizona 

SUBJECT: Cynide Leaching System-

Dear Mr. Hewlett: 

TUCSON, ARIZONA 85701 
602-884-9960 

Based on the information and requirements as given at our meeting May 21st, 
1973, the following observations and conclusions have been reached, and 
are offered for your consideration. It is , of course, understood that 
without laborat ory testing, all calculations must of necessity be based 
on knowledge of soils mechanics and general knowledge of the regional 
soils. All calculations are for a 200 x 200 ft. Pad with a 50 ft. 
overburden. 

The Pad, including waterproofing barrier, will be required to support 
130,000 tons without critical shear. 

The natural surface soils may be considered to have a coefficient of 
permeability of 10-3, which of course, is relative free draining. 
Another aspect for consideration is the potential of these soils for 
subsidence under overburden pressure, and must be taken into account 
for design purposes. . 

Any approach to a rubber-lined method of seal would in the opinion of 
the writer, be ill advised, due to high rupture hazard, which could 
occure at any time during operations; forcing the abort of t he entire 
system. 

It remains, therefore, for you to evaluate the time and cost factors 
for an effective system using natural materials. 

TliO criteria must be satisified. First, the integrity of the Pad must 
be maintained in the continued presence ·of water, and two, must meet the 
permeability requirement. Our design calculations indicate a probable 
chemical cost to you in the order of between 4.72 to 6.30 dollars per 
sq. yd. This is chemical materials (F.O.B. Tucson), design, and on site 
supervision of Pad installation: engineering investigation not included. 
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Mr. Richard Hewlett 
Sierra Mineral Management 
4741 E. Sunrise Dr. 
Tucson, Arizona 

May 31, 1973 
Page 2 

Due to the fact that these figures are well above that mentioned at our 
meeting, no great detail has been entered into. However, it may be that 
when you have investigated the alternatives, you will agree with us that 
this is probably the safest cheapest route to go, in which case I shall 
be happy to meet with you for more detailed discussions. 

Trusting we have been able to help in some small measure. 

Sincerely, 
.'/ 

~
. I , J f', 

/·/i1-ti;,/ ttZi ... (j. /tI(Zct!a(.~ 
, /,1 I". .~ 

Thomas ~. Wallace 
President 

TJW/pi 
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PROGRESS REPORT 

To: R. F. Hewlett, President 

From: N. H. Carouso, Consultant 

Subject: Progress Report 

71 Minerals Project: 

The 71 Minerals project area, southwest of Tombstone, Arizona, 

was visited with Mr. R. F. Hewlett, President, ,Sierra Minera~ 

Management, on June 28, 1973, to inspect the project site, and . 

discuss project goals. It was decided to resamp1e the State of 

Maine Hine area dumps at a deeper level in the dumps to determine 
, 

if the grade of silver chaf1~es with depth and also to collect 

representative samples for cyanidation tests to be run by the Reno 

Metallurgy Research Center, U.S.B.M., Reno, Nevada. A forty to 

fifty pound sample from each dump was collected and sent to the 

Reno Metallurgy Research Center. Mine dumps sampled were as 

follows: 
Ag. oz ./ton Au. oz ./ton 

State of Maine dump #2 3.8 trace 

" #3 2.0 trace 

" #4 2.8 trace 

" #5 2.6 trace 

" #6 1.4 trace 

" #7 4.8 trace 

" #8 3.2 trace 

Triple X dump 3.7 trace 

Triple ' X extension dump 4.5 trace 

Bonanza dump 4.4 trace 

North Bonanza dump 2.0 trace 

Uncle Sam dump 1.1 trace 

Brother Jonathan 3.0 ' trace 

Solstice 3.4 trace 

Merrimac 2.4 trace 

The above assays were run by the Reno Metallurgy Research 

Center, and the results received by the writer while visiting the 

Center on August 17, 1973. Discussion of the visit will be reported 

in a subsequent part of the progress report. 
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On July 9, 1973, at a meeting at Miami, Arizona, Messrs. R.F. Hewlett, 

E. Escapule, John White and the writer discussed the Golden Sunlight 

~1ill at Whitehall, Montana, which was to be dismantled and reconstructed 

at the 71 Minerals project area near Tombstone, Arizona. Immediately 

after the meeting, Mr. E. Escapule and his crew departed for Whitehall, 

Montana. Early the next morning the writer and his son, Mark, also 

departed for Whitehall, Montana, to inspect the equipment, take measure-

ments of equipment and building, and assist Mr. E. Escapule in scheduling 

the priority of equipment to be dismantled and shipped to Tombstone, 

Arizona. 

Upon inspection of the thickneTs at the Whitehall Mill, it was f ound 

that pulp had been left in the steel t anks when the mill was shut down 

about 1956, and along the air/solids line the walls of the tanks were 

pitted and' in places rusted through, Two possible coatings to restore 

the tanks will be discussed later in this report. The agitator tanks 

are sound and will only require minor modification to conform to our 

flowsheet design. The balance of the maj or equipment all appears 

usable. The building will be erected at the Tombstone site and will 

be expanded using 'material from the Whitehall site and other sources. 

It was decided to return via Denver, Colorado, and to contact 

MSI Industries, Inc., makers of the Marcy ball mill acquired from the 

Whitehall Mill, and order Instruction and Operations Manuals, to include 

Parts Lists and Foundation Drawings. This was done, however, as of 

August 22, 1973. The Manuals have not arrived. The ball mill foundation 

drawings are needed to complete our building foundation plans. While 

in Denver, Colorado, Mr, Charl es Cit o of Machinery Reserve of Denver, and 

Mr. Harold Grimes of Morse Bros, Machinery Co" were visited and I 

inspected some equipment which we may need for the Tombstone Mill. Mr. 

Charles Cito has followed up with additional quotation~. 

Before the return trip via Denver, Colorado, a gold property 

evaluation trip was made to the Ruby and Joe placer claims, situated on 

the St. Joe River, of eastern Idaho. The evaluation of this property 

will be covered by a separate report. Also a trip was maae to Salt 

Lake City, Utah, for a meeting with Messrs. R.F. Hewlett and J. Bruce 

Stevenson pertaining to the Gibson Mine copper leaching operatiori and on 

the following day a meeting with Messrs. R. F. Hewlett, J.B. Stevenson, 

and Seth Horne, et al., regarding the acquisition of mining claims to 
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expand the 71 Minerals project area. 

Upon returning to Arizona during the week of July 24th, effort was 

directed toward calling and visiting local suppliers of used milling 

equipment, corrosion resistant coatings, gasket material for the thickner 

and agitator tanks, prefabricated forms. for construction of tanks and 

sumps from concrete, Gunite contractors, electric motor rebuilders and 

suppliers. During this time much consideration was given to Tombstone 

plant site location for the cyanide counter current decantations plant.' 

and also the tailings disposal area. A site was selected near the State 

of Maine main shaft and the site ' was stripped to bedrock and then drilled 

by pneumatic drill to obtain samples for assay. Assay results and 

geological examination will determine if the site selected can be used. We 

will then set forms for the mill building foundation. However, we are 

wai ting for the ball mi 11 foundat·ions drawings from USI Industries, Inc. 

Called Mr. Al Evans, Applications Engineer, for MSI Industries, Inc., 

Denver, Colorado, on August 22, 1973, and he assured me he will expedite 

our getting the foundation drawings. It is expected that we will set 

forms for the mill foundations next week. 

Two types of . tank coatings are being considered and will be evaluated 

by coating test material. One coating is called Elastron butyl base 

coating by United Paint Mfg., and the other is a catalytic 2-part nylon 

epoxy primer and a catalytic nylon modified epoxy enamel manufactured by 

Garlock Products. The test results should determine the product to be 

used; however, at this time I am partial to the nylon epoxy coating because, 

firstly, the cost is approximately one fourth the .cost of the butyl 

base, evaiuating froln their respective specifications sheets, and secondly, 

I believe the Garlock product has been more widely tested by ·.industry, 

expecially the mining industry. 

Quotations on gasket material required for tanks, approximately 

4600 feet, vary widely. Of the two quotations we have, one is for 

$114.00/100 feet and the other is for $24.80/100 feet. The $24.80/100 feet 

quote is my preference, both from cost and quality, as this gasket will 

be fabricated from Garlock neoprene by Helm Industrial Supply, Inc., 

Phoenix, Arizona, with one week delivery. 

A meeting with Mr. Henry H. Rubin, Trelleborg, pertaining to rubber 

linings and wear point products was very informative and could lead to 

some applications at the Tombstone Mill. 
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A meeting with Mr. Thomas L. Muir, President, Phoenix Gunite, Inc. 

Costs and application of Gunite for our needs was discussed and Mr. Muir 

will send us drawings per my specifications and price quotations for 
')./ 

construction of sao TPD leaching vat and a leach dump pad. The vat could 
! , 

be considered for both Tombstone and the Gibson Mine expansion. 

Through Mr. C. Richardson, Denver Equipment Co., . Tucson Office, I 

learned about a CCD cyanide plant that could possibly be acquired) at .' 

Atlanta, Nevada. We were unable to locate the last owner of the mill, so 

I decided that I would inspect the mill at the Atlanta Mine, Nevada, and at 

the same time attempt to determine the ownership. The trip to Nevada 

would also include visiting the Carlin Gold Mine and Cortez Gold Mine 

along with visiting and discussing test work results with Bureau of Mine 

personnel at the Reno MetallurgY .Center, Reno, Nevada. 

The Atlanta CCD cyanide plant is about a 500 TPD plant.less the 

crushing plant and conveyors. The equipment is in good condition. The 

present owner is Mr. Rutherford Day, 1118 S.W. 8th Terrace, Ft. Lauderdale, 

Fla. 33345, phone (305) 527-0368, who purchased the equipment and buildings 

at a sheriff's sale on May 25, 1973 for $17,325. The appraised valuation 

is approximately $'98,000 and assessed value at $32,500. 1 attempted to 

contact Mr. Day and was informed that he would be back in Florida on 

August 24, 1973, at which time 1 will ask him if he wishes to sell the 

mill and for how much. 

The Carlin Gold Mine, Carlin, Nevada, was interesting. 1 visited with 

Mr. Jim McFarlane, Chief Engineer, and discussed .the mill design and 

performance and also their dump l eaching design and techniques. They 

plan to use stripped lake bed pads f or dump leaching of their satellite 

deposits. Asphalt pads, .4 inches thick, sheared, at their millsite test 

area. This is simi lar to some of my experiences with asphalt pads. '1 

found at the Gibson Mine that compacted local clay worked far superior 

to asphalt. The Carlin Mill was designed for 2000 TPD capacity and cost 

about $6,000,000 and about a year to build. They are now milling about 

2400 TPD gold ore. 

Heap leaching at Carlin Gold Mine is presently conducted on the 

abovementioned asphalt pads. They are 100 feet wide and 90 feet long, with 
..•. --

(. ' . 
four such pads in line .with approximately a 2.5% pad slope grade. They 

.J 

load to about a 10 foot lift and irrigate with rubber tubing outlets at 

120 gpm per 90 X 100 feet pad. Leaching time is about 5~ days for a 60% 
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recovery. Carbon precipitation is used with a caustic strip. 

The Cortez Gold Mine, Cortez, Nevada, was next visited and a 

detailed . inspection of the mill was arranged by Mr. Don Duncan, Mine . 

Manager. Messrs. Jim Smolik, Mill Superintendent; Reeve Fagg, Mill 

Foreman; Ed Walker, Refinery Operator; and Bob Baker, Metallurgist, all 

were very informative. The Cortez Mill was patterned after the Carlin 

Mill and it has a desjgn capacity of 1600 TPD and cost about $7,000,000. 

They are milling about 2400 TPD, due to their efficient grinding section. 

Metallurgy is about the same as Carlin . 

Mr. Don Duncan l'efused to discuss their heap leachi ng operation with 

the s tatement that it was company policy ; however, I was able to piece 

together enough information to at l eas t sati sf y SOlne of my curiosity. 

They are building heaps on stripped lake beds and then compacting mill 

tailings in the pad area. They eventually plan to build a 50 foot lift. 

The slope grade of their pads is about 5%. It appears that the gold content 

of the heap dumps was underestimated, because from a reliable source I 

learned that as of a week or so ago, they have already extracted 150% 

of the gold they estimated to be in the dumps. It looks like they may 

have used mill grane ore for their dump heaps. 

The visit with U.S. Bureau of Mines pers onnel at the Reno Metal­

lurgy Center, Reno, Nevada, was l oke old home week. Most of the fellows 

that I worked with at the Center during the middle 1950's are st i ll there. 

IVe discussed Bureau projects, past, pr esent and potential future. Mr . 

R. Lindstrom, Supervisor Chemica l Engineer, assured me that our State 

of Maine mine area dwnp samples will be processed in the near future. We 

need t his data for our mill des ign at Tombstone ; therefore, I am initiating 

test work to be conducted at the Arizona Bureau of Mines laboratory at 

the University of Arizona, Tucson, Ari zona . Mr. Dave Rabb, of the Arizona 

Bureau of Mines, will expedite grinding and settling rate tests on our 

ore next \veek. 

I believe that Mr. E. Morrice, Research Metallurgist, Reno Metallurgy 

Center, Reno, Nevada, is conducting a research project to study methods to 

beni'ficiate argentiferous manganese ore that is commam in certain areas 

of the Tombstone distri ct and other localities of Arizona. I plan to 

send Ed Morrice samples of this type ore and information I have and also pos­

sibly assist funding of the research project by talking to Dr. T. Henrie, 

Assistant Director, U.S. Bureau of Mines, Washington, D.C. 
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, 
I strongly urge that we implement the laboratory at Tombstone to enable 

us to do most or all of our test work. This is ~e~essary fo~. mill control 
0. . rI -v;, ··u'.,} t; · ·, / , ;' .. ..:0 fJ " (\t . : ) 

and to test characteristics of custom ores e;~'£O';' wh~~e~~~ ' p;~per~~ is 

being evaluated by the company_ If this suggestion meets with management 

approval, I will prepare a proposal of what equipment will be required~~ 

{ 73 
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Counter Current Decantation Cyanide Process for Tombstone, 

Arizona, Silver Ores 

Introduction 

'1 - 16 .73 

The cyanide process was a very important metallurgical process, developed 

for the extraction of gold and silver from their ores. 

The early development of the cyanide process is mainly at­

tributed to John Stewart MacArthur and the Forrest brothers. It 

was first introduced into South Africa in 1890, and then it was 

widely used in Australia, Mexico and the United States. 

From a historical standpoint, it is interesting to note that 

the first patent registered by MacArthur and the Forrests was on 

October 19, 1887. It covered the effectiveness of a weak solution 

of potassium cyanide as a solvent for gold and silver. The following 

year they patented the use of alkalies and zinc for precipitation 

of the precious metals from solution. The fact is that this old 

process revolutionized the gold and silver processing industry 

and is still basically the same process used today. 

The flowsheet of a typical cyanide circuit will be discussed 

to familiarize the reader with the process. The crushed ore is 

ground in a ba11 mill in closed circuit with a classifier to a 

preselected fine size in the presence of an alkaline cyanide 

solution. The classifier overflow is thickened to remove the 

pregnant solution and produce an u~derflow which is subjected to 

agitation for final dissolution of gold and silver values. The 

agitator discharge is washed in a countercurrent decantation system 

consisting of several washing thickeners. Pulp is fed into 

one end and water into the other end, thus the flow of pulp and 

water is in opposite directions. The pulp becomes progressively 
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lower in soluble content as it passes to the discharge end and the 

water at the discharge end increases in lime, cyanide, gold and 

silver strength to eonstitute the mill solution. The mill solution 

is then used in the grinding circuit and is further enriched in 

gold and silver content to form the pregnant solution from the 

primary thickener. The pregnant solution is precipitated using 

zinc dust and the barren solution after precipitation is recycled 

to the washing thickeners. The precipitate is refined to bullion 

by adding fluxes and smelting. 

Flowsheet for Tombstone Mill 

Cyanidation flowsheets consist mainly of two types, all-slime 

and sand leaching. The all-slime cyanidation flowsheet includes 

fine grinding and agitation in alkaline cyanide solution for dis­

solution of gold and silver values, whereas, sand leaching is 

usually a batch process treated in vats by percolation. Another 

type could be called sand- slime leachi ng and a modified version of 

this type wIll be discussed in another report and will cover my 

concepts of an agitated vat leaching process for crushed ore. 

A typical fl'owsheet is included in this report. This type of 

flowsheet is industry approved and tested. Although this flowsheet 

appears similar to an all-slime type process, it will differ 

because a relatively coarse grind will be sought. Preliminary 

laboratory t esting indi cates that a coarse grind should give 

satisfactory recoveries of gold and silver values. 

Se t tling r ates f avor a coarser grind and recoveries are not 

advers ely influenced. Laboratory testing currently being conducted 

at the Arizona Bureau of Mines Laboratory in Tucson, will furnish 

the necessary data to finalize the mill design and plant operating 
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conditions. 

A discussion of the various steps in the flowsheet will be 

presented and related to the equipment available from the Whitehall, 

Montana, mill. 

Grinding 

Single stage grinding utilizing the No. 66 Marcy Ball Mill 

in close circuit with the No. 165.8-D Dorr Rake Classifier, should 

give the tentative optimum mesh size of grind at a thru-put of 

about 150 tons per day of ore, assuming that ball mill feed will 

be -~' screen fraction fro~ the crushing plant. 

·To slightly increase the thru-put of the grinding circuit, 

one can consider several options; one, feed the mill with a smaller 

size screen fraction, two, increase the coarseness of grind, three, 

optimize by mill testing, the size and number of ball charge and 

type of liners, however, to substantially increase the daily tonnage, 

a second ball mill and classifier circuit should be installed. 

Agitation 

The propeller type agitators available from the Whitehall Mill 

are ideal for agitating a coarse grind product. Installation of 

an air agitation system to the agitators should be considered, 

especially to the rake Dorr type agitator. 

Aeration is essential for successful cyanidation, to supply free 

oxygen. For efficient dissolving, it is necessary that oxygen 

come in physical contact with the gold and silver particles. 

Therefore, air bubbles should be well dispersed in the pulp. The 

agitators can be modified to accomplish this . 

As in the grinding circuit, the calculated tonnage that can 



t 
Page 4 

be treated vail able agitators is about 150 ons per day. 

This is assuming that 24 hour retention time in the agitators will 

be sufficient, however, 48 hours or a longer retention time may 

be required. Current l~oratory tests, when completed, should 

give us this information. 

To increase the retention time and also the tonnage, addition­

al agitators will be required. 

The agitator tanks and drive mechanism are in fairly good 

condition, however, the impellers must be reworked and possibly 

rubber covered. 

Thi ckening 

Thickening is an important part of a cyanide plant and is 

essentially a continuous mechanical process involving settling 

where excess solution is removed from the pulp. 

The primary thickener removes pregnant solution which is 

sent to the precipitation plant for removal of gold and silver 

values from the solution. The counter current decantation thicken­

ers wash the cyanide pulp to recover the solution and reject 

the solids to was,te. 

Free s ettling rate studi es conducted at the Arizona Bureau of 

Mines Laboratory, Tucson , Arizona , indicate that the State of Maine 

dump ore tested had acceptable settling characteristics at a pH of 

11.0, adjusted with lime at 2#/ton ore, The settling rate determined 

was 0.5 feet per hour and was dependent on a high pH. Lower pH 

degraded the settling rate. Based on this free settling rate, the 

available thickeners are capable of handling at least 70 tons per 

day of ore per thickener. 

The thickeners can be installed in parallel. I recommend that 
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the thickeners be 1nstalled in pairs, each higher 1n elevation than 

the preceeding thickener pair to allow the solution to flow by gravity, 

thus eliminating at least four pumps, if standby pumps are included. 

The pulp will have to be pumped from the underflow of each 

thickener to the next thickener. This can be accomplished by 

either an adjustable stroke diaphragm pump or a slurry pump with 

pinch valve flow control. Either pumping systems are effective, 

however, the slurry pump-pinch valve system will lend itself favorably 

to future automatic control systems. 

The five 30 foot diameter thickeners at the Whitehall Mill were 

all set at the same elevation. This arrangement requires many 

pumps, and in my opinion and experience as Chi ef Metallurgical 

Engineer fo r a 30,000 ton per day concentrator, will result in high 

maintenance costs and poor r unning time availability. Industry 

practice, and the two recent ly construct ed cyanide plants in 

Nevada, use gravity flow for thickener solution. 

The available thickeners are in need of repair. Pulp was left 

in the thickener t anks when the Whitehall Mill was shut down in the 

middle 1950's, and along the ai r-pulp interface, the tank walls 

are badly rusted. . Badly rus ted sections should be replaced or 

portions cut out and new plates welded in place. All tank sections 

should be sand blasted and when the tanks are assembled, they should 

be treated inside with a corrosion resistant coating. A 2-part 

catalytic nylon base epoxy pri mer and Gnamel will be tested as soon 

as received from the supplier . · A butyl r ubber coating, "Elastron", 

has been r eceived and will be tested immediately . 

The thickener drive mechanisms are in only fair mechanical con­

dition and will have to be reworked. 
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Clarification and Precipitation 

The equipment, although antiquated, appears to be useable. 

The leaf type clarifier filter and the sock type precipitation 

tank, typical of small cyanide plants in the past, can be reworked 

and used for initial production. 

At a later date, pressure type clarifier filters and precipi­

tate presses can be installed to update the precipitation plant. 

Refinery 

At present, refinery equipment is not available. It is be­

lieved that the Amex-Placer people plan to keep this equipment with 

their laboratory facilities at i~itehall, Montana; however, it would 

seem prudent for management to investigate. 

Summary and Conclusions 

It appears that about 150 tons of ore per day is the maximum 

tonnage that can be processed, utilizing the equipment acquired from 

the Whitehall mill. Upon completion of laboratory test work, plant 

design and operating conditions can be finalized. 

Thickeners should be installed to benefit frqm gravity flow 

of solutions. Agitators should also be installed to benefit from 

gravity. 

The thickener tanks must be repaired as well as the drive 

mechanisms. Agitator impellers should be rebuilt and possibly 

rubber covered. 

The Oliver Vacuum Drum Filter, acquired from the Whitehall mill, 

should be reworked and available for use in the counte,r current 

decantation washing circuit as well as the two 22 foot diameter 

thickeners. It is quite evident that we will be crowded for pulp 
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washing capacity. 

Additional equipment will have to be acquired to expand the mill 

capacity. The writer has been active in investigating sources for 

equipment procurement. 

This cyanide plant, with realistic engineering and careful 

construction" practices, should be successful. 

September 18, 1973 

/~-l~4tJ ·~ 
Nicholas H. Carouso 
Consultant 
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Sierra Mineral Management 
4741 East Sunrise Street 
Tucson Arizona 85700 

Attention: Hr. Richard He'w1ett 

Gentlemen: 

Proposal 

TWX : 910-93 1-2 600 

June 14, 1973 

Feasibility Study of Containment System 
Proposed Heap Ledching Operation 
Near Tombstone, Ari zona 
For Sierra Mineral Management 

INTRODUCTION 

In response to a request from Mr. Richard Hewlett of 

Sierra Mineral Management, we are pleased to submit this proposal 

for performing a feasibility study of alternative containment 

systems for a hear- Ip.aching operation ne<.lr the abandoned Maine 

Mine to tl-:e seu th and eas t of Tombs tone, Ari zona. Nr. Larry K. 

Davidson of Dames & Hoore was escorted on a tour of the site area 

by Hr. James A. Briscoe, exploration geologist for the project, on 

Friday, June 8, 1973. A topographi~ map of the site area was pro­

vided by Mr. Briscoe for use in preparing this proposal.' 
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PROJECT DESCRIPTION 

Sierra Mineral Mana.gement plans to extract silver from 

mine waste · dump material near the abandoned Maine Mine by us.ing a 

combination of heap leaching with a cyanide solution and cyanide 

milling. The pH of the leaching solution will 'be controlled at an 

alkaline level to prevent the formation of cyanide gas. Waste dump 

materials passing a No. 20 mesh screen will be milled, and the large 

. sized material will be leached. Mat erials contained in the dumps 

are estimated to be approximately 20 to 30 percent finer . than the 

No. 20 mesh. The same facilities will be used to pr€cipitate silver 

from pregnant cyanide solution obtained from the leaching and mill­

ing operations. 

Estimates of the volume of mine waste material available 

on the surface of the site range from 30 to 40-thousand tons. Work 

is currently underway on a head-frame for re-entry into the Maine 

Mine, and additional silver is expected to be contained within the 

"gob" located in many of the mine stopes. 'With additional prospect­

ing, total reserves of leachable ore are expected to reach 100 to 

l30-thousand tpns. 

Present plans are to construct a l~ach pad of sufficient 

size to stack ail of the leachable are in the du'mps over the surface 

of the s i tee Areal extent of t his pad is expected to be on the oruer 

of 150 f ee t by 250 feet in plan dimensions. Ore will be stacked on 

the leach pads with scrapers, rather than by stackers and conveyur 

belts. Depend ing upon the economics of leach pad construction and 

transport costs, additional pads or pad a=ea may be constructed as 

additional ore becomes available or the initial pad may be cleared 

of leached ore and restack ed with t he new ore. 
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The heap leach pad or pads will consist of g~aded areas 
of reasonably uniform slope, with a relatively impervious blanket 
or membrane at the ground surface to permit collection of pregnant 
leach solution percolating down through the overlying ore pile, 
without significant seepage loss into underlying sailor rock. 
Leach solution is normally collected in one or more sumps at the 
downslope edge of the pad • . Dikes of a sprinkler system are com­
monly used on top of the leach piles to control the distribution 
of leaching solution. 

-
PROPOSED STUDY 

PURPOSE 

The purpose of our study would be to evaluate the near­
surface materials and topograph at two prospective leach pad loca­
tions on the site, one near the Maine Mine shaft and the other 
near the Fox Ranch; and to prOVide recommendations for leach pad 
construction proc edures and materials at each site. Suitable lin­
ing materials would be of critical importance at both sites. 

Primary consideration would be given to the use of com­
pacted native materials for construction of the pads. The fine­
grained soils in the low ground to the northeast of the Maine Mine 
are potential lining materials, possibly in combination with the 
soils at the pad site near the Fox Ranch. Various commercially­
available additives which can be used in combination with natural 
soils would also be considered. Artificial linings or membranes 
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will be considered, if necessary, for a workable solution; although 

these materials are normally more expensive than alternatives using 

native materials, and performance of these materials on a slope and 

under a stack of solid materials is sometimes unsatisfactory. 

SCOPE 

In order to accomplish the purpose of our study, we pro­

pose to perform the following scope of work: 

1) Representative bulk sampling of native soil at the 
Fox Ranch pad site and any fine-grai n ed soils in the 
an~a whi ch ·may be available in sufftcient quantities 
for use in lining construction (we understand that 
Mr. Briscoe may be able to perfo rm this task); 

2) Laboratory testing of the sampled materials to deter­
mine the compaction and permeability characteristics 
of these soils alone a nd possibly in combination 
with other soils or additives; 

3) An office engineering program which will include, 

a) An evaluation of the engineering proper­
ties of alternative lining materials, 

b) An evaluation of required site preparation 
and grading and construction method for the 
lining .material, 

c) Estimating seepage loss of leach solution 
for the lifiing alternatives; 

4) A brief site visit to inspect test pits used f or 
sampling and to verify available material quantity 
estimates; 

5) Pr eparation of a final report which wjll summarize 
ocr findings and reconunendations. 
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SCHEDULE 

We are prepared to begin our work on the project within 

2 to 3 days following your notification to proceed and receipt of 

the necessary soil samples from the site. We estimate that 3 to 4 

weeks would be required to . complete our work and submit a final re­

port. 

FEE 

We propose to perform our study on a time-and-expense 

basis, in accordance with the attached schedule of charges. We 

estimate that our fee , including expenses, will be on the order of 

$2500 to $3000. For this estimate, we have assumed that field 

sampling could be performed by Mr. Briscoe, and that no equipment 

charges would be included. We would not exceed our estimated maxi­

mum fee without your prior authorization. 

In the case of all new clients, it is the policy of Dames 

& Moore to request that an amount of mon ey equal to our fee estimate 

be placed in an escrow account for payment of our billings upon re­

ceipt.Verification of this ac~ount is required before the work can 

be started. ~e hope that you will understand the firm's position on 

this matter. 
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INSURANCE 

During the course of our work, we will provide workmens' 

compensation insurance as required by law, and public liability and 

property damage insurance in an amount in excess of $1,000,000. 

* * * 

It has been our pleasure to prepare this proposal for your 

consideration. We look forward to assisting you on this project. 

If you are in agre ement with the contents of this proposal, please 

sign one copy in the space provided below and return it for our 

files. Receipt of a signed copy will be considered as your notifi­

cation to proceed. 

Very truly yours, 

LKD/dls 

Attachment 

SIERRA MINERAL MANAGEMEN-T 

Richard Hewlett 



SCHEDULE OF CHARGES AND GENERAL CONDITIONS · 

DAMES 8 MOORE 

UNITED STATES & CANADA 

The compensation to Dames & Moore for our professional services is based upon and measured by the following elements, 
which are computed as set forth below. 

PERSONNEL CHARGES 

Charges for employees are computed by multiplying the total direct salary cost of our personnel by two and one-half. The 
total direct salary cost shall be a sum equal to the direct payroll cost (computed on a typical annual basis and expressed as an 
average hourly· rate) plus 25 percent of same to cover payroll taxes, insuraJ)ce incident to employment, holidays, sick leave 
vacations, etc. The time of a partner or retained consultant devoted to the project is charged at an assigned billing rate. 

The 25 percent employee benefit factor is used for work performed by personnel assigned to offices in the United States and Canada. For work 
performed by personnel in our offices in other countries, it will vary depending on the employee benefits paid in the particular location. 

When outside the United Slates, employees' and partners' total direct salary cost will be increased by the premium customarily paid by other 
organizations for work at that location. 

Time spent in either local or inter-city travel, when travel is in the interest of the work, will be charged for in accordance with the foregoing 
schedule; when traveling by public carrier, a maximum charge of eight hours per day will be made. 

EQUIPMENT CHARGES 

Computer control of project costs will be billed at a rate of $1.25 per each $50 of job charges. Other Dames & Moore 
equipment, if used, will be billed at the rates noted in the Appendix. 

OTHER SERVICES AND SUPPLIES 

Charges for services, equipment and facilities not furnished directly by Dames & Moore , and any unusual items of expense 
not customarily incurred in our normal operations, are computed on the basis of cost p lus ten percent. Such items include: 

Rental and operation of drilling equipment 
Erecting facilities for the performance of field tests 
Surveying services 
Shipping charges for equipment or samples 
Subsistence 
Fares of public carriers 

BILLING 

Ren tal vehicles 
Printing and photographic reproductions 
Long distance commimications 
Special fees, insurance, permits and licenses 
Services of testing laboratories 
Services of explosives technicians 

Statements will be issued every four weeks, payable upon receipt, unless otherwise agreed. 

lnterest of 1%% per month (but not exceeding the maximum rate allowable by law) will be payable on any amounts not paid within 30 days, 
payment thereafter to be applied first to accrued interest and then to the principal unpaid amount. Any attorney's fees or other costs incurred 
in collecting any delinquent amount shall be paid by the Client. 

In the event that the Client requests termination of the work prior to completion of a report , we reserve the right to complete such analyses 
and records as are neces.<;ary to place our files in order and , where considered by us necessary to protect our professional reputation , to 
complete a report on the work perform.ed to date. A termination charge to cover the cost thereof in an amount not to exceed 30 percent of all 
charges incurred up to the date of the stoppage of the work may, at .the discretion of Dames & Moore, be made. 

Rates are subject to change upon notification. 

WARRANTY AND LIABILITY 

Dames & Moore warrants that our services are performed, within the limits prescribed by our Clients, with the usual 
thoroughness and competence of the engineering profession. No Qther warranty or representation, either expressed or 
implied, is included or intended in our proposals, contracts or reports. 

Our liability to the Client for injury or damage to persons or property arising out of work performed for the Client and for 
which legal liability may be found to rest upon us, other than for professional errors and omissions, will be limited to our 
general liab ility insurance coverage, which we maintain in limits in excess of $3,000,000. For any damage on accou nt of any 
error, omission or other ptofessional negligence , our liability will be limited to a sum not to exceed $50,000 or our fee, 
.whichever is greater. In the even t that the Client does n ot wish to limit our professional liability to this sum, we will waive 
this limitation upon th e Client's written request provided that the Client agrees to pay for this waiver an additional 
consideration of 4% of our total fee or $200, whichever is greater. 

In the e~ent the Client makes a claim against Dame;; & Moore, at law or otherwise, for any alleged error, omission or other act aris ing out of the 
performance of our profcssional services, and the Client fails to prove such claim, then the Client shall pay all costs incuned by Dames & Moore 
in defending itself against the claim. 

115 .5 (REV. 3-72) 



r 

.-

~1arch, 1971 
29 



30 Arizona Professional Engineer 



"Her. It lsi A Misplaced Decimal In The Curve Radius Inclination 
Formula," 31 





KENYON RICHARD , 
. '. "r I 

. .·'Mvw..~. . '. 7,i ", .. '~ 
IISOI MIRACLE MILE 

TUCSON, ARIZONA 81S701S 

, 1Ir. Richard : F·. Hewlett 
Sie.rra .Mineral Nanagement 
4741 East Sunrise DrlTe 
Skyline Bel Airs 'Plala 
Tucson, Arizoria 85718 

" ... " ' . . '" ; '~ ' . . i!, ~ .~: ." 

Tombstone DiBtrict 
Arisona 

Dear Sir • . 
. . 

Two· days .ere spent in the Tombstone Distriot, July 5 with 

Jim Briscoe and July 11 .ith you and BriBcoe. 

Beforehand I had reviewed Butler and Wilson's U. of A. 

--Arizona Bureau ot Mines Bulletin. on Tombstone, Jan. 1938. 

The authors of this bulletin ~ust have had many old mine maps 

in order to portray the geologic structure, the stratigraphy 

an4 th • .. mi.ne ... • ork1nga i~ ,~~,~ . r.marlc;abl.d.tal1.~ .. 'l'hey aho. 

no ' aBsays, probably b.oaus. the map (and prop.rty?) owners 

.ould n'ot permit publication o't· suoh data. 

,.''i-' . . I , get the . impression ,1'roJll ·.reading the' h1a~or,. .. that, · ,,'. :. 
'r .:: .'~ ':':!', . . :.-l"" ":.r · . 1 " . ,' " •• ". , ,':\', ~ • ••• '. '<1 • •••• • I,. ~ t· ... .. 

despite the tairly substantial. gross produotion ot $.37 million, 
.' .." , 

profi.t .as mostly non .. existant. Cos.t-price ratios , •• re not 

muoh differ.nt than they are today, even .ith the current 

high silver price. The reason I believe that relative costs 

were so high during the distriot' .s h.y-da,. was that too many 

feet of underground workings had to be driven for eaCh .ton or 
are discovered and extracted. They did not have diamond 

drills, modern pumps or bulldozers. 

. " 



., i; Xn ~rd.r toaocOiapllah ,this" old mapasho··wing .·8.ay~ mkat 

be- found. You have u.1dthat .. ·you ·.1Opect to get"mapa or ·tni. 

kind trom property o1lnera w1th whom you are de~~1ng. 

!'he .weatern 'part or the di. triot where you are .etting 

up your presfnt operations reoeived but little old-time aining 

i~ -, 
f' r ; 

, , ' aotlT1t7 .. ~ a8 ~o~r'8cl to! till. · mi'1n,·.' e.stem pfr.ti:on ·;;· ';·~fi:l!:~ · lio~bt:,:/:~ ·,~ ·i " ::" 

le.lI , wa. due to the pr •• enoe or stronger lurtaoe expresllion. 

ot mineralization in the east than 1n the weat. Thi. 1s meant 

in the overall m1nerallaation 8en88.not just more' small pockets 

(, ot horn .llver a t the surface1lh1ch waa the principal ore gulde 

' ~~J.~ ~~ ~\i: : '" "K"f" <;'1' _\r.~t:lr."f1~a~~'Sr5'l\i~*·~"!\I1li l'l . iD41;. __ 'i\~.tihiiY?J::· ~~ ~ti.~'''-tl\i~ :.: , f 
... ~ •• ' t '''<. l~ '~" , .• ~ .. > ,,:.-0 ', ' : . " . /, ' . ' ~ i, '.' e ' ~ . l '" . " ' , . , "l,'<f ........ • 

. r l ,:;;;;:;::::;;~~ ,; ;::;;:.~~::;~~;.~;~':;~;:';:~~': . '\.~., .j' 
~~.?,~" :;,;,";.l.':/I,·'':: . .t/'" .4~~~i.'l'ili~rli . ' 1. ~~A~'~;\' ;t';"-1-). ,~ ,; ,,:, '~ift· ~t" ' :?k:h" ':': 4 ~~I'~,· ~.'i<:Jf'~:l,~·~;l-:'~l· 1';: i..~l;~'V;;"" ;'!.':·' '~:t.::\ ~ ; !, ~~~k. ·'. ~ "'i/, 
.';' .••.• '"-,~:,!( ~.( <~ ~~ - " . 1' ,\q .• P.Ii~J'~. I~,at~ I~.~. ~ ~·~D~ '*" .yen?;.&~ ,,:uwu <.~~ . .,.'. ~ .. ~_ . ,f:l'f·,"';·. 

~. -' .. '~-: . ~' .". '/1."" . ..... , ~~" ~.~ . .l, ~1 :(',:' ~. ~' • '.- :~: '. ~ .~ ., • I .' .... ,:'~. '. ",. t ,.. t ') \ 

" 

'by or.~. " t.~ llke. ~I "H. has ' a . noat{ for ore.'· 4 
• • ':. .'.' ".. Al 

~.~e early miners had good reco~ition of stratigraphy, 

structure. Il1neralogy/ vein .interaectiona. and the economic 
. . I 

ditferenoes and signifioano. :betw.en hypogene and supergene 

tinerala. 

The -point is. you oannot beat thelle old ope-ra torll .. t their ' 

oWn gaDle, exoept (1) by consolidation of proper:tles. (2) by 

reoonstructlon ot the geometry ot all mlneral occurrences (in 

thls connection Briscoe's detall.d ourrent field mapping 1-
'r 

I. 

v- .' ,i' 

.1 



(, 

. i 

long. But the above tour points .... 111 improve JOur luok qu'1te 

a bit. 

Without old aaaa, maps lnha~d tor analysts. it aeems 

likely · that. at beat, aotual und.iaoovered ore bodie. are very 

i" .' : ... 11 . up.1Dratlon.<: · tar~.,t. In;\ .1~erthe )· .... t.rn;~or. · .... ·iiern >'·tt. 
. .! . ". ~, . ' .~. . . .1 

, 
port1ons .ot th.old d1ratr1at • . When all intol"ZD&tlon has b.en 

put together.. I.ould expect that a tew relatlvely ahalloy 

drillholes wl11 be reoommended. 

'l'he large area of alteration with several small breccia 

.c O: 

Dt.stricta proper i8 quite intereating. It 11' br tar : the 

',r ;... 

., . . '. . . . ' .. . 1 . -~ .... : ,! 

. / .. .. ~ .. . ~·~~~~~t,·~ ::; a~d ... ~ar~e .. t .. ~.~~' O~t- ~~~tber_~ ,ac;~~~~:r:'.i:~~ttl.;~i~~:,::·:i\i;:i {"~: ;:~<~J~! 
·11}~. ::~t !\~ ,! >)J,.:¥t'.$~ ... ~.~ )l !1'~~H\~t··. i-.::fti~[ ••• n·~u.!jb1.d;;1~~iI ton ,n,"a,;' .:Jih~lYt! . ,~, : :~~: ' "";~' . ',' 'j~ - .•• • ,,~, .. ~>~~I.", or>' I' ' fl: r .~ .. .!'! • . >t," ..... . ;" ·" ::,·:· .:i .'. " .v :., ." <; ..... ' !".:! ... ~''', f' \ ";,J,~";'~~~: ,~~/~~J.I!~~ , ' 1 ' . 
'. .' '! \ ,,, . :. . -., . .; • .. j ~':a.<f'."' .•• •• :.' ','';',. 4 .. ; • -. -,'.;~ ." • ,, ¥ ' '. _, ' ·" ,\' .. i l

, ',1 ' t - t~!:-lt'<fi'?rl~'''i' ·"4 ~~':"~1'-:.~·.·· . 

. Lt)~. : •• · •• ra1:\·~: ~c~pa.ct.r1a ticaot· -porp~ 'copper ' dep~~ta. ' , .. ,' .. r :f;~r!.;'<J:t' {.,~ 
' ,' I.. .. I • " ..: J \.... ,./: ' . '.""-

(:A 'remlndert 1'here are a number ot long, expensive .tepl , be.- ,~ ... . 
I ;f> ). it. t' 

tween "depoalttl and ~ore" ' ~o~~-,-~an~ ,longer t1nanC1a~:~.~8~.P·8 ' :~'J" ~ 
b8twe.n "ore. boQ:,>n' and·' "~oduct:l/o~ 'a i. oontljlu!:ngpro'~i~\" ~ ;)"i:',., " /--:i~) 

. ,..... . .~. ;. ~ 1 ,( • • • ':.: :. : '. ( .~ .. ",> ..' ( .L "'; ~ . 
. ,~ ,ooour"no • . 1.01' ·II'.l};. '-,rel·at1velt,· h1gher: sra.de. b.a~e~ ,\ .J "'. '; ,:. 

5' " r .'..... ':::;' r' • I', .. t·. ". "~~.;. :~.,, ':~"':-':;;~~f·l~t .. \o<'I.·· ' 

and preoious metal 01'G bodi .. ·• 'i • . common around the t'r.ltrgea .. or ~,"'" 
\' • • J. • ,il/i, . . .. ~ . ",.~'.~ , 

::~o'~ 'po~~ oopper dl.trlct4·.· I'ombstone, and ~.Charl.8ton may . . 

be in thia o.t.go~7. 
( 

.' 

" . ~. " 
' .. ~ . 

(- , . {';.~!'-.'., :'~ 
.) 

. ~ ,. . .... 

,. . 
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Mr. BIClbard P. Hewlett., A~t 9, 191.3. Pa~ 4. 

. , , 

may have been due to a larger 'propo.rtion ot: pyrite ov.r .copper, 
: . . 

silver and other sulphides, 'with aoid leaching having ' removed 

the latter trom the surtace and near-surface. AIIO, a BPod 

deal of the altered are. i8 covered by alluvium. 

There 1s a little Ilmonite-arter-ohalcocite 'in local 

fraoture zone. and breooia pipe. in the alteration' zone, but 
~ 

no.t· :enough to 1ridlcate ';~bat ·' '8Ub8tanttal '.1I1ount8 bt or.~:gNde: :;' . ~'.' 

material existed 1n the leached o.utcrops. Quartz-sericite 

a1 teratl.on 1s fairly strong 1n most p1ace·s. 

'!'he alteration mostly is 1n Unol. Sam porphyry, although 

so.me altered o.utcrops appeared to have clastic textures. In 

i 
.\ 

r .' 

nearby_ : .Jluchot the 0:re . inthe?'o"b~tone (andmayb.",~~ ':'" .~., l 
Ch~rleston) Districts o9curred'!.aaayposene rep~J04JIlent8. ·· .. in . 'i.'til.'J. ':;' .: '~ , 

. , :· 1,'~.j~.)~~·:· .. ' ,. ' .~ ... i t' ; ~~ 1::~ ;" ,.q.(" %:i~. 'l~~~&. ~:i(~t! .. , )l-.;:'j,:~';: B'- l~' /:~.i': ,~, ~~~~:.i:\~~~ ~; ;;Mj, ·.,;t ':.... " . !!~t~fiv~':--: 
. .IOIRv" .·ueu.. \:~ . 4Mf ·" A.o .. r ' . .uu",,~ .. cn. ··uJ,.'·'· ~UIII·'- Bu.. alAI.:' '~c, . ::;>~ • 'l:J."~" ' t;~: 

, .' . . . \. " .!. . " ,' . '~."~ : .. ~ ... N '- ~ • • ; '~1""Co ... -", .. ,:"., '\~::~ .'l . 

Paleolloic carbonate 'beda. ,<~. ,.~ r'f"~ , 
In the wes tern part of the To.mbstolle area the Unole Sam 

'~ • .i)' .. . .~ 

porphyry aeems to bea thick 8ill. I .,uld expect • ... though, 
,;, ,I 

that in the altered area under cons1Aeratien it is a s~o'ek. 
• \ • • 1 • • ~'.~> '::', ~ ~1 ~ I 

I would expe c t the al t~l'.d I to. ok and , . urrounding ~ l 'tered' ,/it : l t·· , . 
I , 

clastic •• diments to contain di~s.m1nated pyrite 'with some 
. l . , 

:' . , .i .. 
chalcocl te and chalcopyr1 t.. 'l'hese might CODS tl tute rela't1 ve'l! 

shallow o.re bodi •• , and that po.ssibility 1s interes.ting enough 

to warrant drilling. First, though. the _pping . should be. 
o • ~ • .- ~ ~t 

". 

, i 



Mr. Riohard F. aewlett, August 9, 1913. Page 5. 

finlshad, particularly the r 'eoonna18ance mappfng including 
the Oharleiton area, "hlob wa8 discussed when We all were 1n 
the tield. -

Since you mentioned that several drillholes have been put 
down 1n the Oharleston D1str1ot, a oouple of wh1Ch had deep but 
long interoepts of 0.1(?)~ Cu, I have been thinking that those 
lnteroepts might be mineralization in favorable oarbonate beds 
1n the lower Bisbee or the Paleozoic formations. This thought 
oertainly enhanoes exploration possibil! ties where the same 
horizons probably extend into the alteration aone desoribed 
abov~. Reoonnaisanoe mapping of the region probably will give 
us a fair idea as to the depth of these limey bede. Even if 
surfaoe exposures of these bede are too far away or too widely 

.. :· apa oad,",<to '}permit, r •• aonabltf·; •• tlu't'16ns 'J or / d ep'th~ thta"~' fi~tht'a­
tion possibility is sufficiently good right now, even with my 
presently rather limited knowledge ot the region, for me to 
recoDDBend ' ~',\dt-l11hole., (1") i: 1000' deep, l 'n81de the "i~rat1on 
zone in the Unole Sam porphyry--preferably within one ot the 
breccia pipes and (2) 2000' deep, outside or the porphyry but 
near it and hopefully, inside the alteration zone in carbona·te 
1"0 oks. 'lhe al tera tl on aone 8h ould spread ou t in the carbonate 
horizons. 

This drilling would not be oonolusive, unless only dis­
semina ted pyrite is en oountered • 

. Yours very truly, 

tA1 . 

, L~~~~~ 
-;:n~~:hard Copiesl one extra to Hewlett 
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R. P. HmnETr 
P,.sHUnl 
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TOMBSTONE PROJECT 

P0.6.6.ibill.:t<.u6olt mine pltOduct.<.on by eaJtly 1974 aILe: 
1.. Wa.6te dump.6 
2. Small IUgh-gJulde undeltgltOund pltodumon 
3. Potetttial med1um-h.ized open pU. 

Ccuh lteqtUJr.emen:t6 and poten;tial. c.a.6h M-ow aile: 
," PItO j ect Cap,f;ta.t ReqtUJr.ement 

Wa.6te dump.6 P.ta.nt (leM e) 
SmaU undeJlfJltOund M.ine equ.<.pment (lea.6e) 
Open pU ExploJulUo n 

Pltojec:t 
Wa.6te dUmp.6 
Sma.U undeltgfLound 
Open pU 

Poten.t.<.a.l P1t06.<.t 
$650,0(10 

150,000 
0- 500,000 

Amount 
$250,000 

50,000 
50,000 

$350,000 

YeaIL 
1974 

pelt yea.Jt 
Pelt tje~ 

7. Plac.eIt will analyze mdall.wtgy ·· and f,eJL6.ibm..ty· 06 mov.ing 
Wllie.ho.ll.p£.a.n;t (on lea.6e 61tOm MECL) .to Tomb.6.tone. 

3. 

4. 

Piac.eltwill lLev.iew 6eM.ibU.<.tY 06 m.in.<.ng "S.titte 06 Ma1..n,?;"_­
and we will then move down 61tOn:J CofL(ieJtO (on !-ea.6e 61tOm -,. 

' MECL) '0.1.1.: lLeqtUJr.ed 'min.<.ng equ.<.pment (ho.i..6u, .6lu.6helL6, 
do ZeIL6, loade.M, etc..) . 

" 71 ML" .i..6 a..t.te..mpUng to 60fLm a C.OltpoJta.t...i.on and meltge 
Tomb.6tone M.<.neJta.l RUeltvu to obt...a.<.n the.<.Jt pla.nt (500 
t. p. d.) and the.<.Jt 35g min.<.ng ~. wUh gold-hUve!t-and 
c.o ppelt mineJta.i..<.za.:Uo n. ·' .,. ....... :-, ,~. 

A lea.6e ha.6 been pfLopo.6ed :to Tomb.6.tone Vevelopment COfLpoJLa..t.<.on 
:to explofLe and m.ine the.<.Jt patented chUm.6 that C.On.6.tU:u.tu 
the lMgut hold.<.ng.6 .in the d.<..6Wc:t. 

5. A lea.6e ha.6 been pltOpol>ed to the E6C.apulu 60fL explo!t.<.ng, 
develop.ing and m.in.<.rig the "State 06 Ma..<.ne" and Santa Ana. minu. 

.. ! 

, j 
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Page 2 . ". 
TOMBSTONE PROJECT 

-, . ~ . !.' t :".: 

~~vm~ 
Move ColLdelLO Equlpment 

-Tomb.6tone Re.6eJtve.6 
Tomb.6tone Vevelopment 
E.6 ca.pu1e.6 

• 
-' 

. Amciunt 
. $100, 000 

'10,000 
$ 25,000 to $100,000 
$' 25,'000 
$ ·50;000 
$210,000 to $285,000 

. TECHNICAL EXPLANATION 

"71 MineJl.a1.6" .6tJLa.:tegy J....6 to tie up the ent1Jr.e Tomb.6tone cU..&bvi.d 
to a..U.ow u& enough time to .6elect c.la..bn.6 OIL m-ine.6 that Me de.6-i.lLe­
a.ble a.nd dlwp c.la.-i.m.6 that don't have much potenila.l be60ILe the a..6.6e.6.6-
ment dea.dUne 06 .SeptembeIL 1, 1973. . ' 

" ., .~ 

The m-in-i.ng .pILOPelLty -in the Tomb.6tone d-i..6bvi.d J....6 owned by 
(-in dec.ILea..6-ing oMeIL 06 -i.mpolLta.nc.e): 

4 • . Tomb.6tone Vevelopm~nt 
2. E.6 ca.pule.6 
3. Tomb.6tone M-ineJLal Re.6e1Lve.6 
4. GlLa.ce-Bonanza. 
5. Wa.yne W-inteJL6 
6. NumeJtOu& . .6maU tJu.L.6:t6, c.hu.lLc.he.6, etc. 

On the ma.p (on the 60Uow.ing page) Me .6hown the 60Uow-ing: 

OwneJL6 h-i.p GILOU~ 
-1. Tomb.6tone evelopment 

2 • &\ ca.pule.6 

4. GILa.c.e- Bo nanza. 

5. Wayne W-in.teJL6 

Tomb.6tone Vevelopment 

L p c.aU-o n. '-6 6 Cla.-i.m.6 
ill OlLa.ng e dou ea.6t 
06 "State o{ Maine" 

AlLo und and -inc.tucUng :: ... ' 
"State 0 6 Maine" .. 

Unpatented c.la.im.6 .6outh 
a.nd ea..6t 06 41 0 N. 
(M-U.UaAy Hill) 

Bonanza. m-i.nedue ea..6t 06 
"State 0 6 Maine" 

NolLth 06 Mi.U:ttvty Hill 
a.nd ~ou.th 06 Em~d 

AU.. oJta.ng'e dotA .6outh 06 Tomb.6-tone (exc.lud-i.ng "state 06 Maine" 
a.nd Bonanza.) Me wa.6te du.mp,~ owned by T. V. The detal.i.ed lLepolLt on 
wa.6te dump a.nd open-pU potential. -i..6 -in exh-i.bU A. 

. t. ' f. . 

.. 
t 
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TOMBSTONE PROJECT 

fi Ca.pu1.eA . • 

T~ PMpe1tty ("S.ta.te. 06 Ma..i.ne") .6hotLtd be opUoned and pu.;t 
.tttto . .6ma.U. .. .6ca1.e undeltgltOund plLoduc.Uon. TiU.6 can be done 60IL 
$30,000 excl.u.cUng a plant. The potenti.aL nOll tlU.6 plLOpeJt;f.y Me.: 

1. Wa..6te dwnp.6 ( 4. 5 0 z . Ag L 
2. SmctU. undeltglLound opelta.Ll.on 
3. Potertt.i.a1.. ·06 a la.ILge undeJtglLound opeJta..tWn 
4. Potertt.i.a1.. ·601L open pU olLe. 

ExhibU B .6how.6 the extent 06 :the undeltglLound wolLlUng.6. 1 have 
exam~ned thehe wo4king.6 by laddelt and 1L0pe and have ta.ken~ome 
.6ampleA Jt.u.nMng olLom 147 to 225 ounCeA pelt ton. Tlte aVelLa.ge glLa.de 
06 gobb (old low-glLa.de 6ill) .u., abou.;t 20 ounCeA which ean be mined 
6.iJt.6t. 

The advantag e 06 the old "State 0 n Maine" LAJolLlung~ ~ that we . 
calt pu.;t the mine back ~nto plLoduc.ilon nOll lLeia.tively low .6ta.1L:t-up 

. ~.6~. . 

In adel-Won to :the ".6ma.U." poten.-Uai., :thelte .u., the ri-i..6 ,tLnc.:t 
pOM~bilUL( that thelte will be?, the .6rune iaJtqe hiqh-qJUtde bonanza one 
at depth tV, ovelt ~n the Tomb.6tone bM~n (rille .6oUth on the town .6ile). 
ThM .u., W.u.6i:Jtated ~n exhib-U: C, whelte :the olLe ~ .6hoWn ~n MOM­
.6ec.ilon (7.l1 nl..tned OLl,:t .6.tope.6 OIL l.evel.6. Notice.that :the olLe .u., at 
and e.6pecialll{ above :the Naco .P..J.mi!,,6 .tone (8 level-bottom) up ..tnto 
.:the "Novac.u1J...te"; blue UmelJ:to ne and R.u., bee ~·.ioup Ume.6:tone.6. The 
bo,ttom 0 It :the "S.ta.:te 0 n Ma..i.ne" '-> ha6-t ~ j u.I.>:t go~ng ~nto ~ bee 
AlLouP Ume.6:tone.6 nlLOm a pOlLphYILY ILock :that ~ rit..tneJl4lized (:that ~ 
·whelte :the pa..6:t plLoduc.Uon came ~lLom). ' Thelte6olLe, :thite -iA a good 
chance :that iM!lelt olLe boMe.6 ew:t at dep:th. (We can at . l~:t make 
moneq on .the ewUng "lowelt gJUtde.6".) 

AI.> I men.-Uoned benolLe, r have a .tax Uen on :the San Juan m.ttie • . 

T omb.i:to ne M.tneJta.l Re.6 elLVe.6 

T~ c.ompany ~ ..tn banklLu.p:tcy and ~ an excellent pO.6.6..tb..tf~y 
nOll u.I.> :to contlLol 358 unpatented m..tMng c.la.hn6 walt gold-.6ilve/L ". 
m-i,neJta1.i.zatJ.on and C.OpPeIL poten.-Ua1.. The.iJL?OO, t. p. d. plant c.ou1.d 
be u.UUzed ..tn pa.IL.t by u.I.> wU.h OUIL Wlti..te Ha.U. p.e.a.i1.t~ The T • . M~nelLa.l 
Re.6eltve.6 plant ~ about two (2) mile.6 nlLOm :the "State 06 McUne" mine. 
OUIL electJwlyUc.-oucla:t..ton plLOCe.6.6 -i..6 .6upelL..tolL .to any ~n :the ~w.c.:t 
a.nd we would have :the only opeILa.Ung plant and c.ouid jo~nt-ventu.lLe 
OIL i:Jteat o/(e on a "c.u.I.>:tom bM~". 

GJUtc.e.-Rot1.a.nza 
T~ PlLope1tty ~ nea.IL E.6c.apuie.6 and MIL. GJUtc.e contac.:ted me lLec.en.t.e.y 

al1d ~n.t.6 :to make it deal wUh "71 M L" • 
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Page 4 
TOMBSTONEPROJfCT 

(I}a.!!ne (tJ.btteJL.6 

... ~ . 

• 

" 11 M L i, Juu 1 5 rrU.tUng c..ta..i.m6 urtdVL 0 plio n .in artd Mound the 
Tomb.6tone di .. ldJuc.t. He ha..6 given u..6 much 6ILee Ume bOIL $100 
peA mon,th. He.i4 VeA!! hetp6ul .to u.6 bt co~oUcla;Uttg plLopeJLt!! 
a.nd aMilng.ing meding.6 60ll "71 M L" • The vahLe 0 6 hU c..t.a..Un.6 Me 
fuCUll.6ed bt fxhlbU V. 
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Tomb~tone VeveloPment 
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TOMBSTONE VISTRJ CT ' 

The. TombIJtone. miningd1AWc.t .u in the. TombIJtone. HUlA, about 

21 mU.u noJithwe.IJ:t 06 8i6be.e., and about 24 mUu IJoutheiUt 06 Be.n6on, 

Wzona. The. mauinum e.l.e.vaUon 60,!- th1..6 Mea .u, about .5300 6ed above 

lIea leve.l.. 

PROPERTIES EXAMINEV 

Twen:ty-thlr.ee (23) patented mining chWn6 WelLe. IJe.l.e.c.te.d, 'mainly 

~Olle. wLth mine. dumPIJ IJu.66icientlq laJtge. in tonnage. to w~ 1Le.­

hanclUttg and mU.Ung them OIL tholle in an Mea 06 ge.ological i.nt.elLut. 

The. pate.nte.d mining chWn6 evaluated Me. tabulate.d in TABLE I. 

II 

SAMPLING PROCEVURE 

Bulk lIamplu welLe take.n olLom e.ach 00 :the. mine. dumpll and 1Le.du.c.e.d 

..in IJize. OOIL alIIJalJ. We.i.ght 00 butk IJample.ll ILange.d olLom 6i6ty (50) to' 

one. hundlLe.d (130) ton6 each. The. IJizeand loc.at1.on 00 :the. bulk lIa1nplU 

Wall depe.ndent on the. IJize 06 the. mine. dump!' and the. Mea 00 e.xpe.Cted 

i.n6lu.enc.e.. BU1.k. IJample.IJ WeJle. c.one.d and qu.alLteJle.d Ming the. bac.kho~: ·' · 

loadeJl e.qu.i.pme.nt u.ntil. tlte.y WeJle. 1Le.du.c.e.d in 1Ii.ze. :to about two (2) ton6, 

:the.n :the.y WeJle. butc.ke.d :to a c.lLMheJl-c.onveyolL lIUe, c.lLMhe.d, c.oned and 

00 in6lu.e.nc.e. The. tonnage c.alc.ui.ated 001t :the. dumpll take tw into c.on-

lIideJLatio n. 

The method utJed :to obtain and pltepalte lIamplu601L alIlIay Wall decided 

u.pon in c.oll.a.boltation wLth VIt. Willaltd C. Lac.y, PItOO~1I01L and Head 06 
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111 

ASSAY RESULTS 

Samplu 60ll a.6haJj We.lt.e. he.nt t:.o Hawley and Hawle.y, AMayeJL6 and 

Che.m.i6:tA, TUCAon,AlUzona., t:.o be a.6ha.yed 60ll goU,· hUVe.lt., lead, c.oppe.lt. 

and .i.n many c.a.6e4 60ll unc., molybdenum and a 6ew 60ll manganue.. The 

a.6hay vai..Ue4 Me .tabulated in TABLE 11. 

Copie4 06 the otvLginai.. a6hay IlUui.:t4 61t.Om Hawley Me inc.i..uded in 

APPENDIX 1. 06 th.i.4 Ilepolt.t. 

MLthmdic.a.l aveJta.gu 601l gJt.a.de4 06 all .the mbte dump4 -hampled . 

aile a.6 60llo~: gold, 0.0180z./t:.on; h.i.lVe.lt., 1.86 oz./t:.on; le.a.d, 

0.55%; c.oppe.lt., 0.07%, 601l 28 ha.mple4i zinc., 0.76% 601l 11 ha.mplu; 

molybdenum, 0.004%, nOll 20 ha.mplui and mangane.6e, 4.56%, nOll 5 hample4. 

The4e aveJt.a.gu aile .i.nte.lt.uting a6 t:.hey homewhat incUc.a.t:.e the glt.a.de 

06 .the m.<.neJr.a!.?zed mttteJri.al c.Onhide.lt.e.d Wa6t:.e ~ng c.eJr:ta1.n active 

pe.lt..i.od.6 06 m.<.n.i.ng in .th.i..6 cU.6rud. Howevelt., it:. hhould. be mentioned 

:th.a-t many 06 .the m.<.ne dumPh have been h electively lle.wOJtked and the ­

concentltate ~h.i.pped t:.c hmeUeJL6. Adua.tly, .the4e aveJta.ge.6hhould be 

In cont:.lt.a..6:t t:.c thue m.<.n.i.mum valuu, peJu.l,.6al 06.the "Olle Shipping 

Recolt.d.6, 61t.Om AptUl 3, 1920 t:.c FebJt.ua.It.Y 28, 1.923", gJt.ttte6uUy 6wr.ni.6hed 

by Mil. Pde G.i.acom.i. 06 Tombh:tone, a copy 06 whic.h .i..6 inc.lude.d in 

APPENDIX II 06 .th.i..6 Ilepolt.t, incUc.a.:te wha.:t Wa6 c.Onhide.lt.e.d aile. glt.a.de 

dwUng .th.i..6 pVLiod and .the. a.tU:thmdical aveJta.ge4 0 n gJt.a.de. and :tonnage. 

nOll h elede.d m.<.nu Me .tabula.:ted in TABLE 111. 
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TONNAGE AND METAL CONTENT OF MINE VUMPS 

; The ~e1.ected mine duinp~ WelLe ~UlLveyed and thUJr. ItUpewve. tOnnagu 
• 

c.a.l.cu.la:ted. The:total tonnage cai.c.ul.itted 601l the :/JAJenty-:thJt.ee mine dumpi, 

, ~amp.l.ed ,Wah _ 524,900 .ton6, and Me c.on6.ideJLed ac.c.wta.te .to dOl. Thi6 

tonnage exc.fudu dump mateJLiai. wh.lc.h WM c.on.6.idelLed Wa.6:te and dump 

mateJLial ou..t6.ide 06 :the Mea 06 .6ampUng .in6luenc.e. Ac.c.u.6.to c.eJt.tain 

MeM 06 lallgeJL dump.6, tha:t WeJLe not ~amp.l.ed, and to iAola:ted ~matteJL 

mine dump.6 would c.Dn6.ldeJr..a.bly .inc.Jt.eMe :the :to:tal .tonnage, howevelL, 601l 

:th1A 6ea.6.ibUUy .6:tu.dy, the aclcU:t.i.onai. expen.6e did not ~eem jwd:..i.6.led. 

A va.tue 06 11. 5 c.ub.ic. 6 ee:t pVt :to n WM U6 ed .in cai.c.ula:t.i.ng :the .to nnag U 

06 :the mine dwnp.6. Th.l.6 value WM dUe/lJTU.ned a6teJL we.i.gh.lng known 

volumu 06 avvr.a.ge .6~ze d.i..6bUbCLtion dump mateJt.i.ai.. 

The .:tonnagu c.alc.ulated and :the me:tal c.ontent 06 :the m.ine dump6 

.6ampled Me tabula.:ted .in TABLE IV. 

V 

ECONOMIC CONSIVERATI0NS 

An attempt to plac.e dqUMvalue .to the mine dump ma:teJt.i.ai. 

geneJLa:ted:the 60llow.ing data: 
- -

I. Wughted aveJia.ge.6 601l gJt.a.de 06 aU the mine dump6 .6ampled 

WeJLe: gold, 0.021 oz./ton; .6.i.lVeJL, 1.36 oz./.ton; and lead, 

10.9 lb. / ton. Weighted avvr.a.ge.& 601l gJt.a.de 06 c.oppeJL, z.inc., 

molybdenum and mangane.&e, ba.6ed on ava.i.la.ble a.6.6aJj.6 WelLe: 

c.oppeJL, 1.19 lb./ton, 601l 338,300 tanh; z.inc., 2.41 lb./ton, 

601l 108,600 ton6; molybdenum, 0.099 lb./.ton, 601l 326,700 tOn.6; 

and mangane.&e, 48.9 lb./ton, 601l 14,500 .ton6. 

2. Metal c.ontent 06 mine dump-6 -6ampled: gold, 10,915 oz.; -6UveJL, 

775,500 oz.; lead, 5,107,320 lb.; c.oppeJL 461,780 lb., b~ed 
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molybdenum, 37,346 lb., ba.6ed on 326,700:.ton6; and mangane6e, 

708:-340 lb., ' ba.6~ on ' 14,500 ton&. Mait· c.ort~ 06 copp~, 

Unc., molybdenum and mangane6e' Wa.6 ba.Aed on tonnagu c.oveJled 

" by Clva.U.able a.6~a.y~. Bec.a.u& e gold and ~ilvelL WelLe :the me.tal.6 

06 plUme .unpoJtta.nc.e in t:he 6ea.6.ibUliy ~.tu.dy" t:he ot:heJl metal6 

WeJle a.6~a.yed .to a.6~~:t bl. ddeJcmbtbtg :theiJL cLudJubc.tti.on and 

:thw .unpoJLtanc.e 60IL bl.c1..u6..ion ,..in mda.U.wtg..ic.a.l' :te6Ung :to 

devetop an economic.a.Uy 6ea.6.ible6lo/AU)hed nOlL the»r. ex.:tJt.a.c.Uon. 

3. AMu.m..ing 90% ex.:tJt.a.c.Uon 60IL t:he gold a.nd 85% extJc..a.c.Uon 60IL :the 

~ilvelL c.ontent 06 .the dwnp~, at t:he 60UoW-i.ng ma.Jr.ket pJL.i.c.e 

06 $90. a%z. 60IL gold and $2.4,1/oz. 60IL ~liveIL, g.ivu t:he 

ILec.ovelta.ble doUaJr. value 06 $888,975 60IL gold, and $7,464,678 

OOIL ~ilveIL, OIL a. gM~~ 0 n $2; 354,677; ~ gM~~ excf..u.du 

lea.d, z.inc., c.o pp elL, molybdenum a.nd manga.ne6e. The ex~.iOtt 

06 :thue elemenb ..in ~ ec.onomic. eva.lua.t.i.on ~ jUlJU6..{.ed un:til. 

la.boJta.toILY te6Ung .incUc.a.tu :the 6ea.6.ibili.:ty 00 ex.:tJt.a.c.Ung , ' 

:them. HoweveJl, t:he»r. , pILuenc.e ~c.eJr;tainly ·~.ignio.ica.n:t '.in :the 

oveJr.a.i.l evai.Lto.;ti.On a.6 :they, ha.v'e po:tenU.a.t do~ value. 

4. An utima.:te OOIL handUng a.nd :tIteatme.nt c.o~U would be a.bolLt 

$2.75 pelL ton, .in a. 200 TPV pilo:t pMduction :type ptant OIL 

a.ppMx...imately $7,444,000, lea.v..ing a. net gM~~ 06 $910,677. 

5. M.6u.m..ing t:he pU.o:t pMduc.Uon pla.n:t would c.o~:t a.ppMx...imately 

$250,000 OOIL a. 200 TPV opelta.tion, one would ILea.l.ize a. nic.e 

pM6..i:t OMm an opelta.tion 06 :tfUf., :type, and :the a.dva.n:ta.ge6 

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

deJL.i.ved would be .mea.ningoul. Adva.n:ta.guwould be :the 6a.milia.JL.i.:ty 

W-i.:th oILe :tItea.tment c.ha.lta.c.:t~UcA, ILe6 uLttng bl. ILe 6.inemen:t 06 

:the 6lo/AU)hed, wfUc.h 06 c.OWt6e would ha.ve :to be developed by 

-4-

r .. 



- ,. _. ' ,.: }:~ : ~~~/j; ; . 
', :.,; .,' 

p ... 
. : ;' .. -, . 

·:.:·;:~"~y~gtt£~~~.~:·-; .. ~:·: )i~·~;-'~ :; .~·":~:·' <:. 
.. ..... -: . 1· 

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

-. 

laboJtatolUj te.6:ti.ng, which would btd.ude . till.. the Jr.ec.oveJtable . 
value.6 in the mine dump matVrial. The lLec.oveJtable doUair. 

j 
. . *-

value 06 lead c.ould be a.ppltOUmately $7'1.0,000, btUed on a lead 

plLic.e 06 $ o. 14/ lb., and the co ppe.IL, zinc., molybdenum and mangane.6 e 
would aUo enhanc.e the Jtec.oveJta.ble doUaJr. value that could be 
expec.:ted 61LOm .tJtea.Ung the mine dump mateM.al. 

The dew-ion .to c.on6-ide.IL c.on6bw.c.:t.i.on 06 a pUot plLOduc.tion pla.n:t 
IJhould be ba.IJed on the 60Uowbtg cJti..teJli.a.: 

.1. An active exploJr.a.;ti.on plLOglLam, .to detelUft.ine -i6 poten:t1.a.l open 

pit .type mbt.i.ng ,t,Uu eilit in .thiIJ Mea, and the oJte ILUeJLVU 

.that c.ould be expec.:ted. 

2. Thedevelopnent 06 an e66ec.:t.i.ve 6.toW6heet, by laboJr.a.tolLY 

tuilng, .to ec.onomic.a.e..ty ex.tlLa.c.:t a.R.l OIL mOlJt 06 the v01.u.a.ble 

meta.U -in .the mine dump.6 and/ OIL developed olLe. 

VI 

OPEN PIT MINING POTENTIAL 

VWLing .the 6iei.d wolLk 06 .thiIJ 6 etUibU1.i.y IJtady, poten:ti..ai. open 
pU .type m.W..i.ng ,t,Uu WeJLe undeJL c.on6ideJr.a.tion. One '06 .the aJLe.a.IJ "wlUch 
a.pPeaJLed .to walLlLant 6UJLtheJL coYtlJideJr.a.tion ilJthat Mea. 06 Tomb,t,.tone. 8a.IJin 
which c.onta.inIJ .the. SUve.IL ThlLe.a.d, TILa.nqt.U..U.ty, Head Cen.teJL, Contention, 
EmpilLe, Toughnut, and We.6t Side minu, a.nd a.no.theJL Mea would be the 
Luc.ky CU6/) - HeM chel Zone. 

In .the 6bL6t dlLea., U.(.,IJ lLepo/Lted by B~S. Bu.tleJL, E. V. Wilion, and . 
C.A. Ra.lJOIL, in the "Geology a.nd OlLe Vepo.6w 06 the TomblJ.tone ViIJ.tILic.:t, 
Mizona.," that the aILe oc.c.u.M (1) in :the oa.u..Ued lJegmen.t.6 00 :the dike, 

(2) in blLec.c<..a.ted 600tJAJa.U zonU 06 thue .6egmen.t.6, and (3) in -Umu:tone 
bed.6 06 .the IJ ha..te ,t, eque.nc.e.. 

FlLOm .the lJame lLe6e1Lenc.e, the lJec.ond Mea. 06 inteJLu:t, :the Luc.ky 
. CUlJIJ-He.IL.6c.he.l Zone ha..6 :the. 60te.ow..i.ng IJWement: that :the olLe depo.6w 
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.in and a.6.6oeia;te.d wUh the Lucky CU6.6 ,6aUU zone. Me. 06 thJr.e.e t;ype..6-';, 

ve..in.6 .in the. Lucky CU.6.6 '6auU, ve..in.6 :.in the. noJdhea.6t 6.i.6.6~, and 
. ... _ ,.. , • . , . 1 

Ume..6tone. Jteplac.e.me.nt de.po.6.i:tJ, lU.6oeia.te.d with :the. . noillea.6.t 6-l.6.6wle..6. 

lUning .in both alLea.6 06 .inteJr.e..6t Wa.6 devei.ope.d h) .the. .6U1l6«c.e.. 

The.6e Mea.6 Ahoui.d 066eJL exc.e1.te.n.t .tJ:vrget6, 60IL a de.ta.Le.ed e.v~a.ti.on 

by ge.olog.ic.at, ge.ophy.6.ic.at, clJU..U.1..ng and c.ompcLteJL .te.c.h.uqUe.6. 

, ' 

VII 

METALLURGICAL CONSIVERATIONS 
~ I ~ .• " l <~~ 

The. pJUme. me.ta..U c.on.6.ideJLe.d .in ~ ILepoJtt aILe. gold and .6UveJL 

wlUc.h c.ould be. bene.6icUtte.d by U6ing the. c.yanida.ti.on method. Conc.e.JLn.i.6 
f· 

e.xpILe..6.6e.d by .6ome a6 to the. e~pe.c.:te.d ILe.c.oveJLY 06 .6UVeJL 6Mm mangan.i6e.JLOU.6 

0Ir.e..6. TIU.6 c.ould pILe..6e.n.t a pMblem in dump mateJtia..e. 06 IUgh mangane.6e. 

c.on.te.n.t. Howe.veJL, mO.6t 06 .the. dump.6 .6ample.d appe.aIL to be. not .too high 

in mangane.6e. c.onte.nt. 

Two pMC.e.6.6e.6 whic.h have. be.e.n de.veloped to bLe.at .6UveJL OILe.6 high 

in mangane.6e. aILe. the. CalWn PILOC.e.6.6 and.the. Mc.C.tU6ky PMC.e.6.6. The. 

CalWn PILOC.e.6.6 cLt.iUZe.6 a Ma6t in a ILeduc..ing atmo.6pheJLe, the IUgheJL 

mangane.6 e oUde.6 Me ILeduc.ed .to manganoU6 oUde.6 whic.h ILendeJL -0em 

amenable .to c.yanidation. LaboltatolLY te6t:.6 60Uowed by p~n.t-.6ci.a.te 

te.6:t.ing gave .the 60Uow.ing ILe..6u1..:t6: V.iJLec.:t c.yan<.dat.ion 06 oILe c.ontabung 

2-10% Mn02 gave 50% ex.tJLac.:Uon 06 .the .6UveJL, the CalWn PILOC.e.6.6 ex­

bLac.:ted 92% 06 the gold ,and 90% 06 the AUVeJL. The Mc.CiU6kyPILOC.e.6A 

. u..tiUZe.6 a A ulphUll d.io xide bLea.:tment whic.h fu.6 olve.6 the mang ane.6 e 

m.ine.Jz.a1..6 whic.h Me then pILec..ipUated by a lime emu..tA.ion and oxidized to 

.the manganic. Atate by aeJLat.ion. In tlU.6 Atate the. mangane.6e no longeJL 

a66ew the exbLac.:Uon 06 .6UVeJL by c.yMida.ti.on. 

To 6u..t.ty exploa the poten:Ua.t dOUM value 06 the Tomb.6tone OILe.6, 

a c.omplLehe.n.6ive labolLatolLY te..6.t..tng pMglLam .iA ILec.ommended. The te.6.t..tng 
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. pllOglUUn ~hould .inci.ude 6.f.1Jtat1.ont:.ut!>., PJtU~WLe le4c.king t:.UtA, t:.o 

j,olubiUze :the bC16e me.t:a:4 pJtuent:. and po~~.i.bly e66eet t:.he1Jr. ex;tJr.aetion, 

and Liquid .ion ·ex.change 60Jt upgJULdbtg . and ~epaJta.tl.on. 

ex.tJr.a.ctlon t:.ec.hnlquu ~hould de6.i.nU;elrj · be exp.f.1JJted. 
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NAME 'OF 'MINE 

TABLE r. PATENTED MINING CLAIMS EXAMINED 

, LOCATION 

' Bob 1 ngVL60U 

. BunkeJL Hill 

Coma 

Contenti.on 
u.ttt"e .Joe Sha.6t: 
Pump Shant 
Main WOJLfUng.6 Shant 

De6ence 

EmeJLald 

Emp.ur.e 

F lLee Coinu.g e 

GlUmd CetWr.a.l. 

H eJL.6 che1. 

luc.ky CUM 

Old Gu.aJr.d 

OlLegon 

PlLOmpteJL 

Raftte.6 na.ke 

San PedJt.o 

Su.ve!t. P£.u.me 

SU.VeJL ThlLea.d 

Toughnut 

We.6t Side 

Sec .11, T 20 S, R 22 E 

Sec ,11, T 20 S, R 22 E 

Sec 14, T 20 S, R 22 E 

Sec 23, T 20 S, R 22 E 

Sec 11, 12 6 14, T 20 S, R 22 E 

Sec 11, T 20 S, R 22 E 

Sec 14 6 23, T 20 S, R 22 E 

Sec 11 6 12, T 20 S, R 22 E 

Sec 9, T 20 S, R 22 E 

Sec 14, T 20 S, R 22 E 

Sec 11, T 20 S, R 22 E 

Sec 11 6 14, T 20 S, R 22 E 

Sec 11, T 20 S, R 22 E 

Sec 14, T 20 S, R' 22 E 

Sec 14, T 20 S, R 22 E 

Sec 14, T 20 S, R 22 E 

Sec 8, T 20 S, R 22 E 

Sec 14 & 23, T 20 S, R 22 E 

Sec 11 & 12, T 20 S, R 22 E 

Sec 11, T 20 S, R 22 E 

Sec 11 & 12, T 20 S, R 22 E 

Sec 11, T ~O S, R 22 E 
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0 
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SAMP LE NO. AND 
NMfE OF MINE ()i.~/T ·oz.IT · Lb~ IT .f..b~/T ·.f..b. IT . Lb. IT .f..b. IT b·;':,·. 

~. <, 

B.I. HI (Bob Ing~olt) 0.005 1. 08 6.4 0.8 28.8 0.02 !'f;'i'~:~" 
as H1 (BO.M) 0.037 2.39 9.2 1.8 9.0 ' . .., I,' 

B.H. '1 (Bunke4 Hill) '0.030 3.59 26.4 3.8 48.0 O. 10 
.',;.- .~ .. ~." 

.. '~':I 

B.H. '2 (Bunke4 H~) 0.001 3.10 24.0 36.6 
',,' to,,; 

CMT , 1 (Comet) 0.0.15 0.91 3.8 0.6 0.02 
L. J.' 1 (Contewon) 0.011 1. 07 10.0 0.2 8.0 0.02 
COm- , 1 '(Contention) 0.022 1. 06 6.0 0.6 0.02 
CONT #2 . (Cotyten{ion) 0.010 0.11 4.2 
COm- H3 (Contewon) 0.021 . 1..33 6.4 
VF HI (Ve6enc.e) 0.0.1 0 1.25 1.8 0.6 24.2 ~ . .... .. 
EMER '1 (Em~d) 0.020 1. 59 21. 8 3.0 0.02 
EMER '2 (Emenald) 0.020 2. 10 ' 22.4 5.6 0.02 
EMER '3 (Emenald) 0.010 0.90 7.6 1.2 0.02 
EMP , 1 (EmpLte ) 0.080 1. 90 15.6 1.4 0.30 
F.C. HI (Fllee Co..l.nage) 0.005 0.95 0.5 0.2 0.2 0.02 8.6 
G. C. , 1 W (GJta.nd C entllat) 0.010 0.22 2.6 
G. C. , 2 (GJi.a.nd C entIla.l.) 0.010 0.97 23.8 0.2 3.2 0.02 
HER , 1 ( H eJt;6 c.hel.) 0.015 3.47 . 6.0 1.4 
L.C. '1 (Luc.ky CU64) 0.040 2.98 20.8 . 1.4 15.2 0.02 I 

-0 .. 
O.G. Hl (Old GuaIld) 0.015 1. 34 6.0 0.8 10.8 11. 6 I "'i :'J:- ., 

ORE #1 (Ollegon) 0.005 5.52 14.2 2.8 .159.0 " ;: '.:: ': ,' \' 

ORE '2 (Ollegon) 0.002 3.27 12.8 2.8 139.0 
PRMT #1 (PllOmpte4) 0.005 3.63 16.0 ._ .... - 138.0 
RTLS , 1 (Rattle6nake) 0.005 2.33 11. 6 1.4 
S.P. HI (San Pedllo) 0.005 4.48 5.4 2.2 0.06 .~ . 

. i:~',~: 

SLP , 1 (SUVe4 Plume) 0.002 0.45 4.2 0.6 
I I .. ~ 

: ~. 

S. T. , 1 (SUVeI!. ThIle.a.d) 0.025 1. 33 13.0· 0.6 O. 12 
SET HI (SulphuJLet) 0.022 0.66 . 6.2 0.6 3.6 0.70 
TN H1 (Toughnut) 0.015 0.81 10.0 1.0 0.18 

"I'Y 
TN #2 (Toughnut) 0.005 0.36 3.8 0.2 0.04 
TR H1 (TllanquitLty) 0.060 3.22 19.8 1.8 0.16 ""';:1 
TR #2 (Tl!.anquitLty) 0.022 0.85 . 4.8 0.4 0.04 :; 'i 

W.S. #1 (We6t S.«!e) 0.012 1. 36 11.8 1.0 0.12 

. !;.f,' 

ARITHMETICAL AVERAGE 0.018 1. 86 11. 1 1.4 11.1 0.01 91. 2 
~, ' 

d'~ 

""-r..: 
.. 
~ ". 

,I 

~ .. 

, 
'. 

,. ,....." .. , ........ ",'. ,,~~ . ..,.:' 
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TABLE Ill. ARITHMETICAL AV~RAGES OF ORE SHIPMENTS 
.. 

,- , APRIL 1920 THROUGH MARCH 1921 ,. 
, 

, 
'NAME OF 'MINE ' 'TONNAGE , 'Gold ~ 0 t.. IT SilveJl, oz. IT 

8u.nkeJL Hill 99.5 0.035 15.45 

EmeJUli.d 118.5 0.010 8.00 

GlLa.nd CentMl. 1,437.5 0.140 13.75 

Lucky CU6~ 5,559.5 0.056 16.92 

Ollegon 3,865.5 0.013 23.00 

PJtOmpteJl 9,688.0 0.017 16.50 

San Pedlw 431.5 0.170 27.15 

APRIL 1920 THROUGH FEBRUARY 1923 

Content.ion 3,639.0 0.198 13.57 

Emp..i.Jc.e 158.5 0.240 13.48 
. 

Head C en:teJl 1,738.0 0.200 74.50 
(Yellow Jacket) 

SliveJl ThIlead 4,738.0 0.270 25.47 

Toughrw.:t 5,203.0 0.170 27.45 

T Jtanqu1.LUy 1,977. 5 0.320 22.46 

wut Side ' 1,237.5 0.560 38.58 
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TONNAGE Gold SUveJ[. Lead COPPelL Zinc. Mol.y Ma.nga.ne6 e. 
SAMPLE NO. t 70% ToM oz. T6tal 'oz.Totailb. Total lb. T6-ta.l lb. To-ta.l. lb. To -tal. lb. 

, 
to. I 

B.1. # 1 10,500 52.5 17,340 67,200 8,400 426,800 210 
BS #1 3,400 725.8 4,624 31,280 6,120 30,600 
B.H. #1 15,300 459.0 54,927 403,920 58,140 734,400 1.,530 
B.H. #2 10,500 73.5 32,550 252,000 384,300 
CMT #1 13,000 195.0 17,830 49,400 780 260 
L.J. # 7 2,000 34.0 2,7AO 20,000 400 76,000 40 
CONT #1 11,800 259.6 12,508 70,800 7,080 236 
CONT #2 97,700 977.0 75,229 410,340 
CON1' #3 .. 16,300 440.7 21,679 94,320 
VF #1 24,200 242.0 30,250 188,760 74,520 585,640 . I 

EMER #1 40,000 800.0 63,600 872,000 120,000 800 
EMER #2 1,600 32.0 3,360 35,840 8,960 32 
EMER #3 7,000 70.0 6,300 53,200 8,400 .140 
EMP #7 47,700 3,288.0 78,090 641,760 57,540 72,330 
F.C. Hl 200 1.0 190 700 40 40 4 1.,720 
G.C. #7W 70,000 700.0 2,200 26,000 - :. 1,.:,', 

.i ,.....···., 

G.C. H2 10,000 100.0 9,700 238,000 2,000 32,000 200 -". .".",' " " : 

HER #1 6,800 102.0 23,596 40,800 9,520 't .. I .; ..... ;.: 

L.C. #1 18,200 728.0 54,236 378,560 25,480 276,640 364 
O.G. #1. 10,200 753.0 73,668 61,200 8,160 710,160 , 178,320 >\ :. 
ORE #1 7,000 5.0 5,520 14,200 2,800 759,000 ' ·· .. J- .. ", .-, ... . 

~ . 
ORE #2 1,500 3.0 4,905 19,200 4,200 208,500 
PRMT #1 1,600 8.0 5,808 27,200 220,800 
RTLS #7 3,000 1.5.0 6,990 252,000 4,200 
S.P. #1 1.500 7.5 6,720 8,100 3,300 90 
SLP #7 72,000 24.0 5,400 50,400 7,200 
S.T. #1 17,000 425~0 22,610 227,000 10,200 2,040 
SET #7 4,100 90.2 2,706 25,420 2,'460 14,760 410 
TN #1 18,000 270.0 15,660 . 180,000 18,000 3,240 ' ':' I 
TN #2 32,000 160.0 11,520 121,600 640 1,280 , ~ .'l 
TR #1 9,200 552.0 29,624 182,760 16,560 7,472 
TR #2 . 29,200 642.4 24,820 ' J40,160 11,680 1,168 

, "',-\ 

W.S. #7 45,000 540.0 61,200 531,700 45,000 5,500 
.' ," i ~-~, ,-". 

524,900 10,974.6 715,500 5,707,320 461,780 261,134 31,346 708,340 
' ~. 

I ,: ~ ~ ~ 

(388,300T) (1.08 l 600T) (326 t 700T) (14 l 500T) 
TOTALS BASEV ON ABOVE TONNAGES ' .. ' 

~, , ' 
:$:> ." , ' 

i' 
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EXHIBIT B 

" S.tttte 0 6 Ma,[ne" 
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Plate XXVI.-Cross lection through State of Maine Mine, looking southwest. 
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surACE PROJECTION 
()r ANOMALOUS ZONES 

DEFI N ITE 
PROBABLE UllllllXiUD 

POSSIBLE ........... .. 

. . ' " ~ 
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INDUCED 'POLARIZATION AND RESISTIVITY SURVEY 
COMPOSITE OF CAB AND AUSTRAL SURVEYS 

TOMBSTONE ARE.A. COCHISE COUNTY.· ARIZONA 
SCALE 1'24000 

STATE LEASE 

22 TZCS 

., . 

, . 

,c_." !; 
. ",, ' ':.... J!I'I. 

34 
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FEL.IX K. DURAZO 
WIL. WRIGHT 

ARIZONA "£G. NO • •• 7. 

Austral Oil Company 
2700 Humble ]uilding 
Houston, Texas ' 

SAMPLE 
NUMBER 

8 

GOLD 
oz." . 

Nil 

stateof .. v.:a. .... "' ...... 

(course: Nil ' 

" . ,., . 

,--: 

~ 8.00 CHARGE ________ _ 

.. 

SlL.VER 
oz." 

4.54 

. .. . 

4·94 
: . 

:: ' .. ; 

.. : 
" " '.: 

P.o. BO .X7517 . 
.TUCSO.N •. ARI ZONA 85713 

" 

" .. : 

LEAD 
"4 

..... ... 

COPPER 
"4 

I.n.o .. '.' .. ~ . 
.... .... ~ 

710 E. ·EVANS !3LVD 
PHONE 602-294-;,<)11 

JOD" 00210)' 
RECEIVED 6-21M6""C __ _ 
REPORTED ---"76--27-68 

ZINC 
"4 

MOLvaOENUM 

"" 

I, 
I 

.1 

. :-.. I .. ' 'I' , 
.' .' 

" '.I 

I , 
I' 

I ,. 

· f 

. ~ 

, ' 
1 

• ~_,"f" 

. -, 
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. ," ~"' . ; . !;"I~ , ' . .... .... : ... :,."... . ~/; 

I . •. ' I!~ . 

_, i,: .. > : ,:~ : .Ik' ~ 

• 1 ~:' :.;' • . 
• t • ~'" •• . ' . 

'\ . . .' . ~" " '.,,; ~ : ., .. 
· J I :. ~. , .-\:. • •.. ' . . .~ .. 

, L.., 
j. . .. ~. 

. . ' ' : 

.,' ~ . ; 

. l' . -: . " ~ . :.,., : . ~::l" 'j . ' 
I . ; .' '0 . I .~. . 

. t . ". .. . .' '. ' ".'. -. ., . 
· 'J. ", '\ . ' t . ' . ', :~ . ; j ' '; ' . " .. _ ' ' 0 e O ' . ' ' " ~ . .. . : 

:.'.;' 'rt".~.; .~ .. -.:, •.. ; : .. :.: . .'. :~ ....•.. ' '. ':6' -r' ·~.;.·-.··;:.·:5'·2·~ .·.~ 
," -. 

• 
. _-:-36:·:~:: 

:;): :·:&·:· · ·:, ·· ·~··;;:. · rv·.56 .21': ';" 

' 1(:: ,:' ',:".' :; .' .~ /'~~l~ \dI. ".65 '. ~ 22 . . :'. 

:' .. : : ,. ' \ " ' :. ~ ~'. , 9 :'.93 ' .• 23' 

. '. < .:: :. './':: ~ 10 3.95 .-39. 
.i, . 
.. . . ; •. ' . .. 1 . ' 11 '16 •. 6 ' .. • 93 ' 
i .. i.'. '. ~ . . · ~ ~ @l 

13 
" '0 

" .. 
• '" I~" 1 ° :: •• ~ '~.~ • ,e ' ~ ., 
• "~ t '.; : . . . ~ ' 0 .~ " 

· ! .: . ,', . ~ : : . ~ • 

:-r.l~·:·~ .: ' : <~.' ':'>~:·'· 'i '·': · ,;. ', .. ~ ~ . . ' . '" 

~ ~:; 'H ' !' ··.l.· ... ' 
'f •• . • •• 

~ !/:~ ~'I';~ .... : ~ . 
,' ., 

.. : ,' 

. 1.99 .65' : 

.' '0 ' " 

" ' , 

:,' . 
. . .t.: 

. ', .. 
~. .' 

.:~ . 

' . 

: ,/ . 
., . .... .'. .. .•.. . 

n1,;O :' .. :': . 
·'7 .. 
rM\ .. ('(~ · . 

. ..... 
.:.~: .• ... ::' .. :.' .,.'.:.... , ~. ' . 

'~: ~:,: :., 
.. , ," . ' : . .' ,'.!' '. , .. ~, • :(!rf}'\~; .... ' ., ".": ' .~: '.: :! .... '.'. . . , :, " ~: . 

,., .. 
.. : : f .. · 

" 

' " I · . ... , I .· .. .... . .:. ~ . 

. ,-', "·1· 
"~ , " :: 

" ... . 

"' ; ' r :·· 
" , ' . 

. .. . 

' . . .' 

3.40 ·,,~ · . . ~ ~. 
"~.9l . 
:' 3.01 ' .. 

" .. :'" .' 
...•. . " 

, . . ', ' 

. ; ".' 

". -': ; 
. .. .. 

.' 
4 . , ' 

• ··P5 .. 
.• ·04 . .. ' . 

. , ~ . . : .' 

'" 
. " 

' " 
• ~. . ,I t • • 

" ~ .. ;' ~ . 

:. ;"" 

~~.s • .. 1~ •• 71~.t~' .~.:~.~~t 
. . ~ . ; 

of 

~ • I • 

~ t • ' . • ; .' . ", • 
. ': ~ . ' . ~. 

' ;", .. ' .. ' " 

., 
CHARGE -.-__ ~ ·4~2. 90 

.: . 

' . 

. .\.~; . . ' .. , 
r·.: . 

" 

. 70e5" 
' . .. 

' 70~O 

-47·50 , .. 
61.1 ' 

, . .. . .;. ; 

" 

I ., 
. . I . 

'. :I 

,.:.!':', . t 

... . " ..... .:.. 
<.'. ~-: :'.:. ' . ~. 

-. • . Gol .. an" $il"., ,.port.clln tro,. oa. 'p., 2,000 lb. ton. . .~ . 
.i' : . '. ' , ' 

',: . ' 

· ". : ~~-. ~ ~'; .. ": .~. ;" .-r· : r -! , ; ' 

" :. ..' 
" " - .:... .; . .. .. .... :._- _ . -_.-:--._--'"--

~ :. 

• 
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.' .~ 
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FEl.IX K. DURAZO 
, Wil. WRIGHT 

""'ZONA REG. NO. 11'111 

Austral Oil Company 
2100 Hum:.:ile Du:iilding ' 
Houston, 'rcxas : 

SAMPLE 
'NUMBER 

L: / 

19~-·NO. / 
30 s,/ 
50 '11 , 1 

.433 L: / 
105 1-Pd . 

" 60 S / 

115l;50\-I J 

GO~O 
OZ.' 

. Nil 

Nil 

liil 

Nil 

.-195L./ 
16 s . ~fil 

· 105 ND, 1 .1 Nil 

56L... 136~;-rr / Nil 

· 356L 100 wrJ," 11fil . . 

. ~~f1). 4111( liil . 

. ~L-30S J I .00.3 . 

. · 12..~L 35 .1-IC! J .Uil 
· 480L " ": 
-'-64S 1171:1 . lUI 

rJlf 

.' . ' . 

. ' .. SILVER 
OZ.: . 

.06 

3.00 
.. ,. .34 

~.,34 

5·24 

~62 

1.26 

8.66 
9.28 
1·,52 . 

8.12 

21.06 

6.32 

Trace . 
. ! 

'1 ' '. 
, . 

REGISTERED ASSAYERS 

P.O. BOX .- 7517 
. TUCSON, ARI Z'ONA 85713 

' I 
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10 ~ ' I J '" • I 
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SKYLINE LABS, INC. 
Hawley & Hawley, Assayers and Chemists Division 
P. O. Box 50106,1700 W. Grant Rd., Tucson, Arizona 85703 

SAMPLE IDENTIFICATION 

#1 

# 2 

T~Sierra Minerals 

GOLD SILVER 

tn/ ton I OZ/ ton 

f 0.005224.95 

k 0.005 146.80 

LEAD 

REMARKS: 

. " ~! I, ~" : ':' : ::-' ...• -. ~':'.f, ' •• ~ .\;hl .' .'t. I.~:.~, .. ~ .':.y ... ~ ~~·.: ~~~.::U )~~;~ .. ,~i . ::.r .r~ ..... 'i ... : •. ~-?~ .. ' ~~ ... ~ 

... . : .. : .... ,' .. ' ... . ;,,- _'-"".- ...... 

CERTIFICATE OF 
ANALYSIS 

ZINC COPPER MO 

Mn % 

0.011 

0.009 

/<;f~~t:;.~~, 
/1 ;~:·F~c'·L~';:\'f 'f>:;:,;-\ \. 

CERTIFIED BY:,-J.Y t:'/;" ,; ':. p 1-\ : 1. /") 
/c1'\-C'V; ~~~:.-) j ·~;t:{; - .,,-) J -{ : 1"7/ 4741 East Sunrise Drive 

Tucson, Arizona 85718 Single determination \\ \:. ::~, CH.~RGES:,! 
\\ .. ><·:':i;f/td . ;::/ / 

"'~~.j>c~;:·~~R""~~ARA:r16~ $ 
,---.~ L . " .j . ;, •.• / -

1 DATE 2/28/73 I DAT3/si73 
ACCT.: 

SIERRA MINERALS 

~ 

-::;;;';:::::;).IfAL YSIS $ 

1.80 
14.00 1 tuc 346954 1$ '15.80 

"""" 

"" " 

" 

~ 
....s:> 
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Plate XIII.-Cross section through Lucky Cuss workings at main shaft, looking north. (After 
F, L. Ransome and C. L. Poindexter.) 
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TOMBSTONE DISTRICT--Solely owned by Winters. 

Side Wheel--Developed to the point where production couid be started from 
underground on a small scale within five shifts. 

. .., 

~"~II j ~ ~' f. ' , ... 
', ' ~ , . .~ 

~. '" i.: 
! . attling Boy--Ore developed for surface mining where production could begin 
~ . 

.~ . 

on the first shift. 

Wauban--Minerals only. Can be reached eventually by drifting underground 
from Side Wheel shaft • . Some anomolies (IP) on ridge. 

Hugenot--Unprospected in recent years'~ 

Honeycomb--An old working. Some ore showing in 250-foot inclined shaft. 
Needs thorough prospecting. 

Nicholas--An old operation currently undergoing additional exploration. Appe , . . ~ 
to be an excellent prospect. 

TOMBSTONE DISTRICT--Properties in which Winters has an interest. 
Sultana patented claim--Owns 10 pereent of the mineral rights. A 
possible prospect. Did produce a little lead carbonate s in the early da~· ( 

Blue Top Group--Five unpatented claims in Section 15. Associates on these. 
Black Beauty Claim--Small fraction that adjoins the Wauban on the east. 

Associates on this. 

HARTFORD DISTRICT--Solely owned by Winters • 

. netree, New Strike, #2, White Fawh, Mountain Lion, Mammoth, Lost Chance. 
Mineral survey RIBll). 101.895 acres in Secs. 34 & 35--23 20. Forest Service 

owns surface. Winters owns patented minerals. (Lutz tunnel, etc.) 
o BLANCO DISTRICT--Solely owned by Wintersl~ 

URA Pate nted lode claim (gold) f~ . 20 acre so 

Doran's Folly--Unpatented gold placer, 20 acres. Currently contested in Unite· 
District Court by the Forest Service. 
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HEWLETT MANAGEMENT 

=C)~=================================== 
R. F. HEWLETT P. O. Box 370 
PHONE (602) 886-1831 TOMBSTONE, ARIZONA 85638 

F-/ 

,~~--~ 
~JL/ 

f)-I 

Loco f:(}/? s j:;g Ie-A 7na~ 
cJ(' / 

~a"", /Ie' L ClC c::vf lOons 
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TOMBSTONE 
---------

GOLD SI LVER 

SAMPLE CYANIDE EIRE ASSAY AQUA REGIA CYANIDE FIRE ASSAY 

S IDE \~ }'ltt1 
SOUTH D. .013 .00 .00 

SIDE W. 
CENTER D. .013 .00 .00 

~IDE \~. 
HAFT .017 .025 _ .00 .00 9.14 
EM~MP .000 .00 .00 

MN .000 .010 .00 .00 3.49 

NICOLAS 
DUMP-
TOP .000 .010 .00 3.03 3.89 

NICOLAS 
DUMP-

.007 3.07 BOTTOM .005 .63 1.49 

REH' 
D-1

J 

.010 .005 .63 5.60 

RFH' 
F-1

J 

.033 .005 2.83 19.22 

RFH; 
DUMPS A .010 1.57 
DUMPS B .020 1.40 
DUMPS C .003 2.83 



SAMPLE 
RFH; 
DUMP F-l 

~FHj UMP D-1 

NICOLAS; 
DUMP- MN 
NICOLAS; 
¥UMP-OE 
NICOLAS; 
~UMP-OP 

S I DE \".; 
DUMP­
NORTH 

COPPER lEAD. 

TOMBSTONE 

SKYlINE lAB 
***~****~** 

~ lRrui MANGANESE 

21 600 101 000 91 500 9.0% 20.4% 

7.4% 10.1% 

1.6% 21.5% 

385 1.3% 1.17% 

730 ... 1.8% 

2.0% 16.2% 
ALL PPM; ALL % 
10JOOO PPM= I % 

= 20#/TON 

fulLD. SILVER 

,005 19.22 

.005 5.60 

.010 3.49 

.005- 1.49 

.010 3.89 

.025 9.14 
TROY OUNCES/TON 



EMERALD MINE/DuMP 

(LOOKING SE). 

S IDE~JHEEL TO 

RIGHT-CENTER 

S I DE\~HEEL -
RATTLING BOY 
AR'EA 

SIDE \~HEEL 

LOOKING SOUTH 



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

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

SIDE WHEEL 

LOOKING EAST 

SIDE 1:/HEEL 

LOOKING -EAST 

SIDE HHEEL 

LOOKING NORTH 



______ J.l ____ ~ __ ~'--r""___' ....... - ,>-=-- -=-..'-- • ,-' ,- - ---_""" _ ", __ 

FAMOUS NICOLAS MINE WITH HEAD-FRAME IN CENTER 

',-- --_ ,',- --~ _"''' '_ l .~. -___ _ , ,_'. _ . __ .__ _ _ _ . ____ . _____ ~'- __ ,. ,_, ,.-, 

LOOKING WEST FROM SIDE WHEEL TO NICOLAS AREA. 
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METALLURGICAL TESTING 

Tomb~tone p~oblem o~e type~ ~la~~i6ied by lea~hing ~ha~a~te~i~ti~~ 
aJte a~ 6 ollow~ : 

1. High-i~on and ~lay;ea~teJtn po~tion 06 Vi~t~i~t 6Jtom the 
Empi~e to G~and Cent~al along the Contention ViReo 

2. Sulnide o~e~ 

3. A~gentoja~o~ite 

4. Mangane~e ~aJtbonate-oxide minenal~ 

6. Ca~bona~eou~ o~e~ 

7. Oxidized ~u.l6ide oJte~. 

The~e o~e type~ ~au.~e ~eJtiou~ p~e~iou.~ metal ~e~ove~y PJtoblem~ 
when u.~ing ~yanide. 

In addition to the ~hemi~al-mine~alogi~al p~oblem~ ~au~ed by the~e 
oJte type~, phy~i~al p~oblem~ that eau.~e poo~ ~e~ove~y when '71 
MineJtal~ lea~hed the heap a~e: 

1. Clay~ and 6ine~ ~au~ed blinding and would not pe~~olate. 

2. Coa~~e o~e~ ~ould not leaeh into the ~o~Rjvalue~ loeRed 
in~ide the ~O~R we~e not expo~ed to lea~hing. 

S~Jteen analy~i~ 06 va~iou.~ ~oa~~e and nine 6~a~tion~ 06 the oJte 
6Jtom all 06 the dump~ appea~~ in the o~e Jte~e~ve ~e~tion. Noti~e 
that the~e aJte good valu.e~ in the ~oaJt~e;it i~ e~onomi~~l to 
~~u.~h and ~e-lea~h;"IPS" will yield high ~e~ove~y 06 the ~~u~hed 
oJte. 



f , 

Cljanide.. 

O~e.. 6~om the.. Conte..ntion a~e..a(no mangane..~e..) wa~ ~ample..d and one.. 
~plit wa~ dige..~te..d with a~id(aq~a ~e..gia) and an e..q~al ~plit wa~ 
dige~te..d with ~yanide... Re..~~lt~ 6~om 24 te..~t~ ~how that ~ljanide.. 
~e..~ove..~e..d onllj 35% 06 the.. p~e..~io~~ me..tal value..~(~e..e.. the.. 60llowing 
table..). Ca~e..6~l ~tudy 06 the..~e.. ~e..~~lt~ ~how that the.. a~id dige..~t 
~e..~ove..~e..d abo~t 6Yz 60ld mo~e.. gold than the.. ~yanide.. dige..~t. Howe..ve..~, 
the.. ~yanide.. dige..~t ~e..~ove..~e..d · 7~ 60ld mo~e.. ~ilve..~ than the.. acid 
dige..~t. Thi~ i~ d~e.. to: 

A. Cljanide.. doe..~ not b~e..aQ down the.. e..ncap~~lating ~a~bonate..~ 
that p~e..ve..nt the.. gold 6~om comple..te.. le..aching. 

B. A~id b~e..aQ~ down ~ili~io~~ gold o~e..~ that cljanide..doe..~ 
not ~he..mically atta~Q. 

C. Acid b~e..aQ~ down goldrlimonite..-clalj comple..xe..~ that a~e.. 
only ~lightly e..66e..~te..d by ~yanide... 

V. Silve..~ nit~ate.. 60~me..d with aq~a ~e..gia i~ pa~tialllj 
p~e..cipitate..d by the.. chlo~ine.. ion(6~om the.. hyd~ochlo~ic ~~ 
acid);~ilve..~ ~ljanide.. ~omple..x i~ mo~e.. ~table.. than the.. gold 
chlo~ide.. comple..x. 

Mangani6e..~o~~ o~e..~ we..~e.. le..ache..d with ~ljanide.. and aqua ~egia. 
Eme..~ald o~e~ we~e.. the ve..~1j 6ine.. o~e.., and ~howed that cljanide.. 
le..a~hed onllj 77% 06 the.. gold le..ache..d blj the.. acid. 

Sodi~m thio~~l6ate.. 

Sodi~m thio~~l6ate i~ an e..66e..ctive.. ~olve..nt 60~ ~ilve..~. Following 
a~e.. the.. ~e~~lt~: 

Con~ent~ation 
(g~/ l) 

20 
1 0 

5 
2Yz 
1~ 
.625 
• 3125 

Silve..~ Le..ache..d T~olj Oz. Ag Pe o( 
(t.oz./ton o~e..) G~. Hljpo pe~ lite..~ 

7 • 33 
7 • 23 
1 . 00 

.73 

.48 
• 32 
• 22 

.067 
• 7 23 
.200 
• 292 
.384 
• 512 
.704 



TOMBSTONE 
Solve.nt Compalli.6on 

ACIV BASE 
A~ua Re.gia Cyanide. 

Pile. ci 0 U.6 Me.tal Re.COVe.lly 
(t.oz./ton one) 

Sample Locat..[on Gold S"[fven Gold Sl.lve/z. 

I-Heap/Dump • 1 05 .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-Dump,f.allge.ll • 1 80 .69 · 015 1 • 08 
7-Dump, LN. · 150 1. 05 .01 5 3. 75 
8-La/z.ge Dump · 1 50 · 30 .009 .36 
9-Vump-.6outh • 1 50 • 30 · 01 2 . 06 

10-N. end pad · 075 • 2 1 .009 .24 
11 - Y - gate • 267 .54 .01 5 .27 
1 2 - PT ; w e.6 t .08 1 1 . 05 .030 1. 98 
13-PT;W/M .048 2. 67 .01 5 1 . 02 
14-PT;M · 120 1 .68 .01 5 2. 76 
1 5 - PT; E . 075 1 . 02 .027 1 . 1 7 
16-PT;Rojo .075 .99 .003 .24 
1 7 - L. Co nt (S ) · 207 1 . 95 .057 3.48 
1 8 - L. Co nt ( N ) · 120 .93 · 012 .69 
19-P.Sha6t(E) · 120 .24 .01 8 .27 
20-P.Sha6t(W) · 072 .27 .027 .48 
Ff.olla MO/z.ll..[.60n .264 .69 .006 .09 
Taif...[ng.6 .096 .84 .030 1 . 20 
Cont. Dump (W) · 120 1 • 74 .024 1 . 26 
Cont.Dump(E) • 1 02 1 . 08 .03 9 2. 28 

--
.12 1 · 89 · 01 8 1 . 1 2 

( 
'- . 
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Th~~ ~~ veny ~~m~lan ne~ult~ to that pnoduced pnev~ou~ly w~th 
Tomb~tone one~(~ee Metallng~cal Te~t~ng Section). 

AI~o, not~ce the ~imilan leaching nate~ and necovenie~ on Hypo and 
cyanide . 

It wa~ al~o ~hown that a wea~ Hypo ~olut~on and cyanide ~n comb~nat~on 
leached about the ~ame amount 06 ~ilven, but Hypo and cyanide 
leached 150% mo~e gold than cyanide. 

U~~ng .5 gnam~/l~ten Hypo leach ~olut~on, we have obta~ned 60n 
many day~ a .25 t.oz. ~~lven pneg, wh~ch con6onm~ w~th oun 
leach~ng te~t~. 

Halide-Sodium Hypochlonite Sy~tem 

Hal~de-~od~um hypochlon~te ~y~tem~ have been pnoven an e66ect~ve 
~ ·olvent 60n Tomb~tone one~. AI~o, a hal~de-~odium hypochlon~te 
~y~tem i~ a veny e66ective pne-tneatment pnion to cyanidation. 

Fon all Tomb~tone one~, pne-tneatment with NaCl - NaOCI incnea~e~ 
the gold and ~~lven necoveny by oven 200%. 

The 6ollowing gnaph pne~ent~ ~ilven ~olubility te~t ne~ult~ 60n 
Tomb~tone ~ilven one in a 3% NaOCI ~olution w~th va~iou~ amount~ 
06 ~alt(chlon~de ~on). It i~ obviou~ that ~alt ~~ ~mpontant 60n 
oun pnetneatment. 

Re6nactony Silven Minenal~ 

S~lven Sul6ide One~; 

Silven ~uI6~de minenal~ can be conve~ted to ~oluble ~ilven 
chlonide~ by ~odium hypochlonite-bnine leach~ng ~y~tem. A~gentite 
i~ leached ~n an oxid~z~ng bnine by: 

Silve~ chlonide i~ ~oluble in eithen a cyanide ~olution a~ a cyanide 
complex on ~n a bn~ne ~olut~on conta~ning exce~~ chlon~de ~on : a~ the 
tetnachlono complex, a~: 

( 1 ) • 

( 2 ) . 

AgCI + 2CN 

AgCI + 3Ct 

= Ag(CN)Z + CI 

- 3 AgCl 4 
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Solubility 06 ~ilveh Ohe~ 6hom Tomb~tone 
~n a 3% NaGCl ~olut~on w~th vahy~ng NaCl. 
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The~e a~e ba~~~ally two ox~de mangane~e m~ne~al~, a~: 

Mn Valenc.e. Fo~mula 

II MnO 

IV 

In o~de.~:to d~/.)/.)olve. :the. above., :the. fio.t.towing ac."[d/.) a~e. ~e.qui~e.d: 

Mn I IV) 

Mn (I I) 

Solid Ga/.) 

Ga/.) 

. . . . . Red u c.~ n 9 A ~~ d - - - - - HZ S 0 3 

. . . . . Any A c.i d - - - - - . H Z S 0 4 

Aquou~ 

Ga/.) Aq uo u/.) 

Al/.)o, :the oxide ~~on m~ne.~al/.) would be. ~oluble ~n an ac.~d me.dia: 

Fe
Z

03 + 6H+ = ZFe.+ 3 + 3H
Z

O 
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PRE-TREATMENT 

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

Common "problem ores" at Tombstone are as follows: 

to an ore 
desireable 

before 
to use 

A. Ore with precious metal val ues more uniformly distributed 
within the competent rock than on fractures (or fracture 
plane s) . 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 kaolinitic 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-cyanide sol vents are by far 
more economic. 

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

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

F. Manganiferous ores have gold and silver "locked" 
mineralogically. 



PRE-TREATMENT 
on 

VaJi..iou.6 pJi..oble.m 
PJi..e.ciou.6 Me.tal OJi..e.6 

n°Ji.. 
HEAP LEACHING 

- - - - - - - - - ~ - - - - - - - -. . . . . . . . .. .. . . . . .. 
MineJi..alogy 

Pe.Ji..me.ability 
* * * 

PhY.6io-Che.mical 
* 

..... • Di.6.6e.minated-Op~n Pit 
. Dump OJi..e; Clay/Fine.6 

! .Acidic Kaolinitic Clay 
. Tailing.6 

* * * * 
CaJi..bonaceou.6 OJi..e. . 
ReoJi..actoJi..y OJi..e.6 . 
Suloide MineJi..al.6. 
Te.lluJtide..6 

------. -------. . . . . . . . . . . -.-.-.~.-.- - -
! ! 

VJi..illing & ' 
Bla.6ting! ! ! I + Ve.gJi..e.e. + 

, J + 06 + 
! I + CJi..U.6 hing + 
Loading +AnalY.6i.6 + 
! !.... . ... t---~---- + 
! !! +Selection+ 

CJi..U.6 hing 
, ! 
! , 

Application 00 IPS Solution .... 

SpJtay on 
ConveyoJi.. Belt 
J ! 

! I ! 
Haule.d .. / Ele.vated 

by onto 
TJi..UCQ je.a p + IPS Anal y.6 i.6 + 

+------------+ 

OJi..e MineJi..alogy 
! . . . . . 1 * * * * * * * * * * * * * 

OJi..e pH/E h ! . . . . . . . t * * * * * * * 

CaJi..bon-Bond 
PolymeJi...6 

! . . . . . . . . . 1 * * * * * * * 

o xidant.6 
l******* 

+Re.age.nt and Gold+ 
+Solve.nt AnalY.6i.6+ 

J + Sele.ction t ..... +----------------+ 
OJte. "He.aped" 

onto Pad 
! 

Application 00 IPS Solution 

Spltay while. Vozelt i.6 pU.6hing, 
le.veling, and Jtipping , , 

C uJi..ing -" Set" ............. . 

Flocculant 
********** 

+ Se.lection + 
! I 

... l' 

............ !!!!!!!111 , 
SpJi..ay Heap ..... 1 

! 

Collect E66lue.nt 
PJi..e.g Pond 

! 
Re.cove.Ji.. Value.6 ~n Plant 

Ion-Exchange. Re..6in.6 
Sodium Sul6ide(Ag) 



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 also affected by the 
exhaustion of available oxygen, lowering the Eh of the sediment. The 
oxidation reaction takes place faster than the Hecarboxylation of this 
organic matter, making oxidation a better choice of pre-treatment than 
chemical break-down. Total dehydrogenation of organic (carbon bond) 
substances results in graphite. Other substances produced are fats, 
carbohydrates, proteins, and amino acids. 

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

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

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

The following figure presents the . increase in gold value due to the 
hypochlorite pre-treatment for Carlin carbonaceous ores. Note that in 
addition to showing the response of the ore to pre-treatment, I have 
compared the economics of the three methods of pre-treatment using 
hypochlorite. 
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Plte.-Tlte.atme.nt 

Sui6ultic acid i~ 60ltme.d whe.n wate.1t i~ ciltculate.d ove.1t 
the. Olte. on the. he.ap. The. amount 06 oxidize.d ~ul6ide..6 
plte.~e.nt de.te.ltmine.~ ~he. inclte.a~e. in acidity due. to the. 
addition 06 wate.4(ciltcuiation). Fo~ example., the. pH 
06 the "leaching-wate~-~ou~ce" couid ~ta~t at 6 and 
the.n iowe~ to 5 due. to ~he. H2S0 4 60~me.d in the. ciltculation 
~oiu~ion. .. 

An e66e.ctive. u~iiization 06 the. acid ~olution a.6 a .6olvent 
i~ by adding ~al~. 

The. H2S0 4 t NaCi ; HCi + Na2S04 

The. 60ltmation 06 HCi i~ u~e.6ul a.6 60llow.6; 

1. The.lte. alte. nume.ltou.6 .6ilve.1t compound.6 that 
a~e. ~oiubie. in acid.6 and not NaCN 

2. The. o~e then con.6ume.6 th~ acid and the pH 
become~ molte. ba~ic. 

B. Un-Oxidized Sui6ide~ . . 
Acid p~e-tltea~men~ ~olvent~ that di.6~olve .6ilvelt 
~ul6ide.6 alte; 

MinelLai 

Altgen~-<:te 

Acanthite 

Both 06 above 

Solve.nt 

HCl 

H2S0 4 

NAOCl 



SILVER COMPOUNDS SOLUBLE IN ACID SOLUTIONS 
BUT NOT CYANIDE 

Name. FoJtmuf.a 

Sif.ve.Jt ac.e.~yf.ide. Ag 2 C 2· . 
" oJtthoaJtJ.,e.Yl.a~e. A93 AJ.,°4 
" oJtthoaJtJ.,e.Yl.ite. A93 AJ., 03 
" be.Yl.zoate. AgC7 HSOZ 
" bJtoma~e. Ag BJt°3 
" c.aJtboYl.ate. A9ZC0 3 
" c.hf.oJtate. AgCf.0 3 
" pe.Jtc.hf.oJtate. AgctOI " 6 e.tl.Jtic.yaYl.ide. A93 Fe. CN)6 
" 6tuJtide. AgF 
" 6f.uo.6itic.a~e. AgzSiF6·4HZO 
" 6utmiYl.ate. Ag

1
czNZOz 

" iodate. Ag 03 
" me.Jtc.uJty iodide. (ic.) ZAgI.HgI z 
" Yl.i~Jta~e. AgN0 3 
" Yl.itJtite. AgNO Z 
" Yl.itJt 0 pJt U.6.6 ide. AgzFe.(CN)SNO 
" pe.Jtoxide. A9ZO z 
" paf.mi~a~e. AgCb6H310Z 
" me.;tapho.6pha~e. AgP 
" pJtopioYl.ate. AgC3~SOZ 
" .6af.ic.yta~e. AgC~HS03 
" .6e.f.e.Yl.ide. Ag Z e. 
" .6uf.6a~e. AgzSO 
" (PyJtaJtgyJti~e.) Ag 3S b~ 3 
" (PJtou.6~i;te.) A93 A.6S 3 
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Ba.6e. Me.:ta.t.6 

Coppe.~ oxide. mine.~al.6 (ineluding ~ulphate~, ca~bonate.6, 
ete.) a~e .6oluble in both hul6u~ie and hyd~oehlo~ic acid.6. 
It ih ve~y impo~tant no:t :to ge.:t eoppe.4 in :the. .zinc­
p~e.cipi:ta:tion .6y.6:te.m be.cauhe. COppe.4 4e.:ta4d.6 hilve.4 
p~e.cipi:tation(4e.p.tace.me.n:t) and the. ~e6ine~y will penalize 
60~ eoppe~ content. 

Le.ad ha.t~.6 in:te46e~ wi:th :the. zinc p~ecipi:ta:tion 6~om a 
cyanide. .6o.tu:tion. 

Thehe wi.t.t .6e:ttle du~ing the aeid pha.6e, but enough 
hettling time mU.6t be allowed. 

Solven:tSelection 

A. Sodium ehl04ide (NaC.t) 

U.6e 06 .6a.tt wah di.6cUhhed in p4e-t4eatmen:t. F4ee chlo/tine. 
ion ih ve4y impo4:tan:t 604 good di.6.6olution 06 .6ilve.4 and 
go.td. Highe4 4e.COVe.4y i.6 obtaine.d in :the cyanide pha.6e 
by u.6ing weak .6al:t ho.tutionh. 

B. Sodium thio.6ul6ate (NaZS203·5H20l 

Sodium thio.6ul6ate i.6 a ve4y e66ective holvent 60~ 
.6il v e~. I have e xten.6 iv ely utili zed "hyp 0" 0 n a 
comme4cia.t .6cale at Tomb.6tone 6o~ leaching unde4g40und 
and ci4cu.tating to the plan:t at 60 GPM 604 abou:t 6 mon:th.6. 
Hypo doe.6 not in:te46e4 with cyanide;:they can be u.6ed 
togethe~~ Hypo ean be u.6ed in a pH 4ange 06 3 :to 12. 
F04 nume~ou.6 4ea.60n.6, Hypo hhould be u.6ed in Ve.4Y weak 
.6o.tution.6; ith di.6.6o.tution 4ate 604 .6ilve~ and i:t.6 
decompo.6ition 4ate. Al.6o, .6unligh:t e66ect6 Hypo. Howeve4, 
it can ve~y e66ective.ty and economically be ·utilized. 

Fo.tlowing a4e the 4e.6u.tth 06 eompo.6i:te halide .6ilve4 
o~e.6(Tomb.6:t.one, Revil.te, Packa~d, & Candela4ial that 
have been :t.e.6ted with Hypo. 

( , .. 

J 
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C. Sod~um hypochlo~~de (NaOCl) 

Sodium hypochlo~ide i~ an e66ective ¢olvent 60~ oxide 
mine~al¢ a¢ gold and ¢ilve~. Al¢o, it i¢ a good oxidant 
and a ¢t~ong ba¢e; in a 74% ¢olution the pH i¢ 72.5. 
Sod~um hypochlo~~de ~¢ a good ¢olvent to u¢e ~n the 
p~e-t~eatment pha¢e becau¢e· i6 it 60llow~ the u¢e 06 
¢alt, the oxidation act~ like HN0 3 in changing the valence 
and gold(a¢ well a¢ ¢ilve~) di¢¢olve¢-ju¢t like aqua ~egia. 

Utilization 06 NaOCl a¢ an oxidant and ¢ou~ce 06 6~ee 
chlo~~ne p~io~ to the cyanide pha¢e i¢ ve~y e66ective 
becau¢e gold and ¢~lve~ chlo~~de complex i~ di~¢olved 
by the mo~e ¢table cyanide complex. Al¢o, the addition 
06 oxygen inc~ea~e¢ the d~~¢olution ~ate 06 gold and 
~ilve~ ~n cyan~de; it ha¢ been ~hown that 6 ppm oxygen 
i¢ nece¢¢a~y 60~ the mo~t e66icient di¢¢olution ~ate. 
Al¢o, the di¢¢olution ~ate d~op¢ 066 ve~y ~apidly with 
dec~ea¢ing amount¢ 06 oxygen. 

v. Cyanide (NaCN) 

Cyanide i¢ the mo¢t commonly u¢ed gold and ¢ilve~ ¢olvent. 
V~¢~olution ~ate~ 60~ ¢ilve~ a~e much ~lowe~ than 60~ 
gold, and itwa¢ pointed out that oxygen i¢ nece¢¢a~y. 

El¢ne~'¢ 6undamental cyanid-¢ilve~ equation¢ a~e: 

Hal~de¢ 

Sul6ide¢ 

2Ag + 4NaCN + 0 + H20 = 2AgNa(CN)2 + 2NaOH 

(1) A9 2S+5NaCN+O+H 20=2NaAg(CNJ 2+NaCNS+2NaOH 

(2) A9 2S + 4NaCN = 2NaAg(CNJ 2 + Na 2S 



. 

R. F. HEWLETT 

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

'- . 

LAS VEGAS, NEVADA 89109 

Ba~~c ~~lve~-cyan~de p~oblem~ and the~~ ~olut~on a~e: 

Ba~.ic P~oblem 

Slow d.i~~olut~on ~ate 

Oxygen ~equ~~ement 

Sul6ate~ 06 ~~on; ppt. 
~.ilve~ .in heap . 

Sul6.ide ~olut~on~ ppt Ag 

Soluble Pb ~alt~ .inte~6e~ 
w.ith Zn p~ec~p~tat.ion 

S.ilve~ ~ul6~de~ a~e ha~d 
to d~~~olve w.ith CN 

Solut.ion 

St~onge~ ~olut~on~ and good pe~culation­
lowe~ ve~t.ical l~6t~ on the heap; add~ 
oxygen. P~e-T~eatment w.ith ac.id 
~olvent~. Add ox.idant~. 

Above, plu~ ~p~ay(a~ ~ainbi~d); 
mon~to~ p~eg at ba~e 06 heap­
keep at 6 ppm 6~ee oxygen. 

Vecompo~e w.ith l.ime 

Add Pb(C 2H30 2 1 2 - allow to ¢ettle 

P~ec~p.itate and ¢ettle w.ith ac.id 
pH--de~ign la~ge ~ettlin9 pond¢ 

P~e-t~eatment w.ith NaCl and NaOCl 

Tet~ahed~.ite, ~ul6-ant~- P~e-t~eatment w.ith NaCl, H2S0 4 , 
monide¢, and ~ul6-a~~en~de¢ FeCl 3 , and NaOCl 
a~e ha~d to d~~¢olve ~n CN 

Ox.id.ized Zn & Cu ox.ide~, 
ca~bonate~, and hyd~ateh 
and ~oluble ~ul6.ide~--­
cauhe h~gh CN con~umpt~on 

Nume~ou¢ p~e - t~eatment; ba¢.ically 
acid with NaCl and NaOCl 
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To de~e~mine ~he op~imum ~etec~ion on ~otven~~, va~iou~ bench-6haQe~ 
~e~~~ ~houtd made nottowed by ba~~et teach ~e~~~. The~e a~e a~ 
6 o.t.tow~ : 

1. S~lve~ d~~~olut~on ~ate pe~ ~olvent 
2. Op~imum ~o.tven~ concen~~a~ion. 

Solven~ 

Sad. ~hio~ut6a~e 

Sad. chto~ite 

Sod. hypochto~ite 

Aqua ~egia 

Cyanide 

HCt 

Sotven~ Concen~~a~ion Inc~ement~ 

1 /2 . 3/4, 1, 2, 5 9 ILam.6 / tit elL 

I, 2, 5, 10, 20 g~am.6/Li...teIL 

5, 10, 20, 50 mt/Li...teIL on 14 % 60b!. 

1/4, 1/2, 1, 5 g~am.6/titeJz. 

5,10,20, 50 mt/tite~ 

1/2, 3/4, 1, 1.5, 2 gl!.am.6/tLteIL 

5,10,20 mt/.titeIL 

5, 10, 20 mt/.tite~ 

" . .. . 
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PILe c..{.o ul> 
Metal 
Leached 
(Ltoy oz.) 
(Ton l>oln) 

Value 
PILe c..{.o Ul> 
Metal 
Leached 

SOLVENT ECONOMIC ANALYSIS 

. 
1 
1 
1 
1 
1 
J 
1 
1 
1 
1 
1 
f 
1~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Solvent ConcentlLat..{.on (glL/l) 

1 
1 
1 
1 
1 
1 
1 
1 
1 

$1 Solvent 1 
(PelL ton l>oln) 1 

J 
1~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Solvent ConcentlLat..{.on (g~/l) 

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

'-..... 

Leaching 
Time 

Leaching 
Time 

SOLVENT STATIC & VYNAMIC ANALYSIS 

J 
J 

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

1 •...........•........••........ F.i..Jt.e 
1 
J 
1 
J 
J 
J 
1 
1 
1 
J 
J 

Solvent.6; 

r ••••••••••••••••••••••••••••••••• 
Pll.eciou.6 Metal G/tade 

1 
J 

Cyanide 
Ac.id.6 
Hypo 
Chlo/til1e 
Etc. . 

1 Solvent A 
1 
1 
1 Solvent B J 
1 Solvent C 
J 
1 Solvent V 
J 
J 
J Solvent E 
1 
J 
J ••••••••••••••••••••••••••••••••• 

P/teciou.6 Metal G/tade 
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Solvent o~ Reagent Suppli~ Folun P4i~e;22 ton load 
F~~ Chlo4ide 

SocUum Chlo4ide 

SocLi.wn Chlo4ide 

SocUum SulMde 

Ume 

Ume. 

Zinc. 

S-i.eNul ( R) Liq.-42 Be-55 gal ~(625#) $21/100wgt. $ 0.21/ 

Pell~- 50#/$2.88 625# dhum-delive~ed .16/' " 
P~on6(SPI C~y.- 22 ton tnu~R; $3/ton + $6/ton(GF) 

S-ULeNul(R) F.e.Q.Re-20 ton lou Vel. WS 

" 

" 

" 
" 

(PI HydAated-22 ton loU-Vel. WS $134.43/ton 

(PI P~o~eh~ed CaO-$37/ton(P)+$5. 12/200 mileh 

FlaRe Na20-500# dhum Vel. WS 

Powd. M~e-$68.32/owt Vel. WS 
·\t SocUum Cyanide ~\~\ 

).po 
CaOCl(HTH) / ~"'J 

" Pell~ - Vel. WS 

$.0045/ 1 

.195/1 

.067/# 

.021/# 

.185/~ 

.6832/ 

.441# 

.701# 
Lead A~e.;ta;te 

SocUum Th<.o.6ul6ate 

SocLi.wn Hypoc.hf.o~e 

" 

" 

" 

" 

C~y. 70%- 1000# lot 

Powd. 333# WS 

WS 

100# bag.6- 22 ton lot Vel. WS 

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

$2.34/# 

.1625/ 

.90/go.-
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In o~de~ to dete~mine the optimum ~olvent economiC6, te~ting 
mU6t be pe~6o~med at a compa~itive economic concent~ation, a6: 

Solvent 

Cyanide 

Sodium Chlo~ide 

Sodium Hypochlo~ite 

Sodium Thio6ul6ate 

Fe~~ic Chlo~ide 

Calcium Hypochlo~ite 

Leachil1g Te6t6 

Quantiti!f. 60 IL $O.20/ton 60lutiol1 

0.23 g~/l 

22- g~/l 

421. ml/l 

.62 g~/l 

.48 g~/l 

.14 g~/l 

It wa6 6hown in a p~eviou.6 .tz.epo.tz.t!June 23, 1978) that the TQmb6tol1e 
o.tz.e t~eated 6howed the 6ollowil1g .tz.e.6ult.6: 

1 • "Natu.tz.al.6 ho oting" 0 6 the o~e ~e.6 ulted -<.n; 

A. P~ope~ 6.tz.agmel1tation 6o~ good pe~culation 

B. Maximum expo.6u.tz.e 06 o.tz.e-mine~al.6 

2. O~e contained .6ome 6ilve.tz. 6ul6ide.6, .and they; 

A. Leach .6lowly in NaCN 

B. Will leach mo.tz.e completely with an acid p~e-t~e-tment 

3. Leaching ~ate i.6 good due to a la.tz.ge pe.tz.cel1tage ad HO~11 SLtve.tz.. 

d 
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S Or. e. e. 11 

+ 2Yz 
2 
lYz 
1 
k 2 

~ 
1/8 
1/8 

Size. 

il1c.he.~ 

" 
" 
" 
" 
" 
" 
" 

730 ROYAL CREST CIRCL E S. 
APT. 438 
LAS VEGAS, NEVADA R9109 

Le.ac.he.d Ag Value./t. OZ.)/.tOIl 

0.25 oz./tOIt otte. 
.80 

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

Compattative. Le.ac.hil1g Rate. a.nd Re.c.ove.tty Rate.~: 

Time. Pe.Jt Ce.l1t Le.ac.he.d 
Re.ville. Cal1ae..tattia Tomb .6to ne. 

24 h ttl.> • 37 % 83 !1, 
0 24 % 

48 " 65 % 94 % 32 % 

72 " 85 % 99 % 43 o. 
'0 

96 " 9 1 % 100 % 58 % 

120 " 98 % 74 % 

144 " 99 % 82 % 

168 " 100 % 99 % 



BARREL TEST 
RESULTS 

Cyanide leach 

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

Atom. Adsorp. Atom. Adsor12· Date Au Ag 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 Leaching: Rate .222 
10/12 .240 Date Au Leached/day .270 --
10/15 .301 10/14 .025 .306 10/15 .258 .355 10/18 .058 .379 10/19 .149 .392 
10/18 .427 

.431 

.500 
Leaching Rate 

Date -- Au Leached/day 

10/7 .044 
10/8 .031 
10/9 .025 
10/10 .080 
10/11 .042 
10/12 .050 
10/15 .120 

I' 10/18 .108 i... 



LIME-CADSTIC-SODA ASH 

Protective Alkilinity 

Into three large beakers 500 mI. H20 was added. Then 
enough sulphuric acid was added to bring the pH to 2.5(2 mI. 
H2S04 ), 

Amount of 
Base Added Lime 

1/4 gr. 3 

1/2 gr. 5 

3/4 gr. 8.5 

1 gr. 11 

1 1/4 gr. 

1 1/2 gr. 

1 3/4 gr. 

#/ga1. ~ 1 9r. lime = 
500 mI. 

pH 
Caustic Soda Ash 

2.5 2.5 

3.5 5.75 

6 6.5 

8.5 8.5 

11 9.5 

10.5 

11 

2 gr. lime(3.7853 liter) 
liter gal. 

( # 
453.6 gr. 

= .017 # 
gal. 

# 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 



R. F. HEWLETT 

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

TOMBSTO"'E 
METALLURGICAL TESTING 

SILVER-SODIUM THIOSULFATE 

LAS VEGAS, NEVADA 89109 

In o~de~ ~~ quan~i6y ~he e66ee~ivene~~ and ee6nomie~ 06 ~odium 
~hio~ul6a~e(Na2S203·5H20) a~ a ~olven~ 60~ ~ilve~ halide~, hample~ 
06 high-g~ade ~ilve~ 0~e(+7 oz./~on) we~e eollee~ed and analyzed. 

P~oeedu~e 

1. S~anda~d ~olu~ion~ we~e made wi~h 1,4,10,21,30,40, & 50 
g~amh hodium ~hiohulfia~e pe~ li~e~ wa~e~ 

2. 50 ml 06 eaeh htanda~d ~olution wa~ plaeed ~n a 6lahk 
wi~h 20 g~am~ 06 -40 ~o +64 me~h o~e 

3. Eaeh 6la~k 06 "hypo" htanda~d and o~e wa~ hand hhaken 
60~ ine~ementh 00 ~ minu~e; ~haking wah unioo~m 

4. Afi~e~ eaeh pe~iod 06 agi~a~ion, ~he 6lahk wah allowed 
~o he~~le oo~ 1~ minu~eh. Then a Silve~ dete~mina~ion 
wah made wi~h ~he AA 

5. The OlMR. wa~ ~hen ~ ealed and ~~eph # 3 and 4 we~e ~epea~ed 
un~il 12 ~eading~ we~e made; 6 minu~e~ 00 agi~ation. 

1. Leac:-hing ~e 

2. Silv~ ~eeov~y p~ 9~ "hypo" 

3. Silv~ ~eeov~y p~ "hypo" eOh~ 

4. Value ~ilv~ p~ $1 "hypo". 

=' 



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

METALLURGICAL TESTING 

R e.Ll U..t:tLl 06 
So d-i..u.m Thio-6u..t6a:te. Le.ac..hing 

o~ Si.tve.1t 
********* ***************** 

TROY OUNCES AG LEACHEV PER TON 

Gltam-6 Sodiu.m Thio-6u..t6 a:te. e. e.1t Ag-i..:ta:t-i..on T-i..me. 
(Minu.:te.-6) 4 1 0 21 30 - -

0.5 · 1 4 .30 .47 .74 1. 60 

1 . 0 · 20 .50 . 86 1 . 37 2. 87 

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

2.0 · 32 . 87 1 . 62 2. 44 3. 85 

2 . 5 .36 .99 1. 93 2 . 83 3. 97 

3. 0 · 4 1 1 . 24 2 . 2 0 3. 1 5 4. 12 

3.5 .46 1 . 33 2.58 3.35 4. 1 8 

4.0 .55 1 . 57 2. 79 3.69 4.30 

4.5 .57 1 • 65 2. 95 3.99 4.40 

5. 0 .67 1 . 90 3.26 3.99 4.39 

5. 5 .69 1. 95 3.60 4. 14 4.44 

6.0 · 75 2. 02 4. 1 2 4.50 4.50 

<..-, J r 
"j, ~~ (j~-. /' . . :'\,; .. ;-I (r""../'-~,/t ·f~· · · ~ ·"' ·r , ' ''''''-' ~ .. ../ L-' 

I , / 

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

SOLUTION 

.ti:te.1t 

40 50 

2. 63 2.90 

3.80 4.30 

4.06 4.60 

4 . 90 5.58 

4. 73 5.53 

4.80 5.61 

4.80 5. 70 

4.90 5. 70 

4.82 5.60 

4.80 5. 70 

4. 95 5. 80 

4.90 5 . 85 



R. F. HEWLETT 730 ROYAL CREST CIRCLE S. 
APT. 438 PHONE (702) 731-1601 METALLURGICAL TESTING 

"-. .. 

LAS VEGAS, NEVADA 89109 

*Silve~-Sodium Thio~ulna~e* 

Leac.hing Ra~e 

1NCREMENTAL TROY OUNCES AG LEACHED/PER TON SOLN.J PER ~ MINUTE INTERVAL 

G~am~ Ag~o n Time, MinLLt~ 
Sod..i..u.m 
Th..i..o.6ul6ate In-i..t..i..al 
Pe~ L..i..tvl.. k 2 1 1~ 2 2~ 3 3~ 4 4~ 5 5~ 

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 

10 0.47 .39 .43 .33 · 31 .27 .38 . 21 . 16 .31 .34 

2 1 o. 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 0.98 -.05 0.03 0.09 0.00 -. 10 0.00 o. 10 

The above ~~ulU .6how ~he noilowing: 

A. Inil..i..ai.. "hypo" c.ontac.:t wah .the ~ilv~ m..i..neJl.ato ~ the mo~t e66eilive 

B. Addilionai.. ~ilv~ ~ leac.hed wah eac.h ~e ..i..nMement at low "hypo" 
c.onc.en.;tJr..a;tioM 

6 

O.Ol 

.0: 

. 5~ 

.3, 

.Oc 

-.0: 

0.0: 



R. F. HEWLETT 
PHONE (702) 731-1601 METALLURGICAL TESTING 

*Silven-Sodium Thio~ul6a~e* 

Silve.n Re.c..ove.Jty Pe.n GJtam "Hypo" 

The weigh~ pen ~e.~~ .6olution 06 wa~eJt, hypo, and 

GJtam.6 Hypo Wgt. Hypo & H2O Wgt. 50 Pe.Jt Lite.Jt Pe.n Lite.Jt H2O 

1001 gn. 49.95 gil.. 

4 1004 " 49.80 " 
1 0 1 01 0 " 49.50 " 
2 1 102 1 II 48. 97 " 
30 1030 " 48.54 " 
40 1040 II 48.08 " 
50 1050 " 47.62 " 

FJtom ~he..6 e. e.omputa~ion.6 , ~he. Jtee.ove.Jte.d Silve.Jt pen peJt ~on 06 .6olu~ion i.6 e.o mpu~e.d . 

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

one. L6 . e.o mpu~e.d: 

ml 
Hypo 

.05 gn 

20 " 
50 " 
03 II 

46 " 

1 . 92 " 

2 . 3 8 " 

gJtam Hypo 
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R. F. HEWLETT 730 ROYAL CREST CiRCLE S. 
APT. 438 PHONE (702) 731-1601 METALLURGICAL TESTING 
LAS VEGAS, NEVADA 89109 

*Silve~-Sodium Thio~ul6a~e* _ 

OUNCES AG PER TON SOLUTION RECOVERED PER GRAM HYPO 

Agi~a~ion Time, Minu~e~ 
G~ Hypo 
e~ Ut~ k 2 1% 2 2% 3 3% 4 4% 5 5% 6 

• 14 .20 .25 .32 .36 . 41 .46 .55 .57 .67 .69 .75 

4 -.08 • 13 · 17 .22 .25 .31 .33 .39 .41 .48 .49 .51 

10 .05 .09 · 13 • 16 · 19 .22 .26 .28 .30 .33 .36 .41 

21 .04 .07 · 10 · 12 · 13 • 15 · 16 · 18 · 19 · 19 .20 .21 

30 .05 · 10 . 11 • 13 · 13 · 14 · 14 · 14 · 15 · 15 . 15 · 15 

40 .07 · 10 · 10 • 12 · 12 · 12 · 72 · 12 · 74 · 12 . 12 · 72 

50 .06 .09 .09 · 11 .11 · 11 · 11 · 11 · 11 · 11 .11 · 12 

Th~e ~~ulU have been plo.t:ted 011. the gMph on the fioUowing page. 

The fiollowing g~aph make~ ~he nollowing eonelu~ion~ obviou~: 

A. Lowe~~ eoneen~~ation~ on "hypo" a~e: ~he mo~~ e66-teent 

B. Lowe~:;t eoneen~~a~ion~ 06 "hypo" do no~ load - up w-tth Ag 

C. High eoneen~~ation~ 06 "hypo" a~e -tn - e6fiie-ten~, due ~o 
indueed ehemieal p~ee-tp-t~at-ton and the pO~~-tble ehem-teal 
de-eompo~-ttion 06 the "hypo". 

. '~ . 
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.80 

.70 

.60 

.50 

.40 

.30 

.20 

. 10 

o k 2 

Ounc. e.6 S-<..t\)C'.1t Leac.he.d Pelt GJtam Hypo 
Folt Valt-<"ou.6 Hypo Con c. e.n.tJta.t-<"on.6 

2 3 4 

T -i. me., t.f -i. 11 U .t e..6 

40 

50 

1 gltam/.£. 

4 gltam/l 

1 0 gltam.6/l 

gltam.6/l 

ltart1.6 / l 

glt/l 



R. F. HEWLETT 

PHONE (702) 731-1601 

Ec.on.omic..6 

METALLURGICAL TESTING 

*Silve~-Sodium Thio~ul6ate* 

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

The value on the .6i1ve~ ~ec.ove~ed i~ c.omputed 6~om; 

, 

G~ Hbpo 
l H2 _ 

4 

1 0 

2 1 

30 

40 

50 

Oun.c.e..6 Ag 
Pe.~ 50 ml = 
Solution. 

VALUE 

T. Oz. Ag 

Oun.c.e..6 · Ag X Ton..6 Soln.. X G~ H2Q 
Ton. Soln.. G~ H20/ton.·· 50 ml 

240 gal X 8.331 # 453.6 g~ 
ton. Gal H20 X # 

OF LEACHEV SILVER ANV PER $ 1 HYPO 

Value Ag CO.6t Hypo Ag Re.c.ove.~1d 
50 ml .6 oln.. @ $5.00 @ 18¢/# $ 1 Hlde o 

.0000413 $.0002065 $.00002 $10.33 

.0001109 .0005544 .0000794 6.98 

.0002248 .001124 .0001984 5.67 

.0002429 .0012145 .0004087 2. 97 

.0002408 .0012039 . 0005794 2. 08 

.0002597 .00·12985 .0007619 1 . 70 

.0003071 .0015354 .0009444 1 . 63 



60 

~ 
50 Compa,../son. 

of 
c:: 

5; I ve Y' Lea c hed . IV 
:::::.. -..... V5. 

~ 40 5'0/ yen t COYle. 
~I fo~ 

~ Cyan/de 9- I-Iy(o 
~ 

"- 30 
~ e Cyan ide 
a ~ HYfD (5o~J;u~ Ttt;o S4.f+:-fe) 

IV 
~ 

\) 
20 \J 

()) 
'-..l . 

\... 
cu 
~ /0 

" . .... 
V) 

~ 

o I ar I ' , , 

2 Z5 3 i~ 4 .5 / /.5 

#)5 Solvent Per Ion So/no 



( 
''-.-' 

Gold Dissolution Rates 
(Milligrams Gold Dissolved Per Hour 

Equal quantities of gold foil were weighed and allowed to dissolve in various sol vents to determine the dissolution 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 A u/Hour), and the di ssol ution rate cost (milligrams Aul $1 Solvent Cost per ton solution). These resul ts 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; 
if / ton solution 

5 

1 

. 2 

Sodium Chloride-Chlorine System 

Milligrams Au 
Dissolved Per Hour 

2.4 

3.0 

.36 

A standard-brine-solution was prepared using 58.86 pounds of salt 
(NaCI) per ton solution. This provides an excess chlorine ion. Into 
this standard brine solution were added various amounts of liquid 
chlorine. Following are the Au dissolution rates: 

Solvent Concentration; 
if / 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. 

d 



Sodium-Chloride-Chlorine-H2S04 System 

The same standard-brine-solution was used with 58.86 pounds of salt 
(NaCl) per ton of solution. Into this solution were added various 
amounts of liquid chlorine and sulphuric acid. Following are the Au 
dissolution rates: 

Solvent Concentrations; Milligrams Au 
II / ton solution Dissolved Per Hour 

Cl 2 H2 SO 4 

. 118 5 . 7.8 

. 118 1 4. 8.4 

.236 5. 16.2 

2.36 1 4. 108.6 

Chlorine Solution 

Two different liquid chlorine solutions were prepared with the 
following results: 

Solvent Concentration; 
II / 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: 



Chlorine Solutions 

Various solvents were mixed with chlorine solutions, with the 
following results: 

Solvent Concentration; Milligrams Au 
If / ton solution Dissolved Per Hour 

C1 2 Other 

4. 1. Br 2 19.2 

4. 4. CaC1 2 40.8 

4. 16. HCl 225.6 

4. 40. Na 2S04 19.8 

4. 40. NaF 21. 

Bromine Solutions 

Various solvents were dissolved in bromine solutions with the 
following results: 

Solvent Concentration; 
1/ / 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. Rate; Mg. Au Per Rank Reagent A Reagent B Reagent C Mg. Au/Hr. $1 Solvent(s) 
1 60. Br 2 50. KBr. 2220. 94.9 
2 4. Cl 2 16. HCI 225.6 74.2 

3 60. Br2 40. NaCl 960. 60. 
4 4. Cl 2 4. CaCl 2 40~8 60. 
5 4. Cl 2 20.4 51. 
6 2.36 C1 2 58.86 NaCI 108. 41.7 
7 .874 Cl 2 3.6 40. 

8 4. C1 2 1. Br 2 19.2 30 . 

9 . 874 Cl 2 1. H2SO 4 9. 22.5 
10 2.36 Cl 2 14. H2SO4 58.86 NaCI 108.6 15.7 
11 60. Br2 110.4 7.7 
12 . 874 Cl 2 16 . H2SO 4 31.8 6.3 
13 .874 Cl 2 20. H2SO 4 37.2 6.3 
14 1. NaCN 3. 4.8 

1 5 .236 Cl 2 5. H2SO 4 58.86 NaCI 16.2 4. 1 
16 4. Cl 2 40. NaF 21. 2.8 

17 · 118 Cl 2 5. H2SO 4 58.86 NaCI 7.8 2.0 

18 5. NaCN 2.4 1.9 
19 4 . Cl 2 40. Na 2So 4 19.8 1.5 
20 · 118 Cl 2 14. H2SO 4 58.86 NaCI 8.4 1.3 
21 .2 NaCN .36 1.3 
22 · 1 18 Cl 2 58.86 NaCI .18 . 1 

( , 
'- -



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 inorganic 
mercury compounds. Both forms are collected from solutions of pH 1-9. 

Typical Characteristics 

Physical Form: White, macroporous beads 
Supplied: Regenerated 
Nominal Mesh Range: -16 + 55 
Moisture Content: 45% - 55% 
Shipping Weight: 750-850 gil 

Capacities 

Gold: 150 gil 
PIa tin urn : 6 5 gil 
Palladium: 58 gil 
Iridium: 25 gil 
Mercury: 150 gil 
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General Instructions for Us e 

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 is carried temperature using conventional ion exchange column Minimtim bed depth should be 750 mm and the flow rate bed volumes per hour. 

out at room 
techniques. 
about 10-20 

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 - 10000 C. leaves the metal in a very pure metallic form. 

b. El ution El uting immediately after adsorption with a 5 % aqueous sol ution 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 appl ied, 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 11..0 cel> l> Chemil>tl1..tj 

Recovel1..y Method 
A ct.i v Lt If Solvent Reagent Ag Au 

A. Spl1..ay Side. ( 1 ) Na
C

S 20 3 None. Powd. Zn Na2S 
Slo pel> (2 ) Na N Lime Na2S R el> in 

B. CI1..Ul> h & Leach 
No. Ramp (1) Na 2S 203 None Powd. Zn Na 2S 

( 2 ) CN Lime. Na2S Rel>in 

C. CI1..Ul> h & Leach ( 1 ) NaCl NaOCl Na 2S Rel>in 
Heap ( 2 ) CN Lime Na2S Rel>in 
( Low-Mn) 

v. CI1..Ul> h & Leach ( 1 ) NaCl NaOCl Na S Rel>in 
Heap (2 ) Na 2S 203 Po&d. Zn Na2S 
IHigh-Mn) ( 3 ) CN Lime Na2S Rel>.in 

E~ Leach hea.p ( 1 ) H2SO 4 None. 
In. Situ ( z ) NaCl " Powd. Zn. R e.6.in. 

(3 ) NaOCl " 
(4 ) NaCN L.ime NaZS R e.6.in. 



TOMBSTONE HE:AP 

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. 
- . " \ . / . I 

\ : ;-' '>.) . ", ' '. ~~ 
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SOUTHEAST CLAY 

.021 Au/.12 Ag 

NORTH CLAY 

.042 Au/.3D 

:J. ,< ' / 1- / ' ~ ( . ' 

Ag 

.-
f 

/ 

SOUTHWEST CLAY 

.060 Au/.36 Ag 

, 

" -

)~ 
f 
i 

, . -
01 )~, 

J -' I 
~. ~ 
: ~ i) 
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£-Z<I V 
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NORTH FINES 

.051 Au/.15 Ag 

...., ' . " 

J 
I 

SOUTH FINES SOUTH LARGE 

.120 Au/.42 Ag 

SOUTH MANGANESE 

.150 Au/1.89 Ag 

.042 Au/ 

.57 Ag 

TOMBSTONE "HEAP" 
**************** 
Assays of ore types 
and sizes ......... . 

NORTH MANGANESE 

East .177 Au/1.98 Ag 

West .138 Au/.45 Ag 

NORTH LARGE 

.033 Au/.48 Ag 



Location 

Hea.p 

" 
" 

" 

NOJtth Ra.mp 

EmeJtald Vump 

Contention 

Sh-t 

Contention 
Vike-Cave 
Open-Pit 
AJtea 

()-/' ..-'U-"" , ! ,_;~ ~ .. J :"-"" 
) 

TOMBSTONE 

Sampling SummaJttj 
MaJtch 12,1979 

OJte Type TJtoy Oz./ton 

Gold SilveJt 

COa.Jth e .038 .53 

Cla.y .041 .26 

Fineh • 086 .29 

Mang an eh e • 155 1. 44 

Contention · 738 1. 31 

Fin eh / co aJth e · 1 27 2. 72 

Tailing/) .050 . 63 

Ca.Jt b 0 nac. eo Uh .234 1. 56 

AlteJted Vike/ 
Limehtone-
No M a.l1.g a.n eh e · 158 1.94 

oJte GJtOhh Value 

($250/$7.5) 

$ 13.48 

72. 20 

23. 56 

49.55 

44. 33 

52. 1 5 

77.23 

70.20 

36. 00 



TOMBSTONE 

NOIL;th Ramp Sampling: 
(Tom S c.hlo.o.o e;t. al. ) 

( C. 
r\ r" 

E.o c.apule Lab R e.o ul;t.o ) ; 

Sameie NumbeJr.. TJr..oy' Oz./;ton .ooln. TJr..oy' Oz./ton oJr..e 

Gold SilvelL Gold SilvelL --
NR- 1 .043 • 3 1 • 129 .93 

NR- 2 .040 · 38 · 120 1. 14 

NR- 3 .063 1. 80 • 1 89 5.40 

NR- 4 .039 .24 • 11 7 • 72 

NR- 5 .043 • 4 1 • 129 1. 23 

NR- 6 · 104 • 58 · 312 1. 74 

NR- 7 .037 .29 • 1 11 • 87 

NR- 9 .039 • 41 • 11 7 1. 23 

NR-I0 .034 .20 · 102 .60 

NR-l1 .034 • 29 • 102 • 87 

NR-12 .040 • 29 • 120 • 87 

NR-13 · 052 .46 • 1 56 1. 38 

NR-14 .039 .20 • 111 · 60 

NR-15 · 037 • 25 • 1 1 1 · 75 

--

Ave. · 1 38 1. 31 

.-. 
{! J; ' ,j.'/',- ,I i:: '. (~1_. n. i '/ ...... . / . -,,; /·· ... 'r · ·("' ·/ ' I ' / I C' . ./ . . ~. 



TOMBSTONE 

No~th Ramp Sample Map: 

# 1 3 t ,~ 
'. , 

Ie \ 

\ 
.~. 

~/ 

# 1 5 

# 1 2 
/ ' ,.- .~:­

I . 

_ 1 1 

. ' -- .. 

NORTH ! 

. ~ i 

#,10 

L~' 
#9 

\.. . 

'-.. .. " .-
''', \:../ 



TOMBSTONE 

Open Pit Sa.mple~ 
Contention Vik.e 

Summa.~y 06 Contention Vik.e Open-Pit Sa.mple~: 

Sa.me. le Identi6i c.a.tion T.Oz./ton o~e G~o~~ Va.lue/ton 

Gold Silve~ ($250/$7.50) 

Cha.nnel Coa.~.6 e • 126 .39 $ 34.43 

A-fine~/c.oa.~.6e/mixed • 1 30 1. 32 42. 40 

B-Fine~/c.oa.~.6e/mixed • 1 35 2. 88 55. 35 

C - C 0 a.~.6 e. • 105 .48 29. 85 

V - Fin e.6 / C 0 a.~.6 e • 158 1. 94 54.05 

Ave. . • 158 1. 94 $ 36. 00 

o~e 



Same.le Identi6ic.ation 

Channel Sample along 
Contention Vike 

A- Fineh 

A- Mixed(mine Jc.unJ 

A- CoaJr..h e 

B- Fineh 

B- Mixed(mine Jc.unJ 

B- CoaJr..h e 

C- CoaJr..he(Channe.tJ 

V- F ine.h 

V- CoaJr..h e 

TOMBSTONE 

Open Pit Sampleh 
Contention Vike 

T.Oz. /ton holn. 

Go.td Si.tveh. 

.042 .13 

.060 • 70 

• 035 .25 

• 035 .37 

.055 2. 03 

.040 • 35 

.040 .50 

• 035 • 1 6 

.050 .96 

.055 • 33 

T.Oz./ton oJc.e GJc.Ohh Value 
Ton OJc.e 

Go.td Si.tve.Jc. ($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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Sa.mple Loc.a.tion 
Ma.p Showing 
Open-Pit 
Sa.mple 
Loc.a.tion.6 
********* 
Contention Vike 
*************** 

Sampled Ma.Jtc.h 11, 1979 
by RF Hewlett a.nd 
V~.6ty E.6c.a.pule .. ..... . 



TOMBSTONE 

Spee~al Sampleh: 
(Tom Sehlohh et. al.) 

(c. Eheapule Lab Rehulth); 

SamEle Numbelt Tlt0!i. Oz. /ton holn. Tlto!{ Oz./ton olte 

Gold S~lvelt Gold S~lvelt 
Emeltald Vump; --

F~neh • 037 2. 14 • 1 1 1 6.42 

CoalLh e .060 • 38 • 180 1. 14 

H~gh Ag .026 • 70 • 078 2. 10 

Hot H .046 .40 • 138 1. 20 

• 127 2. 72 

Content~on 
Ta~l~ngh; 

Eaht .010 .21 • 030 .63 
,/ 

M~ddle • 01 7 .28 • 051 . 84 

Weht .023 .14 • 069 .42 

.050 .63 

Sh-t • 078 .52 .234 1 • 56 



( , 

"-

TOMBSTONE 

S P e. c.,[ al Sam p l e..6 

CYANIVE V.6. ACIV LEACH: 

To e..6t'[mate. the. e.nne.c.t'[ve.ne..6.6 on c.yan'[de. a.6 a le.ac.h,[ng .601ve.nt 

w'[thout p~e.-t~e.atme.nt, .6ample..6 take.n n~om the. .6ame. loc.at,{.on we.~e. 

le.ac.he.d w,[th c.ya.n,[de. and aqua ~e.g,[a to de.te.~m,[ne. the. ~e.lat'[ve. 

~e.c.ove.~,[e..6. It,[.6 known that aqua ~e.g,[a w,[ll d,[.6.601ve. all on 

the. gold a~d .6ome. on the. .6'[lve.~, mak,[ng aqua ~e.g,[a a good 

e..6t,[mato~ on total vaiue.(he.ad.6). Fo~ gold, aqua ~e.g,[a ,[.6 mo~e. 

p~e.c.,[.6e. than n,[~e. a.6.6ay.6, and w,[th the. U.6e. on an atom,[c. ab.6o~pt,[on 

mac.h,[ne., ,[.6 muc.h na.6te.~. Follow,[ng a~e. the ~e..6ult.6: 

CYANIVE AQUA REGIA Pe.~Ce.nt 
CYANIVE 

T.Oz./ton .6oin. T.Oz. /ton .601n. RECOVERY 
O~e. Type. Gola S'[lve.~ Goia S'[ive.~ Gold -- --
Sh-t .020 .27 • 070 .42 29 % 

Eme.~ald F,[ne..6 • 005 . 24 .045 .21 1 1 % 

Conte.nt,[on Ta'[l.6.020 .21 .047 .08 ,43 % 

No~th Ramp-6- .025 2. 85 .082 .52 30 % 

The. above. c.yan'[de.-aqua ~e.g,[a c.ompa~,[.6on c.onn,[~m.6 Raiph ' VanA~.6dale.'.6 

.6tate.ment c.onc.e.~n,[ng the ~e.c.ove.~y on only 10% on the. value..6 6~om 

the mangan,[6e.ou.6 o~e. ie.6t ~n the. Eme.~ald dump and what wa.6 hauled 
• 

to the. he.ap and ie.ac.he.d. 




