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Mr. T. E. ~ , , -" - o( ,a I~ ,acc .L t ] .L  ~ ]YF inager "  
S o u t h w e , _ t e r n  M h ~ i n g  D e p a r t m e n t  

B u i l d i n g  

- •~,~Joaj,: T 4, , - . . ~  

"',~!~'~"~ Mineral ~e f i c ia l ion  ~-,~artment 

July 6, 1977 

1 

J 
J c.J 

Mission TungRten Recovery 

Dear M~. Sca~accini: 

As you are a~,,~re, several of the local copper co]~anies were conte~lating 
a joint resea~ch effort (includi~ AS~RCO if desired) directed to~,~rd 
tungsten mud other heavy metal recovery from flotation tail.1~ug. Consequently, 
we had monthly tailing composites from Silver Bell, Sacaton, and FZssion 
assayed by Central Research to determine the tungsten content. Results 
were all negative with less than .01% W03 present. 

During subsequent discussions with Mr. Anzalone, it was determined 
that most, if not all~ of the tmugsten present at the Mission Lmit 
would occur in the tactite ore. %~is has been confirmed by Central 
Research assays on specimen smnples of intrusive ~d tactite ores 
with the tactite assaying .029% WO~ (which is high enough to be 
recoverable) and intrusive assayifig only .0004Z WO 3 . 

It appears that a tungsten recovery scheme would be feasible o~ly 
if puree tactite ore were to be mined for extended periods of tJ~]~, 
and I assume that this would be i~©ossible to accomplish. In view 
of these facts, we will inform the other companies involved that we 
are not interested in a Joint research effort on tungsten recovery. 

It is interesting to note that a moderate amotmt of urmuium was detected 
in both of the specimen s~ples. }bwever, I believe that other, more 
representative ore samples have recently been assayed for uranium with 
negative results. 

vh 

co: 

T.D.H. 

CWC~rbell J0L 19 19Tf; 
R~lerde 
TDHenderson/file 

Yours truly, 

( .  " ~_ ..... -~.Cf.~O. . . . .  

D. E. Crowell 
Director 

'\ 

\ 
\ 
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Mr. D. E. Crowell 
TUCSON OFFICE 

/#° 

'- ' Cen .~.., Research Depar tment  
South  P la in f ie ld ,  N.J .  0 7 0 8 0  

July i, 1977 

S. A. A. 

JUL. 5 1977 

JUL 5 1877 

~'ENE'~"Cl'4TIoN OEPf 

Mission Ore Samples 

The two hand specimens that were sent from Mission have been 
examined and the results are reported in the attached memoran- 
dum by Mr. D. D. Maier. As you will note, the intrusive 
sample is extremely low in tungsten whereas the level in the 
tactite is appreciably higher. Since this is a single hand- 
picked specimen, it probably is not representative of the ore 
body in general. Unless areas of considerable amounts of 
tactite of this type are encountered, it is expected that the 
overall tungsten content of the ore body is too low for economic 
recovery of tungsten. 

If there is any additional information you would like on this, 
please let me know. 

VX/lk 
Attach. 

/ 

V. Kudr~k / 

CC: CWCampbell 
MEiTawil 
RBHaagensen 
TDHenderson 
RSHerde 
DDMaier 
EMartinez 
TEScartaccini 



Central Research Department 
South Plainfield, N.J. 07080 

June 24, 1977 
Re: 1176 

Dr. V. Kudryk 
B U I L D I N G  

Mission Ore Samples (MR-!226 A and B) 

Two hand specimens of Mission ore sent from the Mineral 
Beneficiation Department were received at Central Research 
(T. D. Henderson, Jr. letter to Dr. V. Kudryk, June 6, 1977). 
As requested, these samples were submitted for tungsten 
analyses and the results are as follows: 

Sample DescriPtion 
M.B.D. Gross Approx. Research 

Designation Appearance Sample Wt. No % W03 

Intrusive Medium to coarse- 130 g MR-1226A 0.0004 
grained rock with 
few fluorescent 
grains. 

Tactite Massive chalco- 425 g MR-1226B 0.0290 
pyrite with fair 
amounts of fluo- 

rescent grains. 

Attached are spectrographic analyses on the two Mission ore 
samples. The results indicate a significant level of tungsten 
in the tactite sample (MR-1226B). In addition, moderate levels 
of uranium were present. 



__/ i- 

_ 

1-m 

Further studies of these Mission ore samples are in progress 
including microscopical, X-ray diffraction, infrared, thermal 
and electron micro3robe anal'zses. 

DDM:rg 
cc: MEiTawil 

RBHaagensen 
EMartinez 

D. D. Maier 



SPECTROGRAPHIC ANALYSIS " 

ASARCO Incorporated 
Central Research Depertment 
South Plainfield, New Jersey 07080 
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Research Department 
lainfield, N.J. 07080 

Mr. D. E. Crowell 
TUCSON OFFICE 

April 21, 1977 
Re : 247 

+~k~.~,~ 
, ~ ,  . °  

He.a.vy Minera l  Ana..lys.es o..f Copper Mi l l  T a i l i n g s  

Three samples of pulverized composite railings from the 
Mission, Silver Bell and Sacaton units were received. The 
objective was to determine the feasibility of by-product 
heavy mineral recovery from these tailings (T. D. Henderson,Jr. 
letter to V. Kudryk, March 30, 1977). 

The following are the analytical results: 

As sa~s, ' % .... 
'Sn WO3 ' ~  ~ Pb Zn 

Sacaton .002 <.01 0.35 .0077 <.001 .004 
Mission .002 <.01 0.29 .0051 .005 .019 
Silver Bell .001 <.01 0.26 .0060 .013 .019 

The spectrographic analyses are attached. 

EM:rg 
cc: TREdwards / 

TDHenderson, Jr. 
RSHerde 
DRJameson 
VKudryk 
TEScartaccini 

,./" 

E. Martinez , ~ 

'i 
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SPECTROGRAPHIC ANALYSIS 

ASARCO Incorporated 
Central Researd% Department 
South Plainfield, New Jersey 07080 

S.W.M.D. Mill Tailinqs 
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' ~  Mission Unit 

March 30, 1977 

MEMORANDUM TO MR. ROY S. HERDE 

Re: Recovery of By-Product Heavy 
Minerals from }~ill Tailing |, 

On March 28, 1977, Mr. A1 Kuestermeyer gave to Mr. T. D. 

Henderson a 200-300 gram sample of M~ssion mill tailing for 

the year 1976 as requested by Mr. Henderson. 

.r i : ' " :  ,1 : " : : 'U [-7 

H. W. Walker 
M i l l  S u p e r i n t e n d e n t  

HWW/mln 

CC: TEScartaccini 
TDHenderson "~'~,~ 
DRJameson 
TEEdwards 
DECrowell 

I oOo , 



" ' -~"~' M i n e r a l  B e n e f l c i a t i o n  Department 
D. E. Crowell 

' " " D i r e c t o r  

T. D. Henderson, Jr. 

. . -  ~'a 

,s, 3 ,o5-  

March 30, 1977 

: ,  Dr. V. Kudryk, Manager 
Central Research DeDartment 

' -  ' ASARCO Incorporated- 
901 Oak Tree Road 

'%11~ South Plainfield, New Jersey 07080 

Heavy Mineral Analyses of 
S.W.M.D. Mill Tailings 

..., 

Dear Dr. Kudryk: 

f '  . ; / , . [ , , ,  ; , - - :  , 

• " ; ' °  . . . . . .  ' "  " S a c a t o n  o ~ . ° ~ ' e  

. , r  Mission Sample 
- ,  . Silver Bell Sa~p_ le 

~~)'~!: I am sending you under separate cover a samole ofmill tailing~s from 
:~ each of the S.W.M.D. concentrators~'~Mission, Silver Bell, and Sacaton. 

These are composite (pulverized) assay pulps representing the follo~J~ng 
i:.) periods of operation: 

August 1976 - February 1977 Mill Tails 
1976 Composite Mill Tails 
August 1976 - February 1977 Mill Tails 

; " ! ~ i ' b : " " A s  Mr. Crowell discussed with you recently, we are trying to determine 
the feasibility of byproduct heavy minerals recovery from these tailings. 

' ~.' ,~ In order to get a handle on amounts of such minerals in the tailings, we 
would like these samples analyzed for the following: 

L -  . " ~ . .  Sn, W03, Ti02, CaF2, U, Au, Ag, R a r e  Earth metals 
~" (Ce, Is, Y, Th), Platinum Group metals. 

' '~" Also, lead and zinc analyses would be of interest as well as spectrographic 
analyses to determine other metals of economic importance. 

.!.-') 

. .  *" 

f 

'~ V , ; "  vh 
V .' , ' ;  

- }  .'k' ' :  , 
~ .~ ~,. co" .TEScartaccini 

: ' . t '  ] ;  " 

. .  DRJameson 
RSHerde . . . . .  , .- . 
TREdwards 

,~.o 

Yours truly, 

~ .. ..~-,~..~,~,,~ L 

T. D. Henderson, Jr.~ 

O 

ASARCO Incorporated R .O. Box 5747 Tucson,Az 85703 
1150 North 7th Avenue .(602) 792-3010 

i . 



H A Z E N  R E S E A R C H ,  INC.  
I 

I 
7511 SO. HOUGHTON RD. 

POST OFFICE BOX 1792.8 

TUCSON, ARIZONA 85731 

TELEPHONE (602) 886-5545 

M a r c h  29,  1977 

Mr.  D o n  C r o w e l l  
ASARCO I n c o r p o r a t e d  
P. O. Box 5747 
T u c s o n ,  A r i z o n a  85703  

Re: HRI P r o p o s a l  No .  7 7 / 1 2  T 
B y - P r o d u c t s  R e c o v e r y  

D e a r  Don: 

I , |  . . . .  

- . . . .  

1 

! 

In a c c o r d a n c e  w i t h  ou r  r e c e n t  d i s c u s s i o n s ,  t h i s  i s  to  
n o t i f y  you  f o r m a l l y  t h a t  w i t h i n  t he  n e x t  two  w e e k s  we w i l l  o f f e r  ou r  
p r o p o s a l  for  a r e s e a r c h  p r o g r a m  to d e f i n e  e f f e c t i v e  m e a n s  for  t he  r e -  
c o v e r y  o f  b y - p r o d u c t  m a t e r i a l s  i n c l u d i n g ,  b u t  no t  n e c e s s a r i l y  l i m i t e d  
to ,  WO 3 m i n e r a l s  from c o n c e n t r a t o r  r a i l i n g s .  As you  k n o w ,  t h i s  
p r o p o s a l  w i l l  a l s o  be  m a d e  to  A n a m a x  and  Pima in  t h e  h o p e  t h a t  a 
j o i n t l y  f u n d e d  p r o g r a m ,  a p p l y i n g  to A n a m a x ,  P i m a ,  and  M i s s i o n  
t a i l i n g s ,  c a n  be  a r r a n g e d .  

Identical letters have been sent to Messrs. Krist and 
Huch. 

Any c o m m e n t s  you  h a v e  a b o u t  t h e  p r o p o s a l ,  b e f o r e  or 
a f t e r  i t s  s u b m i t t a l ,  w o u l d  b e  a p p r e c i a t e d .  

P e t e r  N. T h o m a s  
Vice  P r e s i d e n t  

cc: Applegate/Shaw ,\i.i~ ' , 
(" 

~!"i ' :  

i 

RESEARCH AND DEVELOPMENT FOR THE CHEMICAL AND MINERAL INDUSTRIES 



M i n e r a l  ~ ~1 iciaIien Deparlment 

Hatch 21, 1977 

Memorandum To: Mr. T. E. Scartaccini 

Subject: Recovery of Byproduct Heavy Minerals from Mill Tailin~s 

Hazen Research Inc. is orooosing a test Dro~r~ to detemnine the 
feasibi~lity of heavy ~dneral recovery from cooper flotation nil] 
tailin~s. It i.s ~v t~derstanding., that they ~e also anproachinK 
Anamax sod Cynrus-Pi~m with this proposal. 

Before considerinc, such a nro~am , we should determine what minerals 
of nossible economic interest al~. nresent in our ~ll]. t~.lings. 
Therefore, we would like to have s~Tnles of tailinp:s From the Miss:ion: 
Silver Bell, and Sacaton Units. These would be analyzed for tin, 
tungsten, titanium, rare earth metals, fluorsnar, u_rsnium, etc., by 
the Central Research Demmrtment. ½o. Crowell has discussed the an~lysis 
of these sm~oles with Dr. Kudryk. 

For analytical purposes, 200-300 ~rsms of sannle should be sufficient. 
If yearly comoosites are avsAlable, the 1976 sar~ole would be best. 
If not, an unwei~hted conmosite of iast year's monthly co~oosites 
using as many months' samples as are on hand would serve the nuroose. 

These samples should be sent to me and I will forward them to ~r. 
Kudryk with a letter requesting the aoorooriate analyses. 

vh 

Yours truly, 

T, D. Hend.erso.n, Jr. ,"/ 

CC: DZ]ameson 
ZSHerde 
TBEdwards 
DECrowell/file 
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to develop a meaningful plan and the Creation of useful 
concepts .  Several different exploration approaches are 
currently used, depending on the nature of the terrain, 
presence of postore cover, and degree of surface oxidation 
and leaching. 

Probably the most well-established exploration approach 
is the examination of prospects described in the literature 
and documented in company files. New submittals are also 
encouraged from prospectors and promoters. Since most 
prospects have been previously examined by competent 
exploration geologists, it becomes a question of recognizing 
new features or developing new ideas of ore localization to 
establish unrecognized exploration opportunities. The rela- 
tive effort devoted to this type of work is a continuing 
problem of those responsible for planning an exploration 
program. Failure to make any prospect examinations will 
identify the group as being nonreceptive to submittals from 
the pubIic, and it is thus unlikely to take advantage of new 
opportunities generated outside its organization. 

A successful variation of the prospect examination is the 
"elephant country" approach, whereby mining districts and 
ore-body clusters are re-evaluated for exploration oppor- 
tunities. 

A saturation type of exploration approach is frequently 
used in areas of thin postore cover, where all relevant tech- 
niques are applied in a systematic manner over wide areas. 
This approach is used, for example, in the Canadian Shield 
in the search for massive sulfide bodies under a thin postore 
C o v e r .  

The concept-oriented approach is a variation of the 
saturation approach, whereby specific geologic and miner- 
alogic associations are used as a guide to a systematic 
exploration program. This approach has gained growing 
acceptance during the last decade, especially by the inte- 
grated exploration groups, with research staffs and special- 
ists in the use of geophysics and geochemistry. The essence 
of this approach is the guidance of a systematic exploration 
program by the use of specific geological and mineralogical 
associations. In some instances, the approach can extend to 
systematic use of certain exploration techniques where 
geologic guidance is the focus of the program. The suc- 
cessful applicat ioh of the concept-oriented approach 
requires the careful study of mineral associations with 
specific geologic environments. These studies will, in some 
instances, also lead to the definition of metallogenetic prov- 
inces. Examples of deposits discovered as the result of 
applying a geological concept are Mission (use of halo 
mineralogical characteristics in d e l m ~  target under 
gravel cover), Kalamazoo (blind ore-body discovery based 
on application of a fault concept), Kennecott's Safford 
deposit (use of halo mineralization in projecting an ore 
body under volcanic cover), INCO's Ely deposit (recogni- 
tion of sulfides at the base of a layered gabbro), Carlin- 
Cortez discoveries (fine disseminations and colloidal gold in 
previously unrecognized geological environments), New 
Missouri lead belt deposits (blind ore bodies found by 
testing favorable stratigraphic facies adjacent to Precam- 
brian domes), and Henderson (a blind molybdenum ore 

body found through structural projections in a favorable 
geologic environment). 

One of the better methods of making maximum use of 
'available exploration resources is effective expenditure 
control. There is generally no lack of available exploration 
oppor tun i t i e s ;  the problem involves setting priorities 
between the undertakings so as to allow the best chance for 
achieving the ojectives of the program. Estimates of dis- 
covery probability for individual undertakings are particu- 
larly useful in establishing priorities as well as for obtaining 
a guideline for exploration expenditures. The maximum 
expenditure that logically can be made on an individual 
undertaking is approximated as a product of the potential 
profitability of the deposit sought and a factor reflecting 
the probability of discovery. For instance, if an exploration 
group thought it had a possibility of finding a hundred- 
million-dollar ore body in a particular area with a chance of 
discovery of one in fifty, the group would be justified in 
spending a maximum of two hundred thousand dollars in 
the search. Obviously, this is just a rough guide, but is quite 
useful in setting priorities between projects. This exercise 
helps an explorationist by preventing him from "falling in 
love with a prospect" and conducting an exhaustive search, 
only to find the potential rewards are out of proportion to 
the exploration funds expended. 

CLASSIFICATION AND USE OF TECHNIQUES 

To discuss some of the more specific uses of exploration 
techniques, it is useful to start with a definition and classifi- 
cation. Exploration techniques is defined here as the set of 
procedures of observation, measurement, and interpretation 
of the characteristics (geological, physical, and chemical) of 
mineralized areas and their associated effects. Techniques 
comprise the data-gathering methods the explorationist uses 
to test concepts of ore localization. The location, size, 
shape, and composition of unusually high concentrations of 
potentially valuable elements associated with crustal rocks 
are tested by physical work such as drilling, trenching, or 
underground excavations. Exploration techniques generally 
involve various combinations of geological, physical, or 
chemical measurements, which are graded by the writer 
into three broad categories on the basis of their discrimi- 
nating capabilities. The following description, although not 
necessarily comprehensive, is intended to provide numerous 
examples in each category. 

Techniques placed in the first category possess high 
discrimination capabilities for the detection of ore-grade 
material, such as visual observation or ore exposed at 
surface; gossan and leached capping appraisal where a high 
degree of confidence can be placed on the interpretation; 
ore-boulder tracing to locate source of ore; and scintil- 
lometer and berylometer measurements for the detection of 
radioactive minerals and beryllium. Since a minimum of 
geological knowledge is needed for the successful applica- 
t ion  of  these techniques, they are attractive to the 

J.. 
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AHERICAN SHELTING AND REFINING COHPANY 
Tucson Arizona 

January 29, 1969 

Hr. Wm. G. Salisbury 
American Smelting & Refinln 9 Co., 
Northwestern United States 
Exploration Division 
Room l~Ol, W. 422 Riverside Avenue 
Spokane, Washington 9920t 

Dear Hr. Salisbury: 

Mission D r i l l i n g  and 
Samplin~ Report , 

This w i l l  acknowledge your le t te r  of December 19, 1968 regarding 
reports on d r i l l i n g  procedures and sample processing. 

The only reports we have which contain detai l  on processing of 
diamond d r i l l  samples end the preparation of sample boards are those 
on the Mission Project and Hich lqu l l lay ,  Peru. 

Enclosed herewith is the report on the Hisslon D r i | l i ng  and Sempling. 
| t  is somewhat out of date in that we discontinued the co l lect ion of 
diamond d r i l l  sludges ( u t i l i z i n g  mud c i rcu la t ion)  during this project. 
However, the preparation of sample boards and the treatment of d r i l l  
cores Is essent ia l ly  the same as that now used, 

As this is the only copy we have l e f t  with photographs, please 
return i t  when i t  has served your purpose, 

Yours very t ru l y ,  

JHC:lzb 
Enc}. 

J.H. Courtr ight 



A M E R I C A N  SMELTING A N D  REFINING C O M P A N Y  

NORTHWESTERN UNITED STATES 

EXPLORATION DIVISION 

T E  8 - 8 7 2 5  

J. H .C .  

DEC 1968 
ROOM 1401, W. 422  RIVERSIDE AVENUE 

S P O K A N E ,  W A S H I N G T O N  9 9 2 0 1  

December 19, 1968 

READ AND RETURN .~""" 

PREPARE ANSWERS ~ H A N D L E . ~  

FILE . . . . .  INITIALS .__......~. 

Mr. J. H. Courtright, Supervisor 
American Smelting and Refining Co. 
ll50 North 7th Avenue 
P. O. Box 5795 
Tucson, Arizona 85703 

Dear Mr. Courtright: 

I would like to thank you for the courtesies extended by you and 
members of your staff during my visit to Tucson and for the valuable 
data which you provided. 

Peter Walker obtained a copy of a Samplers Manual prepared by Mr. 
Wojcikwhich he forwarded to me. This paper contains some useful in- 
formation, particularly with regard to rotary drilling, but on our visit 
to Sacaton Mr. Sell mentioned that Wojcik had also prepared another 
paper which contained information as to your procedures on weighing 
core, constructing core boards and a generalized flow sheet of your 
core preparation. If this is available~ I would very much appreciate 
receiving a copy. 

I have not as yet had an opportunity to review the data that is to 
be returned to you but expect to do so in the near future. I assume 
that you are in no particular hurry to have this material. 

WGS/ir 

Yours very truly, 

Win. G. 



IOM FORM H B - 1 3 2 1 1 0  

  :.VOID O R A L  O R D  R S  

0rai Orders are often forgotten or misunderstood. Use this blank for all important instructions or requests. 

To Mr. S. T a i n t e r  - H lSs ion  U n i t  

Would you please send us the proper key to the outside aate at Hisslon 
so that we may get to the Gore Storage Bldg.7 Am returning one that 
does not work, 

Date 3-4-68 Signed 
J. R. Wojcik 



M I N I N G  '~ ' t . ,  ~:: P T  

MAit 2 1 I~,; 

TUCSON 

AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

March 21, 1967 

J. H . C .  

MAI~ g 4 19t~/ 

HEMORANDUH FOR R. B. MEEN: 

The Cordil leran Section of the Geological Society of 
America wi l l  hold its next meeting in April 1968 at Tucson, 
Mr. Dean Lynch o6 Duval has advised that they are attempting 
to arrange a f ie ld  t r ip  through the Pima Mining D is t r ic t  for 
April  17, 1968. They ant ic ipate hir ing 2 buses for the t r ip  
which would include a br ief  v i s i t  to the Mission, Pima, Twin 
Buttes and Esperanza pi ts ,  Please advi'se i f  permission .is 
granted for the v i s i t  to Mission, 

J, H. COURTR IGHT 
JHC/kw 

AC.H. 

MEMORANDUM FOR J. H. COURTRIGHT: 

Permission is granted for the Cordilleran Section 
of the Geological Society of America to visit the 
Mission Unit April 17, 1968. By copy of this memorandum 
we are advising Mr. Lewis of this visit. 

R." B, MEEN 

mg 

/ 
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ASARCO 

J. H. C O U R T R I G H T  

CHIEF GEOLOGIST 

L. P. E N T W I S T L E  

ASSISTANT CHIEF GEOLOGIST 

W. E, S A E G A R T  

ASSISTANT CHIEF GEOLOGIST 

A M E R I C A N  SMELTING A N D  R E F I N I N G  C O M P A N Y  

SOUTHWESTERN EXPLORATION DEPARTMENT 
P.O. BOX 5795, TUCSON, ARIZONA 8.5703 

January 2t~, 1966 
1150, N O R T H  7 T H  A V E N U E  

TELEPHONE 6 0 2 " 7 9 2 - 3 0 1 0  

AIR HAIL 

Hr. Glenn C. Waterman, Assis tant  Vice President  
Anaconda American Brass Limited 
Br i tannia  Beach, B, C . ,  Canada 

AIHE BOOK ON SURFACE HINING 
..... mISSION DEPOSIT 

Dear Hr. Waterman: 

Reference is made to your | e t t e r  to Hr. Pol lock of October 19 and 
his l e t t e r  to you of November 12. 

The Mission Deposit, consis t ing p r i n c i p a l l y  of py r i t e  and chalcopyr i te  
disseminated in t a c t i t e ,  is over la in  by 200 feet  of a l luv ium. Discovery 
of the deposit was based on pro jec t ion  of a possibly large zone of miner- 
a l i z a t i o n - a l t e r a t i o n  indicated by adjacent underground and d r i l l  hole 
information coupled with out ly ing small mineral ized outcrops. The large 
extent of th is  zone was f i r s t  confirmed by the resul ts  of 12 widespaced 
holes d r i l l e d  to bedrock with t r icone b i t ,  fol lowed by one or two diamond 
d r i l l  coring runs in bedrock. Subsequently, the area was d r i l l e d  out on 
a gr id 2501 x 300 I .  Coring was p r i n c i p a l l y  NX with some BX size. Sludges 
were found to be unre l iab le ,  and only the core was used in determining 
the grade of the deposit .  Non-rotat ing type core d r i l l s  were used with 
water c i rcu la t iono  Core recovery averaged between 85%and 90%. Near the 
end of the program, mud c i r c u l a t i o n  with w i re l i ne  equipment was introduced. 

To check the grade and con t inu i t y  of copper minera l i za t ion  in and 
between holes, and to obtain meta l lu rg ic  samples, a shaft  was sunk and 
la te ra is  dr iven wi th raises on some of the d r i l l  holes. This work, which 
totaled about 2000 feet ,  provided an acceptable check with copper grade 
and d i s t r i b u t i o n  as indicated by the d r i l l i n g .  

Open p i t  ore reserve estimates were prepared using the adjusted polygon 
method wherein regular polygon out l ines  were modified according to the 
s t ruc ture and d i s t r i b u t i o n  of copper as interpreted from the d r i l l  hole 
informat ion. 

There were no water problems of  any consequence. 

For addi t ional  informat ion,  please refer  to Ta in te r i s  a r t i c l e  In 
Hinin9 Engineering for  December, 1965, En,qineer,,In,q Hethods at  the, Hission 



Hr. Waterman Page 2 
January 24, 1~6  

Hin_._.~e; and also for reference I am enclosing a copy of Some Geoloflic Features 
of the Hiss!on Copper Deposlt, by Kenyon Richard and myself. 

Please feel free to bring up any questions which you might have. 

Yours very t ru ly ,  

JHC/kw 
Enclosure 
cc= KERichard TASnedden 

RBHeen 

J, H. COURTRIGHT 

• , 
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J. H.C, 

N 0'?'"1 ~ '|965 

November 12, ~?~ 

ALP,. MAIL 

,~k. Glenn C. Waterrnan~ AsslsC~nt Vice President 
Anaconda American ~rc~s L~mffed 
B~lt~nnia Beach, ~. C.~ Canna 

Dear Mr. Waterman: 

This is to acknc~wledge receip~' of your leffer of Octo~r 19, |965. We h~'e 
referred ~ho maffer oF previewing dc~t~ on t ~  M~ic~n M~ne For your chap~'er in ~he 

A IME volume on "SurFace Mln~ng" t~ our Tu~on O~ffce. I am s~e you wil! re~etve 
a summary of the ~n~rrnaHon you have reque~tecl from Mr. Meen c~ h~. Cou~tr~ght 
;n the near future. 

It was nlce to see you In Los Vegc~ and wffh klnd perr~rml regard~t I am 

Sincerely, 

C. P. Pollock 

1 
1 
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KI= N Y O  N R I C H A R D  

CHIE~ GEOLOGIST 

Ai'r Mail 

AMERICAN .SMELTING A~'~6 ~ ~R'I:: 'FINIrNG .,~ ~0"~1 ~:~NY 
EXPI.O RATI O N ~D E P~R~TM*E N T 

120 BROADWAY, NFW YORK, N.Y. I0005 

~.-; ~ ~ i " " .  . . . .  " : ~ ~' . 

,ii ( z,' ¢: 
. Y : ,- !," 

j .  

November ]1, 1965 
~t 

Mr. J. H. courtright 
American Smel~ing & Refining Company 
Box 5795 
Tucson, Arizona ..... 

AIME BoOk on Surface Mining 

Dear Sir: 

Enclosed are copies of correspondence" which are more or less self-explanatory. 

in my personal files, I have informatio~ on both Toquepala and Mission but 
[ do not have time to sort out this material and try to provide Mr. Waterman with 
the I nformation he would like on Mission. It is my thought that you probably have 
the same information that I do and could put one of your men on the project of 
summarizing the data and transmitting it to Mr. Waterman. 

Toquepala, of course, is entirely Mr. Archibaldls concern. If he decides 
to provide Mr. Waterman with information on Toquepala, I doubt that the various 
preproductlon ore reserve estimates will be taken into consideration. That, 
however, is not our concern. 

in regard to Misslon, several of Mr. Watermanls requests involve "operating J' 
ore reserve estimates which again are not our concern. I suggest you talk with 
Mr. Meen and you and he can decide what data can be put together and given to 
Mr. Waterman. in this connection, it would seem to me that we should attempt to 
cooperate with Mr. ~aterman in so far as calculation methods and other techniques 
could be described without giving figures such as grade and tons which the Company 
would not want to be rel~a~ed. 

Attachments 

CC-RBMeen 
TASnedde~ 

) with attachments ) 

Yours very truly,/..) 

Ken/y/on R icha rd v~.~_-.~__< 
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,-" " ~ lJ / Copy to CourtrTght 10/25/65. 

LNMNTED 

T ,.,..,.,,o°=°o, 

. ; ,~ ' ~erican Smelting & Refining Co. ~ ~CT25 I%$,. 
/~ A/ k#~20 Broadway i 

31 ~ Dear Clem. " . . ' 

O 
I was nice to see you for a moment or two at the Mining Congress. 

However I forgot to thank you for your letter of June 21, in answer to my 
request for information for the I.I.M~ '. volumne on "Surface Mining". 

Following your suggestion I have written Mr. Archibald, President 
of Southern Peru for information on development drilling etc. (Copy enclosed) 

Our chapter is to include data on development work as opposed to 
details on operating phases and therefore, it seems to me, that you offer 
to provide us with information on the Mission Mine should cover the data 
included in;your "geological reserve..~--The restof-~-e information that 
would be desireable to have is outlined in my letter to Mr. Archibald. 

I know how troublesome~..requests suchas mine. My only excuse 
for asking for help is that I feel that Asarco geology and engineering on 
two recent important copper mines should be included in any important 
reference on open pit mining. 

Best regards. 

i 

S ely, 
Glenn C. Waterman 

GCW:am 

cc. Scott Hazen 



.? , 

October !~, 1965 

Mr. F.~. ArchD~aid~ Presi~n~ 

AS yo~ proi~bly ~e~ow~ the A.l.~:i.'-S. is pre.l~r!ng & vo!~ne '~Surface 
Min~ng" ~hi~h will cOVsr ~i~ao~t all aspects of open pit operations on coal, 
base ~s%~Is, ~nd eesaliic dsposi~s, at. den~ Pfleider, ~dltor~ has ask~d 
50o%~ [+{az~n (~J.$. ~reau Of Ninos~ and me to co-a~hor ~ porSlon Of the 
chapter on ~aine Deve!o]~n% ~. 

recently Wrote Cl~ }~ol!ock a~d a~,~ked if A.~.@/~. ~uld De ' ~ , ~ S  
~o c o n t r i b u t e  p e ~ , t i ~ o n t  " ~ t ~  on i ~  ~ t  .... rn P~ru operations. ~r. ~ o ~ c ~  
S u ~ d  i ~rite to you. 

~4r. f~azen ~ud I are p~'tic~!~ziF interes%~ In "Dev~lo~aea~ Drl/li~%~ 

~#ould ir~clade ~h~ foAio~in~: 

i, 

i~z'pr~a%i0n of d~a] 

4. TeSS mining ~or g~'~de conflr~-~%~i~n a~d m~ta!l~dr)<io~ul ~a~.~ . 

O. Comp::%~r technlq%es i~o: p~o~abili~y rel'i~billt~ =elations and 
al~o for ~x'ocsssln~ data~ 

7. O~mr p~r, tinen% field d~a tha~ be~r ,~n tke p~bl~s conneci~ 
wl%~ appr~.~sal of alnera~z~d g~'o~%d %0 de%er~Ine po~e~-~tia! 
eco~ic ~ o r t h .  

Mr. Hazen and ~ would ~r~a~l~ appr~i~t~ an F in~'or~a~.io~ ~,ou ~a~ 
give u~." " ~ou~h~rn Fer~ op~ration~ are ,recent and very s~nl£icau~ ~d we 
fesl %ha~ our chapter S~a~r~tio~ sl'~ould i:~cl~de daLa f~i~ yOa.~" ~nes. 

L . 

Gl~n G. ~at,~rmm. 

co. G.P.?oilock 



June 21, 1965 

A~RMA~L 

Mr. Glenn C. Watermans Ass~tan~ Vice President 
A~conda An~erlcan P~ass Limited 
Western Exp~oraffon Division 
Br|tannia, ~. C. 

Dear Mr. Waterman: 

AtME Book on Sure:ace Min|n..g 

: i have your ' let'ter of June 16 asking whether we are agreeable to supplylng 
in~armaHon on c~rffling~ bulk samplings me~c~ of ore reserve calculat|ons arid other 
pertlnen~ da~a to be included in the ~rthc~mlng AIME volume o~ ='Sur~ce M~n|~g" in 
connect|on w~th the Southern Peru and h"~ission operaHons. 

Although ! have no |uri~diction ¢~ver Tc~quepaia operotbns, I feel sure 
Mr. Frank Arch|bald wll| c~pera~e in supply|ng the |nforrnatbn i f  you address a leffer 
to him in Peru: 

F. W. Archtba~ds President 
Southern Peru Copper Corporation 
Cash la 303 
Tacna, Peru 

We can provide you wff-h excerpts c~nd summary of driHing a ~  ~mpilng 
techniques ¢~nd procedures covering the M~ss|on project. I r~ight point out, though, 
~r  your |n~rmaHons we employ ~io kinds of ore reserve calculations; one concerned 
with the expleratbn phase, which we call a ge~bglcal reserves and the other Ts 
calculaHon~ b/operaHng e~g;neer~ a~m" the mine |s in praduchan." The englneersr~" " 
calcuiaHon procedures usually are different than the procedures used for the geobgical 
reserve. 

i can provide date on the geot0glcal ca~cuBaHons, but ! suggest you corn- 
munlcate with Mr. R. B. Mean, Mar~ger of our Southwestern De~x~rtment in Tucson i f  
youwlsh |nformation on ore reserve ca[culaHons made by the operating engineers. 

With best wishes and kind personal regards, 

Sincerely, 

¢¢:  

Mr. Frank Archibald, Tacna, Peru, AIM 
C. P. Pollock 

! 



HIS-4.19 

AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

December 15, 1965 J. H .C .  

DEC 15 1965 

Mr. G, g. Means, Chief Accountant 
American Smelting and Refining Company 
Mission Unit 
Sahuarita, Arizona 

MISSION uNIT 
Accounting 

Please refer  to Mr. Goodenough's l e t t e r  of December 13, 1965, 
captioned "New York Appropr iat ion Number 124/~o" When the new core 
storage shed has been completed, Mission Unit should charge the 
Southwestern Explorat ion Department a monthly rental su f f i c ien t  
to cover one-half  of the deprec ia t ion, .proper ty  taxes, insurance, 
and maintenance expense on the bu i ld ing .  Your advice to Tucson 
Off ice should designate the item as "Core Storage Shed Rental for  
the Month of " and should show that i t  is chargeab%e 
to the Southwestern Explorat ion Department. You should c red i t  
t h i s  rent to a/c 9300 - Other Income and Expense. 

KvdS/ma 
cc: HLGoodenough 

RRichter 
TASnedden 
PALewis 
J H C o u r t r i g h t ~  
WGKeIIog9 

ORIGINAL SIGHEO BY 
E. A. yon den Steinen 

K. A. von den Steinen 
Chief Accountant 

, - , . 
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;.f,N~, A;~D REFINING COMPANY 
Tucs o~, Arl zon a 

qay t.O, .176~ 

United States ,~inin4 ~ ~,,~" ......... n~. 
American S z e l t i ~ g  ~n,! ~, ~ ~ :~~ ,. ,~ Company 
P. O. Box ~79S 
Tucson, Ar~ zona  g 5 ~'~; .~ 

.}ear S~ r,' 

At.t,~cheJ a,<: ~ . r ~  epees .of Hr.  Lewis' e s t i m a t e ,  c o v o r L n |  
~,~~ cos t  of ~ J d ~ . t ~ a i  . , , ~ d l n g s  an.1 e~uipment r e q u i r e d  to  
i n c r e a s e  ~l,e c e p a c ~  ~f ~he ~ s l o n  c o n c e n t r a t o r  S0 p e r  c e n t .  

.~ddeJ to ~he p r e : ~ n t  ore r~serve  i s  the  West E z t e n s i o a - -  
~l~ of  wh ich  '.~ an ou ,  ~ T o p e r t y  .,r,d I n c l u d e s  2 6 , 9 1 8 , 4 0 0  t o n s  Of 
o~e a~ ~ ~ I , 8 1 ~ , ~ 0 0  toa~ o f  w a s t e .  The a c c e l e r a t e d  p r o g r a m  w i t l  
~ve t~.4 years o~ L I% ~o ~he_..property.~ ............... 

The pit wl.|l r~-%.~ ~. only X~, addltional 60-ton trucks, at 
a c o s t  o f  $ 1 , 6 0 0 , 0 0 ~  ~ - ,  t h e  a c c e l e r a t e d  p r o g r ~ .  

The c r u s h i n g  p i a ~  . ~ i ;  r e q u i r e ,  m a i n l y ,  an a d d l t l o n 8 1  |oVomto , 
i~oot s h o r t - h e a d  c r u s h e ,  tnU s c r e e n s ,  a SO p e r  c e n t  i n c r e a s e  t o  t he , /  
• i J l  b u i l d i n g  and e q u i ~ , ~ n t ,  an a d d l t i o n a l  t a i l i n g  t h i c k e n e r ,  a / 

~O ~ e r  ~ e n t  i n c r e a s e  ~o ~be f i l t e r  p l a n t ,  am a d d i t / e m a l  w e l l  aJbd ~ 
;.>~mp, b o o s t e r  pump, and  ~ o t h e r  l | - I n c h  u a l n  w a t e r  l l n e  f o r  a 
=oat of $ 6 , 1 3 ~ 5 0 0 .  .... Th.  ~ e s t  o~ c o s ~ t r u c t i o a  o f  the p r e s e n t  o l | l  
has beoxJ escalated~to arrive at these | t g u r o s .  

A mOTe d o t s / l e d  e s t t ~ s t e ,  mains p r e s e n t  c o s t s .  
be made to a r r i v e  at u e~act  f t t u r e .  

. Y o u r s  v e r y  t ~ l y ,  

R. S. Nioen 
 a.qor 

would hove te  
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A M E R I C A N  SMELTING A N D  R E F I N I N G  C O M P A N Y  

EXPLORATION DEPARTMENT 

120 B R O A D W A Y ,  N E W  YORK, N.Y. [0"005 

J. H. C. 

APR 2 |965 

K E N Y O  N R I C N A R D  

CHtEF GEOLOGIST 

Air Mai 1 

March 29, 1965 

O 

Mr. J. H. Courtrlght 
American Smelting & Refining Company 
Box 5795. 
Tucson~ Arizona 

Core Storage-Misslon Laboratory 

Dear S i r :  

In referring to your letter of March 25, either or both of your proposals 
for making more room in the Mission laboratory, seems alr]ght to me. 

CC-TASnedden 
NWei ss 
RBMeen 
PALew i s 
WESaegart 

Yours very truly, 

Kenyon/~i chard 

,. -,- 
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Original ,~igned by 
j. ~r Courtright 
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NAR 1 T 

ll&l Palmerston Ave., 
West Vancouver, B.C. 

March 16,1965. 

@ 

Mr J.H. Courtright, 
Chief Geologist, 
S.W. Exploration Dept. 
ASARCO. 

Dear Harold: 

I'm trying to tie up the dissertation and am 

scheduled to present it in final form and defend it at 

Stanford on April 2Oth. I hope you recieved the copy 

I sent you, although I dont imagine you've had much 

chance to look at it. 

I'm having some trouble checking on some of 

the references I cited, as the publications are'nt avail- 

able up here. I quoted from articles by MacKenzieand 

Mayo in Arizona Geol. Soc. Digest v.6,1963, and now cant 

get another look at these papers. I wondered if I could 

trouble you to get someone to photocopy these two articles 

if you have the digest and the copying facilities there. 

Otherwise, if you could send me a copy of the di~est or 
to 

tell me whoVcontact to obtain one, I would appreciate it 

very much. 

Keith Whiting gave us a resum~ of the meetin~ 

in Phoenix. I was interested to see also, in some publication 

that Mission now has a moly and a zinc section in the mill. 

Hope all is going well with you. 

Regards/~ I 



® ~. :I~6~ II,~ 

0 

~,, ~ ~ III 

T ~  

Originalsigned by, 
J° ~[. '~u.:~trigbt 
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Oziginal signed by 
J. E. Courtright 



AMER I CAN SMELT I NG AND REF I N I NG COMPANY 
Tucson Ar i zona 

March 9, 1964 

J . H . C  

MAR 9 1964 

MEMORANDUM TO MR, J. H, COURTRIGHT 

MISSION UNIT - WATER SUPPLY 

Throughout the last four years water levels in the Mission Unit well 
field have declined rather sharply. If these declines are viewed as a 
percentage of the original columns of water in the wells they become more 
meaningful, and I believe warrant being brought to your attention. The 
attached table summarizes the changes which have occurred, and the copy 
of a pencil-sketch cross section illustrates them graphically. 

I am aware of the fact that current "static" water level measurements 
in one well reflect the influence of adjacent pumping wells and do not 
represent full recovery. For our purposes however, these factors can be 
treated as constants and ignored as long as the Mission Unit mill is in 
production. Assuming status qua conditions the theoretical life of a 
well can be calculated by simply projecting the apparent declines observed. 

Realistically however, status quo conditions cannot be assumed. We 
have recently put an additional supply well into production, and rates 
of regional decline are accelerating as ever increasing withdrawals from 
the aquifers occur throughout the valley. Both are auguries of even 
greater declines in the future. 

Also worthy of mention are the following thoughts: l) It is not 
mechanically practical to consider the remaining water columns totally 
available, 2) At present the underlying conglomerate is not considered 
to be an appreciable source of water, 3) Accelerated growth of the city 
of Tucson and the attendant requirements for municipal supply are actu- 
ating an enlargement of the city's present well field and threatening to 
extend it southward, and, 4) While I do not know what the future plans 
for mill production at the Mission Unit are, an additional increase in 
tonnage could require an additional water supply. 

In view of the rather rapid declines in water levels over this rela- 
tively short period of time and the potential problems inherent in the 
above thoughts, would we not be justified in initiating a request for a 
study to assure an adequate, equitable water supply for the life of the 
property? 

NORMAN P. WHALEY 

NPW/j k 
Attachments 
cc: NPWha Iey 



MISSION 
WATER WELL 

NO. 

OR IG I NAL 
STATIC W.L. (FT.) 
(FEB.-APR,, 1960) 

ORIGINAL COLUMN 
OF WATER IN 

WELL (FT.) 

"STATIC" W.L. 
ON 12-3-63 

(FT.) 

DECL I NE 
(FT.) 

COLUMN OF 
WATER IN WELL 
ON 12-3-63 

(FT.) 

PERCENT OF 
COLUMN 

D EWAT ER ED 
IN 4 YRS. 

PERCENT OF 
COLUMN 

D EWAT ER ED 
IN I YR. 

(DEC. '62-DEC. '63) 

221.4 279 266.82 45.4 233 16 :4 

202.3 298 246.48 44.2 254 15 3 

7 178.4 322 212.93 34.5 287 II 2 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

March 3, 1965 

j.H.C. 

TO: Jo Ho COURTRIGHT 

FROM: N. P, WHALEY 

WATER SUPPLY INFORMATION 
RELATIVE TO UPPER SANTA CRUZ 
VALLEY AND MISSION UNIT 

On March 9, 1964, I directed a memo to you which summarized the 
changes which had occurred in the Mission Unit well f ie ld  between 
early 1960 and December, 1963. These changes involved declines in 
stat ic water levels (and consequently pumping l i f t s )  which I con- 
sidered auguries of a probable inadequate water supply in the not 
too distant future. 

In July of  1964, Short Brothers D r i l l i n g  Company of  Phoenix, 
Ar izona, completed a deep well j u s t  west of the Nogales Highway for  
Anaconda. This well is approximately 20 miles south of  Tucson in the 
SE¼, SW¼, SW¼, Sec. 25, T. I7S., R,13E. I t  w i l l  eventua l ly  serve as 
a source of supply fo r  Anaconda's new i n s t a l l a t i o n  south of Twin 
Buttes. 

The well, described in the attached d r i l l e r = s  report  and well 
log to the State Land Department, was located by Sam Turner and 
Associates of Phoenix at Anaconda=s open request for  a water supply 
which would be adequate fo r  the l i f e  of t he i r  mine. To my knowledge 
no r e s t r i c t i o n s  of  cost or source were placed on Mr. Turner, and his 
se lect ion of a seemingly somewhat remote s i t e  probably r e f l ec t s  an 
awareness of  the quest ionable r e l i a b i l i t y  of  a supply derived from 
more convenient s i tes  proximate to the mine area. 

This is most l i ke ly  one of the best producing water wells in 
the state south of the Salt River Valley. I t  was test pumped at 
over 4000 gpm with negligible drawdown,..an interesting phenomenon 
since the casing above 601 f t ,  was not perforated. 

Developments such as th is  well which, wi th supe r f i c i a l  evalua- 
t i on ,  might seem extravagant are ind ica t ions  of the ever growing 
awareness of a pending water problem in the Santa Cruz Val ley.  

This memo might be regarded as a postscript to the feelings 
expressed in my memo of March 9, 1964, emphasizing what could some- 
day be a c r i t i ca l  problem for the Mission Unit. 

N. P. WHALEY 

NPW/.jak 
At tachmen ts 



I. OWNER , , ,  Anaconda 

GROUND WATE~L D~ION 
STATE OF A~YZONA 

REPORT 0FWELL DRILLER 

Name 
(D-17-1~) 25 ccd 

2. Lessee or Operator 

3. DRILLER 

. 

Address 

The Anaconda Company 
Name 

P, O, Box }0}9~ Tucson, Arizona 
Address 

Short, Bros. Drilling Co 
Name 

428 Security Bldg.~ Phoenix, Arizona 85004 
Address 

Location of Well: Twp. 17SRge. 13ESec. 25 SE___I/4 SW____I/4 SW____I/4 
(lO-acre subdivision) 

5. Intention to Drill File No. D(17-I~)25 ccd Permit No. 

DESCRIPTION OF WELL 

6. Total depth of hole 2,786 

7. Type of casing Seamless 

8. Diameter and length of casing 2 0  in. 

16 in. from 1206' to 2042' , 

Method of sealing at reduction points o 

i0. Perforated from 

Ii. Size of cuts ~/16" X ~" 

12. If screen was installed: 

13. Method of construction 

ft. 

14. Date completed 

15. Depth to water 

16. 

from O' to 121~' , 

9 5/8 in. from 1976' 

Bell Reducers 

to 2916' 

17. 

18. 

601' to 2516'. ..... , from ~ to . , from 

Number of cuts per foot 12 

Length ft. Diam. in. 

Rotary - ~ravel-packed? 
Drilled, dug, driven, bored, jetted, etc. 

July 12, 1964 

140 ft .... (If flowing well, so state.) 

to 

If flowing well, state method of flow regulation 

REMARKS: 

I Do NOT W UT : fN Tm:'S SPAOS' ! 

Describe point from which depth measuremenLs were made and [~Jve sea-level elevation 
Rotary table measurement of 5' above 

rT~h ! if available ~round level elevation of 2,,<J~ 



SHORT BROS, DRILLING CO, 

WELL LOG 

THE ANACONDA COMPANY 

CONTINENTAL NO, i 

PIMA COUNTY, ARIZONA 

Clay, sand and gravel 
Sand 
Sand and gravel 
Sand 
Conglomerate 
Sand and clay 
Conglomerate 
Conglomerate and clay 
Sand and clay 
Conglomerate 
Sand and clay 
Conglomerate and clay 
Sand and clay 
Sand and gravel 
Conglomerate 
Sand and gravel 
Sand and clay 
Sand, hard 

O' - 35O 
48O 
5OO 
615 
73O 
75O 
790 
8OO 
820 
S60 
87O 

I,ii0 
!, 210 
1,270 
i, 300 
!, 520 
2,780 
2,786 



AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

April 30, 1964 

3. H . C .  

MAY I 1964 

MEMORANDUM TO MR. J. H. COURTRIGHT 

MISSION UNIT - WATER SUPPLY 

Subsequent to my memorandum of March 9, 1964, on the same subject, 
we discussed certain steps as perhaps logical developments in any further 
study of the potential of the Mission Unit well f ield. 

These steps are outlined below for your reference should the need 
arise. 

Study should include: 

a) Review of changes which have occurred since pumping was initiated. 

b) Evaluation and association of these changes within the framework 
of the regional setting. 

I f  a problem or  p o t e n t i a l  problem is found to e x i s t . . .  

c) A study of alternative measures should be made...incorporating 
estimated future requirements relative to the regional framework. 

d) Recommendations made to assure supp|y...re feasibi l i ty of deep- 
ening present wells, additional wells similar to, or deeper than, 
existing wells, but within our present ground, or acquisition of 
new land o r - s o u r c e s .  

NORMAN P. WHALEY 

NPW/j k 



-~EAD AND RETURN ............. ~ M E R I C ~  $~LTI~G A~D I ~ P I I ~ D I G  COI~P~Y 
~,~EPARE A N S W E R S  ......... H~D~O~"" Art zona 

. . . .  : ~ INITIALS . . . . . . . . . . . . . . . . . . . . . . . .  . ~  .............. Pebruary 9, 1965 

J. H . C .  

1 0  965 

I i 

Mr, T, A, $neddent General  Manager 
United S~:a~es ~ t n i n g  Department. 
A~erican Smelting end R e f i n i n g  Company 
813 Val l ey  Nat iona l  B u i l d i n g  

T u c s o n .  Arizona 85701 

Dear $~r:  

~ in£ng  S c h e d u l e  1965-1~6_ _ 9_ 

Bnclosed ~re ~wo c o p i e s  o f  the  Miss ion  mining schedule  
f e~  ~he Years 1965 through 1969- -a  p e r i o d  o f  f i v e  y e ~ r s - -  
u l t h  u p s  and ~r .  Lewis' cover l e t t e r ,  

Thi~ schedule  i s  based on 358 shove l  s h l f t s  per ~ e a r ,  
producing  88~200 ~ens o f  ore and waste  per  day on a seven-da~  
week. This schedule requires an a d d i t i o n a l  seven ~:n~cks ~n J~ ly  
to cover extended h~ul distance when ~he p~¢ w i l l  be deepened 
~wo more benches. O~her p i t  equipmen~ tha~ w i l l  be re~uire~  
~:o ~ I n t ~ I n  ~he p l~  consists o f  f o u r  rubber-~Ired  doze~s  (one 
~o be purchased each quar~er ~e replace the present equtp~en~ 
chat  h~d eccu~ula~:ed an average of  18,400 hours each ss o f  
J~nuary 1~ 1965) and one D-8 C a ~ e p i l i a r  doter  ( t o  be p u r ~ e d  
~he second quar ter  to  ~eplace one tha~ had accumulated ~2~700 
hours as o f  January I~ 1065).  

The mining schedule for  the Year 1965 shows 5~753,800 tone 
of  plus 0.40 o~? avai lab le ,  ~nd ~a~_ddiZton~l Z o n e _  of ~inus 
0.40  mater~al  w~l l  be added to  hoXd t ~ ~ y  o f  the  m ~  a~ 

~ ~80 -0 ,000  ~e~_So Those tonnages  ~re ~egu]a~ed by the a~oun~ off 
h a ~ n c o u n t e r e d  wil:h a lo~ m i l l i n g  r a c e .  

~ Referr ing  to  l a s t  y e a r ' s  r e p o r t ,  you w i l l  not~ ~he o~e 
f a c e s  for  1965 de,crossed from 3390 feeg to  1820 f e ~  a~ the 
b e g i n n i n g  o f  t h i s  year .  This decrease  i s  d~e to a chsnge in the 
l o c a t i o n  o f  the ramps and a l l o ~ i n g  more working width on ~he 

' - b e n c h e s  (150 £ e v t ] .  

! ~  i ~ 

v 

4 " 

o 



~r.  T. A. Snedden Page 2 Pebruary 9,  196S 

T~o fo l lowing  ¢~bulet ion sho~s Che amount of face ¢o be 
deve loped  e~ch year:  

Fee¢. of Ore F~ce 
- • I 1 

Ho, of Benches 

.g 

/ 

1965 J.820 6 
19~6 3170 
19~7 5670 7 
1958 4840 9 
1959 ~010 7 

A reviete of l a s t  y e s r t s  schedule for  the Year 1964 predicted 
production of 6LSOOtO00 tons at O,7~%per cent Cu. The actual 
production o f - 7 ~ $ ~  tons at 0 , 7 7  per  cent Cu is  a net gain in  
units produced. ~K~-~ore reserve o---d~, January lo 1965 sho~s a net 
8atn of 2eO00~O00 tons of 0.51 per cent Cu~ of uhich IpTOOpO00 
t _ ~ o  ¢o mlnlng o~e o~tside of the del~ne~Cod o~--~-[-o¢~, 
Therefore,  i Z - ~  W co~-6~si-6~tha¢,  altho~Sh~l~¢ is  necessary to 
readjust the fe~t  of ore face for  each yea~ ~ust p r io r  to 
produc¢to~ ~his does not conclude that  less  or~ th~n predicted 
i~  ava i l  ~,b le .  

Yours very ¢z'ulyo 

Rs /j  
ccz PALewis 

R. B, M=en 
Ha. age r 

" - . ~ '  

,i 

• " L •  " 



0 B i D  44 L A S H N  

P,-i,:L4l ;'~I ~162 

biATE L A N D  DEPARTMEN ( 
STAFF OF ARIZONA 

STATE OFFIC~ BUILDING 

PHOENIX A ~IIZON~ 
i 

J. H . C .  

• OCT 22 1963 

@ 

.3 

~ r ' . e a a  l i i l t i l ! i  & l l ~ i a l i l l  Or; 
613 vallq, ktimm/ I I ~ l . ,  
V i t ion,  It1 ,c,~ 8 ~ 1  P e r m i t  No. m ! 7 ~ _  

Dear  Lea  i e h o i d e r .  

The S t a l l  Land  D e p a r t m e n t  has  I s s u e d  • P r o s p e c t b l  I P e r m i t  o n t h e  followb 
trill land: 

PP-7~, - t2; Irii2 at ~ t i t  34, ~ p  ]A~-I, I ~  l l = l .  
PP-'F~ - ~ I i i l  $21if; St% ~ l l t i l l  el, T i i l l k t p  1 7 4 ,  ~ li-41. 

You have surface r ights  on this bind under Lease No. . . . . . . . . .  and i t  
is the pol icy of the State Land Depar tment  to  not i fy  a l l  surface lease-  
k~ lde r s  that  th is  off ice  has  i s s u e d  a p rospec t t rq i  p e r m i t .  The p e r m l t t e e  
h~q the rtl~ht to e n t e r  upon the l ind  arid e l ip lo re  for  a va lmlb le  m i n e r a l  
(t~,poslt as r e q u i r e d  by the Sta te  L ~ i  D e p a r t m e n t  in o r d e r  tha t  the p e r -  
ru l t tee  m a y  appjy  for  a m i n e r a l  l e a s e .  The n a m e  and a d d r e s s  of the P e r -  
m l t t e e  I s  a s  fo l lows:  

J . .  Harry ? t e l l ,  
• :~6 S i l ~ e r t m l l  ~ . ,  

,~ue ~om, Kl'luma 

The te rms  of your lease w r i t t en  In •ccordance wi th the I •ws of ~ State 
of Ar izorm,  provide that the State Lln¢l Depar tment  may Issue • lease of • 
m i n e r a l  c l a i m  loca t ed  wi th in  the a r e •  c o v e r e d  by you r  lease. At such  
t ime  the m i n e r a l  l e s s e e  would  a c q u i r e  c e r t i l l l  a d d i t i o n a l  r i g h t s ,  t l lcludtnll  
a l im i t ed  s u r f a c e  u s e .  It Is hoped that  any  p r o b l e m s  tha t  m a y  a r i s e  as  a 
resu l t  of such mul t ip le  use can be worked out equi tably by the lessees 
involved. The Depar tment  stands ready to b l  of assistance, where neces- 
sary  in r e s o l v i n g  any  q u e s t i o n s .  

S T A T E  LAND D E P A R T M E N T  

8-8-61 
Z-70 
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~ This  wi~!l ~~ledge YOu,~ letter. of ~eptember 13 
!q6,1~ ~i~th e~c!o~@d no~ice fr~"~he ~ta~e L~nd Departmen~ 
!•hat a prospecting pe~it ha.s been iss~ed to. Peter M~ Mo~ier 
on ess~n~IS~ily ~iI of ~•ec~ion 3, To~sh~p' i7 South~ " ~ n ~ . , = e  13 
p La,S'C 

. . . . .  The ~e~,e~. .• po~•d~=e, i~ '[957. w~s, ~ith ..... respect to an, 
application for m~p~[~l ie~e ~1%~de by %D .tonal C~r 

ther ~ o f ~ a l ~ h l e  mL~r~ I •depo~i~ h a d  bee~ ~,ade 

~tatut~s governing pr~:~pee~'~i~ ~i~S~ These ~tatutes do 

besls {or the pe~.i~-h:~d~~speet~g permic~ ar~i~tende,d 
for ;~ ~it~ti<~ S~@CN aS  i~ ~pr@:~:¢~i~ed ~y SeCtiOn' 3~ Towns~hip 
117 South~ ~h~e 13 E~o 

U~de~oth,~ ei~e~_;~a~S~ I do ~.~ 5elie~4e that it 
would b.e ~or~er to regist,~r a pro•~es~ wi~h the State La~'%d 
D:e p~ r ~en ~ o 

m 
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$~ig~ OF A~IZONA 
STA~[E .OF~}C~ BUIi;DtNG 
'~HO~NIX ~, .A~ZONA 

4 4 

..................... -@g 

4,- 

Dear L ea s eho  | d e f .  

The State Land Dep~rtn~en~ 'has issued a Prospect~:ng Perm[~ on the fo[io~ 

[, 

"J. 

} x  . . . .  

• • h~j 

Y~u have surface rights on ~hls |a,n4[ unde~ Lease N,o.' ~'6 ...... and ii 
~s the po['[ey of the State L~nd D~:partrne~t ~ o ~n.o.tify all surface [ e ~ e -  
ho|ders that thfs o~f~ce has ~su~d a proSpeCting permit, The perrnlttee 
has the rich% go ~nte~ ,apon gh~ ~la~ ~nd e~ore for a Va{usb~e m~nera| 
deposit as required by ~h~ S%~'%e "i~ ~part~eng in O~d,e,r ghsg the per- 
rnittee ~ a y  ~pp|y ~" s ~a~:neral |ease, The  narn.~ .~ add~'esg ~ ~he pe~:- 
mi~ee ~s as fO||oWs:: 

The ~erras  of your  t e a s e  w ~ [ ~ e n  ~ :  acCOStdance wvtth ~ e  taws  of the State  
of Arizona, provide that the $~ate L~nd Depar'tvnent may Issue a ieas~/ of a 
rnlnera[ c[alm |oca£ed within the ar.£~ ~OvoI~ed by yo't~r |e-ase, At such 
~[me the ra~nera| ~essee Wo%dd a~qUh'e certaln-sdd~donal rights, {~iclud~ng 
a |Im~ted surface use, It ~S hoped '~a~-~ probtems ~;ha% • ~nSy arise as i~ 
result of such rnu[%%p~e use can be v~.r~Med ou~ equitably by the lessees 
~nvobeed, The Depa.{%~eat stands resd'~4/%o be QI ~s~s~snce.~ whe.~e ne.ces- 
sary In ~es~)~v|n~ ~ny ~es~(n~:S, 

STATE DEPARTMENT 

B .,8 .~6! / /  
2-- 70 / 
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AHERICAN $HELTING AND REFINING COHPANY 
Tucson Arizona 

November 7, ]962 

Hr, S. L. Talnter 
Hiss]On Unit 

HISSiOH COHPO$ITE 
DRILL LOGS 

Dear S~en: 

in accordance with our telephone conversation, you w i l l  
f ind enclosed the fo l iowlng:  

(1) one book of or ig ina l  Mission composite logs, 
hole nos. from i6 to 230, but not complete. 

(2) folder of p a r t i a l l y  completed logs representing 
those logs missing in No. ] above. 

(3) set of Hiss]on co~oosite tog work sheets. 

(4) plus or minus 2OO |og forms w|th orange 
carbon paper. 

(5) Pima Mining Co. dr i | ]  ]ogs. 

We have a set o f  p r in ts  corresponding to NO. I above, and would 
l i ke  to receive pr in ts  of any logs you complete to add to th is set. 

Yours very t ru ] y ,  

~Clkw 
Encls,. 
co: TASnedden 

KERi~hard 

J, H, COURTRIGHT 
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AHEi~iCA~ S~tELTING AN9 P~EFINI~G CO~A~¥ 
Tueson Ar i ~on~ 

J.H=C. 

Joi~t  Qr.ii~ing 

| h~ve revle~e~ the, , res~ts ~ recen~ d r i ~  ho~es C-~ through C ~ ,  ~n 
accordance ~i ~h - instruct ions: f r e t  R~nyon Richar~ pr ior ¢o hi s ~eper~ure 
for  ~U~h~ A ~ r l c a .  

The attached ~ p  sho~s ~he locat ion o~ these ~our dia~on~ ~ r ~  ho~es, 
and e r~¢her generalized p ic ture o~ ore d~str tbut ion.  ~ ~a]e ~n~ ~ay 
Stauffer o~ ~ s s i o n  logged the holeS. 

Holes C-2.and C~ ~e~onstra~e ~hat the are~ of ~eak ~|nerai izat ion in ~:he 
eas~ end O~ ~nne r l~  E~en~t~:~er group extends a~  ~ong the ~est: f~=~nk o~ 
the Hission "nor theast"  ore =one {see sketch)° Fro~ the standpo~R~ o~ 
future pi~ p|ans th is  shows ~h~ ~:he "northeast-  ore zone w i | l  stand or 
fa~t ~ r - ' g ~ y  o~ ~tS ~ n  ~ r ~ s ~  for  |~s prO~c~le p~t ~;r~ts w ~  st:~ip 
~ S t e  ~o the west o f  the h~gh angle ~au~t shown on t ~  attache¢~ s~e¢ch. 
Hr, R~¢herd has,. ~ be| lave, polnte~ ou~ %hat th is  a~a  consists o~ incl |ne~ 
b odies o~ ~deratety htgh-g~ade ore separated ~y ~ s t e ,  and that some 
fn~erSpaced d r i | | | n g  wi]~ be necessary ~efOre a f l r ~  ore ta |cu |a t ion  can 
~e made. 

A ,deep h~gh=grade o~e |e~s ~n C-2 begins at  650 ~eet; 5e~ng ~0 ~ee~. ~ i c h  
averages ~.28% Cg. Under speci~i condit ions ( for  e ~ l e ,  i~ ~he "nor th-  
eas~ ~̀~ ore body ~s ~ln~d ~nd s t r |ps  considerable waste above th~s ~e~p lens) 
th is might ~eco~ ava~iab|.e ¢o p i t  operat ions, bg~ is | i k e l y  no~ open pi~ 
"or~-  ~by ~t:selF. And.O? course the assays represented by th is s ingle 
pen~tr¢~tton ~ay nol: be representat ive. 

Hole ~;-~ was a ~ank.  COgp~ed wi th  ~ a k  ~ I n e r a l | ~ i o n  ~n Banner ~H 82, 
i~ adds to the southerly e~¢ent.of the ~eakiy mineral lz¢d are~ discussed 
a b o v e  = 

Ho~; C=3 was an except ional ly  good ho~e ~ i c h  penetrated ~4~ feet  of su| -  
ph|d~ ore ~ | ¢ h  averaged !;21~o ¢u. Values begin near bedrock. The bottom 
35 ?e~ average t~,76.~CU~ ~nd contain l0 feet o f  t0% Cu. Fr~n the stand~ 
point  of  p i t  e~pans:i, On |n~:o the centra~ por t ion Of Barmer c~aims th~s hole 
may be s i gn i f i can t .  i ~  other ho|;es are su~f|c, ient~y c|ose to der~onstrate 
the size of th~s we|| mineral ized area, a l t h ~ g h  ~t~ possible ~xir~um dimen- 
s|ons may be seen fror~ t hea t t~c .h~n t ,  Add|~;iona~ d r i l l i n g  in th is  area 
to c~p~ete the g r id  pattern is ~ tear i y  ~arranted. 



" . 

~ 0  for  T. A. Snedden 
8~nne~ - Asarco ~|nt Or,| | t  ing 

$ 
July 7. I~1~ 

Underground e~r~Or~ion by Banner may be encouraged by the deep ~ayer of  
high-grade T~ C~3. C=2 a~so penetrated a deep ~ayer of poss~bio under= 
ground ore {40 feet  of  4.28% CU= l~ fee,  t :o? Which ~s t0~ Cu) below the 
~ a k l y  ~lner~]~zed a r g | ~ l l t e .  Banne~ geo%Qgists may in fer  that the deep 
layers in these ho|es are continuous, and:so may be encouraged to do ~d- 
d~tton~| d r~ | l i ng  on ~hat basis. Th|s deep h|gh-=gr?de l ies  along a tact i~e~ 
n~arble c~n~att= and ~he t ~  dr~] i  penetrat ions s~o~ re~rkab ty  s ~ i ~ a r  
~h~cknesses and grades° ~everthele~s, ~ am ~ l u c t ~ n t  ~o suggest ~ r e c t  
c o n ¢ i ~ g i ~ / ~  vaiuos over ebbs distance (~O00 ~ . ) ~  5ecause o~r e~pe~tenc< 
~ H|ssion de~nstra~es the e~ra¢~ h~bi~ o~ ore d~s~r~bu~o~. 

JEK/Z 
C~ ¢ . KE~ichard 

JHCou~'trl ~.. ght = ~  
JEK|,nn~son 

9RIGINAL SIG[ ~ED, BY 
JQHN E, ~INN]SON 

JOHH E. K~ |$ON 

% . 





[$ 

No'~er 9~ 196o 

~DRA~DDM FOR T. A~ S~DD~ 

o ~ / ~ e  so~tin~ ~Ii ~ m ~ l o ~  m~nlng l~blemin the Mission Pit .-' in 

in t h e  South~,~est. ' ' " " " ' ' 

It is ~cA~eete~l that in sem~ instances o~/~ste con~mts ~.rill ~e 
shar~ ana ole~ri~ ~rau% to showl oimz~rs ana ~ne~s. ~ever~ !u 
c~ses e~nt~cts ~,~_!i be ~tion~l ~na obscure..in %heseclr~ms:~a~es a~l 

a ~ ' ~ k l ~  an si.ml~Z~e~ ~ Zoom to ~he o ;e~ to rs  ~ o r  ~o ~ . ~ i u g  a ~neh .  

8,%i~n w£~h %hose ore ~se!~e level m~sSll~qf ~zep~e~ ~k;.~h sh~ s~u~-" " '- 

It is su~Sted, %h~t a l l  o f  thi~ infozm~t!on should be ~%he~ed aad 

O~ 50-~c~le(?) m~p o ~  let%er-size sheet sh~.aS e~ be~ch bl~S% ~ 

shO~ blast hole le~i~ns ~nd their ~s~s ~!o~ ~_th O.re/~,m~te couta~s as 
m~i on the banch fac~ ~u~ ~,s l~zoje~t~i into %he bench faee° Z% ~!! c~r~ 
c~ thos~ nO%e~ aad symbols which would h~Ve ~ direct bearing o~ ~ %he ~- 
d ~  sh~l~ of ~ ore ~ses~ and whlch~ p.re~su~bly~ ~o,~ld be0f ~se ~ 

oil~ o~Se~olv~ of ~oi~Ical m~i~4~ in % h e  pit~ ~he~ ~rlll b e  pre~¢~ 
an~ h~nd2~1%0 ol~%Ing pel'sonnel ~ ~u~o~ly ~ ~9~sib!e -- p~Ob~O~- In ~cil 

~he pi% s~u~s ~IAII~ as ~ unde~s~ I%~ tie in eaeh b3~st hQle 
~ ~he ~oe ~i e~est li%e of e~oh ~aoh, Ho~eve~ o.~/ %his ~i~ht 

us~nS t h e  s u ~ v e ~ .  ~, ~ o ~ t w o l  ~ i u ' ~  .~he  ~ e o ! o -  

~e~ ImSslble, ~!~.~ ~-~oul~ , ~  %his as scan a~ a ~ch ~ eleanel 'up. .~Tefer- 
a ' b l y ,  ~ s  sm'veyin¢ wo~a ~ ~,ne ~%h e.l~cta~e ~=.d :pl~ue "~ble.~ . . . . .  



T. A. Sheldon 
i~ovember 9, 1960 -2- 

A ~ossible ~l%em~tive me'bhoi 9o p.l~ne %abie sumveylng would be to 
stzeteh a "hspe bu~'5~.~e~a the two end b3~t holes. Fr~a this control the b]~s% 
hole Dosltlons~ %he ~neh '~e sn~ crest~ ~d ti~e geological fe~tu1~s could 
be sketche£= The zesv.ltlng o~/waste pl~di~ion ~p woul~ l~.ve all contacts 
sm~ ~'[;a zefe.~acea to b3~st holes and thus ~ould be t~eful even though the 
ge~et/~ w~t~. no% be precise,, The geologists ]~ter covld adjust their 
basic i~eld no tes  t o  t h e  pit suzveyors ~ contzol ~ointso 

The first oze-gra~e ~terial ~aco~%e~ in ~i ~nlug p~obably ' ~ l l .  "be " 
~txed chslcocite ~md ~h~,ieo~i~ e~r~ by zones of-v~amiou~ o~rZdiaed co~r 
m~ner~Ls. Much of this c~u ~e sent %0 waste., but s~e of i% ~ay h~ve e om~ 
me~-~ial ~ssibilities and m~y h~ve to be d e a l t  ~,~%7n met~%llu~glcal3~. This 
su!~r~ne .zone is tllln and ~epresents ozCi~ ~ sm~3~l ;e,~ of %he o~e b~/ 
b~.% fol ~ a "hi~e it .W~O~abl~ will c~use ~al~le~l~l~r dlfficui-h so~ing an~ blend.- 
ing p~o~lems. %~he extloz~%i~n ~mili hol~ Indle2,ge that both the c~per m!n- 
e:~o~-and stm~ct~e of "~%is su;e~g~/e zone sine ex.q~%le~ b~t the holes a~ 
%~o faz a~% %0 pro-~Ide spy details On thes~ iITe.~la~l%ies° Eho~-~l~e of 
this SUl~r~ene zone can best be ohio'/me& by m~@i%~g as soon as bedzock is 
exposed i~ %he ~.~;b. 

1~r the  first mon~b~ of mining in beda'ock; aeco~l~ng to M~, Meen an~ 
~° Se~ae~ bene~h "b~asts will be sm~.l! ~nd there will be little if any time 
(or ~a) for the geologists to sumvey ~a~ ~? between %he e.~Iso~es of dig- 
~ing .and biastin~. Durlug this early ~,hese the geologist~ ~,Ti!l sttem~b to 
survey and m~p on a c~tch-e~s-c~teh-cea basis "~h~teve~ ir~go~x%nt fe~es they 
can ge% tO ~,rl'caout reeo~ling ~uch dete, f~ an& ~t~u:b much ~ a  for a~c~%~. 
~o dou~ ma~y sho;~ "oe~ch f~ees ~;,~'lll "~ ~sse~ ~n'~!~e!~. Z% is ho.r~ecl %ha,t 
this condition wi3i~ have i~Ir_zov,.~i aftsr a .~?e~ mo~hs of ore ~oluction. In 
any even% eve1~ effo~% ~;i~. be ~de to syste~.tiza the @eolo~.cal sua~e~jing 
an& m%~ing iEose0m~es and %he ~esulting out.~u~ of oze/~.~ste A~l~ediction ~.~s 
as early ss ~ossibie. 

~eologists' fie!~ sheets ~.~i~/L con%sin ~!I de'h~il ~-$~ich would seem 

of geo!~i~l ~ha~%l. Xnstea~ of ~?~oj~c.t~mg ~.i st~.~aotua"~ %0 s i~lane at the 
bu,t~ied toe of the ben~%~ as is done on 8i!ve'~ ~e3! fi~Id shee%s~ it is p]~nne~ 
Wn~.t om the Mission ~el~ sheets %he ~t~ ~ili he zeco~de~ as o~ a topographic 
m~p~ ~,rith the bench toe end. el~st lines l~ovldlng geometi~_c co~hrol. 

The i~ts~.t geologic fea%~es m~l~ged on bench faces ~iII be p!ott~ 
on a traei~z ~ase " ~ r o ~ e s s "  ~ p  fO~ ~eJa !~Veh These t~cin~s ~ill be 
s~m~.l~r +~o the Silver ~ell level ~,p~ ~>~_th the e~ception that geoio~Tf ~.zill 
be sh~.m at mi&-be'~leh eleva,,tion in o:4der ~o ~e~t ~%rech ~omi~ison ~,~th 
the level ~ Of the o~ ~ese~,~ estlm~%e~ ~% is ex~ecte~l that .Vro~ez ane, l- 
~i~ of s%1~let~es a~ o.ve dlst..~l~utio~ eve~/~u~3~ ~.~_li x'equil~ sets of "D~o- 
~ess" seetlons ~orresl~n "~din~ %0 the le~l ~s; bt%t %kls "will ~0% be uud.er- 
t~ke~ ~t t~m besinni~. 

A!though the f i . ~ t  concern o f  ~ i t  ~=~ping v i l l ' ~  p ~ i ~ . ~  st~uctv~es 
~ ore ~i6trlbuti~n~ ~ost-mlne~l faul~s e~ sli~s also will be ~,p~ whex~r 
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/• 

pzacticable~ A~ter being recozded on the level maps~ %hese s~ractures will 
• be studied ~.~ith. the idea of %ryi~-to p~!i~h locations ~.yhere ~it walls might 
be subject to slu~plng such as has eeeu.~ea in the ~resen% south ~ of the 
l~im~ p i t . .  W i ~  the latter as an exsmple~ $hez~e is cat~e fo~ ~oncern in The 
Mission l~_'h because the same b1~i@~le ~:ock ~Ire e~rlsts there, 

Slump:~.g of  p i t  ~.~!ts u ~ l l F  Is  ~ ' ~ e ~  by special  C~mbin~t~o~s 

a~@ at'hltu4es of pi% ~1_Is~ sueh that alg~m~ t~nds to und.ercut a~d p~duce 
~.~ee Or  ~esk~ae~! block~ After slu~_miug has occu~; the p.l~nes of ~ze~k~. 

hess ~m~ easy to se~, Eo~eve~ iu the undisturbed rock the real si~,f!c~ce 
of any one f~.ult or slid in te~s of ~ential ~,~e~kness o~en is not a~t~ 
Obse~a'~ions au~Ing, bemch ~a~plng a%,e limited ~ t~e and the ~ecordat~n 
Of an abundance !0~ ~m~li slips is of tr~cer~sln ~zactic~l~oty~ The ~@In% of 

lem of ~en%~l ~u~lug~ and X believe %hls ~for~%~zon even'~t~ III~ w~ll 
~.rmlt  zecOg~ition Of ~sln ~ugereus sl~ ~na~.~.~-~ 
~r~ %hls sh~l~ •n~ ~ he~onstme~ as meaning %~% i% ~rlll be possible to 
collect e n ~  . : ~ o ~ t l o n  for p~ed_cting ' . . . .  ~ " ~O~e~!ml slump zones. 
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Hr. Popea~ t ~ e r  O~ ~y;~reques~ed chem~ca~ analyses of the 
e n . - ~l:ss~o oreb~dy. 

Here.to~o~S~W~ ~ h~d.prop~red-2~ ~ co~poSi~¢~ pulps representing ~ll 
dr | | ]  hOie. ore ~n~ercept~ ~ th tn~he .open  p ~  ~re body, J selected si~ 
o~ ~hese pulps aS be;~ng repre.sente~|geof the pr~nc~ple ore types,~nd 
sent these to the El. Pas~ Ur~plreLab f~r  ~nelySis~ Results are not yet 
~t hand; but ~ em:|P~vj!n9 onvacatiOn, ~nd ~ ~rit |ng ~his m~r~ndu~ in 
case you ~ h  to transmit ~he ~n~|ys~ t o H ~ ,  Pope before.|  r e ~ r n .  

$igni~:~cant d a C r o n  t h a s . p i e s  ~s c o n t . | n e d  J n t h e  f o ~ | n g  
¢~ab•le :: 

¢Or'~pos I ~e 
Sample. 
~¢umber 

¢1 
C ~  
H I  

Por~ ton: Dr~ ]1 ho;)e 

East ]023 - 

E~s¢ 

~es~ 
85B 
89t  

-%:Cu 

.~9 

T~c~ Ire,  Argil I ~ ~e, 
- = Porphyry ~nd ~ypsum 

¢ o r ~ ,  

Tvpa~ _ 
Tact  i t e  

Horn~eis ~nd T~c~;¢e 
~.uar~z ~ te 
HOrn fatS and T~ctite 
Argi.i l |~e 
~ix&ure of HornfeI s, 

• " < 

~c. J H C o u r ~ ! g h ~  

" : , ~  

• ~ :~  

k, , . 

KE~VO~ :R I tHARO 

i f  any ~f th~an~ly t |ce |  results on the ~bove ~ S~p]es appear to be 
e n ~ l ~ s ~  I :suggest you .che, c~ ~:w:0 th Hro C ~ r t r i g h t ,  

$~mpTes C. 4 and l  ~ represent local|zeal, s ~ l |  tonnages of ore; and 
! '3 wi l l  beco~ av~Tlab~e~,oniy a,f1:er the 8th year of mining, 

The otheP repr s .  a of se, er l to.s of 
ore, Any one bHock Cou~cl have considerable ~n~cern~ vat |at |on ~n chemical 
co~pOs|tlon, b~t we do ho~ Kno~.the range O~ these variat ions,  t f  this 
ln~rm~t~o~ ~e~e ¢o baco~ needed, i t  Coutd ~e ~cquired by ~ k | n g u p  e ~  
analyzing ~bou¢ 20 ne~ cow, pesetas, ~ ¢ h  rep,rese~¢'~ng ~bc~t /~O ~ of dri~ihote 
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g~-~iy~ons. ~nsi~ered in~Vid~iy, ~he g~ of each p~lyg~n iS more- 
or~less ~neOus; aS the n~mberof p~i~gons Increases, the over~ll accuracy 
$~X~ves. (~) E~ch polygon ~S ~ ~ f  ~eometrlc f igure,  set  u~ fO r eonv~n- 
lence ~ ~lume mees~eR%, which bnly ~PP~keS the true sha~e and poSi- 
tiOn Of th~ ere lens. FOr examgi~ a ~O~Sentin~ ~ ~' ~ver~Ze 
Of i0.~3% ~ in hole 130 w~s, for sZructu~l reasons, dx~wn az~un~l the hole. 
With en elen~n to. one side. t~a~er~round hole U-II penetrate& %hls eiOn- 
~ted ena ef %he ~oly~n ~ a distance Of I~5' from hole 130. It eut 40' 
~f ore ~vera~!ng i0.6~ ~.U, ~ intercept corresponds preclselyto the one 
in h~ie 130, but i~ is ~0' !?W~r in al:ev~ti~n ~na, consequently, is only 

~ly~On. (3)~Due t O  the ioW"---~e ~t%~%u~ oe ~s% ore lenses in the MisSion 
~ep~si%~ horis0nt~l Workln~s ten~ %S be s£t~te~ ~ internal ~ n e r a ~ a -  
tion l~yers. The ~,asSayS from the;~e ~~:rare.~ therefore, subject tO 
being ~re~resen~tlVe in con~ra8% to .v~lea1 d~ill holes which h~ve a mere 
c~s'S~%%~ng ~elatiOn~p, 

" W~%~n the aSove l l ~ i o ~ s  ~ho f O X ,  inS eom~rlsorm s.re m~le: 

~ 0 ~ : ~  "of ar~ . . I~6~.0' 

96~,0' 

.~ assays o f b ~  sam~1~ ~t,~a~h th~ sampllng plemt 
in~iesteS~h~t the ~Tab ma~ ~I~. ~ consistently low 

The ~ver~e of ~he.unae~m~n~ :~ ~il ho1~ core assays is ~hlu ~ 
of the ~ver~e of the ~4 ~a~ -~ly~n~ ~enetrated by the underground drill 
holes. In Ii in~hee~ the drill ~_ore r~n hi~her than the ~olygon; In 13 
Instances, lower. Cons$~e~ng ~) ~he Small number Of polygons Involved, 
(b) %he very hi~h;g~e~.~f some Of ~l~ ~oiy~onS, Sad (C) the ~el~ively 
lOW fOo%~e ~f penetrations by ~6~o~nd ~hbleS, %he correspondence is 
very ~se, ~ fae~ I% .may ~e ~ortu~us: 

The ~vera~e Of di~t a~:~yS~.' ~Ver, is 3~ less %hart the ~ver~ 
of ~ade~olyg~S ~n~t~te~. This :i~ a W~de ~Ivergenee: and shoula probably 

- ., - 
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Un~a~i~:g . . . . . . .  

The saml~les 0bt~i'a~d from the ~aderg.~o~d v.orklngs in the Mission 
Shaft were z~dueea to assay ~ulp ~t %he Company's ~ss$~ sm-~ple labor~. 
tory, Seve~L slight3~- differem% pzocedu~es a u d  flo~ shsets ~ere used in 
%he ~re~a~&tio~ of tl%e samples~ es req%~.z'ed by size~ ptu~pose~ ~nd ~nysie~,l 
state of the ssm~les~ 

~ck grab a~d e/~s, nnel samples ~ze~e ~e!Ivered to %b.e l~bo~'at~!\T in 
70 lb, ss~mple sa@s~ ~eSghed, placed in open psms s~d d~_'led iu ovens for 
8 te ~4 hours at ~30°F, After &~jiug the sample wgs erush~l to -1/e" in 
the 4 x 6 ~aw c~usher (a screen small, is of ~I se, m~les .of ""~.~t%s" px~duct 
s~ea !OO~ -I/e" and 77% -II~") ~a ~eauaea t o  ~,~o i/~ ~o~ions (o.V 
appz~o=i'm~/cely 8 1bS, ) in ~ ~o~es splltt~r, Tee ~emainlng 7/8 ~ms dis- 
e~zded, O~e of the 1/16 " ~'" poz~_ons %~'a~s ~3m, Ce& i n  a qt~ D~on ~a~ for storage. 

The zem~in~nG !/16 p~z'hlon '~.r~,~ e~mshe& %0 --I0 mesh ~% t h e  lO" ~yr~- 
tory crusher and split to ~ppro'"~.mate!y 500 gZ~-,~S by'a ~Yones SW!~fi~=X ~';'" -~ " ,  The 
sample_ ~as %hen g~'o~md to "~bou't. -I00 mesh in the pulve~_zer~ well ~txed "by 
.Tolling on e. D!astie sheet and Sp]_~t  once .~ :~e  by a Jones split~er. One 

~e o'b~er Sto~e~ s:~ the labor~tory 
for x~%ure reference, 

The core m%d Slu~ s~.mples f r o m  the un@.ergrotmd ~miili~4 ~.rere iaro~ 
cessed in me~,r!y the s~.u~e ~.n~er. The averse l~a% of eo.%-e ~.~eighe& be-~.,een 
stud i~ lbs, After being logged i% all ~,;as cx'ushed to ~1/2" and split once. 

One he~ %~s stored en~1%he other ~as _~educed to -10 mesh in the g~ra%o~" 
crusher ~nd split %o about 500 grams by a ~ones splitter. The pulp~ were 
%hen prepal~ ~y following t~ sa~e procedures outlined fox, the gr~b and 
aba~.me! samples. 

A slu~e s~m~le ~ms ~ied ~nd t~':e cake broken up by mort~ ancl pe.s%le, 
The small (l 'to 1-1/~ lb,) sa~le ~¢as then m~e& by rolling earl split tO 

' ~.~hile "the s~le %"aS ~duce~ ~O -I00 ~'bou'b ~ 5 0  @~ams. The _ e j e c t  ~ms ~ t o r e d  " ~ 
mesh in the p~lverizex ~ au~ se~% ~:o_ ~ s a g / g ,  

The bulk samples dbt~ine¢l fro~ the sampling pJmat at '~he sl~.~t site 
~ere processed in a ~t[ffc~cent m~nner f.~:'Om. %hose discussed ~bove, The pioo-, 
cedu~es for hm~d!~.ng these, samples ~.;ere m~ggested by Mr, Cot~trigJat (~mz~o- 
randum fox' T, A, Snedden jauua~y 21~ 1959) ~ a substitute x~r the more ~- 
fined ~na laugh.by procedttwe ~eco~aende~ ~u ~r. VS.nc~nt's le~er of Jauu@,~,~- 
5, i959® Subsequent check ~ples of " ~ ; ~ e  test loi~s proved t t m ; h a  35 to 
50 lbo cut fro~. the ~O0~6DO lb, product of the aUtom~;~ic sampler ~.[o~.Id ~ 
~rithin the ~eq~-tzed accuracy, .. 
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The test let sables ~ere obtained by x~muing the mub/~ piles fzom 
th~me dri~ :~o~.m~.~ through the bulk sampling plant, The h00 to 600 lb, 
sample cut o~t B~ the s,~'~x~9;'~iC s~!e~ ~ ~-ms then reduced by ~ Jones spllt~ 
ter ~t the sh~f'h Bite, The fO13.owl~ ~sg~am SBm~s ho~.~ %he A-I~ A-I S.we- 
ci~!~ B-l er~ B-l ~gec!~ s~m.w!es %~ere split oES: 

r I ...... 
Jomes S~li%t~- (2n& S~t) 

jones Spl£t%er (3r& S.91it) 

Jones Splitter (4th 

A-! S'fec~l 

,~ Auto~tlc S~ler 

~ene~ S~litter (Ist Split) 

~ones S~l!tter (~a~ Split) 

~ nes Splitter ( ~ l  Spl~) 

Jones Splitter (4th Split) 

.[ 
B-! Spe ci~l 

To l~ejee.~ 

~t Sh~ft 

The A-l~ A~i Spec~.., B-1 ~d B-I S~eci~l smmples ~re %he~ sent 
to  the l~berator~ iu 5-~llon mi.~ e~.~s an& p~oces~ed for assaylng, 

The ~o!Io~.tlng "~bie ceml~.res assays o~inea from the ' ~e~t lot 
samples ~ad !nclu&es ~ss~s of t h e  ~b sam~les'~..~om ~he ~ft rounds: 
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Test Lot G{'-~,--/~ 

9~.-D 0.94 
165-D 6,78 

ASSAYS 
B-1 Ssmpie m.z 

(e5-3~.9) 

1.08 1.10 1,09 1.11 
, ~  5.5e 5,E£ ;.~.3 • ,,.% 2°87 2.96 e.89 :.o93 

The fou~ ~ sm~l.es _~epx~.sentin~ the %~rioms sglits fz'om z,.~)~ three 
test lots s / J .  ~.;ere ~i'bkh% ve.~ close eon.es~o~£ence~ an~% the A-1 s~ec'/~%l 
s~m~le was co~i¢le~*e~ 9o be s~elen'~ly .~e-~esents:~ive for %D~ ~t~oses 
of %he rei~e b~)//: ss,~]Jiug pr{)gram. The p zoce~,ures r~e~ ~% the le~boT.~Zor~" 
fox" preps~!ng %}.~m abo%~ and othez" saml~les from the bulk se~li,ng pl&n% sa:e 
&eseribed he.%o~#, 

The A-1 Speci~% ~nd the B~l Sp:eclsl p~dncts from the bulk s~p'lgm~Z= 
plav:t were dek~,~.~'d to the Lg.bo~%~j ~ 5~g~l.%on ~ilk cans. The B-1 
S.~e.~&! sam~le ~;as p.lsce~l ~1% ato~-~ge a~,cl %he A-1 S.z~cle~l Saml~le "~as p~ocesscd 
fo~ ~ss~ying, 

ag~ aud. ~cm.e~sue~. fo.v + ~n& o,, lO ~i~.sh~ The +!0 ~:~.sh "~.~as recl.ueeC to -i0 
mesh in the ~ % o ~ j  cz~aaher an4~ .,.,~,..omb...ne~ ~<i:Lh the ohher -lO ~mh "'.~-~ ,{~" 
The ~mple was then "[~ho~-eughly. wi~x~8, on e, ro.~ZLing cloth end s!~l!% £owi~ "he 
t~{O 3 3.b~ (8:gpzgxim~'bely) ~or%!ons b,~F e. joD.es splitter (sPlit fo~a • "bi~es), 
One 3 lb. loo~%ion ~m,s ~//~,ce~l. ln sto~:~ge while%he othe:c x.;as recluce([ %0 ..!00 
~sh ~! ",he pul'~C~zei-~ ~is 3 ib, -I00 ~nesh s~.le %~'w,s then mixed.~ coned. 
~'~n.& ~:e~.ueed "by ~ Sp~ttfh~. %0 150 gr~ ;~ .S ,  '~ !~O gTa~ pUlp ~cas sent for 
ass~y~ ~rkile the ~:~ect ~&s L~Is+ced in sto~ge~ 

~ -. ~y ~.~ ~,he bulk s~mF?ling plant i%se!f~ one ~o~ ~ check on %he ~ceui%%e'~ ~"~ ~- . . . .  

R~.%~e ~.350-~250~#~ inte.vw%l 17,7 to ~-1,5 ')"i~a-s 

check 

To &~;i~e ~ ~o~l ' of 73 sa~@les h~ be~n .~:mu to check (a,) the acc~lw°cy 
of ~ifle ~:~e~m~<hion ~,nd (b)the ass~=;.ng of ung~ezg~otm.d s~91es, These 
cheek ~amDles com~/~e~ dt~:)llc~%te pulps &n~ ne~.~" D.ulI~s 9~-om. c~ushed reject 
s~mples ~b~h the oi'i@~nsl pulp ass~zys. The ehe:J~ ass~s ~cere D2,~ Zu 9.8 
es~es %~i%h ~2.\ ~'¢era~ dZffe:~e'~ce of 0,035~ Cu; lo~" i~ 37 cases ~-~th ~n 
e, ver~%~e ~%ifference of 0.06~{~ Cu; ~nd %.%~e ssme iu 8 ceses~ ~:.e to%s,1 ~%~z~,a~ 
diffe:~en.ce in tile '[~ &sse,~s i S  O.O19g~ Cu~ 

The .Dllc~.~mge~ " ms~ ~ t~.lation of the check asse.ys~ " ," ~ inc±uaea here a~ 
mS%ter of recor&: 
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S~ple No. 

86-D 
5-D 

83-D 
178-D 
~o-Do 
55 -Do 

I15-~ 
15~-DC 
]65.-zc 
elB-D 
eiS~D 

~I�-D 
Sei-D 
ee3-D 
~5-D 
e~7-D 
~9-9 
a~l-D 
~5-'D0 
~6-DO 
~--DC 
~8~.nO 
~9-DO 

e3i ,~DO 

.... !83.-~ 
ZS~.-D . -. 
z�~-zc 
z�~-Dc 
I-ESP 
e -EsP 
3-RsP 

DDE U~5 
~67b'-='- e8.3 

Pull) ASB~ 

Z.~8 
]..09 
0.87 
0.60 
0 J.'.a 
~.17 
o.98 
0.82 
Oo6e 
O.h3 
I.P.6 
l.l~& 
! .37 
e.39 
3.~1 
~.].9 
e.18 

1.03 
0.69 
0.56 
o.~ 
o.5~.- 
0.73 
1.i8 
!.89 
o.9~ 
0~80 
0-31 
0.07 

!.00 .... 
0 .0~  
0.06 
].,76 

6.92 
~,97 

0.15 

c~-5 z.6z 
G-6 1.05 
3:7 o.85 
~-8 o.61 
~-9 o.~.3 

G-11 1.0~ 
~-z~ o.s7 
~-13 o.~8 
~-~4 oJ~o 

C~-38 !.~8 
s-39 z.39 

s z S  e.13 

e~6 0.67 
~ 7  0.59 
~-~8 o.~ 

C--5o 0,73 
~-51 1,z6 
~-5~ 1.93 
G-53 0,96 
e-54 o.81 
~-55 o.3e 
~-~6 o.o7 
~-57 1,7o 

G-59 o.o i  
~.~6o o.o6 
~-s6 1.76 
c-,~37 m.~-1 
G-88 6.92 
~-89 3.].0 

Sto~ed ReJec% ~p 
c ~  ~�q. A~ 

G-19 1.57 

G-17 O.86 
O-18 0.6i 
S-!9 0.;~-3 
G-20 e,17 
G-~I i.oo 
c-,~ o.83 
a-~3 0.63 

G-61 1.3o 
a-62 zX~.7 
Q-63 1.].9 

~-6~ 3.o7 
G-66 3.79 
a-67 ~.09 
s~8 z.].6 
~-69 z.o7 
~-7o o.66 
o-7~ 0.58 
~-72 o.b% 
a--75 o.~9 
~-7~ 0.70 
~ 5  ]..].7 
~-76 1.86 
c~77 1.o4 
c-78 oo7~, 
e-79 o .~8 
~.-8o 0,o6 
~.~81 z.73 
G-8~ 0,93 

c-~8~ o.o7 

G..�o o.17 

No~.'v~n Weiss) =c: w coV~ Cou:~tright 

WOW,=iale~ 

8-~ C. FADL 
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~ ~0 ~-8~ ~ 
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6~, .D ,,94 

19~-D 3. O3 
ICT-D ,,37 
I¢~-D 6.78 
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A screen .analysis was ~ds Gf eeve!~ erushe~ ~ore s~mples 
in storage ~% %he Mission labor~to;ry by ~asslng the rejects through 

aua~is ~us~%gd O'f ~ieven ~n~eree~ts af~rg~liite, fou~ of  horn- 
fels,, ~n~. S~ of t ~ t t e .  
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~son . . . .  ~zona 

E~iseS ~-D~ Holes 

r 

ing ~he problem Of iocat~ng ¢ere~aln diamond ~rll! holes in the 
MiSsiOn unGergrouna ~orkings. ~e both feel ti~t if any raises 
• r~ drlVen~ they should be d~iven on the±drill ho~'es; that is, 
if the d~ill }~o!~re not eneo~u~er~d in the ~.rifting, they 
should ~ r~o~u~-d-stud !oma%ed UndergroUnd ~by the use o~ geo- 
physlc~l squi~e~, The ele~ui~g outof the t~o holes (130 

~P.-l.l' - W -  

~¢e bel~ %hat the £riving of r~i~es ~ositione~ simply 
Qu vertical ~ect~ons of the ho!e eoll~rs ~¢ould provide data 
which would ie~: only %0 'furthe:~ compl~ity In ev~ua%ion of the 
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MISSION ESTIMATES 

October i0, 1958 

MILLING PIANT (including mo!y 
$75o,o0o) 

Errors and omissions (12 1/2%) 

Contractors' gen. exp. (~%) 

Contractors' fee (2%) 

Arizona Sales tax 

Company indirect exp. (2%) 

Total 

$ 18,054,000 

2,257,000 

812,000 

422,000 

215,000 

430,000 

$ 22,190,000 

Water Supply 

Buildlngsand equip. 

Utilities (power lines, etc.) 

Mine equipment 

Roads, etc. (c0nc. haulage) 

Mine camp - 8 houses 

Tailings (~d, lines, etc.) 

Preliminary stripping 

Total 

$  lOjOOO 

1,455,000 

~ 000 
7_ ,73~ 
6,615,000 

2(~, 000 
120,000 

7~,000 

, !25 j 000 

$ 39,241,000 
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AMERICAN SMELTING AND REFINING COMPANY 

MINING g'  ' * " '  x ..... :D!;E PARTM E.NT 

120 B R O A D W A Y ,  N E W  Y O R K ,  5,  N .Y .  

r£ 4Y 2 " ILIA) 

L. H. MART 

CHIEF GEOLOGIST 

May 19,  958 

. E. E. Richard, Chief Geologist 
~r." J. H. Courtright 

American Smelting and Reflning Company 
813 Valley National Buildlng 
Tucson, Arl zona 

EAST PII~ - ORE RESERVE ESTIMATE 
ADJ~d~ED POLYGON METHOD 

Gentlemen: 

I have just recelved my copy o f  your analysis of your method 
and procedure for calculation of the East Pima ore reserve. This is 
an excellent review of the extremely careful and thorough study that 
you have glven to this problem. The fact that you are dealing with a 
deposit whlch ~s geologically unmsual, in terms of conventlenal non, 
selective mining procedure, justifies the thoroughness of your study, 
and I am sure it will prove to be of great value in assisting all of 
~s to better understand the expected mlning problems. You have Based 
your analysis upon geological interpretation of drill hole information 
and where the structures are complicated Both by folding and faulting, 
and where stratlgraphy may Be partly deltaic, you have done the Best 
you can under the circumstances. It is hoped that it will be under- 
stood by all, however, that this part of the study must be left subject 
to modification as more accurate date become available. 

In general, the application of your adjusted polygon method 
to the available data should provide a good approximation of the true 
facts, even th0ugh minor adjustments become necessary in the course of 
mining. Everything youhave done is on the conservative side, including 
Both the shaping of palygons and the application of dilution factors. 
You have also thrown out of your calculation some thin beds of commercial 
material from whlch some metal recovery will undoubtedly be possible. I 
am particularly interested in your dilution factor study, which has been 
designed to conform to mining practice repo~ted at Silver Bell. At this 
stage I believe it is perfectly Sound to assttme somewhat comparable 
results will be experienced. However,~ with the probab~qlt~ y that East 
Pima ore will be more difficult to drill and blast~ we may find rather 
wide differences in the amount of selectivity that can be applied in the 
course of mlning. At least these are factors which cannot be predicted 
until we know much more about the physlcal properties of the ground at 
East Pima. 

,/? 
t =. 
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The high stripping ratio is dlsccmragihg, but •this factor may be 
somewhat different from a corresponding figure which would be applied to 
cenventlonal porphyrycopperdeposlts~ sln~e a larg~ proport~on OfEast 
Pimastr!pplng w~ll be~pos~-produCt.~on ~rtlng with~nthe orebody. It 
seems to me, therefore~ that~a:pre-p@oduction"st~pp~ng factor, adjusted 
to take ~nto account the prb~ort~onal low~r ton ¢bst of unconsolidated 
overburden, would place somewh~ less. emphasls ~9on the strl~p~n G problem. 

I t  ~ •s ! in te~st ln f l  tha.%:b~:'~r~ S c h ~ s ,  ca lcu la t ions ,  the I n -  
side. . drilling re~en~l",, y completed~ ~ . ~  ,. wh~chr"was:bO~f~ned. ~ .... .to anarea where 
dr~11~ng was less complete than itis throu~iho~t other parts of the ore 
zone, resulted ~n a downward adjustm@nt of only I-I/2% metal contained. 
It seemed to me, a casual revieW of these l~tes~data suggested some 
d~screpanci~s ~n geologlcal co~relatlon. I Womld appreciate your com- 
m~nts.,on ,this SUbJect. .... ~ • . 

In C~nci~s~on, let m~ say a~n,i"that I feel you and your staff, 
alongwith the full cooperation of .Messrs. ~een, Schubel and others~ 
deserve co-nsra%~iiat~ons for this excellent ore reserve c.alc~lation. 

y " . L . 

very tr~%!y y o u r s ,  

' L, H,. HART • 

DJPo:pe co:  asn aae  . . a / M  , " 

RBge.en.-(Sllver Bell) a/~ .:, 

/ t • 

..~'~. ~ 
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AMERICAN S~£&LTING AND REF17NING COMPANY 
Tucson Arizona 

April l, 1958 

SX-!0.1! 
P-10.11 

Mr. R. J. Lacy 
Chief Geophysicist 
Salt Lake Office 

ELECTR0~GNETI C SURVEYS 

Dear Sir: 

This concerns Mr. McDonald's memorandum of Februa~y 19, on San Xavier, 
which accomp~ied your letter of March 25 to me. 

In the second paragraph on the first page ~. McDonald states " .... it 
seems obvious that the e~X-! conductor axis is produced byfault str~ctur~, ........ 
with associated clay and possible gr~@hite." There well may be faults wi~h 1 
associated clay in that area because these conditions are found ever~r_e, I 
but we have no ~mowledge of a specific f~ult coinciding with the e~-l conductor. 
The mineralization environment indicated by hole " " X-~32 precludes the possibili- 
ty that massive sulphides could exist in the immediate are& of emX-1. Grip.hit e 
ha snever been recognized in the district. Therefore, I believe that the cause 
of the emX-I anomaly should be listed as unknown. 

In his third paracraph Y m. McDora].d su~ests that the emX-3 anomaly, 
now proved to lie within ~ deep sequence of post-mineral rocks, may be due to 
a fault structure or "may bc c~used by boundary conditions between the post- 
m~neral conglomerate sm.d the vesicular basalt." ~-~t is meant by boundary 
conditions? 

In sub-paragraph No. I ~. McDonald suggests that ionic water traps 
in the post-mineral rocks may account for certain anomalies on the Reservation. 
In your letter of February 29, 1956 to me on East Pima Electromagnetic sulweys 
you discounted the effect of ionic conductors. Do you believe now that they 
can be a factor? 

In sub-paragraph No. 5 I.~r. McDonald states, "The fact t~hat we do not 
obtain response in the LL'kg( 372-376 block area can be explained by the apparent 

mineralization. It should be noted that disseminated miner- lack of continuous " " ....... ~" 
alization is continuous in if%is block. Also, gouge-filled faults are prevalent, 
although we do not loaow their trends. Sulphide veinlets are present but not 
particularly abundant. It would be my suggestion that, although the p~rcentage 
of su~hides in this b!oc~{ is about the same as in most of the East Pima zone 
(bot~in and out el the orebody proper), the absence of an anomaly may be due 
to a lack of coincidental interconnection of sulphide veinlets. 

~'~Y doubts as to the effectiveness of electromagnetic surveys in the 
Southwest are increasing. For example: 

z 

I 
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I. At Coclo and on the Reservation several conductors have been found 
in post-mineral rocks. These, it seems, may be due to clay, to gouGe-filled 
faults, or to ionic water zones. All of ~ese features are ubiquitous and 
unrelated to sulphide mineralization, and therefore misleading in terms of ore 
search. 

2. ~en sulpktde veinlets are in some manner interconnected, Dresu~1~bly 
they tend to produce anomalies. This may be a ihnction of t!~ abundance of 
sulphides, in which case it could be useft~ in locating zones of su!phides in 
General, but the e~. method makes no distinction between copper and iron sul- 
phides. Therefore, at East Pima it does not assist exploration because of this 
non-selectivity. 

3. As I understanl it, the electromagnetic method should be most effec- 
tive in locating massive sulphide bodies. Yet, massive sulphide lenses in the 
eastern end of the East Pima ore zone contained ~he best grade and the sl~llow- 
est ore but did not produce arlomalies; and the so-called discovery anomaly, the 
strongest in the region, was obtained over ord~_nary disseminated mineraliza- 
tion which drill holes have shown to have no distinctive condition of minera- 
logy or structure to explain the anomaly. 

As you know, some of these points l~ve disturbed me in the past. ~ 
reason for bringing this matter up again is t~t it is my impression that Mr. 
McDonald's very careful work on the 2,cscrv~tion has emphasized the differences 
which can exist between the theoretical interpretations of e.m. ano~alies and 
the geological conditions actually found by drilling. In my mind these differ- 
ences are such as to limit appreciably the value of e.m. surveys. This opinion 
applies, of course, only to the basin and range province in the Southwest. 

 /ds 
co: I/~{art 

BCMorrison 
JHCourtright 
FEMcDonald 

Yours very truly, 

• / • 2/j /L/ 

K]~I~ZON E.~ED . 

Z. 
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M]~MO~ TO: Mr. R. J. Lacy 

. '  ~ ) 

. ; f "  

!.9, 

On January 25, 1958 all e.m. survey work was completed. The e.m. survey 
mad dated December 28. 1957 sho~:ld be consulted as reference ~ith this memo. 

Drill holes recOmmended i~ my memo of December 28 have been drilled. " 
Onehole inter~]ected ~X-I on JJ ~6~.9. Alt~ou~h one ~ir~ ~i hole does not 
thoroughly test an e.m. anomaly, it seems obvious that the emX-i conductor axis 
is prod,~ced by far,it structure, with associated clay and possibl@ graphite. 

A drill hole intersected emX-3 on ~i 379.5. A~ain, one hole is not 
uzually adequate, but this h~le co~,fi~.~s the gravity data (~lso recognized in 
my ].act memo) indicating post mineral r~)ck sub-outbr0p. The c0nd~ctor axis is 
located well within the po~-~ ~iuer~l ~,,ctior,. The ~¢~sibi!ity that this con- 
ductor mi~ht be produced by fault struct-re had been recognized. Drill informa- 
tion also sucqests the conductor may be ca~.sed ~y boundary conditions between 
the post mineral conglomerate ~ and the vesicular basalt. 

,,j 

F~4X-2 has been more f~ully developed by detailed survey. Further work, 
on an experi[2ental basis, should bc done on this zone. An app~zrenz structural 
boundary and an abrupt termination off a stron~ conductor axis are noted. De- 
tailed work utilizinz improved equipment and close spacin~ techniques is su~- 
gested. 

A relationship based on evaluation of all the results obtained from the 
San Xavier survey may demonstrate that ~he East Pima discovery s~on~ly is re- 
lated only to the sulphide mineralization developed by drilling, on that conduc- 
tor axis. 

We now k~ow the following relationships : 

. %" 

i. Structure in post mineral rocks is'mapped quite readily by e.m. 
methods, particularly faults, contact zones with ~re mineral 
rocks (probable fem_Its according to the gravity irLfol~nation). 
The ability of thee pest mineral rocks ~o show greater sensi- 
timidity to e,m. induction methods may be r~te~ to the lithe- 
lo~ie composition, permeability (greate= ~56~e [water content), • 
and the relationship of the pQSt mineral- vol~ies to includea 
conglomerates (ionic wat~P t~aps). Sp.~ious, non-conoinuous; 
local, a~d shallow cross over points Qeot~r in the post mineral 
sub-outcrop. Conditions causing these loe~l conducting condi- 
tions e~ only be relate~ to response from sensiti?~e ~ rock types 
and/or strllcture. .This is verified by gr~-vity ~ta which show 
in each instance of 10~=ross over polntsthat ~he sub-outcrop 
is the post mineral '~et~iOn. i • ' 

2. ~niy well 'd~veloped ~fault'structure ~i~h ~as$oo~ted clay'is 
indicated by/e.m, in" the pre mineral sub~9~t#~ro p at $~an Xavler. 
EM X-I is the: ~xsm~l~. "~ 

%1%. 

~L 

" 7~ ~ ! 7 ~ ~ ~ 
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3. There can then be only two sources for conduetors in the pre 
mincral sub-outcrop, well developed fault structures with asso- 
ciated and responsive gouge material and massive, semi-continuous 
sulphide bodies. 

'~. Faulting of the emX-1 type is not present in Zone i, so mineral- 
ization is ~he only possibility. 

.. - IL. 

San Xavier Indian Neservation ~ 
February 19, 195,8 ~ 

. The fact that we do not obtain response in the LL-XX 372-376 block 
area can b e, explained by the apparent leak of continuous mineral- 
ization. Some structure is present in ~his locaii~,y as indicated 
by the impressions of steep di~s in the 'arkose obtu/ned from coring. 
The structure is eithe'r not associated with faultir~ or faulting 
in this locality is not well enough developed with associated 
clays or other gouge material to produce a conductor. A s~nilarity 
~¢ith Zone 1 exists in this case, existing structure, but not 5he 
cause of e.m. response. 

Electroms~netic induction methods have good applicaLio~l potcntial in 
the Southwest, but should have another method, gravity or ma~netics, to eliminate 
ground with ~u%favorable sub-outcrop which might give erroneous response, as 
volcanics wi~h included sed~nents do at San Xavier. 

F~4 :si 
cc :L. H. Hart 

T • A. Snedden 
B.C.Morrison 
K. F, Richard 

F. E. McDonald 
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~ES~ MINI~ DEPAR~T 
Silt Lak~ City, Utah 

~h'. K. E. Bichsrd, Chief Geologist 
Southwestern, Mlri~ Division 
~imel-ican ~meltin~ and Re~ining Comps/kv ° 
81~ Valley National Bmnk B~ilding 
~h/cson) Ib:l zon~ 

.EAST I~IMA AREA . . . . . .  

Dc~ Sir: 

, I ha¢~ reviewed Mr. Be C. Morrison's rc~port of Februar~ ~ o~ the sub- 
~ect matter. It indicates an admirable ~ttentio~ to the possible ef#eets s~ad 

, ~djnst~e~t of the field techniques to clsa.ify these effects. The f~ctua~ res%u~ts 
aa~ clearly deflne~ ~l%d possible interpretations ~re well oonsldere~° Stleh a 
presentstion facilitates ft~&her discussion° I shoul~ like to discuss the two 
most ~, ~Ortan% points# namel~ l) the strike ofthe electr~zne~ic co~ductor ar.es~ 
s~d 2j' ~he ~eological correlation; or ~-c~use of ~hese sa%omalies. " 

Or lentation of__Conductor Axes 

El~tromagnetlc surveys in the past have b~n confined a/most excl~sive- 
• ly to the sesa'eh for pl~nar sulphide deposits such as v~in filling sad replace- 
cents, contact metamorphic deposits sad replac~ents of favorable horizons~ sad 
to massive pipes an~: blankets. All of these have ~ more or less definite ge~etry 
sad app~cisBle ° dock-dip exten~ or ls~ ~mass. The application to continuous~4 
interco~m~cte~ stockn~orks of veinlets involves n~w conceptions on which there is 
naturally very little experimental sad field information° 

It is Concei~ble un~r this latter con¢ittion that the profile arrange- 
ment ~nd th~ track.tier-receiver t~chnlque could energlze domlnsntl~v in uertain 
direeti~s controlled by these imD ressed s~rvey factors ~it2~in tee limitations 
of the xzajor trends of tb~Is t79~ o:~ ~.~Lne~%lization. 'Eo.ls is more true of ~he 
mobile :transmitter tec~hnique, i~ which the transmitter-r~_ceiw:r line is msl~t~ined 
mt right angles to t~e ~rofile direction, than It ~s of the fixed transmitter 
technique, .in ~4nich theft is only one point on each profile traversed by the re- 
ceiver .for whiOh the tranamitt~r-r~c~Iver line is ~t ?i~t ~n,~jles to the profiles. 
Wherees the cOndUCtO~ .~e at 9~ ° to the profile is emphasized to a certain ex- 
tent with respect to m~knitude of alp au@les obtained, detection is posslbl~ "~ 
to acute a~gles a~prOaokT~g ~arsJuiellsm. O~r subsequent detail tec/m~que of 
settin~ the tr~u~sm~tter On th~ strike of these conductor ~xes serves as one m~thoa 
of distln~tion ~Ith respect to comparative comiuctlvlty. 

We e~loyu~ the fixed transmitter technique on the orlglnal survey @lemg 
north-south profile, lines. ~hmrefere, I believe that we h~ve established t~t 
th~ major comiuetors have an mast-west or slimily north of ~ast strike. This 
aces mot es,tablish that there could not be fair to good s~condary conductors with 
morth-sot%th trends. Therefore, the e~st-~est profiles ~,~re ~n~a in the area con- 
fine~l~to Zone I. The mg~ile transmitter tmch~ti~ue was employed o~ this surv~y~ 

) 
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~t ~ Are~, 

~hi~h may ~t en~rglze and ther~f~r~ i~u~Icat~ ~onauctor~ a% ~¢uTm 8r~l~ tO th~ 
ea~t-~st profl3.,~. ~A~!es. %~s r~e of strlk~s~ ho%~v~r, woul& ha~ h~en 
~o'~red by the no.%h-south :i~X~& %ra~it%~ rec0~alssanm~ sad d~tali mu~veys. 

The first polnt to cle~a, u~ l~ere is the llst of co~uet~r~ for th~ a.n. 
dip ~le tecl-migTao given in the a~icl~ "The Inductive El%ctr:~tic M~i, ho~l 
A~pli,~,d to Iron ~lo~'atiO~%o ~' In the first pl~e, Ik~i~ ~ ~ list of g~olo,~ical 
condltlon~ that co'old be datect~d by the t~-ehnSq~ with~ r~g~rd ~o the r~ 
ol ~ fre~a~ics a:~licd (1500 tO 7000 c~:,s) ~ &-~th of bur$~. %~.~ response of 
these conductors ~olfld decrease ,,~th ~erc~s~k~ fx~quen~i~ ~ad ~IT~ Incressi~g 
d~ptd~-s of 0uriai. ~h,eSe %~:o f~ctors~ ~'~n: wo'u!~ restrlc% t~%~ lls% of geolo~ie~ 
co~duators; for low i'requ~cy r~@s and g~e.~ter ~e~%hs o~" b~xrlal: eqp~cia//j 
tendin~ ~o elimi~at~ the lop_it conductors. T_.'.~ ~qa~ncy of 15L0 cps is co~- 
p~s~>l~ to ours at 100O cpe. '~air 3~00 ~gs ~d 7000 ~ps freq~a@~les sr~ ap -  
pl~Oizbly h!~b~r ~I~ wot~Id emlse detec%~ble re~ons~ fr~ med~ Co~ductors 
su~ as %he is~ic %~q~a.. ~ai~ b ~a. tiepins of h~rlal iz~ the ar~ they s[u'vey~d' 
~g~,d lh~ $~ to 50 feet for t}~ most part wb~,eas ~.e ~.~e d~.aii~ ~Ith oos~Si~ 
i>0 f~et tO prL~211y ~aore than 200 f~ of allu~iu~n ~ Esmt Pi~. The dlffer~ce 
in the d~l~h facto~ ~ is se!f-:~@~uator: '~Ith r~ga~ ~& to the r~O:~sc of n~d!~ 
con@~ct~rs. 

Th~ rec~ndatlo~t tO conduct ~lemtr~a~ti¢ sur~2s on our East Pi~ 
~o~2ty ~s b~sod on th~ apparent rels~ion of e~st-~,~$t fis~uri~ o~ S~ultin~ 
an& slmil~ ~'th-~utJ~ Secoa~'y st~C~ to th~ ~zm h~vi~: mln~r~i/zad 

Ch~u'.~l~ for the h~s,~ier eon~ntrm~ionS of s'~ulphide ~t~raliz~%i~ fr~ ~ble2~ 
rt~a~ in favo~abl~ ro~k horiz~m~ moul~ ~ v ~ l o p °  ~ther or n~ su~ s.~-C~u2~ 
in '~xiti~ics "~ct~;~d as th~ main feeder ~n~nu~l~ fr~ w~b, ~reash~: ~zineraliz~- 

horizons a~ld, ~s £tisse~~ia~tions ~d ".;~t stocK~<r.~s ~n sp~a6~v s/~ brl~tl~ rocks 
sueD. ~s arkose~ o~- vh~ther %h~r~ ~es ~ mow pervaslv~ t/~ of mi~er~/liz~ion 
s~pos~: th,eI SI~ still ~ b~St b~sis Of ~im%~i@~ Of ~eS~ el,~e%ro- 
m~q~etlc aa~siies ~io~ sone~ of p~at~r c~ac~nti~ations of ~In~r~Lization. TTis 
is t~e~ ~he%her the effect ~.s%~ be ~t~rib:a~e@ t~ more or les~ m~li~ ~ re21e~e~ts 
or to ~ col~e~t2atio~% of i~%/4reom~te~ vei~lets. 

It ~hould be ~ha~izad sgai~ %/~ w~e w~id no~ e:~eCt t0 in/IC~t~ O~- 
plet~i7 ~iss~bg~te~ ni~l- ~li~tion, ~m@ti~er ~o~t tO b~ em~m~Z~ is, tb~% %~b.~ 
elen~z~et±c comdu~or af~as m~'k o~ly ~e llaes ~ .  the top of CO~,l~e~ors 

~.~e electro~1~(~;~t~ effect~ ~erefo~e, holes i~ersectin:.: or~ at ~o~.~il~ Iooa- 
tlon~ e,~:," fra~ tJ~e cen~ct~c ax~s ao not all.grove ~h~. ~lue of the ~thod~ 
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Further empD~sls must ~a nade on th~ ~oint that tlds discussion ~p~liem 
to th~ East P~na pro!~erty ~n~ sho~l~ not be i~discr£rai~t,~l~ ~ ~pplie& to other 

Coaclusions 

A!tho~h ;~e ~-Ish to ~coura6~ cc~tint~& &eoioL~cal s~estion8 as to 
poss±ble cm~scs of th~ =.~.~ophysical ~a~.:aAias~ I hoDo t~ above d&scussior~ ~,~ll 

~ the tccn~dc.~/i aspect~ of ou2. i11.terD1~t~tioz~s so that wc ~o no~ b~co~ue 
coni~as~d .~i~ too :~s%~ ~ossltle int~r~ratations. The fact ~e~.,~ains tb~.t the 
c!ectr~,~.~,stic plus the gravit~ ° surveys have i~dieat.=d sev~r~l ~re~ of which 
Zo~~ I ~s ti:~.e :zost ±.7~res~ive~ ~d~Ici'~ ~,~y s~rve as ~ent~'al locations Xr~.-~.ich 

t~s~ ~,~a&ous ~u'eas, if results az'~ ~%iwe, ma~ req~<ir~ on1@ o;~s or two hol~s. 
'~.s ;o.~i~ see~u to he a io&l!c~o/~ ek~lOr~tien p~ttsr~o L~%er:. after ~hea.~ ai-e~s 
h~ve b~en ~:<piore& ~n~ dmvelop~ If the latter is ~rr~t$~, bro~d-scsle ~'~con- 
~mAsss~.-e ~z'i~Ainz n~ight be in o:'d~r to al~t~s or pro~ the :~:~nde~'. 

RJL :si 
cc :L, H~H~'t 

F~ V~ Richard 

T, A, G~ dizen 

H. J. Lacy 
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ELECq'RC'MAGNETIC 
Prospect ing  

Methods  * 
By 

GEORGE R. ROGERS, '48  t 

In the search for mineral deposits, 
additional prospecting techniques are 
often needed to supplement visual ob- 
servation of the earth's surface. One 
additional technique, the electromag- 
netic method, is based on the fact that 
an alternating magnetic field will 
cause an electric current to flow in 

* Presented at the Fourth Annual Meeting, Rocky 
Mountain Minerals Conference, ( A I M E ) ,  October 
31, 1957. 

G. g .  Rogers is Senior Geophysicist, Bear Creek 
Mining Company, Denver, Colorado. 
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conducting material. This is exactly 
the same action that takes place be- 
tween the primary and secondary 
windings of a transformer. If  no con- 
ducting material is present, a given 
electromagnetic field will have certain 
characteristics. If  conductive material 
is present, the field will be different 
and this difference can be measured 
and recognized. In our terminology 
this departure from normal field char- 

acteristics is known as an anomaly. 
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We say that the electromagnetic 
methods respond to the electrical 
properties of large volumes of earth. 
The most important of these electrical 
properties is conductivity. 

At this point a logical question 
would be, "All right, assuming you 
can measure the conductivity of the 
earth to the 10th decimal place, what 
has this to do with ore ?" A complete 
answer could be the subject for an 
entire paper, so the reply I give .is 
somewhat evasive. My answer is that 
sometimes electrical properties have 
a great deal to do with ore and some- 
times they have nothing to do with it. 
This is exactly why technical pros- 
pecting methods are exploration t o o l s  
and not complete exploration systems 
in themselves. On the other hand, in 
a large percentage of cases, sulfide 
mineralization is accompanied by good 
electrical conductivity. By judicious 
use of electromagnetic techniques, sul- 
fide bodies are being found and their 
areal extent established. This paper 
will describe inductive electromag- 
netic methods wherein transmitting 
coils are used to induce currents in 
the earth and receiving coils are used 
to study the distribution of these cur- 
rents. I hope to remove some of the 

.... mysticism associated with electromag- 
netic methods. 

Figure 1 illustrates the conductivi- 
ties of some more common materials. 
A tremendous range is represented-- 
running from electrolytic, copper at 
the top with a conductivity of 10 s 
mhos/meter to quartz and sphalerite 
with a conductivity of 10 -~. The scale 
is exponential and each vertical line 
represents a change in conductivity by 
a factor of 100. The solid blocks rep- 
resent reported measurements on rela- 
tively pure minerals while the cross- 
hatched region indicates the range of 
values that may be encountered. Ma- 
terials having conductivities greater 
than 10 ° (or unity) represent good 
targets for electromagnetic methods. 
Most host rocks are insulators, and as 
the conductive mineral becomes more 
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and more disseminated, the conduc- 
tivity of the aggregate decreases until 
no anomaly results. At best, conduc- 
tivity depends upon the total amount 
of conductive material present and its 
geometry within the host rock. Only 
the drill can tell whether the material 
is ore. 

The transmitting system consists of 
a coil of wire connected to a source 
of alternating current. Such a coil 

Z: 

-4- 

FIGURE 3B J 

tical. 
The receiving system, shown in 

Figure 3, consists of a coil of wire 
connected to a voltmeter, or some 
other device, for measuring the in- 

coil. The chief difference is that the 
magnetic field of the coil alternates in 
intensity in the same manner that the 
Current through the coil is alternating. 
The pattern of the magnetic field in 
the XY plane is indicated on Figure 

FIGURE 3A 

produces a magnetic field in its vicin- 2. There is rotational symmetry about 
ity similar to that from a short may- the X axis so the field in any plane 
net oriented along the axis of the containing the X axis would be iden- 

v FIGURE 6 
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duced voltage. Consider a coil free to 
rotate about the Y axis and an elec- 
tromagnetic field directed along the 
X axis. As the receiver coil is rotated 
the voltage induced will vary from a 
maximum when the plane of the coil 
is perpendicular to the applied field, 
as in Figure 3A, to zero when the 
plane of the pick-up roll is parallel to 

28 

v FIGURE 9 

the applied field, as in Figure 3B. By 
combining the transmitting system of 
Figure 2 with the receiving system of 
Figure 3, we have an electromagnetic 
prospecting system. 

In Figure 4 the receiver coil is in 
the XY plane and has minimum cou- 
pling with the transmitter coil in the 
YZ plane. With this system the vol- 

THE MINES 

take in the receiver coll will be zero 
unless extraneous conductive material 
disturbs the normal electromagnetic 
field. 

Figure 5A illustrates the effect of 
a conductive body on the readings. 
Provisions are made in the field op- 
erations to insure that measurements 
are taken in the plane of the trans- 
mitter coil. In the plane of the trans- 
mitter, the primary field is horizontal. 
The primary field induces currents in 
the buried conductor which give rise 
to a secondary field that, in general, 
is not horizontal. The in-phase por- 
tions of the secondary field, S, com- 
bine vectionally with the primary 
field, P, to give a resultant field, R, 
that is not horizontal except directly 
over the conductor. 

The expanded views of points 1, 2, 
and 3, in Figure 5B, show how these 
fields combine. The null detector will 
show a minimum whenever the re- 
ceiver coil is parallel to the resultant 
field, R. This results in a valuable 
simplification in instruments since the 
voltage measuring device need only be 
a null detector and is not concerned 
with the absolute value of the voltage. 
This dip angle of the electromagnetic 
field can be mapped over large areas 
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v FIGURE 10 

by attaching an inclinometer to the 
receiver coll and finding the angle of 
the coil to the horizontal at the null 
point. 

A synthetic profile showing a con- 
ductor indication is shown on Figure 
5G, with the crossover occurring di- 
rectly over the conductor axis. T he  
vertical scale of this profile is in de- 
grees of dip angle. 

Figure 6 shows one type of trans- 
mitter for a system of this type. I t  is 
a triangular loop in the vertical plane. 

VOLTAGE DEP COI~ER CURREN ? " 
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Power is supplied b)~ a lightweight 
gasoline engine-generator unit fur= 
nishing about 5 amperes at 1000 cycles 
per second. 

Figure 7 shows the receiver coil 
which has an inclinometer on the 
front. The  null is located by tilting 
the receiver Until minimum sound is 
heard in the earphones. W i t h  this 
method a three-man crew may cover 

two to five miles of line per day, tak- 
ing readings every 100 feet. 

Figure 8 shows an actual survey 
with an instrument of this type. Th e  
trace of a conductor is clearly shown 
by the crossovers. 

T h e  method is simple from an in- 
strumental standpoint and has good 
over-all speed and depth penetration. 
Because of its dependence on a verti- 
cal reference, it is not suited to air- 
borne applications but a variation has 
been adapted for work in drill holes. 
In  this application the receiver coil is 
lowered down the hole and the sur- 
face transmitter is tilted until the null 
point is found. Readings are taken at 
suitable intervals down the hole. Fig- 
ure 9 shows the receiver coll and pre- 
amplifier about to go into a hole. 
Figure 10 shows the transmitter coil 
and smaller vernier coil that is tilted 
to obtain a null. 

Another  method is shown in Figure 
11. T h e  receiver and transmitter are 
both in the X Y  plane and have maxi- 
mum coupling. I n  free space .or over 
non-conductlng g round , - the  voltage 
developed in the receiver will depend 
on the construction and geometry of 
the coils--most of which are constant. 
Since the transmitter and receiver 
coils are in the same plane, this is 
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"known as the co-planar system. Both Th e  received voltage is compared 
coils c a n  be traversed across the with tile reference voltage• 
ground at constant • separation, D, or A field example is shown in Figure 
the transmitter can be fixed and read- 14. The  solid line represents the in- 
lugs made at many values of D. As 
long as no conducting material is 
within the influence of the coils, nor- 
mal readings will be obtained. Th e  
presence of  a conductor will cause a 
departure from the normal readings. 

Figures 12A and 12B illustrate the 
effect of a conductive body on a co- 
planar horizontal system. W h e n  both 
coils are outside the conductor, the 
secondary field produced by the con- 
ductor adds to the normal field result- 
ins in an increase in the induced volt- 
age at the receiver. W h e n  the coils 
straddle the conductor, the secondary 
field opposes the  primary field and a 
marked decrease in voltage is ob- 
served. W i t h  both coils to the right 
of the conductor the primary and sec- 
ondary fields again add. T h e  net re- 
sult .when plotted against the location 
of tile reading is a curve, shaped as 2¢~~'=~=~:::~" ~ p ~ 7 ¢ ~  N 
shown in Figure 12C. T h e  vertical ~ : ~ 2 ~  Y;-~:~J~~?:~i f -~ i  ̀ ~' .............. ;~'-~:"_-2t:{ 
scale is in percent of the normal volt- <~ . ~  
age with decreasing intensity upward. ~ 6 ~ . ~ o  ......... 2 ~ ; ~ z ~ ¢ ' ~ , ~ :  ~ -  . . . . . . . . .  ~,~g~ 

An actual instrument is shown in 
Figure 13. Th e  receiving coil and vFIGURI: 16 
voltage measuring device are in the phase Voltage, which was illustrated 
foreground. A similar coit and back- in Figure 12, and  the dotted line 
pack arrangement makes up the trans- shows the out-of-phase component 
mitting system and is in the back- which is another related quantity. 
ground on the far side of the river. 
I n  this case a constant Separation of 
200 feet was maintained between 
transmitter a n d  receiver. EffeCtive 
depth penetration for ground units is 
about one-half the distance between 
coils. Coil separations of up to 500 
feet are quite possible with instru- 
ments of this type and new versions 
are miniaturized for two-man opera- 
tion. 

Actually, with this instrument a 
cable is run from the transmitter coil 
to the voltage measuring device or 
compensator. This  cable carries a ref- 
erence voltage that is proportional to . . . . . .  ~: =- 
the current in t h e  transmitter coil. v FIGURE IS 

= 
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T conductors are clearly indicated 
through 80 feet of glacial debris with 
a 300-foot coil separation. In  this case 
the right-hand conductor is sulphides 
and the other is graphite. T h e  values 
plotted are in percent of the normal 
primary field at the coil separation 
used---a normal reading being 100 on 
the in-phase and zero on the out-of- 
phase dial. 

I n  recent years the electromagetic 
methods have been adapted- to  air- 
borne operations and several versions 
of both helicopter and fixed-wing in- 
stallations are in service. T h e  air- 
borne methods use variations of the 
techniques described. Figure 15 shows 
the installation on a PBY-type air- 
craft. The  horizontal loop running 
along the wing and back to the tail is 
the transmitter. T h e  receiving coil is 
in the bird on the underside of the 
aircraft. In  flight, the bird 'is towed 
on 500 feet of  cable. A helicopter in- 
stallation is shown in Figure I6. Both 
transmitter and receiver coil are with- 
in the large bird and a recording con- 
soIe is within the helicopter bubble. 
Th e  airborne systems operate at very 
high sensitivities but, even so, it is 
necessary to fly as near the ground as 
possible, 

Areas of severe topographic relief 
and/or  high elevation are not suitable 
for airborne electromagnetic methods, 
because of .obvious aerodynamic limi- 
tations. 

From this brief discussion it can be 
seen that a large variety of  electro- 
magnetic methods are possible and a 
good number of the possible combina- 
tions are actually in use. Each has 
advantages and disadvantages relative 
to the others and the choice of method 
to be used depends on the problem at 
hand and on what  equipment is avail- 
able. 

Thanks are due Aeromagnetic Sur- 
veys Limited of Toron to  for photo- 
graphs of airborne electromagnetic in- 
stallations and to numerous Bear 
Creek personnel who assisted in the 
preparation of this paper. 

DECEMBER, 1957 

i 

( 

¢ 

ELECTROMAGNETIC 
Prospecting Methods 

B y  

GEORGE R. ROGERS 

Repr in ted  from 
T H E  M I N E S  M A G A Z I N E  

f o r  D e c e m b e r  1957 

L 

~z, r 

< 



@ 

® 
m ~  

~o~ 

The. mi~e~ti~n en~en% ~!~%~ ~ h~le X-15~ l~l~.es Zh~ poSS£b$!~- 

I~ of ~t~uo~t~ ~ ~ z ~ .  " Z~ ~ ~ ~ t~t ~lis~n~t.~ ~gu~r~ 



J 

..@ 

g ~ ~  b~-"r~ ~ ~:~, me%h~ ~-no ~ ~ % ~  ~ ~  o~'~9~e~: ~ i~ m~l~ 

~,~ ~ 

• , r : 

• OrJgi,nal.Signed By 
IL ~Jo~rd 

L .  

; I  



0 

• r ̧ . 

® O 

~ ~ ~ 

~ 

. r 

• . ~ . 



@ 

. . r -1  

~igi~al Signed By 
~, I~chard 



@ 

- i  

been. ~net~ in a ~e~ ~iI h~le~-, B ~ ,  ~ ~m~t ~met is li~t 

that al~um i~ l~es~t ~ in %ra~e amount~, ; ~ e  ~esult~ indicate that 

DDH 15i ~ ~73' ~ ~t~. T~ae ~ u ~  ~slbly 

s~.~ of the ~e~ ~a~eve~ ~mel s~edm~, ~e~ re,tee in !,Tg 
In~ Oil ~ all ~h~ N~hNsi%ive ~llef~ N g  that oll i~me~slon ~ill 



3 

@ 
e 

i 

~.nmk 

! 

5 



@ 

/; fl 

P'i,I. 

. = 

• = . . ~  

In t e ~  Of tons of  o~e the~e hoie~ h~ve ~ o ~ i ~ A ~ e t ~  ~aAa~ed ~ a ~ e ~ t  
holes. ~owever~ %h~ ore lesses h~ve no~ all ~oes~eE in %heir ~%ea ~osltions. 

~tlC~ Which ~ Of ~ ~ 0 ~  aonse~uence i~ %ez~s o~ the oVersll ~ , ~ e ~  
pa%%ern. ~ovever, some of ~hese ~s~~les ~e~e ~Ite ~ect~, 

As ~ou ~c~, thls ~z~ e~ra ~ 0f~he .ore ~o~ ~ z  the most dlffl. 

tO aoee1~h %he f~etth~t %he aet~ils of strae~ure a~d ore aistri~tlon e~uot be workea 
OUt premisely in a~v~mce in th~ ~re~, ~ever~ ~here iS sound r~son to ~et 
that the total smount of c o ~ r ~ O ~  ~ic-A~ats~ in th~ ~re~ ~rill be ~ecovered during 

P~9~ ~I~o we plan to ~riil ~e h~ie a% ~ ~ "  ,%e 31.~0~ ~a~ 7.~OW, This ioe~tion 
is critical Insofar ~s %he ~i%'s ravin haAui~ s~tem is ~on~eraed. It seems to be 
n e e a e d ,  o n  %h~ %heoz~ ~h~% t#  s o m e  ~sen~y ~ ~  c~osS stru~ure exists in thlm 
Southee~t eo~%er Of: the O~ ~ ~% ~Oui~ m~te~I/~ Influenee the ~i% desist. 

o~ez~ v ~ ,  ~th ~s ~ie ve ~rZll be ~ s~ iz~ur~ce a~in~ an ez~or 
in ou~ inte~/~e~t~s, 

bec: 
J e t t i s o n  ~) 

Original Signea ~.v 
K. Richard 

i . . ' ¸  



~'~'~ / 

.O--O ? ' q  

3 o  4,~ 

, 7  2 ~ ~1"~ 

i , ~  -~ ~ ~ / ' 7  

l / l ,  ~',~ /~  ~-~/ /~  "~'~ ~-~' ~ 

/ ~ .  L ; /~, ~ ~ /~ ' .  ~; 7 z ~.7 7 

3,3~ 
3, ~y 

, /q  

?- 

/ I  2_0 

2 , ~ ' o  / , ' f t  



~,. ~, ~ -,~ ~ P" .0'i -,. 

i 
.... ! ::~~ ~~ ~'~~:~~ c. 

.:: ' ,. : L. ' ::~u~,~" ' . '  ': : ' A~zon~ " 

" ' "L : ' " " 

• ~ '~:, L 

. .~ 

t -  
- - f  

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

":D "F! '~P 

.LL~ , ~ ~  . . • 

, '~ :- • : . .- '":: ~ii, ~- .~ 

,; ...... -. ~..:~ ii~ ~. ::i ~ ~ ~ "  ...... -' . . . .  

• ' ~ I ~ .  : , . . "  . - 

" " " " "> /,~ .~ i . . . .  " : 

~' : i"/! : • .: .i" ; ' 

. -'- .- .. . -. _,.. ~ .~..: . ~ . ~ . .  .... _ .- ... . . . .  ~ , • 

_ -. >- ..:... .. ~ . ? 

" ~ :"::: " ' i'ii '~ . . . .  ..... - .... 

• ,. , ..-- ..~:?, ,~.~ ~ . ~. ;~< . o 



® 

• @ 
K, ~ 1 ~ 1 ~  
~ O O M  ~ 0 ~  ~ 

~ ~ ~ ~ ~ ~ ~  ,~ ~o~~ ~ ~ . ~  ~. ~ ~-~. 



O 
® 



® 
O 

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

N 
~ O O M  ~50~ 



• " - . • 

/ 

\ _ @ 

. . . .  ~ ~ ~ ~ 

. . , r  

• " r ~ ~ r  



@ 

~ . ~  - 

~ .  ~ ~ ~  

N: 
! ~ .  . 

~ 

'~I.~-~ ","al~ 

•3". 
~ ~ ~ ~ / ~  



1 " " 

| 

| 

" C "  

" . :  i= 

~.~ ,~ 

• ~ , :  

" • - - i  ¸ - . .  ~ . . . ~  . , . :  

L -  

~ ... ' . , . .  : ,.,. i : . ' .  - 

• , • . . 

. . r -  " . • • 

. , "k 

- r .L ,  ~ "  

• . . .  - . .  



0 

. v 

i r 

p 

L - 



~ F O R M  "H-t12 

* ORE AND C O i ~ N T R A T E  LiQUiDATiON SHEET @, 
~ v ~ ; ~  ~ S ~ e  c~ass 

Mine ~ ~ Unit ~ ~ ~ Date 
M E T A L  P R I C E S  

ZINC CONCENTRATES 
M ETAL 

LEAD OR COPPER CONCTS. OR C R U D E  
• UNIT Quotation Deduction Net ' 

Dollsrs/Oz, 
Cents/Oz. 

Cents/lb. Cents/lb. .~0 '~3 ~'? 

Cents/lb. (C~, ' ® }  

L E A D  O R  C O P P E R  C O N C E N T F  

Gold 
Silver 
Lead 
Copper 
Zinc 

M ETAL 

Gold 
Silver 
Lead 
Copper 

DEDUCT. NET I 
ASSAY 

ASSAY 

Oz. 
Oz, 

% 

Quotation Deduction 

~ATE$ O R  C R U D E  

EQUIVALENT 
in LB$. or 0ZS, 

PER CENT 
PAID FOR 

NET PAID FOR RATE 

DEDUCTIONS 

Net . 

' TOTAL PAYMENTS FOR METALS 
DR. 

~. $ ,:0~6::::. $ 

Oz. $ 
Oz. 
ibs, 

~ Ibs. .:~ ' 

CR. 

Mill Lot No. 
Mine Lot No. 

Wet Weight 
" Moist: % 

Dry Weight 
Dry Weight 

Ratio of Concentration 
Mill Ore: 

W r . l ~ . l n  I 0 

CRUDE ORE 

V A L U E  
PER TON CONCT. PER TON CRUDE 

Ibs. 
Ibs. 

• Ibs. 
Tons 

I TOTAL ̂MT. FOR LOT 

Base Treatment Charge 
m~ l~ssay  Adjustment 

Zinc Penalty 
Bismuth Penalty 

Bullion Tax ~ ~  ~ ~ 
Freight: 

! 

TOTAL TO DEDUCT 
NET RETURN PER TON OF CONCENTRATE 
NET RETURN PER TON OF CRUDE ORE 
TOTAL ~EY RETURN 

Z I N C  C O N C E N T R A T E  

,T5 

36.~ 

Ratio of Concentration 
Mill Ore: 

METAL 

Gold 
• Silver 
Lead 
Copper 
Zinc 

ASSAY DEDUCT. 

Oz. 
Oz. 

% 

NET 
ASSAY 

DEDUCTIONS 

Base Treatment Charge 
Labor Adjustment 
Spelter Price Adjustment 

TOTAL BASE CHARGE 
Spelter Tax 

Freight 

EQUIVALENT PER GENT 
in LBS. or OZ$. PAID FOR 

TOTAL PI 

$ 

NET PAID FOR RATE 

OZ, $ 
Oz. 
Ibs. 
Ibs. 
Ibs., 

AYMENTS FOR METALS 

PER TON CONCT. 
V A L U E  

PER TON CRUDE TOTAEAMT. FORLOT 

$ 

DR. 

TOTAL TO DEDUCT 
NET RETURN PER TON OF CONCENTRATE 
NET RETURN PER TON OF CRUDE ORE 
TOTAL NET RETURN 
TOTAL RETURN PER TON CRUDE ORE FROM ALL CONCENTRATES AND FOR LOT 
Orig cc Correct 

CR. 

$ 

Approved 
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~Ost --~%neral 

a~!~ Quaternary alluvium is ia~ely a channel wash derived from the 
srani'%~ mass that ~aF~s up the Sierrlta Mountains on the Southwestern 
border of t~e mapped a~ea. Some of the lamber areas of talus are Inc.udea. 
In the Pima f~ea southwest of Helmet Pe~ the cover i~ shallow and inter= 
mlttento To the east and no~th on the broad ~ie~mont the alluvial oover 
thlck~ns toward the Santa C~uz a~l ~ts,~ v~lleyso D~iiled holes north and 

hloi~ness of 150 ~ to ~00~ D~e east of Miner¢9/ Hill indleate an average t ~ 

to its lar~ a_~eal extent this feast!on i~ of ~reat importance ~ post- 
m~ne~al eov~ ove~ poss£ble o~e de~oslts. ./~ ~ 

Tal. Te~tlary a!luvi~ is an olde~ alluvi~ looally ~!!ed the San .:.L~ ~ 
Xavie~ c"~onslome~.ateo It is oompo~d of ro~k fr~ents with ansular ~o 
subrounded o~otlines~ and is ~eakly to moderately oo~solldatedo In places 
It is dlstlne~ly bedded~ and has been tilted as mu~ as 73 de~ees. ~t 
Black ~ountain it is ove~laln by basalt~ and south of ~eimet Peak it is 
c~t by dikes of ho~nbiend-a~eslte. Mineralized rock fra~ents sa~e p~sent 
in sev®ral e~est~es. Southwest of Hel~%et P~ak these are derived from 
known zones of mineralization~ Northwest of ~Inera! Hill and at Black 
Mountain no so~cs is exposed~ and the miner~Iz~d f~a~.nts may be derived 
f~ nea~by~ bt%~i~d zones of mlnerali~atlon~ 

~e-Nineral 

Tsb. Tertia~ ~ Silver Bell ~ormation overlies Cretaceous and esrller 
sedim~ uneonformably~ and is overlain by the Cat ~ountaln rhyolite° 
Several units have been reco~Izedo Soutl~w~est o~elmet Peak the formation 
~onslsts principally of a dark andesite-po&~ph~y cong!o~erate. Also p~s~ 
ant are less conscpieuous eongiomerate~ ~hich ar~ gen~rally derived from 
the C~aeeous sediments° 

In the Tucson t~o~ntalns the above reeks ~e r~re~ented~ as well a~ 
additional ~Its not found to the south. ~ese inaiude a volcanic rubble~ 
and a '~¢haos ~ of large bou!ders~ The latter is the uppe~ost unit and is 
as much as 500 feet thi~ko ~t ~ont~s blocks of Paleozoic limestone u~ 
to 200 feet thick and several hundred feet in dia~eter~ as well as large 
boulde?s of Cretaceous arkos~ ~d Fwe-Cambria~$% sdhist. 0ecasioP~%ll~j~ 
these ~ulde~s ere set in e matrix Of thln-bedded arkose and con~lo[aerateo 

~[s. ~et~ceou~ sedlments ~onslst of possibly 10~000 feet of dominantly 
sillc~us units in~ludln~ ~k~se~ ~aa~t~Ite~ silstones and oon~lo~erateo 
West of $asinaw ~ill a~d so~h of ~elmet P~I~ there are lO0=~00 ~ horizons 
of !imey sediments. ~loh of the alteration and ~ninemalIzation in the P~a 
disbelief is in Cretaceous sediments. 

Fs~ Pale~zolo sediments irmlude fommations from the C~bri~n Bolsa 
guartslte ~hro~ Permian S~;#der Hill o Thick bedded~ massive limestones 

~ red~Inateo In the Pima dlstrlat and to the south arou[~ the Twln Buttes~ 
000 to 5000 feet of these ~ediments ar~ exposed. At Mineral Hill and San 

Xavier they are ho~t to ba~ metal replacement and eontact~type deposlts~ 
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Pear-Mineral 

T~b° Late ~rtla~y or ~aterna~y basalt consists of a m~xlmum of ~00 
feet of--essent!~ly horizontal, fl~s Of dense bi~ck vesolc'~lom basalt and 
s@ne basaltlo r~bb!, la~ era. .~%t B!aok ~ '~ y.~ .Dunta~n it over!ie~ th~ San Xavier 
oon~iema~a~e 

PrO-Mineral 

~ "~" ~o pt~plish~gray rock Tea. l~erta~y Shorts Ranch andesite is a II ,ht 
with a~nse groundless and ~bundea~t ~h~nocry~ts of pl~ioclaseo Northwest 
Of Ban Xavie~ M~ssion it is about ~00 feet thleko 

Tcr. Tex~tia~ Oat ~ounta!n rhy~llte is a Srey p~oelastic with abundant 
xenoli~ in a ~a~sy ~eundmass containing s~!l pheno~rysts of quart~ and 
f~Idsp~2o Flow bandiP~ is ¢onm~on. In the mapped area it is at least 300 
feet thlek. It overlies the "chaos ~ unit of the Siive~ ~ Bell formation and 
i~ believed equivalent to the daeIte agglomerate at Silve, r Belle 

Post.~Nineral 
. t 

Thao Tertiary ho~nblende~andes!te is a li~%t brown rock with pheno~ 
cryst~feldspa~ ~ and horn~lende in an aphanltlc g~oundmas~o It oecur~ 
in Io~s~ n~rro%; dikes that cut tl~e tilt®d Sm~ Xavie~ eonslomerat~ ~d older 
fo~amtlonso 

~o Te~tlary basalt porphR~y is a dark greeni~:-gray rock with ab~- 
da~t coa~e pl~ioclase phenoery~t~ ~%d ~aller pyroxenes in a ~lo~s~ to 
aph~niti~ ~j~eu~~. It o~eur~ as la~e~ elongate masses which appear to 
be in~usive. 

Tree Tertiary monzonite -~hen fresh is a dark rock with ~mail to m~di%un- 
sized ~enocrysts of feld~p~? in a gre~ni~h~ medium ~ra~ed to aphanitic 
groun~h-~.~so ~51artz and biotite a~e oommon o It o~ctu~S as small irregular 
plug~ilke bodies that cut T~rtlar~ and older form~.t!ons~ The monzonite 
weathe~ easily so is more often found in surface depressions, it i~ prob-o 
ably more ab~%dant than indicated by p~esent exposures° There is a ma~ked 
coincidence between the occurrence of monzonlte and the stror~er indlcation~ 
of copper mine~l!zationo This obviously suggests a g~netic relationship 
between them° 

Tdo T~rti~$~ diabase is a dense~ da~k int~asive composed of s~ll 
feldsp~ crystals in a biack~ aph~nlti~ groundmass. It occurs as a few 
small dlke-llke bodies cutting Terti~# and older fo~natlons~ 

Tb~o Tertlamy blotlte-rhyollte is a ~ssive gray porphyry in ~,;hlch 
small crystals generally predominate. Quart~ is the most abundant of the 
cr~¢stal~ and feldspar and biotite rare oom~on, wn~ rock contains n~merous 
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small xenoliths of older for..~atlons In~!udin~ d!~oside~andeslte~ In 
the ~mole A~e~ near Beehive Peak the biotite~h~olite is in In~uslv~ 
contact with the Silve~ ~II fo~me~iono It i~ some~nat sillelfled and 
resist~nt to ~mosiono Biotite~hyeilte o~o~t?s ~n the Pima smee ~ast 
and south of M~!~t ~eako A hole drill~d south of Eed Eiil out minersl- 
Ized roeko The small outcrops feather south ar~ weakly alte.~ed to 
fresh. ~pon w~at/qe~ir~G this rock dlsint~ates readily to a white 
p~dery ~asso .~%~a~ents seldom oe~/~ in ~l!uvi~ even a fe~ feet from 
She outo~Opo Because of Zhls ~ea~herir~ oha~aote~istlo it is po~slble 
that a lapse body of blot!te~mhyolite oeetu~s in the ~ea and is congealed 
b~ tl%e ~low 83//vI~, There i~ no ~vid~nee that this rock is ~enetieaily 
related to mlnerallzatlon~ !~% di~ti~%~tlon to th~ monzo~Iteo 

Tdao Te~tla~y dlopside~andeslte is a massive ~ray-~een porph~u~y 
%~ith ~noe~ysts ~f pl~ioclase ~d dlopslde, It Intrudes tb.~ Cat 
~4ounta~n rhyolite in the ~aole a~ea~ 

~o Tertiary $1er~Ita ~r~nite is a coa~ose to medlu~a ~ned g~an- 
ire from W~%ieh has . . . . .  been cut th~ h~o~d, p~Ime~t. • extend~. ~, north~ ~d east 
of the SieF~ita Mo~ntalns~ In the hills ~est of ~.~neral ~ll! pe~m~tit~ 
and aplite bandin~ is p~-~glnento West-nox~tb~st of Twin B~tt~s and in 
~he area west of S~ Xavi~ ~ ~und ~ineral ~ll~ z~anlte thnde~!ies Paleosole 
sediments° The contact in the latte~ ax~ea is a flatly to moc!erately east 
d!ppiD~ fault plane~ in the vie~a%i~ of ~%~!n Buttes gr~uite is Int~slve 
into Paleosoi~ foz~atlon~ sausi~ ~onsidergt~l~ contact meta~orphlsm. In 
the P~a area it is generally t~nfavoyable to ~ne~alisatlono 

D-Co ~2e~C~D~ian ~o~ks a~e exposed in a ~I isolated hill in 
the s0~es%ern ~ar.~t of th~ m~d a~e~, ~e~e~ lenses of coarse Bol.sa 
quartsi~e ~onglon~er~e a~e in sedimentary eo~taot ~_th a oo~se ~ralned 
~unitle moeM, As.soelated wi~h the ~m~te ~l~e bands of meta~mrphi~ 
~ocks Inel[~ding ~enstone; ~es~=e q~a~tz~ and a fine ~alned g~om~$tlo 
~eeko 
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Amis n  

~gme~ %~ a ~gmld ~-ys~e~ as bes~ y~u ~.~uld~, ~a~lla~in~ %!la~ mu~h o,i" 

will b~ sble %0 appmezimi,%e a 250-f~et ~asg-wea%~ ~Id a ]O0-f{)a% z~o~ih- 
~ut, h~ ~mgd spacing. While ~his la ~e% i,i~al~ ~ beli~ve !% erf~ms u~m 

~M'f~men@e ef e~In~en a~ %~ wh~i~e ~@w holes ~he~l~ be ~'illed, ~Ie~ 
here aie~ e@~Ide!~ed d~ilh%~i@ i~ @ene~el ~e~ a ~'~ee~i~a! 9ol,nt of 

%h~ a~%~ se~ addi~le~ial pi~a~%leal ~i%%e~,~ ~e ~@ns!del ~. Spe~Ifleaily~ 

s~@ae~d~ in~lae d~illi~{o iW'~sh ~f %h~s will be ~eq~Irsd elr~ %~e are 

Te de%e~Ine wh®%k~ ~;~ no% %he cos% ef ~les@-sl}a~d ~ i~s~@ 4hv~ll!n~ 

~r@~"~ wi%h %he few eX~e~D~i~S i~o~ea below. 
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en~ s'b~u% ~OO fee% sea, Ileal% 09 D,~:, ]a~ gn~%~a~ ~h~il! eae l~ole ~'OO 

nega%iv% follew this by ~ne%he~ h~ale ~OO f~{~% south of the ~;~ ju~t 

and the:,efore~ : ?eq%~% tha% ~ h@!e be ai~iliba )oo D~ ~iomth ei- D°f:. 

The p.~:p~e~, h.el: 3@0 fe~% noeth ~f D,~:, 65 si'~d b~ c : ~ p l e t ~  as 
ea~,ly a~ 'po~ibl~ ~but i wo:ild ~g~% ~ha% i% ~igh% be advis~A~!~ %~ 
hold tfi~ ~m, oposed, ,helle epe~%ed 200 f e e t  ~ee'th of D.~. ~l ~id :a~ili ~h:~ 

in :aind tyi~ up the ~JA'a, ei~sli~{ a~ea in %1~ ~i%a%~ Ne, I Slain.. w~,%h 
%he meln zene, A}~ Isas$ oile ~eetlog~ ~houla be d~'ill~d ~en'hi~uousl~, 

eompie%s %ha% Ss=tie~% ~nee i% wo~a E~Ve US a ~oa%~i~%©:ss eeeZion 
%h:~oug!he's% }abe ~::~e~,g@~% eas%-,%;e~% ienggh %ipe}~ %{l~i~h %,~e ha}°e . Ing~a- 
%&en. 
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~4~'~ta~ ws will 91~ebab, ly find it ne~es~a~ %e ~i~ill ~ad~%io~ial ~lesel~i~- 

Y~u h~w no% ~c~. the ~J~ ~f dep~ ~f h~l.~ 

: ~ i ~  - d ~, 
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@ Tucson ~ i ~ o n ~  

Po7,7 
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~P~2UZ TO~ Nr. Bned~ 

~esterd~ X ra~iv~d s ~ from ~iro Gie~o~ of the Contract 
Division of Lon~y~r, He ~,~s ~ ~ceipt of ~ letter of ~ov~mber ~ in 
~.~hich he ~ a~vlse~ that ~ int~de~ to ter~iz~te the contract ~th th~ 
u~ compl,~tlon of their ~z~S~t drill hole. 

Mr. Gie~soa ~nt~ to ~ if we ~ ~z'~!t tb~ to bring in 
n~ drilling c~ ~n~ drill another !~ole in an ~tt~mpt to impro~ the 

core r~cove~j ~ith their ~Lre line e~ttil~Am~t~ 

After ~scuss~ the m~tter ~ith ~, Z ~dvised Mr. Gle~son 
th~ ~e !~d slr~ eOn+~cte~ to b~ in the thir~ ~oy ~_g~ ~nd due to 
our ~tation~ of ~rsonnel an~ s~!e ~ g  e~pment~ we could not 
~uu~ to msiutmin t~ ~ ~  ~ ~ th~ ~ob. 

~r. Gl~on s~i~ t1~t Mr. ~eka~, their G~e~l Field Superin- 
tend~ world like to visit us in tile near ~ature au~ ~scuss Long~Ve~r's 
dri~g proselytes ~ our Job° I tol~ ~. Gle~ that ~e ~u!d like very 
~ah to t~Ik wi th  ~ , ,  ~ek~rcl. ~u~ t~t he should advise us ~ f~w d~v~ in 
~uce of ~ visit so tl~t som~ of ou~ flel~ men could be in the office 
to ~ici~te in th~ ~s~ssion~ 

J~cour~rA~t ~, 

~Pal~ke 

Or,gm~l Sign¢,~ I~y 
~. Richard 
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. ' ~ !,~:~%,'~,,~, Tt.,.e f o i i o w l n , ~  is .  ~o r e m ~ e  o f  t h e  d!~ond d r I l : ~ i n g  p~ o,~ .... m no~,~ 
b e ~ ' ~  oor<h,~cted on t h e  Gol, de~, Wes% .~;Aroup o f  clalmr~ i n  t he  East; Pima 
a2ea,, aa ~equeste~ by }%,o Lo H o H~,~vt. Vo~slb!~ ~7ou will 'denis %0 ~ke 

~%tta<~.',;,~ent~ have  n o t  been  p.r~epared~ plea..¢~e PeTer' tO t h e  ~son%h!~f r-e~o~t 

Wo~:,k in the ~©Iden Ve~t ~2~e was Initi~,,ted after ~ an electromag- 
~!et:l~ 8'~7v~$~ h ~ .  indi{~ated the  e~<i~ teno¢  of sever, al ~ @ ~ h l y  e ~ s t - w e s t  

t~! ; ich was ¢ons~,de,~e@ to gi,~-e t h e  s t~%est "~eao t£o~ .  @eophy~W.o~l : i a t a  

p:~ob.soble ~%eep ,<~£p l y L ~ g  &% & d e p t h  r~ot e x ¢ ~ d l n , g  35,0 ~ t o  800~o A 

.~no~. ea~<u,g~.~ he lp ih21  t h e  . . . . .  ~ ....... ~ ,~ 



o 

O " O 

ex%ensi, on of a zone of ~e¢$nd~LY era~le~n$~ ~md en,~ hole {~o~ 90) 
pe~eSz~&%ed a ~.os~ider, ab!e %hick~..e~,~ Of .~9%~orphosed si!gstone sx~d ll~e,~ 
,~%one, ec~e Sh~w1.~ r:~%her inT~om%;~:~ pr~y sul~hlde mi~e~sliz~Zien~ 

~:~21 ~ :b~  . ~ , , ~ , , ~ : ~  ~ ' ~ ' " ~  ~.~ ~ h . i ~  ~ : , , e ~ - . ~ . a i  i . ~  p~.,~.$1:~., c ~ e h c e , ~ ' -  " ~ ~'~ 

sZ~aee:'i h oie~ ....... %:'~-Is :is d,%~e ~n paz~t %0 fs~n.,.tlng, whioh ~as ,~* ~ epps~Pentiy 

, ~  ~ 9 ~ ' ~  ~ 

'%* ~ ~ ' ~  ~ ~ ~ - ~ ; ~  

The dee~ hele$~alon~ %h@ ~}sefA!e wese s%@pl}ed i n  a Shiek~ ",,~a%hes 

~ ~ + z l ~ e  ~ ~ - ~ ' , ~  t o  i l e  e o n  "~ . . . . .  ~ 

~ fO~L~ holes ~o~eneS~a.%e~ an ~' " ' 
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+-3,- 

~. ~,.,~ . . . . .  ~ ,~  . . . .  

] ~  . 

? i  4~D'- .OP ,::0 0 ~ ,~v, . "1 ~ .... _ 

Of h o l e  N~ . . . .  : ~  2 : " ~ , , ' , . , . v . ' e . ~ , . ~  < 

~,  "" '~, "~<~ ~- .~r '% f ~,~ ~,~ 

d r i l l e d  by . . . . . . .  ~,,:~ oo~p0~..%f* ~ : ~  ~ :~n~ t h ~  k, a s t "  ::':h~m a : " e a ~  ~!h~ ~'+~'"",~.~=,:. e~,,t~ " stkrfa.c.~~..~ ~ " . -  ' . ,  . . . . . . . .  

a b ~ t  !-1/% ~ . . . . .  .- .- ~, 

One ¢~f the di. '~ e ~ , , , . , ~  ¢~j~.,~,.~,.$.....e;$ "~'~.<."~ now ~onf:~onts :.ks is, :.:.- :<: " a~p, arent 
lack of co:~:~elation ~):~ -' 

, ~  ~ . ~ ' ~ ~ , ~  • ~ 

t~,~e p O s s . i b i i l t # {  t h a t  t ; a e  anom~.y l ~  

alorlg " ' ~  

~ n d o m  v e i n : k e t S o  ~netite i n  ~ '  . . . . . .  > "  

rFO~ "~ esnve~iene,e the i'~1$~:~@'~b%rS Of sl~if!ce~n% ~mo~m:t:~ o:~ co;~er 

%:: ..e 

( L 



® @ 
@ 

. . . . . . .  ~ 2 7 0 ~  o':' hi '  " J  , .~ 

711. ~ . ,~  :~!0 ! .53 

~ e ~ , ~  k~. 

s , l . ~ - s t o n e  o 

Ohai.<~op[~5"olte ?~!%h minom ¢h&l<~o~ite 
in v.eln~e~s in ho~/'ei$ ° 

.w $~' 

2R ~ o 259 ~ gO °, 

~ !  ~ 3 "  i o 6! 

26~1  '' 1 of  2"" 

He;@i~ eo~, em cm<t ons2socolia~ 

01~a l c08 !%¢  I n  ','~!/.tstc~'ieo 
Chal~ogq~'Ite veinlets in ~iit~%one, 
'%~eakl~- mine~'aii~;ed q~mz%~J.~e be,- 

" [~6o 3 2 . 1  ~ o .'.~ 

};a%i've coddler ~ s r'd ohrg-:socoiia in 
ar~ese and si!tstone~ 

e h a l e o ~ , i t . e  ve~,:~ie~,',:~ 1"~% ~ i l % s t o n e  

Ch~.~leopy~t® ve!nlets .~;~ l ' , .O~'~fels  

@~!cop~.~Ite in ga.-rnetlzed ii~e- 

q~ 

exla~ed %0 nstlve ¢OpDe~,~ ~%%~Ve 
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~ i t h o ~ h  ~ - ~ , e  o f  t h e  s~al~hi~e so~es  en~e~n%esea i ~  rs,%her 




