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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

March 5, 1971 

TO: J . D .  Sell  

From: J. R. King 

Re: Petrographic Examination of Selected Samples 
from Kerr McGee (OF-IA) and Continental (H-l) 
Dr i l l  Ho]es- Superior East Project - Pina] 
County ,Ar izona . . . . . . . . . . . . . . . . . .  

One sample from d r i l l  hole OF-1A (2140') and one sample from d r i l l  hole M-! 
(2261') were pe t rog raph ica l l y  examined. Each sample was th in-sect ioned para l |e l  
and perpendicular to the core length and then examined at the S i l ve r  Bell 
labora tory ,  One po l i sh  sect ion was made of OF-IA to determine meta11ics 
present.  

ConclUsiOns 

Both samples are iden t ica l  in tex ture  and mineralogic composit ion. They are 
c l ass i f i ed  as aphani t ic= hypocrys ta l l i ne  andesites wi th probable t rachyte  
chemicai a f f i n i t i e s .  Both show obvious flowage textures as evidenced by= 

I. Strong fluidal alignment of microcrystalline plagioclase laths 
(trachytic texture); 

2. Wrapping of minute piagiociase laths around larger phenocrysts; 
and 

3. Alignment of phenocrysts parallel to the f luidal llneations of the 
microiites. 

The flowage appears to be dipping 15 ° (OF-1A) to 40 ° (M-l) from the normal 
to the core length. Minera logica l  composition of the two samples is i den t i ca l .  
They are essen t i a l l y  composed of 60-70~ p lagioc lase (An~o-An~n) ; I0-20~ 
cl inopyroxenes (+ orthopyroxenes);  5-8~ magneti te (5~ of w h i ~  is being 
oxidized to hemat i te) ;  5-10~ c h l o r i t e - a n t i g o r i t e ;  3-7~ glass. Other minecal 
const i tuents  which occur in t race amounts are quartz~ c a l c i t e ,  s e r i c i t e ,  
o l i v i n e ,  b i o t i t e  and Idd ings i te ,  

The plagioclase laths are essentially fresh with only trace occurrences of 
sericite along cleavage planes, The pyroxenes are commonly altered to 
chlorite-antigorite masses which in turn may show limited regeneration of 
biot i te. The glass is for the most part devitr i f ied to unidentifiable crypto- 
cystaIites and, to a lesser extent= altered to plagonite. 
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Mr. J. D. SeIl -2- March 5, 1971 

This a l t e r a t i o n  seen in both samples is the resu l t  of e i ther  late deu t r i c  
a l t e r a t i o n  and/or very weak metamorphic a l t e r a t i o n  which Is commonly seen 
in basa l t i c  and andes i t i c  lavas that  are f ractured and permeated by warm 
meteoric water. Veins of quartz and c a l c i t e  cut both rocks. I-n general,  
quartz is deposited f i r s t  and l ine  the veins. Calc i te  f i l l s  the inward 
por t ion of the veins and is considered younger, N o . a l t e r a t i o n  of the rock 
immediately surrounding these veins has taken p la~ ' .  

The only microscopic difference between the two samples is a very slight 
increase in grain size of the Margaret andesite. In hand sample, the 
Margaret andesite shows strong fracturing with the development of chlor i t ic  
slicks and quartz-calcite veinswhereastheOF'lA sample shows only moderate 
fracturing with the development of predominantly quartz veinlets, The 
Margaret sample is somewhat easier to scratch with a. knife than the 0F-IA 
sample which may be the result of a combination of factors, mainly the 
.sIight differences in grain size and the difference in fracture intensity, 

JRK.mw 
cc" W. E. Saegart 

/ , / ( ~  

King ~ John R. 
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ASARCO 
A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

C E N T R A L  R E S E A R C H  L A B O R A T O R I E S  

S O U T H  P L A I N F I E L D ,  N . J . .  0 7 0 8 0  

July 13, 1971 
Ref. 3175 

j% 
,+. 

~.~.~" 

Mr. John J. Collins 
Director of ~.,~,~loration 

~h.~, ~ ~-~,~ 

Superior East, Arizona 
Project No. MA ~00!0-O3 

O 

The attached memorandum by Mr. H. B. Haagensen summarizes 
the mlcroscoolc and microprobe examination of the samoles 
submitted from Suoerior East, Arizona. The reBults are 
quite positive that the copper did not originate from a 
sulfide origin, but apparently penetrated as native copper. 
As e~n be noted from the analysis, the copper is relatively 
pure and perhaps the contaminants are more of surface rather 
than part of the copper. 

I hope that this information will be helpful; however, if 
there are an~more details you would like, please let me 
know. 

VK/Ik 

co: RBl~agensen- 
WLKurtz~.-- 
FSMrtlnez 

V, Kudryk 

/ ,'1 

0 
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ASARCO 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

C E N T R A L  R E S E A R C H  L A B O R A T O R I E S  

S O U T H  P L A I N F I E L D .  N . J . o 0 7 0 8 0  

July 8, 1971 

Ref: 3175 
#ooio-o3 

Dr. V "" " -' 
BUILDING 

O 

O 

~%e sample of drill core was examined In polished section 
by the optical mlcroscope and the electron microorobe. In 
addition, four ea[zOles of ~ative copper ~ere h~ndpieked 
from different sections of the ssmlple and submitted for 
qualitative spectrographic analysis. Attached are t~o 
photomicrographs of selected areas of the sample to~e~her 
with the spec~rographlc results. 

Photomlcro~raohs No. I and No 2 show the typlcsl occuro~nce 
of native cooper in this drill core sample. The copper 
generally apo~rs to follow tectonic cracks and grain 

~" the bou~%darles and is found in veins ~ca~ring on order of 
l0 to 20 ~icrons across. ~o sulfides ~ere fo.dnd either 
associated with the nstlve copper or e!se~yhere in the ~ample. 
he acco~oanying scectrograohic analyses show that the 

handplcked copper samples are probably contaminated in 
varying degrees with gangue constltu~nts. 

The follo~in~ is s brief report on the electron microprobe 
~nalysls by ~. T. K~rtelias: 

"The polished section of the drill core 
was carbon costed for examination in 
the scan~nlnz electron microprobe. Fiv~ 
separate veins of native copper ~;ere 
examined with t%zo points of analysis 
per vein for sulfur. 

No sulfur was detected in the veins 
of native copper. The edges of these 
veins were e!~o examined for sulfur, 
however, none was detected. The 
copper content of the veins ra~ed 
from 95% to ~'~ (~2 to 3% ebsolute). 
The average copper concentration of 
the tenpo!nts analysed was 9?% 
copper. 



0 Dr. V. Eudryk - 2 - 7/8/7z 

No ev!den~s ~.,~s found to establish that the native copper 
o~'~c~ in ~°~~ drill core is a replacement of a copper 

A ttachs. 

R. B. ~mag~nsen 

0 

0 
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Superior East, Arizona 

i 

i ¸ . 

i 

iO0 
1 , 4  

m i c r o n s  ~ . . . . . . . . . . . . . . . . . .  ; . ~  . . . .  

No. 1 

125X, polished section. The 
section shows a portion of 
two typical native copper 
veins cutting across both 
silicates (black) and oxides 
(gray). The gray intergrowths 
are hematite-magnetite while 
the silicates ate mainly 
quartz and pyroxene-amphibole. 
The copper appears to follow 
tectonic cracks and grain 
boundaries. 

f •  

0 

1 

0 40~ 
I ~ l ~ l ~ . l ~ l  f 

No. 2. 

450X, polished section. Part 
of same section shown in 
Photomicrograph No. i. No 
evidence of sulfides was 
found associated with the 
various native copper veins 
examined in this drill core. 

O 



SPECTrOGrAPHIC ANALYSES 
Ah~,ERICAN Sh~ELTING A N D  REFINING COMPANY 

CENTRAL RESEARCH LABORATORIES 
S O U T H  P L A I N F I E L D ,  N . J .  July 2, 1971 

Drill Core - Superior East, Arizona 
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June 23, 1971 

Mr. V. Kudryk 
Asarco - Centr~l Research Laboratories 
South Plainfield, N.J. 

Superior East 
. . . .  Arizona 

Dear Sir: 

Herewith is a piece of drill core from our deep 
hole project on the D~cite Plateau between Superior ~nd 
5~ami, l~eled [~ole M-IA, depth 4209 ft. This is a boulder 
in a Tertiary conglomerate° 

The native copper is obvious but we wonder if it is 
a replace/~.ent of a copper sulphide mineral. Perhaps the 
scaruninq electron microprobe will reveal sulphur associated 
with the native copne~ ~.. _ .  Would you try please and ~nar~e 
this to project F~ #0010-03, sending a copy of the results 
to Mr. Kurtz, address below° 

If you can concentrate some of the native copper, 
please run a semi-quantitative spectrographic analysis for 
minor elementsQ 

Thank you° 
Very truly yours, 

/ 

/ 

CC-WLKurtz j 
American Smelting and Refining COo 
P.O. Box 5747 
Tucson, Arizona 85703 

J~Courtr.ight 

Original Signed By 

John J. Collins 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

November 30, 1971 

TO: R.B. Cummings 

FROM: G. J. Stathis 

0 

I received your core specimen of Whitetail rock from drill hole DCA-IA 
this afternoon. 

The colorless, monoclinic prisms in the open cavity were identified by 
oil immersion work and optic sign (+) as being Heulandite (Zeolite 
mineral). Formula for this mineral varies according to text books. Deer, 
Howie and Zussman (probably the best reference) give the formula for 
Heulandite as (Ca, Na2)(AI2Si7OI8)'6H20. 

Cheers, 

_ .  

George J. Stathis 

GJS:lad 

cc. ~ JDSel I~ 
WLKurtz 

O 
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ASARCO 

W I L L I A M  P. ROE 
DIRECTOR OF RESEARCH 

VAL KUDRYK 
MANAGER. MINERALS RE5 ~ARCH 

H. E. HOWE 
MANAGER, METALS RESEARCH 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

C E N T R A L  R E S E A R C H  L A B O R A T O R I E S  

SOUTH PLAINFIELD. N, ..I. 07080 

December i0, 1971 

Mr. James D. Sell 
Southwestern Exploration Division 
TUCSON OFFICE 

Superior East Project 
MA-OOIO-OJ¢ - Microprobe Samples 

0 

The attached report by Mr. R. B. Haagensen sum- 
marizes his microscope and microprobe findings. 
We trust that the equilibrium diagrams included 
with the report will be helpful. 

If you should like any additional information, 
please let me know. 

VK/ik 
Attach. 

CC: JJCollins 
RBHaagensen 
EMartinez 
WLKurtz 

~ l i .  ~ )+7i X "  ..o;.~ ,~ .iZ/ 

0 
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ASARCO 

WILLIAM P. ROE 
DIRECTOR OF RI~$EARCtJ 

VAL KUDRYK 
MANAGER, MIN FRAL5 RESEARCH 

H. E. HOWE 
MANAGER, ML~'AL$ RESEARCH 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

C I : :NTRAL R E S E A R C H  L A B O R A T O R I E S  

S O U T H  P L A I N F I E L D ,  N . J .  0 7 0 8 0  

December 8, 1971 
Ref. 3175 
 A#OOlO-04 

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

.Superior East, Arizona 
MR-229 and 230 

O 

The two following drill core samples were received: 

I~-229 Sample A-Z, #!5090 Lithic tuff 
MR-230 Sample A-4, #5106 Conglomerate 

The samples were microscopically examined in polished 
section to determine the relationships between the 
contained native copper and cuprite, Cu20. Microprobe 
analyses of selected areas aided in phase identifications. 
Spectrographic analyses of ground representative portions 
of the as received samples are attached together with the 
requested phase diagrams (Cu-O, Cu,FeO and Cu-Si-O). 

Microscopic examinations of both samples indicate a similar 
relationshio between native copper and cuprite. It is 
apparent that the native copper primarily occurs in these 
samples unreplace~ or nearly so, by copper oxide. Instances 
of cuprite replacing native copper are confined to a few 
small local areas. The abundant cuprite in both samples 
has been emp!aced as Cu20 and has not formed primarily 
from the oxidation of native copper. Evidence of this can 
be seen in the attached color photomicrographs. 

Photomicrograph No. 4 (Sample A-4, #5106, ~-230) shows 
part of a large magnetite-ilmenite grain. 0ccasional~large 
grains of this material occur in this sample in fairly close 
association with the native copper or with the cuprite. 

o 

0 
RBH/lk R. B. Haagensen 



Superior East Arizona 
Sample A-4, #5090(~q-229) 

,O 

I~ ~ . 

g 

No. i 

125X, polished section, polarized 
incident light. Phases shown are 
native copper (dark with copper 
highlights), cuprite (red to red- 
gray) and gangue (remainder). Most 
of the native copper and c~orite 
are below the polished surface. 
Cuprite was not formed from oxidation 
of the native copper. 

'F ~ . . . .  ~ . ~ .  ,. : . . . .  . . - ,  ' . "  ~ ~ ~ ~,4 1 - . ' , ~  

-.~ ~i~,:~"_"~ 100 

"~.4 m~cron s, 

No. 2 

125X, polishe~ section, incident 
light. Another area of the samole 
showing well formed cubic crystals 
of cuprite (light) in gangue (dark). 
Cuprite is also below the surface 
of the gangue throughout most of 
this area. 

0 
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Superior East, Arizona 

Sample A-4, #5106(M~-230)_ 

O 

I ........... : . . . . . . . .  ' i  

! 

f - -  

7i. 
.... t . , ,  , f  " ~  - t '  

i i  

il=>_..,.;,,.-~.~.-,~-+=~-_+-I'-., ...=,7...~---~ , . . ~  .... .i microns 

: ;,.~,-~,-~ ~ 1 0 0  

JL ~ i' ' 

NO. 3 

125X, polished section, polarized 
incident light. Phases shown are 
well developed native copper 
crystals (pale yellow at lower 
right), cuprite (red to red gray) 
and gangue (remainder). Purple- 
brown grains within the native 
copper are cuprite, indicating 
local replacement. This cuprite 
apparently is of a distinctly 
different origin from the emplaced 
cuprite shown. 

No. 

125X, polished section, polarized 
incident light. Phases shown are 
magnetite-ilmenite (gray-tan across 
top), cuprite (red) and gangue 
(remainder). 

O 
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Q 
AMERICAN SHELTING AND REFINING COMPANY 
Tucson Arizona 

December 14, 1971 

O 

TO: W~ L. Kurtz 

FROM: J. D. Sell 

Microprobe Samples 
Drill Hole A-4 
Superior East Project 
Pinal Count~, Arizona 

Dr. V. Kudryk has submitted the report of Mr. R. B. Haagensen (Reference 
3175, dated December 8, 1971) on the cuprite-native copper samples from 
drill hole A-4. The samples were submitted with my letter of November II, 
1971. 

As noted,  they be l i eve  tha t  both the na t i ve  copper and c u p r i t e  were 
emplaced as the r e s p e c t i v e  m ine ra l s .  This was the o r i g i n a l  s tatement  in 
my l e t t e r  to them where i t  was asked as a q u e s t i o n .  No statement  was made 
by Haagensenas to whether  the two m inera ls  might  have been assoc ia ted  w i t h  
p r i o r  s u l f i d e s ,  but i t  appears from t h e i r  s tatement  tha t  s u l f i d e s  in the 
W h i t e t a i l  were not p resent  or involved in the copper d i s t r i b u t i o n .  

The spectrographic analysis of these samples versus the M-IA samples 
shows essentially the same, wTth somewhat higher values in Si, Al, Ba, and 
Ti in the A-4 samples. 

The phase diagrams attached to their report appear to be involved in some- 
thing other than the carrying of copper ions or material and the subsequent 
deposition of the copper. Thus, the diagrams appear to have no relationship 
to the Whitetail problem. 

. ,? 

/"James D. Sell .,/~/'~'~ 

JDS:lad 

O 
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ASARCO 

A//,.ERICAN SMELTING AND REFINING COMPANY 

SOUTHWESTERN EXPLORATION DIVISION 

P. O. BOX 5747, T U C S O N ,  A R I Z O N A  8 5 7 0 3  

November 11, 1971 

1150 NORTH 7TH A V E N U E  

T E L E P H O N E  6 0 2 - 7 9 2 - 3 0 | 0  

O 

O 

• f 

Dr. Val Kudryk 
Central Research Laboratories 
American Smelting and Refining Company 
South Plainfield, New Jersey 07080 

Microprobe Samples 
Cuprite and Native Copper 
Superior East Project, MA-OOIO-04 
Pinal County, Arizona 

Dear Dr. Kudryk: 

Under separate cover are two samples contain ing cupr i te  and nat ive copper. 
As with your previous study of a specimen from this project (Reference 
#3175, MA-O0IO-O3, Superior East, Arizona (MR-192) report dated July 8, 1971 
from R. B. Haagensen to you; with cover letter from you to J. J. Collins 
dated July 13, 1971), I request microscopic and microprobe examinations of 
the submitted samples. 

Sample A-4 #5090. Lithic tuff with seams of deep ruby red (internal reflec- 
t.ion) cuprite and minor native copper. Note the ruby red altering to f ia t  
red along edges of seams. Also, note color change from red to black where 
seams were cut by cored surface of specimen. 

Sample A-4 #5106. Conglomerate wi th disseminated c r y s t a l l l n e  cupr i te  
containing native copper in direct association. (Note especially in circled 
area on roughly broken surface of core, perpendicular to core axis and nearly 
along core axis line.) 

A spectrographic analysis of the specimens would also be in order. 

From the specimens, i t  would appear that the cuprite was not formed from the 
oxidation of native copper, but was emplaced as cuprite. Your examination 
of the polished section wi l l  be invaluable in determination of the mode of 
formation. 

This p a r t i c u l a r  d r i l l  hole cored in to  limestone below the conglomerate and 
nat ive copper was also found in seams through the l imestone. I would be 



o 
Dr. Val Kudryk 2 - November 11, 1971 

interested in receiving any phase diagrams of the copper systems which might 
be appl icable to the problem. 

S i ncerely,  

J James D. Sell 

JDS:lad 

cc: WLKurtz 
RBCummings 
GJStathis 

0 

0 
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Mr, Emanuel J. Nieves 
5019 E. Scarlett 
Tucson, Arizona 8%711 
January 12, 1972 

.J 

Mr. Jo Sell 
American Smelting & Refining Co. 
ll~0 N. 7th Avenue 
Tucson, Arizona 8570% 

.,,--+~ .jr:~<C"--f- ~ <.. c; _z'l-. 

0 

Dear Mr. Sell: 

Attached please find a reoort on the 
core samples from DCA - IA from 4716 and 5201 feet. 

In the report I have included co~nnents pertinent to 
the environment of doposition and other salient features 
which nay be of use in the interpretation of the 
stratigraphic history of the area in which the cores were 
taken. 

A total of 2~ hours was spent in making and examining the 
thin sections. As usual, the major part of tho examination 
was used in the search for index fossils in thos~ portions 
of the cores in which they were either very rare or absent° 
At an hourly rate of $4°00 per hr., the total charge is 
$Iooooo. 
I appreciate the opportunity to be of service and sincerely 
hope I may continue to be so in the future. 

Sincerely yours ~. 

x/ 
i" - " .¢y -. ..~r 

Emanuel ~ Nl~ves 

0 

,/&/?//_ 

f2). by 

C 
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MICROPALEONTOLOGY REPORT 

ASARCO CORE SAMPLES DCA-IA; 4716 feet, 5201 feet 

O 

Sample No. DCA-IA 

Depth: 4716 feet j~ 

° Age: Pennsylvanian 

Rock type: Limestone (gray) 

Environment: Shallow water, open marine 

Fossils present: Fusulina(Ab), ch~inoid stems(C), Foraminifera(R), 
Brachyopods(F), Bryozoa(F) 

Fossil preservation index: Very good 

Comments: The majority of the fusulinid specimens were very well 
preserved. No evidence was found to indicate folding or 
other deforraation of the formation of sufficient intensity 
to crush or distort the fusullnid tests~ The faunal 
assemblage was typical for that of shallow water, open 
marine conditions. Poorly developed laminae consisting of 
fusulinids may be indicative of bedding planes which in 
this sample dipped at a slight angle to the cut of the 
core. Veins of pure calcite were frequently observed. 
In some cas~s the v~ins passed through fusulinid tests 
thereby indicating a post diagenetic oregin. Fractures 
containing iron oxide were noted in major planes of 
weakness, e.g. where the core separated easily. In these 
areas, iron oxide had also invaded portions of some of 
the fusulinid tests. 

O 

Sample No. DCA-1A ~ 

Depth: 4716 feet 

Age: Indeterminate 

Rock type: Limestone (heavily stained by iron oxide) 

Environment: Shallow water, open marine 

Fossils present: Brachyopods(Ab), chrinoid stems(Ab), Bryozoa(C) 

Fossil preservation index: Poor to good 

Comments: This portion of the core lies above the fusulinid "zone". 
The sample appears to be conglomoratic however thin sections 
and slices indicate it is thinly bedded. The "conglomorate" 
texture is derived from iron oxide staining of the abundant 
fossils and or clasts which masks the bedded nature of the 
rock. The thin beds consist of angular calcite clasts and 
fossil fragments. These beds were deoosited in an 
environment of limestone deDositionwith staining by iron 
oxide contemporaneous with deposition. Larger, unbroken 
brachyopod valves in the limestone layers between the 
thin clastic layers indicate the normal depositional 
environment of the limestone that was interrupted -- 
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O 

contd. 

by successive deposition of the thin clastic layers. 
Sorting in these layers is very poor and suggests the 
source of the clasts was not far away. The environment 
of this s°amole although marine is shallower than that 
of the gray laemstone uoon which it rests. 

Sample DCA-IA 

Depth: 5201 feet c~c~ 

Age: Indeterminate 

Rock type: Limestone (gray) 

Environment: Shallow water, open marine 

Fossils present: Chrinoids(Ab), Brachyopoda(F), Coral fragments(F) 

Fossil oreservation index: Good 

Comments: This s~mple also represents a shallow water, open marine 
environment however the change in the faunal assemblage 
in comoarison to the gray limestone at 4716 feet is 
interpreted as an incroase in the deoth of environment. 
The chrinoids were found to be both fragmented and whole 
transverse sections suggesting at least part of the 
assemblage is allochthonous. 

Summary: Limestones from 5201 feet and 4716 feet were examined. 
The sample from 5201 feet is gray in color and represents a 
shallow water, open marine environment. Chrinoid stems 
dominate the assemblage. The samole from 4716 feet consists 
of two facies, the lowest is gray in color, contains 
abundant fusulinids of Pennsylvanian age and represents 
shallow water, open marine conditions. The upper portion consists 
consists of a bedded limestone heavily stained by iron oxide. 
Successive layers alternate between normal limestone deposition 
and layers of angular clasts. The sample sequence suggests 
regressive conditions were active in the area of deoosition. 

Quantitative key 

Ab - abundant 

C - common 

F - few 

O R  - r a r e  

E.J. Nieves 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

February 15, 1972 

FILE MEMORANDUM 

Fossil Identification 
Limestone in DCA-IA 
Superior East Project 
Pinal County, Arizona 

Q 

O 

Three pieces of core from the limestone section encountered in DCA-IA 
were submitted to Mr. E. J. Nieves for fossil identification and age 
designation. 

The sample at 4716footage contained two "different" features and 
fossils were found in both. However, only the lower portion contained 
determinate fossils of Pennsylvanian age. 

A sample from 4889 was reported as Pennsylvanian in age in a verbal 
telephone conversation of December 20, 1971. The sample was the first of 
the series and no write-up was apparently made, 

Sample 520l contained good fossil preservation, but the forms recovered 
precluded an age determination. 

Logging of contacts by R. B. Cummings and myself placed the units as: 

4669-4998 
4998-5452 
5452-5777 

Pennsylvanian 
Mississippian 
Devonian 

Mr. Nieves' report is attached, 

j l I /  
~.i. James D. Sell 

JDS:lad 
Attach. 

cc: RBCummi ngs 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

January 19, 1972 

O 

O, 

FILE MEMORANDUM 

Petrographic Examination of 
Cactus Breccia and Whitetail 
Conglomerate 
Superior East Project Area 
Pinal County, Arizona 

C o n c l u s i o n s :  

I. Thin section examination revealed no obvious difference in the texture 
and matrix between the Cactus breccia and Whitetail rocks. 

2. The Whitetail sections examined showed that some of the clasts were 
composed of granitic (quartz monzonite?) material. Thin sections of the 
Cactus breccia showed no granitic clasts. However, granitic clasts are 
common to parts of the Cactus breccia in diamond drill core shown to the 
writer while visiting the project area. 

3. The Whitetail fragments or clasts are quite angular like the Cactus 
breccia material. The impression gained is that there has been very little 
water transport of the Whitetail material and that the '~conglomerate '~ 
material was quickly dumped in a basin. 

4. Diabase and basic volcanic clast material was noted only in section 
TBK-5 (Whitetail). o 

Introduction 

A company memo of September 7, 1971, by J. C. Balla to J. D. Sell, states 
that: i'Nine samples were collected for thin section study in an attempt 
to ascertain if there was a difference in the matrix between Cactus breccia 
rocks and Whitetail rocks." 

Information supplied to the writer is as follows: 

Section # 
TBX- I 
TBX-2 
TBX-3 
TBX-4 
TBX-5 
TBX-6 
TBX-7 
TBX-8 
TBX-9 

Description 
Cactus breccia, road cut 
Cactus breccia, road cut 
Cactus breccia, road cut 
Cactus breccia, drill hole A-l, 1397' 
Whitetail, drill hole A-l, 1557' 
Cactus breccia, drill hole A-l, 1509' 
Whitetail, drill hole MI-A, 2457' 
Whitetail, drill hole MI-A, 3125' 
Whitetail, drill hole MI-A, 4278' 
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File Memorandum _ January 19, 1972 

Thin sections were examined in the fall of '71 and results were reported 
verbally to J. D. Sell. Notes on the thin section examination are appended 
to this report. 

George J. Stathis 

GJS:lad 

cc: JHCourtright 
WLKurtz 
JDSell~ 
JCBalla 
RBCummings 

0 
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APPEND ! X 

Notes on Thin Section Examination 

1. Sect ion TBX-1 ~(>~<~ - o = ~ - ~ ,  
Texture:  brecc ia  
Moderate to s t rong pervasive o x i d a t i o n .  
Most ly  goe th i t e  w i t h  t races of hemat i te  and leucoxene. 
80 (volume) percent of the rock comprised of breccia clasts. 
Two sizes ranges of clasts: 

I. 0.25 mm or less. 
2. 0.5 mm to 5 mm -- average l.O mm. 

75 (volume) percent of clasts consist of small size material which 
is comprised of nearly all quartz. 

Large clasts -- 75 (volume) percent. 
Composed of quartz and 25 (volume.) percent sericitized (schist?) 

clasts with some biotite and trace augite. 
Trace secondary biotite in groundmass; 

2. Section TBX-2 ~,~-s -O~, 
Texture: breccia 
Weak oxidation as light geothite staining and trace hematite. 
90 (volume) percent of the rock comprised of moderately altered 

breccia clasts. 
Two size ranges of clasts: 

I. 0.25 mm or less. 
2. l.O mm to 2.5 mm (plus? alteration masking). 

Two size ranges of clasts occur 50:50? 
Small clasts all quartz. 
Large clasts composed nearly 50:50 quartz and sericite (schist?) 

with 0.5 (volume) percent biotite. 
Sericite alteration extends into groundmass. Estimate I/3rd of 

rock sericitized. 0.5 (volume) percent disseminated magnetite 
in groundmass. 

3. Section TBX-3 C~-~,~ -O~-~w 
Texture: breccia 
Strong pervasive oxidation (goethite-hematite). 
80 (volume) percent of rock comprised of brecciaclasts. 
Two size ranges of clasts: 

I. 0.25 mm or less. 
2. 0,5 mm to 6 mm -- average 1.5 mm. 

75 (volume) percent of clasts consist of small size material 
(all quartz). 

Half of the large clasts are completely sericitized with minor 
biotite and trace augite. The remaining large clasts composed 
of quartz and I/3rd banded (schistosity) sericite. 

O 
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4. Section TBX-4 C~-~-~:~,- ~%~_~/~ A-t  
Texture: breccia 
Moderate to strong oxidation (goethite-hematite). 
80 (volume) percent of rock comprTsed of breccia clasts. 
Two size ranges of clasts: 

I. 0.25 mm or less. 
2. 0.5 mm to 6 mm. 

75 (volume) percent of clasts consist of small size material 
(all quartz). 

Half of the large clast volume consists of quartzite. The 
remaining half consists of quartz-sericite-biotite schist 
fragments, l (volume) percent or so, fine biotite 
disseminated in groundmass. 

5. Section TBX-5 Zd~.J I~-~~-I 
Texture: breccia 
Light, selective oxidation locally. 
90 to 95 (volume) percent of the rock comprised of breccia clasts. 
Two size ranges of clasts: 

I. 0.25 mm or less. 
2. 0.5 mm to 3.5 mm -- average 1.2 mm. 

70 (volume) percent plus of clasts consist of the larger size 
material. 

Large clasts consist of diabase and basic volcanic material 
(felty texture). 

Orthopyroxenes in diabase altering to chlorite and serpentine. 
Some large clasts containing plagioclase, perthite, and 
quartz (granitic) noted. Small clasts mostly quartz, some 
plagioclase locally. 

Rock moderatelyto strongly altered (80 percent by Volume). 
Siderite? as fracture fillings. 
Chalcedony as cavity fillings. 
Minor sericite and gypsum noted locally. 
2 to 3 (volume) percent disseminated, weakly oxidized magnetite. 
6 to 7 (volume) percent geothite in mafic clasts. 

6. Section TBX-6 C~/~, - ~Q~_~@S'/~/,~I-/ 
Texture: breccia 
Very light oxidation 
85 (volume) percent of the rock comprised of breccia clasts. 
Two size ranges of clasts: 

I. 0.25 mm or less. 
2. 0.5 mm to greater than 7 mm -- average 1.5 mm. 

85 (volume) percent of clasts consist of small size (quartz) 
material. 

Half of the large size clasts are completely sericitized. Remainder 
consist of quartz and minor sericite (schist?), with traces of 
biotite. Trace, incipient biotite in groundmass. 3 (volume) 
percent disseminated, partly oxidized, magnetite in clasts and 
groundmass. 
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Section TBX-7 / ~ ] ~ L ~  - / ~ .~0  l ~  ' "/~ 
Texture: breccia 
Light oxidation (goethite-hematite). 
80 (volume) percent of the rock comprised of breccia clasts. 
Two sizes of clasts: 

I. 0.25 mm or less. 
2. 0.5 to 2.5 mm -- average l.O n~. 

Two size ranges of clasts occur 50:50. 
Small clasts quartz. Large clasts consist of quartzite?, qtz.- 

sericite schist and quartz-perthite-plagioclase fragments in 
about equal proportions. 

0.5 (volume) percent, small, biotite laths in groundmass. 
0.5 (volume) percent disseminated magnetite mostly in large clasts. 

Section TBX-8 j~f ~,~ ,~',,~.b _ ~/~..~2ll //~Jj~ Zd-//~ 
Texture: breccia 
Light ox idat ion (goeth i te -hemat i te ) .  
90-95 (volume) percent of the rock comprised of breccia c las ts .  
Two sizes of c las ts :  

I. 0.25 mm or less. 
2. 0.5 mm to 3,5 mm -- average 0.7 mm. 

Two size ranges of clasts occur 50:50. 
Large clasts consist of quartz-sericite (with biotite and minor 

chlorite) schist, quartzite, and quartz-microcline-perthite- 
plagioclase fragments in about equal proportions. 

0.5 to l.O (volume) percent biotite laths in groundmass. 
0.5 (volume) percent disseminated magnetite mostly in clasts. 

Section TBX-9 /e.~J~oY#l ~A#. -~J#~ / ~  /~/- /J~ 
Texture: breccia 
Light oxidation (goethite-hematite). 
90 (volume) percent of the rock comprised of breccia clasts. 
Two sizes of clasts: 

I. 0.25 mm or less. 
2. 0.5 mm to 5.0 mm -- average l.O mm. 

Two size ranges of clasts occur 50:50. 
Large clasts mostly altered to sericite clay (kaolin) and chlorite. 
15 to 20 (volume) percent chlorite in clasts and 5 (volume) percent 

overall in section. Groundmass chlorite Fe~Mg variety. 
Estimate 80 (volume) percent plus of large clasts probably altered 

quartz monzonite, remainder quartzite. 
Most of groundmass chlorite after biotite laths. 
2 to 3 (volume) percent disseminated jarosite in gr0undmass. 
5 (volume) percent disseminated, oxidized magnetite. 
2 to 3 (volume) percent gypsum intimately associated with chlorite. 
Trace epidote. 



AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

September 7, 1971 

TO: J .D.  Sell 

FROM: J. C. Balla 

Thin sections, 
Cactus Breccia 

Nine samples were collected for thin section study in an attempt to 
ascertain i f  there was a difference in the matrix between Cactus 
breccia rocks and Whitetail rocks. The interpretation of the thin 
sectionSwill be by George Stathis. The location of the samples is 
as follows: 

JCB:lad 

TBX-I Cactus Breccia, road cut 
TBX-2 Cactus Breccia, road cut 
TBX-3 Cactus Breccia, road cut 
TBX-4 Drill hole A-l, 1397' ~__~L~ 
TBX-5 Drill hole A-l, 1557' ~/~(~/~=¢ 
TBX-6 Drill hole A-l, 1509' c_o~,~ 
TBX-7 Drill hole MI-A, 2457' ~ 
TBX-8 Drill hole MI-A, 3125' 
TBX-9 Drill hole MI-A, 4278' 

Bal la 

cc: GJStathis 
RBCummings 
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AMERICAN SMELTING AND REFINING COMPAIIY 
Tucson Arizona 

January 20, 1972 

O 

O 

FILE HEMORANDUM 

Petrographic Examination of 
Thin Sections from Core Holes 
M-IA and A-4 
Superior East Project 
Pinal County, Arizona 

Introduction 

Seven rock samples, from Superior East Project, were submitted by J. D. Sell 
on November II, 1971 for thin section examination. The samples were notated 
as follows by R. B. Cummings= 

\ I. Sample #I (2981' depth)drill hole M-IA. 
Porphyritic quartz monzonite from slide block within Miocene 

Whitetail conglomerate. 

2. Sample #1 (6656' depth) drill hole A-4. 
Porphyritic biotite quartz monzonite (?) or granodiorite (?). 

10-20% secondary K-spar (?), salmon-colored, as replacement band 
along fracture planes and in phenocrysts. Trace of pyrite and chalco- 
pyrite. 

\3. 

44 

Sample #2 (6602' depth) drill hole A-4. 
Quartz biotite schist, well banded. Trace of pyrite and chalco- 

pyrite. Could it be a mafic-rich border phase to the intrusive 
(samples A-4-1 and A-4-6)? 

Sample #3 (6573' depth) drill hole A-4. 
Cemented fault gouge. Could it be Whitetail conglomerate? Are 

catoclastic textures prominent? What is the gray sulfide -- is it 
detrital? 

"x 5. Sample #4 (6562' depth) drill hole A-4. 
Silicic limestone. Could it be a siltstone? 

\ 

6. Sample #5 (6445' depth) drill hole A-4. 
Silicic limestone breccia or siltstone breccia. 

, Sample #6 (6612' depth) d r i l l  hole A-4. 
B io t i te  quartz monzonite. Highly sheared portion of equivalent (?) 

sample number A-4-1 above. 
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File Memorandum _ January 20, 1972 

Thinsections of the seven rock samples were cut and examined last month. 
At that time, a brief summary of the examination was reported verbally to 
Messrs. Kurtz and Sell. 

O 

Thin Section DescrLl~.tions 

I. Section M-IA-I (Z~ 
Texture: Medium grained, hypidiomorphic-granular. 

Slight tendency to porphyritic texture. 
60 percent (volume) plagioclase. 
20 percent (volume) quartz. Some quartz "eyes" 
5 percent (volume) biotite. Shreddy, little alteration to 

magnetite. 
Remainder -- mostly orthoclase. 
Weak alteration of feldspars (oligoclase and orthoclase) con- 

sisting of incipient clay and traces of sericite. 
Reflected light shows 5 percent geothite and some jarosite staining. 

Minor hematite along microfractures. Trace to 0.5 percent 
disseminated magnetite. 

Conclusion: Weakly altered porphyritic quartz monzonite. 

2. Section A-4-1 #~') 
Texture: Medium grained, porphyry. 
Groundmass accounts for 20 percent of the rock volume and consists 

of 50:50 or more orthoclase over quartz. 
Phenocrysts mostly plagioclase, 75 percent by volume. 
Quartz phenocrysts 20 percent of phenocryst volume. Locally some 

large (greater than I/4") quartz "eyes". 
Less than ]0 percent orthoclase phenocrysts. 
6 to 8 percent biotite in groundmass. 
Biotite shreddy, I/3rd altered to chlorite. 
Feldspar phenocrysts moderately altered, I/3rd to locally l/2 of the 

feldspar phenocrysts surface altered to sericite and incipient 
clay. 

Reflected light shows traces of magnetite, limonite and groundmass 
sericite. 

Conclusion: Weak to moderately altered quartz monzonite porphyry. 
Traces of pyrite and chalcopyrite noted in hang sample along 
microfractures. Salmon coloration along fracture planes appears 
to be limonite "dusting ~' of quartz and plagioclase phenocrysts 
(cross-cutting relationships noted under binocular microscope). 

O 
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3. Section A-4-2 C~ dO~) 
Quartz-biotite-chlorite-sericite schist. Some quartz veinlets 

parallel to and nearly at right angle to the schistosity. 
0.5 to l.O (volume) percent, very finely disseminated pyrite and 

chalcopyrite. 
Conclusion: A good schist. Highly unlikely that it represents 

a mafic-rich border phase of an intrusive rock. 

4. Section A-4-3 E~ 7~'~ 
Texture: Cataclastlc. 
Quartzite and quartz-sericite schist fragments. 
60 (volume) percent ferruginous (hematit[c) groundmass. 
6 (volume) percent disseminated, bluish-gray, fine grained, 

opaque grains noted in groundmass believed to be chalcoclte 
(copper assay return from lO-foot interval in the fault zone 
averaged over 1.5 percent, according to J. D. Sell). 

Conclusion: Original rock type ? 
Rock can be termed a cataclasite. 

5. Section A-4-4 ~--~ ~ 
Texture: Highly contorted, banded rock. Mylonitized. 
Fine quartz crushed. Selective, goethite staining along bands. 
Opal along bands. Minor chalcedony veinlets, fine Kaolin ? clay. 
Conclusion: llylonitized siltstone ? 

6. Section A-4-5 ~ ~Y~- ~ 
Texture: Fine grained, banded (bedding). 
Fine magnetite (locally oxidized) distributed along bedding. 
Quartz augen structures developed occasionally along bedding 

often with native copper concentrated along the edge of the 
quartz augens and alongside recrystallized quartz bands (with 
magnetite). 

Traces sericite. Bulk of rock fine clay-quartz aggregate. 
Conclusion: Siltstone. Native copper concentrated along bedding 

and strong preference to deposit along edge of quartz-rich zones 
locally recrystallized (augens common). ~agnetite shows similar 
detrital association with quartz. 

7. Section A-4-6 ~/: ~ 
Texture: Porphyry. Cataclastic. 
Groundmass is much finer than A-4-1 and accounts for 40 percent of 

the rock volume. 
70 percent of the phenocryst volume consists of plagioclase, 6 percent 

biotite and the rest quartz (quartz phenocrysts are smaller than 
those in A-4-1). 
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Plagioclase phenocrysts are incipiently altered to clay. Biotite 
phenocrysts shreddy, trace chloritization. 

Groundmass composed mostly of quartz and orthoclase. 
Traces of sericite in groundmass. 
Rock is shattered and veined by carbonate (dolomite?) stringers 

which cut groundmass, quartz and biotite phenocrysts. 
5 to 7 (volume) percent carbonate veining in rock. 
No magnetite or limonite veining in reflected light• 
Conclusion: Biotite quartz monzonite porphyry• Rock essentially 

fresh (assuming porphyry texture is a primary feature). 

g Stathl 

GJS:lad 

cc: JHCourtright 
WLKurtz 
JDSe11~ 
RBCummings 

0 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

November II, 1971 

LO 

0 

TO: G . J .  Stathis 

FROM: J. D. Sell 

Thin-Section Examination 
Core Holes M-IA and A-4 
Superior East Project 
Pinal County, Arizona 

The following samples are submitted for thin-section examination for rock 
type, alteration, and reference. The following notes are submitted by 
R. B. Cummings. 

M-IA-I. Depth 2981. Porphyritic quartz monzonite from slide block within 
Miocene Whitetail Conglomerate. 

A-4-1. Depth 6656. Porphyritic biotite quartz monzonite (?) or grano- 
diori te (?). I0-20% secondary K-Spar (?), salmon-colored, as replacement 
band along fracture planes and in phenocrysts. Trace of pyrite and 
chalcopyrite. 

A-4-2. Depth 6602. Quartz bioti te schist, well banded. Trace of pyrite 
and chalcopyrite. Could i t  be a mafic-rich border phase to the intrusive 
(Samples A,4-1 and A-4-6)? 

A-4-3. Depth 6573. Cemented fault gauge. Could it be Whitetail 
Conglomerate? Are catoclastic textures prominent? What is the gray 
sulfide -- is i~ detrital? 

• ° ? A-4-4 Depth GSG2. Si l ic ic  limestone. Could i t  be a sJltstone. 

A-4- 5 .  Depth 6445. S i l i c i c  limestone breccia or s i l t s tone breccia. 

-~ A-4-G. Depth GGI2. B io t i te  quartz monzonite. 
equivalent (?) sample number A'4-1 above. 

cc: WLKurtz 
RBCummings 
JCBalla 

Highly sheared portion of 

i /James D. Sell 
( . ~ /  
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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  

SOUTHWESTERN EXPLORATION DIV|SION 

P. O. BOX 574.7, TUCSON,  A R I Z O N A  8 5 7 0 3  

November 12, 1971 

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  

O 

Mr. Rudolf von Huene 
1757 Paloma Street 
Pasadena, California 91104 

Dear Mr. von Huene: 

Ten rock and core drill samples are being sent to your laboratory on 
Monday, November 15th. Please prepare one standard thin section from 
each sample. 

The core samples are labelled as follows: M-IA-I, A-4-1, A-4-2, A-4-3, 
A-4-4, A-4-5, and A-4-6. The rock samples are labelled R-328, 329, and 330. 
Please note samples A-4-3 and A-4-2 require an oriented cut. 

Yours truly, 

'George J. Stath~Js ~ -  
Geol og i st 

GJS:lad 

O 



AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

January 27, 1972 

Memorandum 

TO: 

FROM: 

W. L. Kurtz 

J. D. Sell 

Age Dates and Petrographic Examination 
DD~! M-IA and A-4 
Superior East Project 
Pinal County, Arizona 

Results from separate studies on core from the Superior East Project are now 
available. The request for the age dates was in a memorandum to J. C. Balla 
dated November II, 1971, while the petrographic request was submitted to 
G. J. Stathis on the same date. 

Sample M-IA-A is a weakly altered porphyritic quartz monzonite with an age 
date of 59.9 ± 2.2 m.y. The mass was emplaced as a slide block within the 
Whitetail conglomerate sequence. 

Sample A-4 is a weakly altered quartz monzonite porphyry with an age date 
of 62.6 ± 2.3 m.y. The mass was found under a fault and is interpreted to 
be in place. 

The two ages are in the same range as the Schultze granite (62 m.y.) and 
granite porphyry phase of the Schultze granite (58 m.y.) as determined in 
the Miami mineral district. 

Attached is the age date data from the Geochron Laboratories. The petro- 
graphic work was submitted by G. J. Stathis in a memorandum dated January 20, 
1972. 

q 

~ /  James D. Sell 

JDS:Ead 
Attach. 



24 Blackstone Street, Cambridge, Mass. 02139 
Telephone TRowbridge @3691 

20 January 1972 

0 

J.C. Balla 
American Smelting and Refining Co. 
Southwestern Exploration Div. 
P.O. Box 5747 
Tucson, Arizona 85703 

Dear Mr. Balla: 

Enclosed are the analytical reports of the K-At age determinations on the two 
rock samples described in your letter of 24 November 1971. 

We analyzed a biotite concentrate sample and obtained indistinguishable ages 
of about 60 million years. You did not indicate the magnitude of the expected 
ages for these samples, so I cannot comment too much about them, other than to 
say that the biotites appeared to be in quite good condition and I would expect 
the measured ages to be reliable. 

I am sending the mineral concentrates to you under separate cover. 

If you should have iaay questions about the analyses, please do not hesitate to 
contact me. In the meantime, I am enclosing our invoice for this work. I hope 
that we may be able to serve you again in the near future. 

Sincerely, 
GEOCHRON LABORATORIES DIV. 

Richard H. Reesman 
General Manager 

R~I~ 
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KRUEGER ENTERPRISES, INC. 
GEOCHRON LABORATORIES DIVISION 
24 BLACKSTONE STREET • CAMBRIDGE, MA. 02139 • (617)-8,76-3691 

POTASSIUM-ARGON AGE DETERMINATION 

Our Sample No B2178 

Your  Reference: A-4-0-121 

Submitted by: J$C. Balla 
American Smelting & Refining Co. 
Southwestern Exploration Div. 
P,O. Box 5747 
Tucson, Arizona 85703 

Sample Description & Locality: Granodiorite 

REPORT OF A N A L Y T I C A L  WORK 

Date Received: i December 1971 

Date Reported:19 J a n u a r y  1972 

O 

Material A n a l y z e d : B i o t i t e  concentrate, -40/+100 mesh. 
Purity greater than 95%. 

Ar 40 * / K  40 = ,003725 AGE = 62.6  4- 2.3 M.Y, 

Argon Analyses: 

Ar  4 ° * ,  ppm. 

,03099 
.03144 

Ar  4o*/Total Ar 40 

• 680 
.638 

Ave. Ar 40 *, ppm. 

• 03122 

Potassium Analyses: 

% K  

6 .900  
6 .837 

Ave. %K 
6;868 

K 4o ,ppm 
8.379 

Constants Used: 

;~ = 4.72 x 10 -1 ° / yea r  

Xe = 0.585 x 10 - 1 ° / y e a r  

K 4 ° / K  = 1.22 x 10 -4 g./g. 

Note: Ar 4o,  refers to radiogenic Ar  40 

M.Y, refers to millions of years. 

AGE - + ~ x + 1 
Xe K4O 
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KRUEGER ENTERPRISES, INC 
GEOCHRON LABORATORIES DIVISION 
24 B L A C K S T O N E  S T R E E T  • C A M B R I D G E  MA. 02139 • (617)-8,76-3691 

POTASSIUM-ARGON AGE DETERMINATION 

Our  Sample Nc~- 2177 

Your Reference: M-IA-A 

Submitted by: J.C. Balla 
American Smelting & Refining Co. 
Southwes%ern Exploration Div. 
P.O. Box 5747 
Tucson, Arizona 85703 

Sample Descr ipt ion & Local i ty :  Granite 

REPORT OF ANALYTICAL WORK 

Date Received: i December 1971 

Date Repor ted:19 January 1972 

9 

Material  Analyzed:  Biotite concentrate, -40/+100 mesh. 

Ar 4 ° * / K  4° = .003561 AGE = 59 .9  + 2 . 2  M.Y. 

Argon Analyses: 

Ar 4 ° * ,  ppm. 

.03291 

.03278 

Ar 40 . /To ta l  Ar 40 Ave. Ar 40 . ,  ppm. 

• 540 .03285 
.547 

Potassium Analyses: 

% K A v e  %K K 40, ppm 

7. 514 7 .559  9. 222 
7. 605 

0 

Constants Used: 

;~ = 4 . 7 2 x  1 0 - 1 ° / y e a r  

~e = 0.585 x 10 -1 o / y e a r  

K 4 ° / K  = 1.22 x 10 -4 g./g. 

Note: Ar 4o.  refers to radiogenic Ar 4o 

M.Y. refers to millions of years. 

1 ~ j R  I ~ . ~ - } - ~ .  e ~ ' e  A r 4 ° ~  1 AGE - ~e + ~" x + 1 
K4O 

~ - ~ : ~  . . . . . . . .  ~ - - - - ~ - - ~ -  - ~ • - -- • - . . . .  ~ . . . .  - h~.- ~ - ~ = 4 ~ . ~ - ~ x  ~ - ~  ~ ~ - ~ - ~ - ~ - . ~  • i "  - " I ¸ 
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24 Blackstone Street, Cambridge, Mass. 02139 
Telephone TRowbridge 6-3691 

1 Deceraber 1971 

O 

J.C. Balla 
American Smelting and Refining Co 
~outhwestern Exploration Div. 
P.O. Bo~ 5747 
Tucson~ Arizona 85703 

Dear Mr. Balla: 

We have your letter of 24 November 1971 and have safely received the two samples 
described therein, which you have submitted for potassium-argon age determination. 

The samples appear to be adequate for dating and we shall be in touch with you 
when the analyses are completed, in approximately 30 days. 

In the meantime, thank you for this opportunity to be of service to you and if 
you have any questions, please do not hesitate to contact us. 

Sincerely, 
GEOCI~qON LABORATORIES DIV. 

Richard H. Reesman 
General Manager 

Q 



AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

November II, 1971 

MEMORANDUM: 

TO: J.C. Balla 

FROM: J. D. Sell 

Age-Dating 
Superior East Project 
Pinal County, Arizona 

O 

Two rock units have been sampled for age-dating from core secured in 
the Superior East Project. 

Sample M-IA-A is from 2935-2945 feet in drill hole M-IA. It is 
presently interpreted as a quartz monzonite slide block, quite badly 
brecciated in some areas, which was emplaced within the Whitetail 
Conglomerate sequence. The age-dating sample was selected on its 
lack of obvious alteration effects and less breccia matrix material. 
A sample of the material has been submitted for thin-section analysis 
under sample number M-IA-l. A sample, run by Salt Lake City on the 
biotite fraction, ran 660 ppm. 

Sample A-4-A is from 6620-6630 feet in drill hole A-4. It is pre- 
sently interpreted to be a porphyritic biotite quartz monzonite of 
probable Laramide age. The sample was also collected to minimize 
the effects of the adjacent fault zone. Sampl~A-4-A is the coarse 
reject from assay sample A-4-Cl21. A sample, A-4-1, is also being 
submitted for thin-sectionexamination. 

JDS:sg 

cc: WLKurtz 
RBCummings 
GJStathis 

~James D. Sell 
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A S A R C O  

WILLIAM P. ROE 
DIRECTOR OF RESEARCH 

VAL KUDRYK 
,'AAN~GER. M[NERAI.S RESEARCH 

H, E. HOWE 

/AANAGER. METALS RESEARCH 

A M E R I C A N  S M E L T I N G  A N D  R E P I N I N G  C O M P A N Y  

C E N T R A L  R E S E A R C H  L A B O R A T O R I E S  

SOUTH PLAINFIELD, N. J. 07080 

March 22, 1972 

Mr. W. L. Kurtz 
Southwestern E~ploration Div. 

ARI ONA TUCSON, ' Z 

MAR 2 ~ 1972 

S, W. U. S. EXPL. DIV, 

~J ~ 

The core samole A-2 referred to in your letter of 
March 9 was analyzeQ and the attached memorandum by 
Mr. R. B. Haagensen indicates that the soft gray 
mineral consisted of chalcocite with hematite and 
distributed as shown in the photomicrograph. 

0 

VK/ik 
Attach. 

CO: JJCollins 
RBHaagensen 
EMartinez 

/j., 
v.~ 

~/j~ ~, o ~ ~.~ 
// 

O 
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ASA~CO 

A M E R I C A N  S M E L T I N G  A N D  R E P I N I N G  C O M P A N Y  

C E N T R A L  R E S F A R C H  L A B O R A T O R I E S  

SOUTH P L A I N F I E L D .  N.J . ,  07080 

March 17, 1972 

Ref~ 1 ~z 3 ~u 

Dr, V. K u d z ~ W k  

B U I L D I N G  

Core ,->~mole ~ - 2  (~A:{-z6~4) 

T h e  . ~ g t & c h e d  " ~'" = °o* pno~o.mxc~,ograph s h o w s  8 portion of a vein of 
gray me~oll.~c mate~:~.al presemt i~.*, this core sample. X-r~<y 
diiTract.~om identified the ~,m~terial as a mixture of 

' ~ . . . . .  Cu2S and hem~.tite~ F 203 e~lcocl~ea e " , 

O 
t i : 

! 
f 

i .  

[ 

- . . . . . . .  :.<,. , , ;  r . . i !  , 

i , J 

' i i 

- ~ :-<:~ ~<: ~i~ ...;:..~:f ~:.~:, .i:~ ~. 
i. !. .~ ...... q.....~,.J /. .:.;-t i 

Boli~hed section, 56X. Da~k ~reas 
are siilceous g~ngze. Li{~h% ~rea8 
are ch~icccite. Banded gray areas 
are hematite. Widest part of @~ngue 
at left measures about 200 microns 

O 



o Dr. V. kud~yk - 2 - 5/17/72 

From the photo~ui,cro~aph it is apparent ~:h t th~ ch~lcoci~e 
/~ is a replacement o~ ~ forme~ miney.al (p,.~haps pyrite) a~-~  

has disrupted the earlier c ollofor~~ hematite ~% many are~%s. 

/ 
/ 

t 

\ 
\ 

\ 
\ 

C i¢~-- ~ 0 2 6 J  

R° B° H a a g ~ s e n  

~ d  
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ASABCO 

AMERICAN SMELTING AND REFINING COMPANY 

S O U T H W E S T E R N  E X P L O R A T I O N  D I V I S I O N  

P. O. BOX 5747, TUCSON, A R I Z O N A  85703  

March 9, 1972 

1 1 5 0  N O R T H  7 T H  A V E N U E  

TEL l :PHONE 6 0 2 - 7 9 2 - 3 0 1 0  

0 

Mr. V. Kudryk 
Central Research Laborator ies 
South P l a i n f i e l d ,  New Jersey 07080 

Dear Val : 

I am enclosing one core sample (A-2) contain ing a s tee ly ,  gray, 

s o f t ,  me ta l l i c  mineral .  This mineraT contains copper, but does not 

" look  l i k e "  cha lcoc i te .  Would you k ind ly  i d e n t i f y  th is  mineral for  us. 

Very truly yours, 

WLK:Iad 
Enc. 

cc: JDSell 
! 

0 
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ASARCO 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

SOUTHWESTERN EXPLORATION DIV IS ION 

P. O.  B O X  5 7 4 7 ,  T U C S O N ~  A R I Z O N A  8 5 7 0 3  

1150 NORTH 7TH A V E N U E  

TELEPHONE 602-792-3010 

March 30, 1972 

O 

Mr. Rudolf yon Huene 
1757 Paloma Street 
Pasadena, California 91104 

Dear Mr. von Huene: 

Under separate cover I am sending you ten core drill samples. Please 
prepare one p_glished thin-section and one briquetted polished section 
(for opaque mineral de-termination) on each sample submitted. I have 
marked a red line on each sample to indicate the area of primary interest. 

The core samples are all prefixed "A-2 i' followed by one of the following 
numbers: 

4253 4401 
4262 4412 
4308 4419 
4340 4445 
4360 4459 

Yours truly, 

~ James D. Sell 
Geologist 

JDS:lad 

O 



AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

May 5, 1972 

Memorandum 

TO: J . D .  Sel l  

FROM: G. J. Stathis 

Petrographic Examination of 
Specimens X-14, Z-l through Z-4 
Superior, Arizona___Region 

Location: Unknown. Samples Z-l through Z-4 said to be Manitou granite. 
X-14 is Lost Gulch quartz monzonite. 

Conclusions:  

Samples Z-l through Z-4 appear to be basically the same rock. These rocks show 
some evidence of cataclastic deformation and recrystallization. The porphyry 
textures developed, which is not evident in handsample, may be partly due to 
crystallization of the '%illed-down" material. 

The sample X-14 of Lost Gulch quartz monzonite differs from the '~Z':' series 
of samples. Presence of Topaz (grelsen environment) and calcite-clay veining 
suggests possibility that this rock may be peripheral to mineralization (Mo?) 

Thin Section Descriptions 

Section Z-2 
Texture: Medium-grained porphyritic 
75% Volume phenocrysts 
Orthoclase and microcline 25-30% vol. 
Quartz 50-65% vol. 
P]agioclase 15-20% vol. 

Much of the quartz as lens-like concentrations. Plagioclase preferren- 
tially replaced by fine sericite aggregate and extremely fine kaolin clay. 
Average 80-90 plag. phenocrysts volume replaced. 

Orthoclase phenocrysts less alt. Limonite dusting common. Some perthite 
and myrmekite (qtz-plag?) noted. Orthoclase grains larger than plag. Both 
orthoclase and plagioclase show evidence of resorption and ragged outline 
due in part to groundmass replacement and cataclastic deformation. Groundmass 
50:50 orthoclase and quartz. 



J. D. Sell 2 May 5, 1972 

Secondary biotite common to groundmass and associated with quartz. 
5% biotite by volume. 

Large shreddy sericite grains noted replacing altered (fine sericite-clay 
aggregate) plagioclase and quartz grains. This late sericite 2-3% by volume. 

l to 2% disseminated, late magnetite replacing secondary biotite and 
large sericite grains. 

Relationship between secondary biotite and serlcite not clear. 
to replace one another. Associated with late magnetitelntroduction. 
corner of slide are traces of garnet with minute chlorite inclusions. 

Appear 
At one 

Rock is moderate to strongly altered. Lack of euhedral to subhedral 
feldspar grains due to cataclastic deformation and groundmass recrystallization 
and resorption. 

Section Z-3 
Similar to Z-2 -- somewhat less altered (less alteration in plagioclase 

50% surface volume). 
75% phenocryst volume (qtz-feldspar). More quartz than Z-2. Somewhat 

more K-felds. than plag. ((I0%) compared to Z-2. K-feld. as orthoclase and 
microcline-perthite. 

Groundmass more recrystallized than Z-2, and groundmass felds, less alt. 
(incipient clay). 

Shreddy, dissem, sericite as in Z-2, mostly in groundmass, 2% by volume 
sericite. 0.5% dissem., secondary biotite in groundmass. Biotite-sericite 
relationship ? as in Z-2. 

I% dissem, magnetite derived from biotite, unlike Z-2. Thus, some 
biotite may be altering to sericite. 

Rock s imi lar  to Z-2 in that  f rac tu r ing  and other ca tac las t i c  features 
common. 

Section Z-4 
Texture similar to Z-2 and Z-3 
80 to 85% of rock phenocrysts. 
65-60% phenocrysts are K-feldspar, mostly orthoclase. 
15% plagioclase and rest quartz. 

Rock more limonite stained due to dusting of feldspars (both K-feld 
and plagioclase). Degree of rock alteration same as Z-2. Fine sericite and 
kaolin in plagioclase as Z-2. 

Groundmass composed of quartz and or thoclase,  plus some plagioclase.  
Groundmass resorpt ion of phenocrysts common. 2-3% dissem, s e r i c i t e  f lakes 
in groundmass. Disseminated magneti te,  up to 0.5,  by volume, oxidized to 
hematite. No secondary b i o t i t e  (completely oz id ized) .  Trace Zircon. 



J. D. Sell 3 - May 5, 1972 

Section Z-I 
Rock is basically same as Z-2, 3, and 4. Rock is fresher (less 

alteration of feldspar) and finer groundmass than other three rocks. 
85-90% phenocrysts. 
Quartz and K-feldspar (orthoclase and perthite) in about equal amounts. 
I0% plagioclase. 
I% disseminated sericite grains. 
No biotite. 
2-3% disseminated magnetite (mostly derived from biotite originally) 

oxidized to hematite. Light, limonite dusting of feldspar gives reddish 
cast to rock. 

Section X-14 
Medium-grained, hypidiomorphic granuler. 
Rock differs from "X" series. 
lO to 20% quartz. 
40 to 50% euhedral to subhedral plagioclase. Remainder large, anhedral, 

orthoclase plates, locally including plagioclase. 
Limonite dusting or inclusions moderate to strong in feldspars. 
5% disseminated, sericite laths replacing limonite-coated feldspars. 
I% disseminated biotite oxidized to hematite and leucoxene. 
0.5% (1% plus in handspecimen) disseminated and partly oxidized magnetite. 
Trace fresh biotite, yet handspecimen shows 2% or more. 
0,5 to 1.0% disseminated magnetite. 
Trace zircon and fine apatite. 
0.5% disseminated grains believed to be topaz. 

Locally rock is shattered and veined with calcite plus clay material 
(Kaolin-illite mixed layer?). Veinlets are late and cut feldspar and sericite 
grains. Also clay? filled, vugs noted. The quartz monzonite is moderate to 
strongly altered. 

George J. Stathis 

GJS:lad 

cc: JHCour t r i gh t  
WLKurtz 
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ASARCO 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

SOUTHWESTERN EXPLORATION DIV IS ION 

P. O. BOX 57477 T U C S O N ,  A R I Z O N A  8 5 7 0 3  

January 13, 1972 

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  

O 

Mr. Rudolf yon Huene 
1757 Paloma Street 
Pasadena, California 91104 

Dear Mr. von Huene: 

~rf? 

~.HZ/&,--. u 4 ~; 

Five rock samples were mailed to your laboratory today. 

are labelled as follo • ws. X-14, Z-l, Z-2, Z-3, and Z-4. 

Please prepare one standard thin section of each sample. 

GJS:lad 

cc: JDSell ~ 

The rocks 

Sincerely yours, 

George d. S ta th is  QJ' 

O 
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A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

TUCSON A R I Z O N A  

June 17, 1974 

0 

Q 

Memorandum to: J. D. Sell 

From: F. T. Graybeal 

Hydrothermal alteration in 
AI-I and A-2 samples 
Superior East Project 

Fourteen thin sections were examined in detail from two drill holes 
in the Superior East area. All sections examined in this phase were from 
below "fault 2". Data sheets for both the alteration and fluid inclusion 
studies are appended. 

Hole A~I 

The six samples studied are schistose and all contain variable amounts 
of quartz, orthoclase, biotite, sericite-muscovite, and sulfide. The 
schistosity is accentuated by the formation of alternating layers of quartz- 
orthoclase and biotite-sericite. The schist is cut by quartz-orthoclase 
veins of uncertain origin, either metamorphic or hydrothermal, which gener- 
ally parallel the foliation. The vein orthoclase usually contains some 
extremely fine-grained reddish inclusions which probably account for its 
pinkish color. Some of the matrix orthoclase has a similar appearance 
suggesting a similar origin. 

The biotite is generally elongate parallel to the foliation rather than 
in random orientation, suggesting metamorphic origin. However, in several 
samples lenses of biotite are notably coarser grained and more abundant 
where they are coincident with lenses of red inclusion-rich orthoclase. 
This latter occurrence, perhaps 5-I0% of the total biotite + orthoclase, 
may be hydrothermal. In several places, biotite is more abundant where 
sulfides are more abundant. 

Sericite is often medium-grained (muscovite), is concentrated along the 
foliation planes, and often cuts across biotite flakes. 

Anhydrite (2-I0%) and calcite (tr-l%) occur in four of the samples. 
Anhydrite is both disseminated and in the quartz veins and, in the sections 
examined, appears to decrease in abundance with increasing depth. Traces 
of chlorite were noted in A-I-20. In addition kaolinite, possibly with 
mixed very fine-grained quartz, is present in A-I-20. The presence of 
moderate cataclastic deformation features makes it unclear whether the 
kaolinite is an alteration mineral or simply part of a mylonite. 

• ~ X/,~!~,~ ~.z¢¢ . ,4 - - / -  
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J. D. Sell - 2 , June 17, 1974 
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Fluid inclusions were examined in detail in four of the samples. In 
all cases they were found to be very small, rare, and of the two-phase type 
with liquid and a small gas bubble. A brief reconnaissance of the other two 
samples revealed a similar population. No daughter minerals or gas-rlch 
inclusions were seen. 

In summary, hole A-I appears to contain some potassic alteration. The 
strongest evidence for this is the presence of locally abundant anhydrite. 
The near absence of fluid inclusions of any type suggests that alteration 
was not pervasive. Veins which crosscut the foliation are rare. 

Hole A-2 

The seven samples studied are mixed schist and granite porphyry. The 
matrix and phenocryst textures of the granite porphyry, particularly the 
quartz eyes, were rather distinctive and indicate that the aplite and 
feldspar veins noted on the logs are probably all granite porphyry. The 
orthoclase in the granite porphyry often contains abundant reddish inclusions 
which I have found to be typically a hydrothermal alteration phenomenon. The 
amount which is hydrothermal is unclear, but it could be 50 percent of the 
total orthoclase in the rock. 

The sericite in the granite porphyry is clearly an alteration product of 
plagioclase. The abundant kaolinite in A-2-6 may be a result of the moderate 
cataclastic deformation of this sample, similar to that seen in sample 
A-I-20. Minor calcite is present in most of the granite porphyry samples. 

The two samples of schist in this hole both contain calcite and sample 
A-2-7 also contains minor anhydrite and apatite. Both these latter two 
accessory minerals are characteristic of potassic alteration assemblages 
in other porphyry copper deposits. 

Fluid inclusions are mostly small to medium size and are rare to common. 
Two-phase inclusions (water with a gas bubble forming I0-40 percent of the 
inclusion) generally form about 99 percent of the total inclusions present. 
The remainder are three-phase inclusions containing small but recognizable 
daughter minerals particularly a small birefringent, blocky species. Several 
inclusions contain an opaque mineral and several other anisotropic species 
may be present. The overall abundance and type of fluid inclusions indicate 
the presence of a hydrothermal fluid of low to moderate salinity. 

In summary, hole A-2 appears to contain an uncertain but possibly 
substantial amount of hydrothermal alteration minerals. This is probably 
a function of the abundance of granite porphyry encountered in the hole. 
Circulation of a hydrothermal fluid of low to moderate salinity is also 
indicated. No obvious vertical changes are present. 



J. D. Sell 3 - June 17, 1974 

Comparison of holes A'I and A-2 

The comparison of alteration in the two holes is admittedly d i f f i c u l t  
due to signif icant differences in rock type which tend to influence alteration 
mineralogy. Both holes contain probable potassic alteration minerals; 
however, in A-2 these minerals are more abundant and varied than in A-I. 
In addition f lu id  inclusions in A-2 are larger, more abundant, and contain 
a more saline hydrothermal solution than in A-I. Although the f lu id 
inclusions are more abundant and varied in the granite porphyry as compared 
to the schist in A-2, a comparison of schist samples in holes A-I and A-2 
strongly suggests that alteration was more pervasive in A-2. 

The apparent stronger alteration in A-2 may be related to the abundance 
of granite porphyry, the probable source rock. Nothing can be said about the 
relative depth of the two holes in the hydrothermal system. The f lu id 
inclusions in the granite porphyry in A-2 are similar to but not as abundant 
or saline as f lu id inclusions examined from a single granite porphyry 
sample collected from the OxHide deposit. Thus i t  is possible that the 
center, or most intense zone of alteration-mineralization has not yet been 
intersected in the Superior East area, i f  indeed one was or is s t i l l  present. 

FTG:Ib 
Attachs. 

cc:  WLKurtz 
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A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

TUCSON A R I Z O N A  

November 8, 1974 

O 

TO: J.D. Sell 

FROM: F. T. Graybeal 

Petrography of samples from hole 
DCA-3A; Superior East Project 

Eight thin sections from hole DCA-3A were examined for evidence of 
hydrothermal alteration and other significant features. Data sheets for the 
individual samples are appended. 

All samples between 4387 and 4780 were granite porphyry, the local term 
for this rock, although mineralogically it is actually a quartz monzonite. 
The porphyritic texture is quite variable in the different samples; however, 
no uniform variations were noted. Large phenocrysts of quartz and orthoclase 
and seriate phenocrysts of plagioclase are typical of all the samples. 

The extent of hydrothermal alteration in these rocks is unclear. 
Kaolinite forms I0-30 percent of the rock, mostly as an alteration of 
plagioclase. Sericite is generally rare. The amount of hydrothermal 
orthoclase is unclear. Although an abundance of pink feldspar is seen in 
hand specimen, the majority appears to be magmatic in thin section. Sample 
4662 contained orthoclase with an increased abundance of very fine-grained, 
particulate iron oxide inclusions, which I generally assume to be an 
indicator of hydrothermal feldspar. This sample also contained zones of 
shreddy biotite and traces of associated apatite. In hand specimen these 
biotitic zones look like light gray inclusions. 

Fluid inclusions are generally rare, secondary, and type l, rather 
typical of the Schultze as a whole. The exception was sample 4717 where 
fluid inclusions were common and occasionally of intermediate size. 

The abundance of kaolinite and the general small amount of iron oxide 
suggest that this alteration may be hypogene. The presence of kaolinite 
in thin sections in A-2 and AI-l within the sulfide zone support this 
suggestion. The near absence of introduced quartz, obvious hydrothermal 
orthoclase, and abundant fluid inclusions indicate that these rocks did not 
come from within a zone of potassic alteration. Alteration in the Pinal 
schist appears weak, although it may be somewhat concealed by later cata- 
clastic deformation. 

O 



J. D. Sell - 2 - November 8, 1974 

O 

O 

The granite porphyry at 4780 has suffered from strong cataclastic 
deformation which has apparently polished many slip surfaces causing the 
rock to look more altered than it actually is. The Pinal schist samples 
at 4874 and 4975 are both cataclastically deformed and contrast strongly 
in this regard with the basement schist samples in A-2 and AI-l. Calcite 
is always more abundant in the cataclastica]ly deformed rocks. 

A comparison of DCA-3A with A-2 and AI-l is difficult due to rock 
type variations and cataclastic effects. The granite porphyry in DCA-3A is 
clearly less altered than granite porphyry in A-2. Pinal schist in DCA-3A 
is weakly pyritized, although it appears to contain no anhydrite, contrasting 
with the locally abundant anhydrite in AI-l. Such a variation might indicate 
weaker alteration in DCA-3A. 

F. . Graybeal X~ 

FTG:Ib 
Attachs. 

cc: WLKurtz - w/o attachs. 
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File Memorandum: Misc. 2F - Native Copper Ore Project 

Subject: Test Work by HazenResearch 

O 

The following results of assays and metallurgical test workto date on 
this san~ole of native copper ore were reported to me by Mr. Pete Thomas of 
Hazen Research. 

Total copper content of the ore determined by separate assaying of +i0 mesh 
metallics and -I0 mesh ore was found to be 1.13% Cu. The coarse metallics 
assayed 86.55% Cu and the minus i0 mesh ore assayed 0.92-0.96% Cu. Other 
assays of the minus i0 mesh were as follows: 

Percent 
CaO Fe Tot.S Suli" SiO 2 

S 

1.29 5.16 .05 ".01 59.34 

One flotation test was run on minus i0 mesh ore following a 12-minute 
grind. No size analysis of the tailir~s was made, but the flotation feed 
was described asbeing rather coarse. 

A rougher copper concentrate was floatedJ The rougher tails were screened 
through 35-mesh, which took out coarse metallic copper in the tails. Results 
were as follows: 

wt. % Cu cu 
Product % Cu Content Recovery 

R. Flot. Conc. 8.7 6.40 .557 61.0 
+35 Metallics 0.6 42.60 .256 28.0 
(Combined Conc. (9.3) (8.74) (.813) (89.0) 

Calculated) 
Final Tailing 90.7 0.ii .I00 Ii.0 
Calc. Head 0.913 i00.0 

I requested further flotation testing at a finer grin~ say 70% minus 200-mesh, 
with two cleanings of the rougher concentrate and screening of coarse metallics 
from the flotation tails. 

Also, jigging tests at 10-mesh with finer grinding of the jig tails followed 
by flotation will be tried. 

Q 

TDH: vh 
cc  : WLKurtz 

• .DE owo] ]. 

T. D. Henderson, Jr. 
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P_.J,,, Co[  

7,5.11 SO. H O U G H T O N  BD.  

POST OFFICE BOX 17928 

TUCSON•  A R I Z O N A  85731 

T E L E P H O N E  (602) 886-5545 

T.D.H. 

Mr. Tom Henderson 
American Smelting & Refining Company 
P. O. Box 5747 
Tucson, Arizona 85703 

Re: H~I Project 2036 

Dear Tom: 

January 31, 1975 [i~ 

% 

On November 5, 1974, Hazen Research, Inc. received from 
American Smelting & Refining Company three samples, weighing ap- 
proximately 10.6 pounds each, to be tested for native copper re- 
covery. Sample preparation and metallurgical testing was performed 
in the following manner° 

SAMPLE PRHPARATION 
/ 

The three minus 3/4-inch samples, with ASARCO designations 
A-4C-29, A-4C-31, and A-4C-33, were logged in and blended together 
~to form Hazen Research o Sample HRI T-48 Composite. Sample prepara- 
tion was performed as shown in F~-gure l.--~~care was taken in 
all sample preparation steps to insure representative samples. 

ASSAYS AND SCREBN ANALYSES 

Local assayers were given specific instructions for each 
sample that was analyzed. This was necessary because the samples 
could not be pulverized and blended using normal sample preparafion 
techniques. 

. Head assaying was accomplished by screening and hand pick- 
ing the coarse native copper during the lO-meshin9 phase of sample 
preparation. This coarse fraction, which represented 0°22% of the 
total sample~ assayed 86.55% total copper. Four head samples labeled 
A through D were split from the minus 10-mesh portion. Head D was 
held for possible use at a later date. Head B was returned to ASARCO 
for emission spectrographic analysis. Heads A and C were analyzed 
individually using different techniques. 

RESEARCH AND DEVELOfA'L::;-.q FOR 1TtE CHE~'.AICAL AND ,'AIN[:RAL II'IDUSTRIES 



O O O 

Figure I 

Blend & Split 

Six 
10OOg 

Charges 

Testing 

Re}ec%s 
Bag, 

Label, & Save 

Project 2036 Flowsheet 

HRI T-48 Comp. 
-+32 lb. -3/4" 

Blend & Split 
:#5- - i b  

M i n e r a l o g i c a l  
Sample to  ASARCO 

% Split 
+6256g 

Bag, 
Label, & Hold 

,I 

Three 
lO00g 

Charges 

Flotation 
Testing 

("T-48.l ±io.6 lb. 
4T-48,2 ±10.6 lb. 
LT-48.3 -+10.6 l b .  

l ±27 Ib 

Stage Crush 
& Screen Coarse 
Native Copper 
on IO-mesh 

I 

12,510.0 grams 27.1 grams 

I A,s~say 
86.55% Cu 

Blend & . S p l i t  

Six 
lOOOg 

Charges 

I. 
Re jec t  s 

Bag, Label 
& Save 

One 
lO00g 
Charge 

Wet & Dry 
S..cre en A n a l y s i s  

20-, 35-, 48-, 65- ,  
100-, 150-, 200-, 

- 200-me sh 

ASA~OO D e s l g n a t i o n  
A-4C-29 
A-4C-31 
A-4C- 93 

One One 
lO00g lO00g 
Charge Charge 

See See 
Next Next 
Page Page 

! 
bJ 
! 



O O 

Figure 1 
(continued) 
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O 
The minus lO-mesh Head'A was ground by mortar and pestle 

and screened on 150-mesh. The entire plus 150-mesh fraction was 
digested and analyzed for total copper. Three 5.0-gram samples of 
the minus 150-mesh fraction were digested and analyzed individually 
for total copper. Analyses for other elements and compounds were 
performed on the minus 150-mesh fraction. 

Head C was totally digested in eight separate digestions. 
Based on the weights and assays of the eight digestions, the percent 
total copper in Head C was calculated. The residues from the eight 
digestions were combined, filtered, and dried. The resulting residue 
was pulverized and then analyzed. No further copper was found. 

O 

Analyses indicated that the total ore assayed 1.13~ tota!l 
copper and that the minus lO-mesh fraction used for testing assayed 
O~94% total c q~_er. 

An assay size analysis performed on the minus lO-mesh ore 
showed a fairly uniform copper analysis of approximately 0.8% copper 
in the coarse fractions. The calculated head from the assay size 
analysis of 0.74% copper deviates from the actual head assays by 
approximately 20~. This is most likely due to difficulties in as- 
saying the coarse fractions of the size analysis. 

Results of all head assays, including the assay size analysis, 
is included in Table I. 

MINERAL JIG TEST 

C~ A 500-gram charge of the minus IO-mesh ore was tested using 
~f~e O q~a Denver Mineral Jig~ Jigging produced a concentrate and bed ~ssay- 

ing, respectively, 2.35 and 2.04% copper. Combined~ these products 
~e~ ~ ~represent a copper recovery of 77.6%. Low grades of the concentrate 

and bed were due to the presence of a heavy, mineral of nearly the 
same size as that of The copper. Copper--recoveries from ~ t  
af~-T~b~rkaee~~DT~--~. 

A portion of the gangue minerals associated with the bed 
and concentrate exhibited magnetic properties° These materials were 
given to ASARCO for further testing by magnetic means. 

FLOTATION TESTING 

A series of four flotation Tests were conducted using 
lO00-gram charges of the minus lO-mesh ore. Three different grinds 
were tried and in Test 3 the ground pulp was deslimed by decantation 
prior to flotation. In all tests, the rougher tails were screened 
to accomplish coarse copper recovery. 

0 

H A Z E N  RESEARCH.  INC.  
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Tab] e 1 • 

Head and Screen Analyses 

Plus lO-mesh ore copper assays: 

Split 1 
Split 2 
A v e  rage 

86.50% Total Copper 
86,59% Total Copper 
86.55% Total Copper 

H e a d s  A a n d  C . . . . . .  

- - - ~ ' - S ~ I I o ~ M e  S h O r e  

Weight Total 
Fraction % Cu 

CHead A 

i +150m 0,43 
-150m 9 9 . 5 7  

1 0 0 . 0 0  

Assays 
Percent 

Total Total Troy Oz/Ton 
Ca O¢ Fe S S -2 SiO2. Au- A~ 

84.16 .-~C2 'K' " ~ ' ~  
0.60 1.29" 5.16 
0 96 ........... #) . .......... : - 

Head C I00, O0 0,92 

.05 .01 59.34~ ,005 ,020 

Total Head Assay 
(Calcula~gd) 

+lO-mesh 
-lO-mesh, 
T o t a l  Head 

Mesh Size 

+ 20 
+ 35 
+ 48 
+ 65 
+I00 
+150 
+200 
-200 
Calculated Head 

W e i g h t  ~% 

O , 2 2  
99,78 

iOOoOO 

Assay Size Analysis 

Weight % Retained 

3 5 . 8 -  3Y7 
2 3 . 2  ~-3.~ 

7 . 6  1,b  
6 . 0  ~ 
4 . 4  ,':.-: 
4 . 4  ~: 
2 . 4  "~ ,, 

16.2 
I0000 

T C u  

8 6 . 5 5  ,~o I~.8 A 
o.g4.~ q3~ 83,2 Zo 
1.13 l.J 2 ~' -  - " ~ ' - -  

i o o ,  o 

Total c u  /_uj~t''!o~' ;~.~, 
r . 

O. 80 h~t 
O. 8 8  ~,~t 

0.92 }.17 
0 . 9 2  ~ '~ 
O.  80  ~.~z 
O.  6 0  ~,, ,'~ ~ 
O.  58  ,~.~ 
0 . 3 2  ' 
0 . 7 4  ~,.t~ 

O 
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0 
Jig Concentrate 

Jig Bed 

Ji 9 Tails 

Table 2 

Mineral J~g Test Results 

Assay % 
WeiQht % Total Cu 

17.73 2.3s 

15.76 2.0.4 

66.51 O. 32 

% Distribution 

4 3 . 8  

3 3 . 8  ..J 

22.4 

0 

H A Z E N  RESEARCH.  INC.  
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In Flotation Test I, a 14-minute grind produced a slimey 
pulp containing a considerable amount of coarse material. Collectors, 
Minerec B, Aerofloat 208, and Cresylic Acid were used in conjunction 
wlth a frother containing 50 volume percent each of Dowfroth 250 and 
pine oil. An alkaline circuit of pH 10.4 was maintained with an ad- ~[ ~ 
dition of lime equivalent t o  one pound per ton of oret~__F/x~Ca~tion Q 
Test 1 yielded the most promising results with an ~ recover~ ~c~ec~i~ 
o f ~  the total copper p r e s e n t .  The rougher  ~ e - - ~ c : ~ n -  ~ ~¢: 
tained ~ of the copper at a grade of ~copper. The plus 
3 5  m ~ ' _ . . . .  , - esh fraction of the rougher tails contained 29.1% of the copper 
at a grade Of 42.6% copper. --- 

Flotation Test 2 used the same basic reagent combination 
as Test I. The grinding time in Test 2 was increased to 18 minutes. 
The 18 minute grind of Flotation Test 2 produced an extremely fine 
pu~.~The rougher tails had the following size analysis. 

Mesh Size Weight % 

+ 65 I.O 
+iOO 2.6 
+150 8.1 
+200 16.3 
-200 72.0 

With this finer grind, flotation recovery dropped to Bg.3~_in the 
rougher. However, overall recovery at 88.5% remained about the same 
as Test 1 due to increased coarse cop. per recovery in the plus 65- 
mesh fraction of the rougher tails. If the plus 65-mesh fraction of 
the rougher tails was combined with the rougher concentrate, the re- 
sulting copper grade would be 4.77%. 

Following an 18-minute grind, the pulp of Flotation Test 
3 was deslimed by decantation prior to flotation. The 35.72 weigh~ 
percent removed by desliming contained 12.6:~ the ~c-6~per. This 
~ ~ - ~ d  with--p--oo--r---fo a xo re~e~gave only a 69.4% overall 
Copper recovery in the rougher concentrate and the plus 65-mesh 
fraction of the rougher tails. 

Flotation Test 4, which inwolved two cleaning stages, 
demonstrated that an acceptable final flotation product could be 
obtained. The second cleaner concentrate, which assayed 19_~34% cop- 
per, contained 28.3% of the copp_e.r. The overall recovery of 86.6,~ 
in the rougher concentraZe and the plus 65-mesh fraction of the 
rougher tails, is slightly lower than Tests 1 and 2. This can be 
attributed to the coarser IO minute grind used in Test 4. Besides 
enhancing flotation recoveries, a finer grind would tend to upgrade 
the coarse copper in the plus 65-mesh fraction of the rougher tails 
as demonstrated in Flotation Test I. 

H A Z E N  RESEARCH.  INC.  
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A size analysis of the rougher railings indicates that 
the I0 minute grind of Test 4 produced a material that was approxi- 
mately 16% plus 65-mesh. 

Flotation recoveries from the lO-mesh ore are summarized 
in Table 3. Reagents and dosages can be found in the flotation data 
sheets which are included as attachments to this letter. 

Copper recoveries from the original ore are shown in Table 
4. For the four flotation tests these recoveries ranged from 74.3% 
to 91.2% of the copper. These recovery figures include the rougher 
concentrate, the plus screen fraction of the rougher railings, and 
the coarse copper recovered on the lO-mesh screen from the original 
ore. 

Preliminary flotation testing of H~I T-48 Comp. indicates 
that reasonable recoveries and grades can be expected using flotation 
techniques coupled with a size separation Of the rougher tailings. 
We feel that with further testing, acceptable grades in both the 
cleaner concentrate and the plus 65-mesh fraction of the rougher 
railings can be achieved. A two-stage cleaning flotation test with 
a grinding time of 14 minutes could likely achieve the desired re- 
sults. 

i We appreciate working with you on this project and hope 
we can continue to serve you in the future. 

Sincerely yours, 

Thoma s A. ~ "  ~ '  " 
Research Engineer 

TA/j s 
Attachments 

cc: D. Crowel I 
Golden 

0 

HAZEN RESEARCH,  INC.  
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Table 3 

Flotation Copper Recoveries 
% Distribution of Copper 

First C1 First C1 Oversize Screen I/ 
Test Cone. Tails Ro Conc. Fraction of .~o Tails 

1 - - 6,0.4 ~ 29.1 

2 28.1 11.2 39.33/ 49.2 
f 

3 ' - - 16.7 52.7 

4 29.23/ I. 5 30.73/ 55.9 

Cumulative 2/ 

. Recovery L 

8 9 5  

88.5 

CJ ' 
69 .4  

t t 

,S 86 .6  

Tails 

10.8 

II. 5 

18.0 

13.4 

0 

Sl imes 

12 .6  

1/ Test 1 - +35-mesh 

Test 2 - +65-mesh 
Test 3 - +65-mesh 

Test 4 - +65-mesh 
2/ Ro Conc plus oversize screen fraction of ro tails 

3/ Calculated 

! 
qD 
! 
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Flotation Test 

Table 4 

Flotation Recoveries 
Based_on Original Ore 

Copper l l  
Overa l l  Conc. Grade 

R e c o v y e r ~  % Copper 

1 91,2 10.65 
2 90~2 5.87 
3 74.3 ..... 19. T3/ 
4 88.5 4.32 

0 

1/ Includes coarse copper from original ore, rougher concentrate, 
and the plus screen fraction from the rougher tails. 

J 

0 
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Operation 

FLOTATION TEST NO. 1 
ORE T-48' Comp (3000 g -10-mesh) 

PROf. NO. 2096 
DATE 11/38/74 

Time 
Min 

Grinding 

Rougher 

14 

8 

p . . . . .  

T e s t  C o n d i t i o n s  
Solid s 

% pH 

67 9.1 

30.4 +.27 

. . I 

I/I :I volume ratio 

OB]ZCT: Float native copper 

Temp 
Oc 

Arab. 

I Amb. 

Minerec 
B 

,088 

CaO 

Reagents-lbs/ton 
AF Cresylic DF250/~/ 
208 Acid Pine Oil 

.336 .155 ,137 

I 

1,0 

TEST CONDITIONS: 

COMMENTS:  Reagents stage added at two minute intervals. Lime added at beginning of rougher. Poor froth until 
lime addition. Ro $ails were ~vet screened on 35-mesh, Ro ~onc and ro tails (-35-mesh) filtered 
slowly due to slimes. 

TEST RESULTS 

T e s t  P r o d u c t s  

Rou�her conc 

Rougher tails (+35mi! 

Roughe r tails (-35m) 

Calculated head 

L--c ~ N  1 9  

Weight I ~reight 
Grams % 

8 s . 8  

6 . 2  

895.2 

987.2 

Total 
Cu 

8.69 6.40 

.63 42.60 

90.68 0.13 

300.00 I .92 
c , .... 

.! , 

Assays-Percent 

I 

Units 

55 .61  

26.84 

9.97 

1 
92.12 

Io.~ 

Distribution-Percent 
[ 

Cu 

89.5 
29.1 ] 

I0000 
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rEST CONDITIONS: 

Opera tion 

I 
_ Grinding 

Rouqher 

First cleaner 

I/ At end of rouqher 

Time 
Min 

18 

FLOTATION TEST NO. 2 
ORE T-48 Comp (I000 g -lO-mesh) 

Test Conditions 
Solid s Te mp Minerec AF 

%, pH oc B 208 

67 lO iO / Arab ,,030' .032 

%., 

Reaqents-ibs/ton 
"Cresylic DP250/ 

Acid Pine Oil 

.031 .037 

CaO 

lO  Z27 

S ±I0 

8 , 4  ~ 

I0~4 

/ Arab .030 

.O15 

.064 

.032 

.047 

.039 

• .095 

.I16 

O 

NO. 2086 ~ / . . ,  PRO]'. 
DATE 12/10 /74  

1 . 0  , [ 

2,0 

i 

OBTECT: Float native copper 

COMN:~N~S. Poor froth in cleaner. Ro tails wet screened on 65-mesh for coarse copper recovery. 
screen analysis of rougher tails. 

Wet and dry 

TEST RESULTS 

Test  Products 
Assays-Percent 

First cleaner tail 

Total 
Cu 

First cleaner conc 9.82 
0.76 

~o tail (+65m) 

~o tail (-6s~) 

Weight Weigh t  
Grams 

24.2 2.50 

124.~ 12.83 
8." .86 

811.~ 83.81 

" 968. ~ 100. oo 

I 
I i 

50.00 

0.12 

Calculated head .87 

I 

Units 

"24.55 
9.75 

43.00 

I0.06 

87.36 

Cu 

28.1 
11.2 

I 
49,2 

II.5 
I 

lOO.9 

Dist[ibution- Percent 

I _L_,_ 
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TEST CONDITIONS: 

O 

FLOTATION TEST NO. 3 
ORE "1"-48 Comp (I000 g -lO-mesh) 

0 

PROf. NO. 2 0 3 ~  ~ 
DATE 12/11/74 

Opera t ion  

_G[indin@ 

Time 
Min 

Test Conditions 
Solids  

% 

• "18 67 

R o u g ,  h e r  . . . . . .  8 

E 

-+20 

OBJECT: 

pH Temp 
o c  

8.2 Arab 

I0.9 Amb 

Zinerec 
B 

.030 

AF 
208 

• 1 0 4  

Reagents-lbs/ton 
Cresy!ic 

Acid 

.031 

Float na¢ive copper with desliming prior to rougher flotation. 

DF250/ 
Pine Oil 

.117 

CaO 

1 .0  

CO MME NTS: Four three-minute settling periods followed by slim decantation. 
pH = 8.2 after desliming 
pH = 10.9 after CaO addition 
pH = 10.4 after four minutes of rougher 

TEST RESULTS 

Test  Products  

.~ougher conc 
Rougher tail ( +65m i 

I 

Weigh t 
Grams 

24.7 
14.7 

w e i g h t  
T 

2.53 
I. 51 

Total 
Cu 

6.18 
32.70 

Assays-Percent 

Units 

15.64 
• 49.38 

Distribution-Percent 

Cu 

. , , ' 

16.7 
52 .7  

I 

~ougher t a i l  (-65m) 

Slimes 

Calculated head 

587.3 60.24 
.L 

348.2 35.72 

 7 .9'iloo.0 

0.28 

0.33 

0.94 

16.87 

11,79 

93~68 

18,0 
12.6 

100.0 

I 

I 
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TEST CONDITIONS: 
FLOTATION TEST NO. 4 
ORE T-48 Comp (10OOg -lO-mesh) 

O 

PROJ. NO. 20~ ~ .... 
DATE 119175 

Test Conditions R e a g e n t s - l b s / t o n  

Opera t ion  

Grindin 9 

Rougher 

First cleaner 

Time 
Min 

10 

10 

•6 

Second cleaner 5 

Solids 
pH % 

67 I0.4 

-+27 1b.41/ 

+I0 I0.5 

-+ 5 10.2 

I 
OB~rECT: 

4 ~  m • COMM~N~S.  

Temp 
oc 

Amb 

Amb 

Amb 

Amb 

Float native copper. 
Two cleaning stages. 
Screen ro tails at 20-, 28-, 35-, 48-, 65-, 
and lO0-mesh and assay all fractions. 

Minerec AF 
B 208 

.030 .032 

.075 .080 

.030 .032 

Cresylic 
Acid 

.031 

• 045 " 

, 023 ,  

DF2SO/ 
Pine Oil 

,073 

.118 

,II02 / 

CaO 

1,0 

0.1 

O.1 

1--/ pH 9.8 at end of rougher 
2/ This large amount of frother most 

likely was not needed. Excellent 
froth formed when machine rpm's 
were increased to II00. 

TEST RESULTS 

Test Products Weight 
Grams 

VCeig.ht 
% 

L2nd Cleaner conc 15.2 1.55 
2nd Cleaner tail 22.2 2.26 

Is% Cleaner tail 66.8 6.81 
Rougher tail (+20m) 8.5 .87 

Rougher tail (+28m) 5.4 ,55 I 

Total 
Cu 

19.34 
.44 

.23 
21.52 

23~42 

m 

Units 

29,977 
,994 

1,566 
18.722 
12.881 

CU 

O.g  

1.=,  

17. .8  

- 1 2 , 2  

Distribution-Percent 

Rougher tail (+35m) 8.5 
Rougher tail (+48m) 29.9 
Rougher tail (+65m) 89.2 

Rougher tail (+100m) 114.3 
Rouqher tail (-100m) 621.1 
hri 50-'13 

.87 10.25 
3.05 3.72 

I 9.09 76 I • 

ii. 65 .34 
63.30 .i6 

As says-Percent 

8.918 

11.346 
6.908 
3.961 

10.128 

8.5 

10.8 
6,6 
3.8 
9.6 

i 



O 

ASARCO 

W I L L I A M  P. R O E  

v I C E  PRE$1 D~NT 

VAL KU DRYI< 

MANAGER 

H. E. H O W E  

~ANAOER. METALS RESEARCH 

AMERICAN SMELTING AND R E F I N I N G  COMPANY 

CENTRAL RESEARCH LABORATORI ES 

SOUTH PLAINFIELD, N.J .  07080  

~ECF_I V£ :9 

 d;tl? 3 1 ;975 
& W. U. & [xPL. u~v 

March 26, 1975 
Re: 247 

Mr. T. D. Henderson, Jr. 
TUCSON 

Native Copper Ore 

O 

Enclosed is a memorandum by Mr. R. B. Haagensen giving the 
results of his study of the native copper ore sample you 
sent to Central Research. 

As you requested, a mineralogical examination has been con- 
ducted and a size-assay distribution (copper-copper oxide) 
of a sample crushed to minus i0 mesh has been obtained. 

EM:rg 
cc: DECrowell 

RBHaagensen 
VKudryk 
WLKurtz~/" 

i" 

• {i . (" -7/,. -7-- 
. 7- f p to.-- i =--. .... 

Edward Martinez 

O 
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ASARCO 

WILLIAM P, ROE 
VIEE ~ESIDEN1 

VAL KUDRYK 
MANAGER 

H. E. HOWE 

M,~N~GER. METALS RE$EARCN 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

C E N T R A L  R E S E A R C H  L A B C ) R A T O R I  ES 

SOUTH PLAINFIELD,  N . J .  0 7 0 8 0  

March 26, 1975 
Re: 247 

Mr. E. Martinez- 
B U I L D I N G  

Native Coppgr Ore, MR-709 
(#2036, HRIT-48 Composite, A ~ Is) 

O 

A five pound sample of native copper ore sent from the 
Mineral Beneficiation Department at Tucson was received at 
Central Research (T. D. Henderson, Jr. letter to R. B. 
Haagensen, November 5, 1974). It was requested that the 
occurrence and size distribution of the copper mineraliza- 
tion be determined. An assay pulp sample of the same ore on 
which spectrographic analysis was requested was not received. 

The sample was crushed to minus i0 mesh prior to screening 
and cyclosizing. Spectrographic, X-ray diffraction, infrared, 
thermal, Satmagan and specific gravity analyses were obtained 
on a representative portion of the sample. Analytical work 
was performed on the head sample as well as on the screened 
and cyclosized fractions. Microscopical examinations were 
conducted on selected size fractions to determine the occur- 
rences of the copper mineralization. 

The attached spectrographic results show major amounts of 
iron, silicon and aluminum. Following are the analytical 
results on the head sample: 

Native Copper Ore Assays (MR-709) 

O 

% % 

Total Cu 1.08 Zn 
Oxide Cu .30 Pb 
Insol. 74.0 Mo 
Fe 7.0 Ag 
S 0.12 Au 

.087 

.010 

.005 
<.0005 -"< c .  ! ~: .~ S~.~. % 
<. 0001 ~ <~,~z~ ~:~.~, 
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Attached Table No. 1 gives the size assay data obtained on the 
sample. Approximately 92 percent of the total copper and 80 
percent of the oxide copper are present in the plus 200 mesh 
sizes. The total copper assays generally decrease with particle 
size. Note that the copper in the minus 200 mesh fraction is 
mainly oxide copper. 

Attached Table No. 2 gives the results of X-ray diffraction, 
infrared, thermal, Satmagan and specific gravity analyses. 
Phases identified include quartz, mica, hematite, probably 
kaolinite, probable goethite and possible chlorite. 

Microscopical examination of selected sized fractions in pol- 
ished section showed an abundance of essentially free metallic 
copper particles, particulary in the coarser screened fractions. 
These usually occurred in spherical to semi-spherical shapes and 
occasionally as elongated "flakes". The spherical copper par- 
ticles occasionally exhibited layered separations which indicated 
that some of these particles may have been formed during crushing, 
as was probably the case with the copper "flakes". Both the 
spherical and flake shaped copper particles usually carriedsmall 
amount.s of cuprite on their surfaces. 

Elemental copper, often in interfingered masses, was also found 
locked with gangue constituents in most of the fractions examined. 
Grain sizes of locked copper varied greatly (<5 to >300 microns). 
Small amounts of cuprite were sometimes associated with the locked 
copper particles. Counting the previously mentioned spherical and 
flake shaped copper particles as free, the following occurrences 
of elemental copper were noted: 

Elemental Copper Occurrences 

Size Fraction % Free % Locked with Gangue 

-10+20 mesh 
-20+28 " 
-28+35 " 
-35+48 " 
-48+65 " 
-65+100 " 

-100+150 " 
-150+200 " 

20 80 
90 i0 
90 i0 
95 5 
50 50 
50 50 
60 40 
85 15 

O 
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Microscopical examinations of the ore showed cuprite to be 
the only identified oxide copper mineral. The bulk of the 
cuprite occurred locked with gangue. Small amounts of cuprite 
were associated with native copper and traces occurred free. 

During the course of the microscopical studies, a considerable 
amount of hematite (sometimes associated with titanium minerali- 
zation) was noted in the ore. 

,R, B. Haagensen 

RBH:rg 

O 

O 
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TABLE NO. 1 

Native Copper Ore (MR-709) 
Size-Assay Analysis 

Total Sample Weight = 350.3 grams 
Minus 200 mesh run on Cyclosizer 

Size Fraction 

-10+20 mesh 
-20+28 " 
-28+35 " 
-35+48 " 
-48+65 " 
-65+100 " 

-100+150 " 
-150+200 " 

Cone 1 ~42 micron cut 
Cone 2 %31 " 
Cone 3 ~22 " 
Cone 4 ~16 " 
Cone 5 ~ll " 
Effluent ~6 " 
Decant <6 " 

Calculated Head 

Composite -200 mesh 

% Wt. 

13.2 
14.0 
14.0 
11.6 
9.5 
6.6 
6.3 
4.3 
3.3 
2.8 
3.1 
2.5 
1.7 
2.6 
4.5 

i00.0 

20.5 

Total Copper 
Assay % Distr. 

1.33 16.0 
2.01 25.6 
1.22 15.6 
1.24 13.1 
1.03 8.9 
0.96 5.7 
0.81 4.6 
0.64 2.4 
io00 3.0 
0.38 1.0 
0.40 i.i 
0.42 0.9 
0.43 0.6 
0.29 0.6 
0.22 0.9 

i00.0 
i.i0 

0.45 8.i 

Oxide Copper 
% Distr. 

0.24 8.2 
0.43 15.4 
0.37 13.3 
0.41 12.3 
0.42 10.3 
0.51 8.7 
0.42 6.7 
0.43 4.6 
0.86 7.2 
0.35 2.6 
0.37 2.8 
0.38 2.3 
0.33 1.5 
0.27 1o8 
0.20 2.3 

i00.0 
0.39 

0.40 20.5 
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TABLE NO. 2 

Native Copper Ore (MR-709) 
Instrumental knalyses 

X-ray Diffraction: 

Infrared: 

Thermal: 

Satmagan (i) : 

Specific Gravity (2) : 

Quartz, mica, hematite, weak chlorite 
and/or kaolinite. 

Quartz, probable kaolinite. 

Quartz, probable goethite, possible 
kaolinite. 

0.25 percent Fe304. 

2.77 

(I) Saturation Magnetic Analyzer - a magnetic balance. 

(2) Beckman Air Comparison Pycnometer, Model 930. 

O 

o 

% 
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SPECTROC RAPH C ANALYSES 
AMER|CAN SMELTING AND REFINING CO&~,PANY 

CENTRAL RESEARCH LABORATORIES 
SOUTH PLAINFIELD, I%1. J. 

NATIVE COPPER ORE 

SAMPtE No. II MR- 709 

Fe MC 

S i MC 

A1 MC 

Cu _ J~ LMC- 

Ca 

Na 

S 

S 

Ba S- 

Ti 

As 

Ni 

Zn 

S_ 

H S 

L 

M_ 

M_ 

M- Pb 

Sn L+ 

___M~ L • 

Cr L 

Co :' Tr 

V 

___Ag 

Be 

O , 

TJ 

FTr 

Tr 

I 

No 

CODE: 

CMC 
MC 
LMC 
S 
M 
L 
Tr 
F Tr 

- Chief Major Constituent 
- Major Constituent 

- Low Major Constituent 

- Strong 
- Moderate 
- Low 
- Trace 
- Faint Trace 

V F Tr - Very Faint Trace 
N.D. - Not Detected 

t Uet-eT~ 
T L, Te, ~:b, Au, 

~ 7 -  
Bi, Mo, Cd, 
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A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

T U C S O N  A R I Z O N A  

February 13, 1975 

O 

TO: J.D. Sell 

FROM: F. T. Graybeal 

t h a t  : 

Fluid inclusions in LB-4 
Superior East Pro~ect ..... 

A brief study of 5 thin sections from 2600-4850 ft. revealed 

1) Type ] inclusions form less than ] percent of all inclusions; 

2) Type 2 and 3 inclusions are absent; 

3) Secondary inclusions of a low temperature type (less than 
70°C) are irregularly present. 

These low temperature inclusions are locally very abundant and generally 
quite small. 

Fluid inclusions are clearly more abundant in this hole than in 
any of ASARCO's holes farther to the west. These low temperature types 
might be expected along the outermost fringe of a porphyry copper 
deposit or as part of the regional background. The presence of similar 
inclusi~on populations within the exposed portions of the Schultze 
granite suggests the latter. I conclude that LB-4 is not within the 
alteration halo of a porphyry copper system. 

T. araybeal 

FTG:Ib 

cc :  WLKur tz  

Q 
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W. L. K. 

FEB 1-i;: 1975 
AMERICAN SMELTING AND REFINING COMPANY 
T U C S O N  A R I Z O N A  

I February 13, 1975 

0 

TO: J . D .  Sell 

FROM: F. T. Graybeal 

Fluid inclusions in LB-4 
Superior East Projec.t .. 

A brief study of 5 thin sections from 2600-4850 ft. revealed 
that: 

I) Type 1 inclusions form less than I percent of all inclusions; 

2) Type 2 and 3 inclusions are absent; 

3) Secondary inc lus ions of  a low temperature type ( less than 
70°C) are i r r e g u l a r l y  present ,  

These low temperature inc lus ions are l o c a l l y  very abundant and genera l ly  
qu i te  smal l ,  

F lu id inc lus ions are c l e a r l y  more abundant in th is  hole than in 
any of ASARCO's holes f a r t h e r  to the west, These low temperature types 
might be expected along the outermost f r inge  of  a porphyry coppe~ 
deposit or  as part  o f  the regional background, The presence of  s i m i l a r  
inclusi.on populat ions wTthin the exposed por t ions of  the Schultze 
gran i te  suggests the l a t t e r .  I conclude that  LB-4 is not w i t h i n  the 
a l t e r a t i o n  halo of a porphyry copper system, 

F. T. Graybeal . 

FTG: Ib - j  
cc :  WLKurtz 

O 
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A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

TUCSON A R I Z O N A  

April 25, 1975 

MEMORANDUM FOR GEOLOGISTS 

Please play the silence and secrecy game and do not_ 

put dri~ll hole number and footage on samples you send for 

thin sectioning at Western Petrographic, 

O 
WLK: I b 

/ 

O 
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A CAN SMELT NG AND REiN NG 

April 30, 1975 " ~i 
w .  L. 

APR 3 0 1975 

F i l e  Hemora~um: FEsc. 2F 

Subject: Further Testing of Native Copper Ore (Proj. 2036) 

O 

Q 

Two flotation tests were run on this ore to check previous flotation 
tests by Hazen Research. Data sheets for these tests (Test Nos. NC-3 and 

NC-4) are attached. 

The ore was ground to 55% passing 200-mesh and floated for 15 minutes. 
Test NC-3 used Aeropromoter 208 collector and a combination of pine oil, 
DF 250, and cresylic acid frothers. Test NC-4 used AP 208 and the same 
frothers with addition of sodium hydrosulfide and Z-6 to attempt to get a 
stronger float condition for the coarse metallic copper. 

Both tests yielded about 50% recovery of the copper in rougher concen- 

trates assaying 6.7-7.0% ~. 

As in previous flotation tests the low copper recovery was due to 
failure to float the coarse (+65 mesh) metallic copper even with long 
flotation times and large collector cosages. In both tests only about 25% 
of the copper in the +65 mesh size floated. 

The rougher t~lings and concentrates were screened and the fractions 
assayed separately. Table i in the attached supporting data zives total 
copper assays of the screen fractions and distributions "of copper ~ the 

p~ucts. 

The +48 ~ +65 mesh fractions of the rougJ~er tailings were added into 
the rougher concentrates by calc~ation for Tests 3 and 4 respectively. These 
results are sun~riz~ in Table 2. Addition of the coarse met~lic copper in 
these ~actio~ to the rougjaer concentrate yields copper recoveries of 88-92% 

in combLued concentrates assayi~ 7.0-9.5% ~. 

~her test work on this ore shoed investigate the feasibility of 
co~se grin~ng followed by separation of metallics either by screening 
thro~ 48 mesh or tabling. ~ne screen undersize or table taili~s would 
then be ~ound finer and floated. Cleaner flotation concentrate comb~ed 
~th +48 mesh metallics wo~d be the final copper concentrate. 

Two leach tests were run on minus 10-mesh ore to dete~e the ar~nability 
of the native copper to leac~ng by ar~no~acal ~monium carbo~te and H2SO 4 - 

ferric sulfate solutions. 

Test NC-I used a 20 ~I. ~m~no~um carbo~te - 50 g1~l. ~ solution. Test 
NC-2 us~ 50 ~01. sulfuric acid and 15 ~oi. ferric ~on (added as ferric sulfate). 

Both leaches were agitated on bottle rolls at 33% solids for approximately 
four days. The leach p~ps were filtered and washed on the filter with 5% 
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anm~nia or acid solution and fresh water. 

Leach residues and combined leach and wash solutions were assayed for 
copper, and the heads calculated. Recoveries were figured on Calculated 
heads. 

The ammonia leach gave only 53% recovery. An assay size analysis of 
the leach tailings (see supporting data) showed 39% of the copper in the 
tails was present in the minus 200-nesh fraction (23 weight percent) indicating 
possible adsorption of some of the dissolved copper by slimes. However, the 
coarser sizes, 65 thru 200 mesh, also contained 0.35-0.38% Cu, which showed 
generally poor leach recoveries at all sizes. 

The acid-ferric sulfate leach resulted in 92.3% copper recovery. 
Washing of the leach residue was minimal because the slimy nature of the 
residue made filtration very slow. Titration of the acid solution at the 
end of the leachshowedan acid consumption of 37 ibs. H2SO 4 per ton of ore. 

Conclusions: 

i. 

. 

Flotation without removal of coarse metallics from the tails gave 
copper recovery of about 50%. 

Removal of metallics from flotation tailing by screening increased 
recovery to 90% in combined rougher flotation concentrate and 
screen oversize. 

. Am~oniacal leaching (4 days at 10-mesh) yielded 53% recovery. 

Acid-ferric sulfate leaching under the same conditions gave 92% 
copper recovery. 

Reconmendations" 

i. Further investigation should be done of flotation with separation 
of metallics between stages of grinding. 

. Leaching vW_th lower concentrations of sulfuric acid with ferric 
sulfate might be feasible and should be tried. 

vh 
Attachment 

Q 
CC: WLKurtz 

DECrowell 

T. D. Henderson, Jr. J 
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TABLE i 

Assay Size ~alyses of Rouvher Flotation Concentrates and Tails 

Test NC-3 

Rou~her Tails 

Assay Distribution 
Size Wt. % % Cu % 

+ 35 1.2 29.5 65.9 
4 48 1.0 5.55 i0.4 
+ 65 4.0 .49 3.7 
+I00 10.7 .19 3.7 
+150 14.4 .ii 3.0 
+200 14.1 .ll 3.0 
-200 54.6 .i0 10.3 

ioo.o i00.0 .537 

, Rougher Concentrate 

Assay Distribution 
Size ~. % % Cu % 

+ 65 3.1 63.6 29.3 
+I00 1.8 36.4 9.7 
-i00 95. i 2.32 61.0 

lO0.0 - - ~  lO0.-----~ 

O 
Test NC-4 

Roughen,~.~Tails !~-~i~,~. ~ -~.:.. 

Assay Distribution 
Size Wt. % % Cu % 

+ 65 5.5 7.45 82.8 
- 65 94.5 .09 17.2 

I00 .0  .~-g5 i00.0 

Rougher Concentrate 

Assay Distribution 
Size Wt. % % Cu 

+ 65 3.2 55.2 25.1 
- 65 96.8 5.44 74.9 

i00.-----~ 7.0----~ I00.0  

O 
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TABLE 2 

Recoverles With and Without Adding 5%tallicsfromTails 

Test NC-3 

Assay Copper 
Treatment Product Wt. % % Cu Recovery 

Flotation R. Conc. 6.96 6.74 48.4 
Only Tails 93.04 .54 51.6 

100.00 ~ 100.0 

Flotation R. Conc. 6.96 6.74 48.4 
+ Screening +48 Tails 2.04 18.72 39.4 
Tails Combined 9.00 9.46 87.8 

-48 Tails 91.00 .130 12.2 
i00.0 

O Test NC-4 

Assay 
Treatment Product Wt. % % Cu 

Flotation R. Conc. 6..80 7.03 
Only Tails 93.20 .495 

i00.00 .939 

Copper 
Recovery 

50.9 
49.1 

i00.0 

Flotation R. Conc. 6.80 7.03 
+ Screening +65 Tails 5.13 7.45 
Tails Combined 11.93 7.21 

-65 Tails 88. O7 .09 
100.00 .939 

5O.9 
40.7 
91.6 

8.4 
I00.0 

Q 
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TABLE 3 

Assay Size Analyses of [e.ach Tailirv<s 

Test NC-I (Anmoniacal Ammonium Carbonate Leach) 

Assay Distribution 

Size ~. % % Cu % 

+ 65 67.3 .35 52.3 
+100 4.1 .38 3.5 
+150 3.4 .37 2.9 
+200 2.5 .36 2.0 
-200 22.7 .78 39.3 

.-~ ioo.o 

O 

Test NC-2 (H2SO 4- Ferric Sulfate Leach) 

Assay Distribution 

Size ~. % %Cu % 

+ 65 51.9 .055 37.2 
-65 48.1 .i00 62.8 

.07---~ 100.O 

O 
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Southwestern Exploration Division 

March 3, 1977 

O 

TO: F.T. Graybeal 

FROM: J. D. Sell 

Age Dates 
Tuff in Whitetail 
Superior East Project 
Pinal County, Arizona 

As a continued study and data gathering process I believe it would be of 
interest to have an age date on the biotite tuff which we have at the top 
of the mineral zone in A-4 and A-7. 

I see that F. R. Koutz will have some age date material to submit and 
inquire whether several projects can be submitted for a lower cost per 
sample rate. 

~ James D. Sell 

JDS:Ib 

~--J//--'Y iT'/---z~ 
/,~ 72 

O 
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Southwestern Exploration Division 

July 20, 1977 

TO: F . T .  Graybeal 

FROM: J. D. Sell 

Beneflciation of Native Copper Ore 
Arizona and Michigan 
Superior East Project 
Pinal County, Arizona 

In 1975, Hazen Research, Inc. reported on their study of the Superior 
East native copper in conglomerate from hole A-4 (report to T. Henderson, 
HRI Project 2036, Jan. 31, 1975). The recent AIME Preprint No. 77-B-15 
is a report on the concentration recovery scheme for the Michigan native 
copper in conglomerate problem. 

Hazen's report did not go past the preliminary studies but they report 
the following recovery percentages and overall concentrate grade as 
follows (from Table 4 of Hazen): 

TABLE 1 -- Flotation Recoveries Based on Original Ore 

Overall Conc. Grade Percent Test 
% Cu Recovery No. 

19.7 74.3 3 
10~7 91.2 l 
5.87 90.2 2 
4.32 88.5 4 

As shown in the attached abstract of Preprint 77-B-15, the Michigan study 
produced an average grade of 55.5% copper with the recovery range of 
86-93%. The feed average was 2.09% copper. The Asarco total feed head 
assay was 1.13% copper. 

Using figures from the Centennial Ore of Michigan, the following comparison 
can be made. 

+I/2" 
+I0 mesh 
+20 mesh 
+35 mesh 
+48 mesh 
+65 mesh 
+lO0 mesh 
+150 mesh 
+200 mesh 
-200 mesh 

TABLE 2 m Comparison of A-4 (ASARCO) & 
Centennial Ore (Michigan) 

Wt % Retained 
A-4 

0.2 0.2 
35.7 
23.1 58.8 

7.6 
6.0 18.0 

4.4 
4.4" 
2.4 
16.2 

CO 

29 30.6 

23.0 I 23.0 

O.OI 0.0 

(-IOO mesh)) 
23.0 46.41 46.4 

I00.0 

% Copper 
A-4 CO 

I i I 
0.19 0.19 0.581 0.60 
0.36 
0.26 0.62 0.45 0.45 o.o ; 
0.07 0.20 0.00 

0 . 0  0 , 0  
0.03)  c-,oo 
0.02~ 0.12 0.91~ 0.91 

) 

1.13% 1.96% 
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The Centennial Ore had a mill head slightly below that given in the 
abstract but must have given a similar grade and recovery figure. 

The low concentrate grade was not fully explained by Hazen for the A-4 
core. The good recovery and grade on the Michigan ore suggests that 
further tests are warranted. 

Note that in Table 2, even though CO ore produced about the same percentage 
of the values in the coarse fraction as did the A-4 core, the CO core also 
had a high percentage (46.4%) and healthy grade (0.51%) in the -100 mesh 
fraction whereas A-4 was much lower. 

The Michigan study points out the feasibility of an autogenous grinding- 
jigging-flotation circuit as a means of recovering a better grade and 
concentrate. 

A copy of the Preprint is attached to the File Copy. 

~ J a m e s  D. Se l  1 

JDS:Ib 
Att. 

O 
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PREPRINT 
NUMBER 

77-B-15 

.~'~. 

II 

AUTOGENOUS GRINDING AND CONCENTRATION 
OF A MICHIGAN NATIVE COPPER ORE 

Constance F. Acton 
Assistant Professor 

Metallurgical ZngAneering 
Michigan Technological University 

Houghton, Michigan 

• "•. . 

o . 

For presentation at the 1977 AIME Annual Meeting 
Atlanta, Georgia - March 6-10, 1977 

i, 

0 
77-B-15 

AU~0GENOUS GRIN~CNG AND CONCEN~RATZON OF A MICHIGAN NATIVE OOPp~ OR~ 

D~. Constance F. Aoton e 
Assistant Professor 

Metallurgical Engineering 
Michigan Technological University 

Houghton, Michigan 49931 

~ased on laboratory structure analyses, a pilot plant investigatlon was un- 
dertaken to evaluate a Michigan conglomerate native copper ore. Coition or 
ei~ed feed was accomplished using wet, closed circuit autogemous g~rIj~r~ 1~ith 
and without cr~shing of the recirculatlng load. Coarse metallies were c~nCem~t. 
ed in two stages of Jigging with fine metalllo copper being recovered in a thre@. 
stage x~nthate flotation circuit. With a feed averaging 2.09 % Cu, copper rec~v. 
ery ranged from 86-93 % C~: wlth an average grade of 5%.5 % Oa. 

An evaluation of the processing flowsheet is ~da in terms of pertinent in- 
dependent, dependent, and exterr~l vari~bie~ and design factor~. Prate equatior~ 
are dev~opsd to describe the grlnding and flotation circuits separately as well 
as the ~ntlre circuit as a whole. Perfo.~nance equation~ for the overcall opera. 
tion and for the unit operation of autogenous grinding alone are developed in 
terms of suitable capacity, efficiency ~nd energy consumption t~ras. ~hus, tJ~e 
effects of feed rate, recirculating load and flowsheot design can be ratlo~ally 
evaluated. Energy consumption for various conditions in the pilot plant is com- 
pared to the laboratory value. Additio~al!y, size and scale up factors are d/s- 
cussed° 

Reco~nendations are made for further studies to be u~dertaken to further 
quantify the ore characteristics and the nature of the autogenous grinding oper- 
ation. However, the feasibilty of beneficlation of this type of native copper 
ore by means of an autogenous grindlng/Jigging/flotatlon circuit is clearly es- 
tablished. 

ecurrent Address: 01in Corp., Metals Research Labox~torles, ~ew ~aven, Co~ 
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O Explora~tion Department 
Southwestern United States Division 

February 23, 1978. 

Dr. Val Kudryk, Manager 
Central ResearchDepartment 
ASARCO Incorporated 
901 Oak Street Road 
South Plainfield, New Jersey 07080 

Dear Sir: 

I attach one piece of core, Sample No.A-94493, from the Superior East 
project, Arizona. 

I would appreciate a mineral identification of the submitted sample with 
special interest in the lighter grey component having an apparent cleav- 
age. 

JDS : j lh 
attmt 

Sincerely, 

D. Sell. 

O 

ASARCO Incorporated R O. Box 5747 Tucson, Az 85703 
1150 North 7th Avenue (602) 792-30~0 



Central Research Department 
South Plainfield, N.J. 07080 

O 

March i0, 1978 
Re: 3175 

Mr. J. D. Sell 
Southwestern United States Division 
TUCSON OFFICE 

SuPerior East Project, Arizona 
Drill Core Fragment No. A-9449~ (MR-1302) 

A drill core fragment weighing approximately 16 grams was 
received at Central Research for mineral identification 
studies (J. D. Sell letter to Dr. V. Kudryk dated 2/26/78). 

The main portion of the sample is composed of quartz with 
locally abundant muscovite mica. The gray mineral in ques- 
tion is chalcocite (Cu2S). 

A polished section showed some bornite (Cu5FeS 4) to be 
intimately associated with the chalcocite. In addition, 
pyrite remnants were present within the chalcocite-bornite 
intergrowths. 

O 

RBH:rg 
cc: EMartinez 

VKudryk 

/ 

R. B. Haag~'sen 
! 
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Soulhwestern Exploration Division 

May 31, 1978 

TO: F.T. Graybeal 

FROM: d. D. Sell 
Thin-Sections 
Hole B-6 (Newmont) 
Superior East Project 
Pinal County, Arrzona 

The thin-sections of Troy quartzite with possib]e chalcocite have finally 
been found at Western Petrographics. Three samples were submitted for 
sectioning with two (B-6-A and B-6-C) for polished thin sections. The 
packet had been placed to one side during the busy season last September 
and when they went out of the "polished" work late last year, the samples 
were relaywayed. 

After much ado, they were found and completed as regular thin sections. The 
results suggest: 

B-6-A Minor pyrite. 

B-6-B Minor chalcocite among the quartz grains and 
along fractures. 

B-6-C Minor chalcocite as above with weak oxidation effects 
and minor cuprite formed around the boundary of the 
dissem~aL~d yroup of chalcocite particles. 

See memo on Geochemical Results (October 4, 1977) and the original memo of 
September 22, 1977, for info on this hole. 

JDS:jlh 

'James D. Sell 

O 
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March II, 1980 

TO: J .D .  Sell 

FROM: P. G. Vikre 
Sulfide assemblages from 

DDH A-8 and DDH A-9, 
Superior East Project, Arizona 

Opaque mineralogy in four polished sections from Superior East DDH A-8 
and A-9 were optically examined. Other sections from these holes contained 
similar assemblages. 

A-8-3978 consists of bornite-chalcopyrite intergrowths, pictured in Figure I, 
with an unknown phase occurring in bornite. The unknown is light blue, 
moderately anisotropic, and harder than bn and cpy. It may be chalcocite or 
djurleite, but, if so, the hardness is anomalous. 

A-8-4202 consists of pyrite-chalcocite intergrowths, with bornite occurring 
as inclusions in chalcocite (Figure 2). 

A-8-4253 consists of bornite-chalcocite intergrowths (Figure 3). The unknown 
phase described under A-8-3978 above also occurs in both bornite and chalco- 
cite. The darker blue phase along chalcocite-bornite grain boundaries is 
probably digenite. 

A-9-4449 consists of pyrite-chalcocite intergrowths, with bornite inclusions 
in chalcocite (Figure 4). The assemblage is similar to that of A-8-4202. 

Despite the tendency of phases in the Cu-Fe-S system to rapidly equi]i- 
brate with decreasing temperature, only one of the four assemblage~that in 
A-8-3978, is probably stable at 25°C (Craig and Scott, 1974). However, mineral 
compositions must be known in order to predict relative assemblage stabili- 
ties with accuracy. Complications in the Cu-Fe-S system below several 
hundred degrees centigrade suggest that at least parts of the assemblages 
pictured in Figures I through 4 were not initially precipitated. The original 
phases that formed at more than several hundred C ° may have been pyrite, 
chalcopyrite or idaite, and bornite with variable Cu/Fe. Upon coding, these 
copper phases recrystallized to the assemblage observed here. 

P. G. Vikre 
PGV:jlh 
attachments 
c .c .F .T .Graybea l  

Craig,J.R., and Scott,S.D., 1974, Sulfide phase equilibria, in Ribbe,P.H.(ed.), 
Sulfide Mineralogy, Mineralogical Society of America Short Course Notes, 
pp. CS-1 - CS-I04. 

O 



F i g u r e  1 A-8-3978: b o r n i t e  - | a v e n d e r  b l u e ,  c h a l c o p y r i t e  - 
l i g h t  y e l l o w ,  unknown - l i g h t  b l u e .  
Width o f  image = 665 pm 

F i g u r e  2 A -8 -4202 :  p y r i t e  - l i g h t  y e l l o w ,  c h a l c o c i t e  - 
b l u e ,  b o r n i t e  - l a v e n d e r .  
Width o f  image = 665 um 



F i g u r e  3 A -8 -4253 :  b o r n i t e  - l a v e n d e r ,  c h a l c o c i t e  - b l u e ,  
d l g e n i t e  - da rk  b l u e ,  unknown - l i g h t  b l u e .  
Width o f  image = 315 gm 

F i g u r e  4 A -9 -4449 :  p y r i t e  - l i g h t  y e l l o w ,  c h a l c o c | t e  - b l u e ,  
b o r n l t e  - l a v e n d e r .  
Width o f  image = 665 pm 


