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- clinopyroxenes (+ orthopyroxenes); 5-8% magnetite (5% o

AMERICAN SMELTING AND REFINING COMPANY
Tucson Arizona

March 5; 1971

TO: J. Do Sell
From: J. R. King

Re: Petrographic Examination of Selected Samples
from Kerr McGee (OF-1A) and Continental (M- l)
Drill Holes = Superior East. PreJect - PlnaY

'County, Arizona = t

One sample from drill hole OF-1A (2140* ) and one sample from drill hole M=l

(2261') were petrographically examined. Each sample was thin-sectioned parallel

and perpendicular to the core length and then examined at the Silver Bell
laboratory. One polish section was made of OF-lA to determine metallics
present,

" ‘Conclusions

Both sampies are lidentical in texture and mineralogic compoesition, They are
classified as aphanitic, hypocrystalline andesites with probable trachyte
chemical affinities. Both show obvious flowage textures as evidenced by:

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

2. Mrapping of mlnute plagnoclase laths around larger phenocrysts;
and

3. Alignment of phenocrysts parallel to the fluidal lineations of the
microlites.

The flowage appears to be dipping 15° (OF-1A) to 40° (M=1) from the normal

to the core length, Mineralogical composition of the two samples is identical.

They are essentially composed of 60-70% plagioclase (An 0~Anyg) s 10-20%

% whlcR is being
oxidized to hematite); 5-10% chlorite-antigorite; 3-7% glass. Other mineral
constituents which occur in trace amounts are quartz, calcnte. sericite,
olivine, biotite and lddingsite.

The plagloclase 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
biotite. The glass is for the most part devitrified to unidentifiable crypto-

 cystalites and, to a lesser extent, altered to plagonite.



Mr. J. D. Sell -2- | March 5, 1971

This alteration seen in both samples is the result of either late deutric
alteration and/or very weak metamorphic alteration which is commonly seen
in basaltic and andesitic lavas that are fractured and permeated by warm
meteoric water. Veins of quartz and calcite cut both rocks. In general,
quartz is deposited first and line the veins, Calcite fills the inward
portion of the veins and is considered younger, 'No alteration of the rock
immediately surrounding these veins has taken place,

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 chloritic
slicks and quartz-calcite veins whereas the OF-1A 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 OF-1A
sample which may be the result of a combination of factors, mainly the
slight differences in grain size and the difference in fracture intensity,

JRK:mw
cc: W, E. Saegart
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AMERICAN SMELTING AND REFINING COMPANY

EQ@?EQ CENTRAL RESEARCH LABORATORIES <4¥S>
3 SOUTH PLAINFIELD, N.J., 07080 Cl ,9’\\
‘ .
3\3\\ LR
July 13, 1971 RN
Ref. 3175
. t&i{
Mr. John J. Collins iy €,
Director of Exploration ' 19
NEY YORK OFFICT 197,

Superior East, Arizona
Project No. M #0010-03

The attechsd memorandum by Mr. B. B. Haagensen summarizes
the microsconic and microprobe examination of the samples
subnitted fron | superior L&St Arizons The results are
culte positive that the copper did not originate from a
gulfide origin, bhut apna¢entlj penetrated as native conpper.
ks can be noted from the analysis, the copper is relatively
pure and pernaps the contaminantg are more of surface rdther
than part of the copper.

I hope that this information will be helpfuli however, if
there are anymore cetalls you would like, please let me
know. l ,

V. Kudryk
VK/1k

cc: RBHaagensen:
WiXurtz i : /4/ Y

EMartinez 2&474& (d%éﬁ/ 4*%97/4&4

) fhe. Jo, 1970
, ,Zudj/}y/ﬂ/ffﬁ
7 oS foon V' Z |
JZI%Z Vs 0 - »
/ﬂ‘ e o ST
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AMERICAN SMELTING AND REFINING COMPANY
ASARCO
RET~ CENTRAL RESEARCH LABORATORIES

SOUTH PLAINFIELD, N.J.,, 07080

July 8, 1971

Reft 3175 |
MA 50010-03

Dr. V, Rudryk
BUILDING

Superior Fast, Arizona {1R-192)

The sample of drill core was examined in polished section
by the optlical wmicroscope and the electron microprobe. in
additicn, four szanmples of native copper were hondpicked
from difforent sections of the sample and subnitted for
gualitative speetrosraphic “ﬁalyuig. Attached ere two
photomicrographs of selected areas of the sample together
with the specirographic resulis.

Photomicrographs Fo. 1l and No. 2 show the typilcal occurence
of native copper in this drill core ea mple. The coppey
generally appears (o follow {ectonic cracks and grain
boundaries and is found in veins nmeasuring on the order of.
10 to 20 pmicrons across. o sulflides were found either
sseociated with tha native copper or elsewhere in the sample,
The acconpanying spectrographic anslyses show that the
handnicked copper samples arxre probably contaminated in
varying degrees with gangue constituents.

Tha following is o brief report on the elsctron micreprobe
analysia by Hr. T. Ka rtelingy

"The polished section of the drill core
was carbon coated for exanination in
the scanning electron microprobe., Five
separate veins of native copper were

- examined with two points of analysis
per vein for sulfur.,

o sulfur waa detected in the veins
of native copper. The edxes of these
‘velns were alco examined for sulfur,
however, none wvas detected. The
copper content af thu veins ranged
from S$5% to 99% (42 to 3% absolute).

- The average copper concentration of
the ten mointq analyaed was  97%
copper,’



Dr. V. Kudryk ' -2 - , 7/8/71

Mo evidence was found o establich that the netive copper
prozent in this drill core is a replacement of a copper

3T 8 e e d v e
..n,?..&,l.i PR Mi&&vi 2% R

R. B. Haagensen

RoN/dm
Attachs.



Superior East, Arizona

(MR-192)
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| 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 are mainly

quartz and pyroxene-amphibole.
The copper appears to follow.
tectonic cracks and grain
boundaries, c

No. 2.

450X, polished section. Part
of same section shown in o
Photomicrograph No. 1. No
evidence of sulfides was

found associated with the
various native copper veins
examined in this drill core.



SPECTROGRAPHIC ANALYSES
AMERICAN SMELTING AND REFINING COMPANY

CENTRAL RESEARCH LABORATORIES -
SOUTH PLAINFIELD, N. J,

July 2, 1971

Drill Core - Superior East, Arizona

o

Handpicked Native Copper

SAMPLE No. A - B C D
Cu CiC Ciic cic CIC
Si 210 LiiC T34C HC
Mg S+ S+ S+ IHC B
Fe s s S 8-
Al S S- S= MG -
Ca S M+ M= S
M¥n - M- M- M-~ M
Ti M TR L TR 2
Bi FTR TR TR TR
Q e FTR FTR FIR | TR
~ 'Ba FTR FTR FTR TR
Sr FTR FTR FTR TR
" Pb R L~ TR TR
Mot Detected
As, Be| Cd, Tg, B, Aul P, Hgj Sb, P, T1l, W} Mo, V,
In, G, Zn, ¥i, Co, [Sn, Cr
CODY,
CMC - Chief Major Constituent ;50
MO -~ Major Constitucent 10-50 _—
MC - L~w Major Constituent 1-3.0
: S - Strong  .1-1 —
Q - M ~ Moderate  .0L-.1 v
I: el ]JO\] .u 00]-" . 0]. _—
T3 - Trace  L.0005-.001
JON = Yaint Trace L0001-.0005 . —
Vo T - Very Yaint Trace <::.()()O_}.=--"\'J. DIV
N.D. ~ Not Dotected
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June 23, 1971
Mr, V, Kudryk

Asarco - Contral Research Laboratories
South Plainfield, N.J,.

‘Buperior East
Arizona

Dear 8ir:

Herewith is a piece of drill core from our deep
hole project on the Dacite Blateau between Superior and
Miami, labeled Hole M~1A, depth 4209 ft. This is a boulder
in a Tertiary conglomerate,

The native copper is obvious but we wonder 1if it is
a replacement of a copper sulphide mineral. Perhaps the
scanning electron microprobe will reveal sulphur associated
with the native copper? Would you try please and charge
Q this to project MA #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-gquantitative spectrograpnlc ‘analysis for
minoxr elementsa

Thank you. v -
' Very truly yours,
Oﬂrig}r“alﬁsllgned By
. , John J. Collins
CC—WLKurtz//

American Smelting and Refining Co.
P.0., Box 5747
Tucson, Arizona 85703

JHCourtright

' Nt AARL asy aesspll #7/@,;42;/%/@ S
Q _ W%j{% ngj 3l 2-3557. 3%@% et

D60 % cempte
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AMERICAN SMELTING AND REFINING COMPANY
Tucson P _ Arizona

November 30, 1971

TO: R. B. Cummings

FROM: - G. J. Stathis

| received your core specimen of Whitetail rock from drill hole DCA-1A
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, Naz)(AIZSi70]8)'6H20. ' : ‘

Cheers, :
f‘/{w/

- “g—gtzjzr——-»

George J. Stathis

GJS:lad

ccs JDSell=&)
WLKurtz
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Xs/,qu{\cé AMERICAN S | |
MELTING AND REFINING COMPANY
_=
CENTRAL RESEARCH LABORATORIES

WILLIAM 7. ROE SOUTH PLAINFIELD, N, J.. 07080

DIRECTOR OF RESEARCH

VAL KUDRYK
MANAGER, MINERALS RESEARCH

H. E. HOWE December 10, 1971

MANAGER, METALS RESEARCH

Mr, James D, Sell
Southwestern Exploration DlVlSlon
TUCSON OFFICE

Superior East Project
MA-0010-04 - Microprobe Samples

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.

V. Ku ryk

VK/1k
Attach.

ce: JJCollins
RBHaagensen
EMartinez
WLKurtz
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ASARCQ AMERICAN SMELTING AND REF!NING COMPANY _

WILLIAM P. ROE

CENTRAL RESEARCH LABORATORIES
SOUTH PLAINFIELD, N. J. 07080

DIRECTOR OF RESEARCH

MANAGER, MINERALS RESEARCH

December 8, 1971

) ‘MNAGER,M!TALS RESEARCH . . Ref. 3175

MA #0010-04

Dr. V. Kudryk
BUILDING

~.Superior East, Arizona
- MR-229 and 230

The two following drill eore samples were received:

' MR-229  Sample A- 4 #5090 Lithic tuff
MR-230  Sample A- #5106 Conglomerate

"The samples were microscopically examined in polished
section to determine the relationships between the
contained native copper and cuprite, Cup0. 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- 0).

Microscopic examinations of both samples indicate a similar
relationship between native copper and cuprite. It is.
~apparent that the native copper primarily occurs in these
samples unreplaced, 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 emplaced 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, MR-230) shows
part of a large magnetite-ilmenite grain. Occasional‘large
grains of this material occur in this sample in fairly close
association with the native copper or with the cuprite.

RBH/1k R. B. Haagensen




SuperiOr'East Arizona
Sample A-U4, #5090 (MR-229)

T e R Y

i | e . No. 2

: e 125X, polished section, polarized

incident light. Phases shown are

native copper (dark with copper

highlights), cuprite (red to red-

: gray) and gangue (remainder). Mos%
of the native copper and cuprite

i . are below the polished surface.

b 3 Cuprite was not formed from oxidation

g gm765M* of the native copper. :

No. 2

125X, polished section, incident
‘light. Another area of the sample
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.




Superior East, Arizona

<:; | - Sample A-L, #5106(MR-230)

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.

TR

b 5, :; Y iﬁ;{ . e
A
i K

ok

P Y A TR
A J & .

No. U4

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

LR - .é— i .
; o heEB o TTI00
b S i i S e s ST s S et TTUICTON'S
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. SPECTROGRAPHIC ANALYSES
AMERICAN SHMELTING AND REFINING COMPANY
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Cu-

1200

Erich Gebhardt and Walter Obro
333 {1954). . ’

o0

1000} -

‘20 40 60 80
Cu,0 ) . Cu0O
F1G. 2069.—System Ct:0-CuQ at vari-
ous oxygein pressures. - Solid lines'are phase
boundaries according to Vogel and Pécher.

A. M. M. Gadalla, W. F. Ford, and J.

>White, Trans. Brit., Ceram. Soc., 62 {1} 57
(1963).

1400

1000} 4

’ Cu+Cu,0
600} . . ‘. -:

i

L 1
Cu 5 50 75 Cu,0
Fi6. 7.—System Cu-Cu:0.

wski, Z. Metallk.,, 45,



Cu-Fe-0O

Tenorite Delafossite

(CuFe0,)

Cuprite

hY2

N

Hematite : -
Magnetite , . Tenorite

Cuprite

Cu
Atom %

ch. 2136.—System Cu-Fe-0O; stable asseinblages below 560°C,

the lowest temiperature a* which wiistite is stable.
bly holds at 25°C.

R. A. Yund and G. Kullerud, Am. Mineralogist,

Cu~-Fe-Q

Fe

.

Cu -

f

Atom %
Diagram proba-  gyg. 2137.~System Cu-Fe-O: “stable assemblages above 675°C. the lo
’ . temperature at which delafossite and magnetite ure stable together.,

49, 693 (1964).

i
i

R. A. Yund and G. Kullerud, /. Mincralogist, 49, 691 (1964).

Hematite
Magnetite
Wustite

\belatossite
(CuFe0,)

AV4 V. \Y4 . \Y4

Afom %, ' . Fe

Fi16. 89,—Systein Cu-F 0 at 800°C.

R. A. Yund and G. Kullerud, Ann. Rept. Director
- Geophys, Lab. 1060-61; in Carnegie Inst. Washington Year
Book, 60, 181 (1951),



1600

1400

800

; 20 40 60 80 felo
CuO Mol. % e,0;

F1c. 2138.—8ystemn Cu-Fe-0, isobaric in air. (1) Represented on the composition triangle CuyO-Fe 04-1/20.; (B)
represented on temperature-composition plane. Thin linces converging toward oxygen corner are the dissociation
paths, with indicated amounts of Fe:Os, in original mixtures, Isotherms are also tie lincs in t\\'o-phasc regions. Con-
jugation triangles are shown at 1015°, 1077°, and 1020°C.

A. M. M. Gadalla and J. \\'hxtc Trans. Brit. Ceram, Soc., 65 [1] 7 (1966); D. S. Bulst,A M. M. Gadalla, and J.
White, Minecral. Mag., 35 [2753) 733 (19066).

Fic. 2139.—System Cu-Fe=0 at 0.6 atin oxygen as repre-
sented  on - the Cu.0-Fe;O4-1/:02 composition  triangle.

A. M. M. Cadalfa and J. White, Zrans. Brit. Cerant.
Soc., 65 {1} 12 (1966). .

(8)
1600 17171 T 7T
1575
&
(@)
- 7 L
: // 1:58°
Liquid 4
isoof 1 /
. /
/
o / -4
/ Lig 4
/
/ +
1200 / Spinel ss | -
/
Spinel ss 1 &
o
, Liig. + CuO VR
; (0] 60 : g
Cu0 > “Mol. % , Fe0, 1000 : Fe03 1
Fia. 2140.—System Cu-Fe~-0 at 1.0 atin oxyen, (1) Repre-
sented on the eomposition trinnde CiaO-Fe0:4 200 () repre- [ . .
sented on temperature-composition plane,  Conjugation triangle Cub+ Spinel ss
oceurs at 1070°C. K ois the composition of the liguid formed
when pure CuO mielts at 1.0 atiy oxygen at 1100°C, 800 CuFe,0,
M. M. Gadalla and J. White, Trans., Bril. Ccrum Soc., 65 N /, 41y

34 (006,
cvo 20 40 60 80 g0

Mol. %



F1c. 2141.—S8ystem Cu.0-CuO-Fefd;-Fe:0; showing liguidus isotherms at
0.21, 0.6, and 1.0 atm oxygen pressures and phase boundaries established by
their intersections. : :

A. M. M. Gadalla and J. White, Zrans. Bril. Ceram. Soc., 65 [1] 15 (1966).

Cu-Si-0 . - o ' ' /
Q ' , ' : Cu0 20 40 60 80 Cu,0
’ i F1g. 2143,—System Cm,0-CuO-Si0, at partial pressure 0.5
R . . atm O.. Dissociation paths are represenied by thin lines; com-
. . position isotherms are desmnated by temperatures; liquidus iso-
1800 ) b7z bar is shown by dashed line.
- / .
. I—=———'2 Liquids _—) A. M. DML Gadalla, W._ F. Ford, and J. White, Trans. Bril.
Liquid /L ——————— [P V- Ceram. Soc., 62 [1] 62 (1983).
/ ~1690°
1600 — / ' o — S + 8i0, ;
/ Si0, +Lig:
4
. /
1406 — ./ Tridymite + Liq. -
/- . '
7 Cu,0 + Lig.
N g
1200 i\ /] Cu,0 + Cristobalite ]
/
\V ~ 10507
1000 — ) 1025°. ]
CuO + Cristobolite
870°
800 1 Cu0*Si02 l

F16. 2142.—8ystem Cu0-5i0;. Cu** acts as a mineralizer in
the erystallization of eristobalite at Jow temperatures.  Conipilers
do not believe that this'is an equilibrium diagram.

CuO - 20 40 60 80 CUZO
V. M. Ust’yantsev; L. P, Sudakova, and A. F. Bessonov, Zh. ) "

= Neorgan. Khim., 11 [56] 1177 (1966); Russ: J. Inorg. Chem. F16. 2144,—Systent ‘Cu.0-Cu0-8i0; showing isothermns at 0.21,
(English T'ransl.), 631 (1966). : 0.5, andl 1.0 atwr O pressure.

A. M. M. Gadalla, W F. Ford‘, and J. White, Trans. Bril.
Ceram. Soc,, 62 {1} 63 (13). . .
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AMERICAN SMELTING AND REFINING COMPANY
Tucson : Arizona

December 14, 1971

TO: W, L. Kurtz
FROM: J. D. Sell

Microprobe Samples

Drill Hole A-4

Superior East Project
. e S Pinal County, 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 i,
1971.

As noted, they believe that both the native copper and cuprite were
emplaced as the respective minerals. This was the original statement in
my letter to them where it was asked as a question. No statement was made
by Haagensen as to whether the two minerals might have been associated with
prior sulfides, but it appears from their statement that sulfides in the
Whitetail were not present or involved in the copper distribution.

' The spectrographic analysis of these samples versus the M-1A Samples
shows essentially the same, with somewhat higher values in Si, Al, Ba, and
Ti in the A-b 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, :

//L;)Lu\////ﬁ d‘d/
/James D. Sell /49'(

"JDS:lad



AMERICAN SMELTING AND REFINING COMPANY

ASARCO - SOUTHWESTERN EXPLORATION DIVISION

P. O. BOX 5747, TUCSON, ARIZONA 85703

1150 NORTH 7TH AVENUE
TELEPHONE . 602-792-30i0

November 11, 1971

Dt Mol A

. s ‘
: ,@Qpﬁ” # SoFe . @ SLot

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-0010-04
~Pinal County, Arizona

Dear Dr. Kudryk:

: Under»sepafate cover are two samp]és containing cuprite and native copper.

As with your previous study of a specimen from this project (Reference
#3175, MA-0010-03, 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), | request microscopic and microprobe examinations of
the submitted samples. '

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

Sample A-L #5106. Conglomerate with disseminated crystalline cuprite
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 speciméns would also be in order,

From the specimens, it 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 will be invaluable in determination of the mode of
formation. , '

This particular drill hole cored into limestone below the conglomeratevand.

‘native copper was also found in seams through the limestone. 1 would be




Dr. Val Kudryk -2 - * November. 11, 1971

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

Sincerely,
 Quuees (.40
=

James D. Sell

JDS:lad
cc: WLKurtz

- RBCummings
GJStathis



P i *'_"’i""";wu.-...,. .
- g, .
Pl . A

Mr. Emanuel J. Nieves
5019 E. Scarlett
Tucson, Arizona 85711
January 12, 1972 '

.

. »' e i s e
Mro. Jo Sell v (/)K'ELLQ’J L2 _./ [ 2.7
American Smelting & Refining Co, b SRt 203
1150 N, 7th Avenue | AN

- Pucson, Arizona 385705

Dear Mr. Sell:

, Attached please find a report on the
core samples from DCA ~ 1A from 4716 and 5201 feet,

In the report I have included comments pertinent to

the environment of doposition and other salient features
which may bs of use in the interpretation of the
stratigraphic history of the area in which the cores were
taken.

A total of 25 hours was spent in making and examining the
thin gections. As usual, the major part of the exasmination
was used in the search for index fossils in thoss 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
$100.00, :

I aporeciate the opportunity to be of service and sincérely
hope I may continue to be so in the future.

Sincerely youiQ@

-~

[—4
7 Vi - Cor .
AT ST T
/ e i L/ . : /
Enanuel Nieves
y; 7 ¢ n
@/’\/ k//.’;vz._ ,,é@é. P ,zu‘?.’{'vl' : -

O - /\ ? _7‘/.;" 4 . #- .
JFaasl D, Lk e i
: VAR
eﬁj—,ﬁ?ﬁj«( e C':::'\L/ZL / /(-6’(/—7 5
2 é: 7.
A A—emzs s~ 0

_



MICROPALEONTOLOGY REPORT

R

ASARCO CORE SAMPLES DCA=-1A; L4716 feet, 5201 feet

Sample No, DCA-1A
Depth: 44716 feest
Age: Pennaylvanian

Rock type: Limestone (gray)
Environment: Shallow water, opnen marine

Fossils present: Fusulina(Ab); chrinoid 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 deformation of the formation of sufficient intensity
to crush or distort the fusulinid tests. The faunal
assemblage was typlical for that of shallow water, open
marine conditions., Poorly developned 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 cases the veins passed through fusulinid tests
thereby indicating a post diagenetic oregin. Fractures
containing iron oxide were noted in ma jor planes of
weakness, 0.8+ Where the core separated easily., In these
areas, iron oxide had also invaded portions of some of
the fusulinid tests.

Sample No, DCA~1A : o

Depths 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)
Fosgil 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 i1s derived from iron oxide staining of the abundant
fossils and or clasts which masks the bedded nature of the
rocke. The thin beds consist of angular calcite clasts and
fossll fragments. These beds were deposited in an
environment of limestonse deposition with staining by iron
oxide contemporaneous with deposition, Larger, unbroken
brachyopod valves in the limestone layers between the

thin clastic layers indicate the normal depositional
enviroument of the limestone that was interrupted =-



contd. e

by successive deposition of the thin clastic layers.
Sorting in these layers is very poor and suggests the

" gource of the clasts was not far away. The environment
of this sample although marine is shallower than that
of the gray laemstone upon which it rests.

Sample DCA-1A B o

Depth: 5201 feet -

Age: Indetermlnate

Rock type' Limestone (gray)

Environment: Shallow water, open marine

FPossils present: Chr1n01ds(Ab), Brachyopod&(F), Coral fragments(F)
Fossil preservation index: Good

Comments: This sample also reprssents a shallow water, open marine
environment however the change in the faunal assemblage
in comparison to the gray limestone at 716 feet is
interpreted as an incrsase in the depth of environment,.
The chrinoids were found to be both fragmented and whole

- . transverss sections suggesting at least part of the '
<:' assemblage is allochthonous.

Summary. Limestones from 5201 feet and h?lé 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 sample from L4716 feet consists
of two facies, the lowest is gray in color, contains
abundant fusulinids of Pennsylvanian age and rapresents
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 deposition.

Quantitative key
Ab - abundant

C - common

F - few

i ) '
' R - rare

E,J. Nieves



AMERICAN SMELTING AND REF!NING COMPANY
Tucson Arizona

February 15, 1972

FI1LE MEMORANDUM

Fossil ldentification
Limestone in DCA-IA

Superior East Project
Pinal -County, Arizona

Three pieces of core from the limestone section encountered in DCA~1A
were submitted to Mr, E. J. Nieves for fossil identification and age
designation, -

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

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 5201 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 Pennsylvanian
4998~5452 Mississippian
5452-5777 Devonian -

Mr. Hieves' report is attached.

AN e A, j‘f\ )
_L7;éigﬁggffé:/34¢£:424;
e
°f' James D, Sell

JDS:lad
Attach.

cc: RBCummings:



AMERICAN SMELTING AND REFINING COMPANY
Tucson Arizona

‘January 19, 1972

FILE MEMORANDUM

Petrographic Examination of
Cactus Breccia and Whitetail
Conglomerate

Superior East Project Area
Pinal County, Arizona

Conclusions:

1. 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 quuckly dumped ‘in-a basin. '

b, Dlabase and basic volcanxc clast material was noted only in section
TBK-5 (Whitetail). ' . e

Introduction

A conpany mémo of September 7, 1971, by J. C. Balla to J. D. Sell, states
,that “Nine samples were collected for thin section study in-an attempt

rocks and Whltetall rocks."

,lnformation supplied to the writer is as follows:

Section # "~ Description

TBX~1 Cactus breccia, road cut

TBX~-2 Cactus breccia, road cut

TBX-3 Cactus breccia, road cut

CTBX-4 Cactus breccia, drill hole A-1, 1397
TBX-5 ~ Whitetail, drill hole A-1, 1557
TBX-6 - ' Cactus breccia, drill hole A-1, 1509'
TBX-7 Whitetail, drill hole Mi-A, 2457’
TBX-8 ; Whitetail, drill hole MI~A, 3125

‘TBX-9 . Whitetail, drill hole MI-A, L278¢



File Memorandum -2~ - 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. R /\ﬂ}ﬁ""fa m

George J. Stathls
GJS:1ad

cc: JHCourtright
- WLKurtz

JDSell &=
JCBalla

- RBCummings
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APPENDIX

Notes on Thin ‘Section Examination

1. Section TBX-1 Coetios o Ontneg

Texture: breccia

Moderate to .strong pervasive oxidation.

Mostly goethite with traces of hematite and leucoxene.

80 (volume) percent of the rock comprised of breccia clasts.

Two sizes ranges of clasts:
1. 0.25 mm or less.
2. 0.5 mm to'5 mm ~-- average 1.0 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 serucntlzed (schist?)
clasts with some biotite and trace augite.

Trace secondary biotite in groundmass.u

2. Sectlon TBX~-2 554%”5'“9“JE; ’

Texture: - breccia

Weak oxidation as light: geothlte staining and trace hematlte.

90 (volume) percent of the rock comprised of moderately altered
breccia clasts.

Two size ranges of clasts:
1. 0.25 mm or less. :
2. 1.0 mm to 2.5 mm (plus? alteration masking).

Two size ranges of clasts occur 50: 507 :

Small clasts all quartz.

Large clasts composed nearly 50:50 quartz and sericite (schtst7)
with 0.5 (volume) percent biotite.

Sericite alteration extends into groundmass. Estimate 1/3rd of
rock sericitized. 0.5 (volume) percent disseminated magnetite
in groundmass. '

3. Section TBX-3 Gefus f/é“u«@w
' Texture: breccia

Strong pervasive oxidation (goethite- -hematite). .

80 (volume) percent of rock comprised of breccia clasts.

Two size ranges of.clasts:
1. 0.25 mm or less.
2. 0.5 mm to 6 mm ~- average 1.5 mm.

75 {volume) percent of clasts consist of small snze material
(a1l quartz).

‘Half of the large clasts are completely sericitized with minor
biotite and.trace augite. The remaining large clasts composed
of quartz and 1/3rd banded (schistosity) sericite.
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L. Section TBX-h Gelion - el hote Al

Texture: breccia

Moderate to strong oxidatiorn (goethlte hematite).

80 (volume) percent of rock comprised of breccia clasts,

Two size ranges of clasts:

1. 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. 1 (volume) percent or so, fine biotite
disseminated in groundmass. :

5. Section TBX-5 kbt - Lo frls A=/
‘ Texture: breccia
Light, selective oxidation locally,
90 to 95 (volume) percent of the rock comprised of breccsa clasts.
Two size ranges of clasts:
1. 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 dlabase and basuc volcanlc 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 moderately. to 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. Secfion TBX-6 = (oot — LA ﬁf/ffaﬁ’/

Texture: breccia
Very light oxidation
85 (volume) percent of the rock comprised of breccua clasts.
Two size ranges of clasts:
1. 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 dlssemcnated, partly oxidized, magnettte in clasts and
groundmass.



Page 3A

Section TBX-7 | _ ‘g /] L@*ﬁw’/jpn/w¢/4,~b
Texture: breccia  ## fanll) - Kol L

Light oxidation (goethlte ~hematite).

80 (volume) percent of the rock comprised of breccia clasts.

Two sizes of clasts:
1. 0.25 mm or less,
2, 0.5 to 2,5 mm ~- average 1.0 mm,

. 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 Iaths ln»groundmass.~

0.5 (volume) percent disseminated magnetite mostly in large clasts.

Section TBX-8  /itted -l 24 for ﬂ////*

Texture: breccia

Light oxidation (goethite- hematlte)

90-95 (volume) percent of the rock comprised of breccua clasts.

Two ‘sizes of clasts:

1. 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.

.5 to 1.0 (volume) percent biotite laths in qroundmass.
0.5 (volume) percent disseminated magnetite mostly in clasts.

Sectlon TBX-9 zhké423éc¢/ «/ﬂszﬂé/%%f‘/é/Vyﬂ
Texture: breccia ‘
‘Light oxidation (goethite-hematite).
© 90 (volume) percent of the rock comprised of breccia clasts.
Two sizes -of clasts: ;
1. 0.25 mm or less.
2. 0.5 mm to 5.0 mm -- average 1.0 mm.
Two size ranges of clasts occur 50:50.
Large clasts mostly altered to sericite clay (kaolnn) 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 groundmass.
5 (volume) percent disseminated, oxidized magnetite.
2 to 3 (volume) percent gypsum' lntlmately assocxated with chlorlte._,
Trace epldote. '



TOo: J. D. Sell

FROM: J. C. Balla

AMERICAN SMELTING AND REFINING COMPANY

Tucson

Arizona

September 7, 1971

Thin sections,
Cactus Breccia

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. The interpretation of the thin
sectionswill be by George Stathis. The location of the samples is

as follows:

TBX-1
TBX-2
TBX-3
TBX-4
TBX-5
TBX-6
TBX-7
TBX-8
- TBX-9

JCB:lad

cc: GJStathis
RBCummings

Cactus Breccia, road cut
Cactus Breccia, road cut
Cactus Breccia, road cut

Drill
brill
Drill
Drill
brill
Drill

hole A-1, 1397  Cuelu B~
hole A-1, 1557'  &itled
hole A-1, 1509'  Cowlas I
hole MI-A, 2457¢ @hEsD
hole M1-A, 3125 N
hole M1-A, 4278' -




AMERICAN SMELTING AND REFINING COMPANY
Tucson Arizona

January 20, 1972

FILE MEMORANDUM

Petrographi¢c Examination of
Thin Sections from Core Holes
M=1A and A-4

Superior East Project

Pinal County, Arizona

Introduction

Seven rock samples, from Superior East Project, . were submitted by J. D. Sell
on ovember 11, 1971 for thin section examination. The samples were notated
as follows by R. B. Cummings:

1. Sample #1 (2981' depth) drill hole M-1A.
Porphyritic quartz monzonite from slide block within Mlocene
Whitetall conglomerate.

N 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.

N3. 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)7

#ﬁh. 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? o

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

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

7. Sample #6 (6612' depth) drill hole A-4. |
Biotite quartz monzonite. Highly sheared portion of equivalent (7)
sample number A~4-1 above. '



File Memorandum -2 = January 20, 1972

Thin-sections of the seven rock samples were cut and examined last month.
At that time, a brief summary of: the exam:natlon was reported verbally to
Messrs, Kurtz and Sell.

Th|n Sectlon Descrrpt:ons

1. Section M-lA-1  (Z987)
Texture: Medium grained, hypidiomorphic-granular.
Slight tendency to porphyritic texture.

60 percent {volume) plagioclase.

_ 20 percent (volume) quartz. Some guartz '‘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-bk-] (4654 )

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 1/4") quartz 'eyes'

Less than 10 percent orthoclase phenocrysts.

6 to 8 percent biotite in groundmass.

Biotite shreddy, 1/3rd altered to chlorite.

Feldspar phenocrysts moderately altered, 1/3rd to locally 1/2 of the
feldspar phenocrysts surface a)tpred 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 hand 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).



‘Fi]e Memorandum -3 - January 20, 1972

Q

3. Section A-hk-2 (Mm») |
Quartz-biotite~chlorite~sericite schist, Some quartz veinlets

parallel to and nearly at right angle to the schistosity.
0.5 to 1.0 (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- h -3 (6573 )

Texture: Cataclastic.

Quartzite and quartz-sericite schist fragments.

60 (volume) percent ferruginous (hematitic) groundmass.

6 {volume) percent disseminated, bluish-gray, fine grained,

opaque grains noted in groundmass believed to be chalcocite
(copper assay return from 10-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.

i)
5. Section A-h-y (4sC2
G ' Texture: Highly contorted, banded rock..

Fine quartz crushed. Selective, goethite staining along bands.

Opal along bands. Minor chalcedony veinlets, fine Kaolin 7 clay.
Conclusion: Mylonitized siltstone 7

6. Section A-4-5 AL )
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 alonqs;de recrystallized quartz bands (with
magnetite).

Traces sericite. Bulk of rock fine clay-quartz aggregate.

Conclusion: Siltstone. Mative copper concentrated along beddlng
and strong preference to deposit along edge of quartz-rich zones
locally recrystallized (augens common). Magnetite shows similar

detrital association with quartz.
7. Section A-h-6 (4£727)
Texture: Porphyry Cataclastic.

Groundmass is much finer than A-4-1 and accounts for 40 percent of
the rock volume,

Mylonitized.

70 percent of the phenocryst volume consists of plagioclase, 6 percent
biotite and the rest quartz (quartz phenocrysts are smaller than

6 : those in A-k-1).



File Memorandum -4 - January 20, 1972

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 (dolomlte7) 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 assumnng porphyry texture is a primary feature).

. ffﬁ, ///447 7Y om Mw?() /7-4 44&7/6)‘0’%
o 7

George J. Stathis

GJS:lad

cc: JHCourtright
WlKurtz ) ‘ ‘
JDSell “&=¥ s

RBCummings



AMERICAN SMELTING AND REFINING COMPANY
Tucson , ; - ~ Arizona ‘

November 11, 1971

TO: G. J. Stathis

“FROM: J. D. Sell

Thin-Section Examination
Core Holes M-1A -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. . : R

M-1A-1. Depth 2981, Porphyritic quartz monzonite from slide block within

Mnocene Whitetail Conglomerate.

A-4-1. Depth 6656. Porphyritic biotite quartz monzonite (?) or grano-
diorite (?). 10-20% secondary K-Spar (?), salmon-colored, as replacement
band along fracture planes and in phenocrysts. Trace of pyrite and

) chalcopyrlte.

&

CA-h-2, Depth 6602. Quartz biotite schist, well banded. Trace of pyrite

and chalcopyrite. Could it be a mafic- rlch border phase to the intrusive
(samples A-h-1 and A-4- 6)7

A-4-3, Depth 6573. Cemented fault gauge. Could it be Whitetail

- Longlomerate? Are catoclastic textures prominent? ‘What is the gray

sulfide -~ is i: detrital?

A-L-L., Depth 6562. Silicic limestone. Could it be a siltstone?

A-L-5. Depth 6445. Silicic limestone breccia or siltstone breccia.

A-4-6. Depth 6612, Biotite quartz monzonite. Highly sheared portion of
equivalent (?) sample number A-4-1 above.

;”:/’James D. Sell
- S
ce:  WLKurtz

‘RBCummings

~JCBalla



AMERICAN SMELTING AND REFINING COMPANY

- ASARCO SOUTHWESTERN EXPLORATION DIVISION

P. O. BOX 5747, TUCSON, ARIZONA 85703

1150 NORTH 7TH AVENUE
TELEPHONE 402-792-30t0

November 12, 1971

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=-1A~1, A-k-1, A-4-2, A-4-3,
A-b-4, A-4-5, and A-4-6. The rock samples are Iabelled R= 328, 329 and 330.
,Please note samples A-4-3 and A-4-2 require an oriented cut.

Yours truly,
%dﬁ e

George J. Stathis
Geologist

GJS:lad .



Q AMER!CAN SMELTING AND REFINING COMPANY
Tucson Arizona

January 27, 1972

Memorandum

T0: W. L. Kurtz
FROM: J. D. Sell

Age Dates and Petrographxc Examination
DDH M~-1A and A-4

Superior.kast 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 NHovember 11, 1971, while the petrographic request was submitted to

G. J. Stathis on the same date.

Sample M-1A-A is a weakly altered porphyritic quartz monzonite with an age
date of 59.9 t 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 mtneral district. o

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.

3

Copreer L5800

James D. Sell -

JDS:lad

™ | Attach.



24 Blackstone Street, Cambridge, Mass. 02139
Telephone TRowbridge 6-3691

rochron
_ 'ﬁiaéora lories,

20 January 1972

J«.C. Balla

American Smelting and Refining Co.
Southwestern Exploration Div.

P.O. Box 5747

Tugson, Arizona 85703

Dear Mr, Balla:

Enclosed are the analytical reports of the K-Ar 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 any 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.

.W//%/wﬂm

Richard H. Reesman
General Manager

RHR /dm



KRUEGER ENTERPRISES, INC.
' | GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET o CAMBRIDGE, MA. 02139 o (617)-876-3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WO\RK‘
Our Sample No.p 2178 Date cheived: 1 December 1971
Your Reference: A-4-C~121 Date Béported=19 January 1972

Submitted by: .J¢C. Balla
American Smelting & Refining Co.
Southwestern Exploration Div.
P.0. Box 5ThT , i
Tucson, Arizona 85703

Sample Description & Locality: Granodiorite

Material Analyzed:Biotite concentrate, ~40/+100 mesh.
Purity greater than 95%.

Ar40%/K %0 = .003725 AGE = 62.6 + 2.3 MY,

Argon Analyses:

Ar4°* ppm. Ar 0%/ Total Ar4° Ave. Ar*°* ppm.
.03099 .680 .03122
03144 .638

Potassium Analyses:

% K Ave. %K K*°, ppm
6.900 6.868 8.379
6.837 :

Constants Used:

A8 =4.72x 1071°/ year AGE =
Ae = 0.585 x 10719/ year

0 K40/K = 1.22 x 10~ g./q.

Note: Ar “°* refers to radiogenic Ar*°.
© M.Y. refers to millions of years.
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KRUEGER ENTERPRISES, INC.
(GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET o CAMBRIDGE, MA, 02139 o (617)-876-3691

POTASSIUM-ARGON AGE DETERMINATION

REPORT OF ANALYTICAL WORK

Our Sample NG~ 2177
Your Reference: M=1A-A
Submitted by:  J.C. Balla

American Smelting & Refining Co.
Southwestern Exploration Div.
P.O. Box 5Th7

Tucson, Arizona 85703

Sample Description & Locality: Granite

Material Analyzed: Biotite concentrate, -40/4+100 mesh.

Ar 20*/K 4.0 = .003561 AGE =

Date Received: 1 December 1971

Date Reported: 19 January 1972

59.9 + 2.2 MY,

Argon Analyses:

Ar4%* pom, Ar“°*/ Total Ar*°

Ave. Ar?°* ppm.

.03291
.03278

Potassium Analyses:

% K
7.514
7.605

Constants Used:

A8 =472x1071%/ year

Ae = 0.585x 10719/ year
K4/K =1.22x 107 g./g.

Note: Ar?°* refers to radiogenic Ar“°.

~

M.Y. refers to millions of years.

.540
+547

Ave. %K
7.559

AGE =

Ae t

.03285

K40’ppm
9.222

40 *
x Ar

K40

In| 281 e
>‘e

$
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G : : 24 Blackstone Street, Cambridge, Mass. 02139
: o » - Telephone TRowbridge 6-3691

COCIIomn

£géaraforied,
3 .

{20

BaaTe
et et
Hir T

n
LT
£

1 December 1971

J.C. Balla

American Smelting and Refining Co
Pouthwestern Exploration Div.
P.O. Bog 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,
GEOCHRON LABORATORIES DIV.

 Richard H. Reesman
General Manager

RHR/db



AMERICAN SMELTING AND REFINING COMPANY
- Tucson - . . . Arizona

November 11, 1971°

 MEMORANDUM:
TO:  J. C. Balla
FROM: J. D. Sell
Age Dating

Superior East PrOJect
Pinal County, Arizona

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

Sample M-1A-A is from 2935-2945 feet in drill hole M-1A. 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
. 4 under sample number M-1A-1. 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=k, 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. SampleA-4-A is the coarse
reject from assay sample A-4-C121, A sample, A -4-1, is also being
submitted for thin-sectionexamination.

Opes $0.8 00

o James D. Séll
JDS:sg

cc: WLKurtz
' RBCummings
GJStathis
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CENTRAL RESEARCH LABORATORIES
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WILLIAM P, ROE
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i

Mr. W, L. Kurtz
Southwestern Exploration Div.

TUCSON, ARIZONA

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

o R /0‘%@

ke

VK/1k
Attach.

ce: JJCollins

RBHaagensen
EMartinez
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AMERICAN SMELTING

AND REFINING COMPANY

CENTRAL RESEARCH LABORATORIES,
SOUTH  PLAINFIELD, N. J., 07080

V. Rudryk

I

[

LDIRG

March 17, 1972

Rafi 3175

Core Samnle A-2 (MR~2064)

Hp7t -4e 78 /mﬁ

The attached photomicrograph shows & portion of & vein of
gray metallic materisl presant in this core sample

£ l-.#}wq ~

ction identified the ny

aberial as a mixture of

chalcocite, CupS &and hematite, FegpO3.

Polished section, 563A. Dark areas
are siliceous gungue Lighﬁ areas.

arg chalcoclite., Ro ﬁdﬁd gray _areas

axye hematite.

Widest part of pangue

at left measwres aboul 200 microns

ECTOER .

E~ray



Dr. V. Kudryk -2 - - 3/17/72

From the photomicrograph it is appavent that the chalcocite
_is a replacement of a former mineral {perhaps pyrlte} and
has disrupted the earlier colloform hematite 1ln many areas.

R. B. Haapgansen
REH/dm

<
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AMERICAN SMELTING AND REFINING COMPANY,
ASARCO . SOUTHWESTERN EXPLORATION DIVISION
- P. O. BOX 5747, TUCSON, ARIZONA 85703

1150 NORTH 7TH AVENUE
TELEPHONE 602-792-3010

March 9, 1972

Mr. V. Kudryk

Central Research Laboratories ,

South Plainfield, New Jersey 07080
: Deér Val:

| am enclosing onevcore'sample (A-2) containing a steely, gray,

soft, métallic mineral. Thié.mineral contaihs copper, but does not

'"look ]iké“ chalcocite. VWould 90u kindly identify this mineral for us.
| Véry truly>90urs,
' éffifff"”’f _

WLK:1ad
Enc.

cc: JDSell =g



AMERICAN SMELTING AND REFINING COMPANY

ASARCO

ESTERN EXPLORATION DIVISION
RSP~ ‘SOUTHW S R XPLO
P. O. BOX 5747, TUCSQN, ARIZONA 85703

1150 NORTH 7TH ‘AVENUE

TELEPHONE - 602-792-3010

March 30, 1972

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

Dear Mr, von Huene:

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

The core samples are all pref:xed ""A-2'' followed by one of the follownng
numbers:

4253 | Lo

4262 T L2
4308 _ kg
4340 : - hhs

4360 : hh59
| Yours tru]y,

QW /uw

James D. Sell
Geologist

JDS:lad



AMER|CAN SMELTING AND REFINING COMPANY
Tucson Arizona

May 5, 1972

Memorandum

TO: J. D. Sell
FROM: G. J. Stathis
Petrographic Examination of

Specimens X~14, Z-1 through Z-4
Superior, Arizona Region

Location: Unknown. Samples Z-1 through Z-4 said to be Manitou granite.
X-14 is Lost Gulch quartz monzonite.

Conclusions:

Samples Z-1 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 'milled-down'' material, :

The sample X-14 of Lost Gulch quartz monzonite differs from the 'Z% series
of samples. Presence of Topaz (greisen 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.
Plagioclase 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 assoc1ated wnth quartz.
5% biotite by volume.

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

1 to 2% disseminated, late magnetite replacing secondary bieotite and
large sericite grains.

Relationship between secondary biotite and sericite not clear. Appear
to replace one another. Associated with late magnetite. introduction. At one
corner of slide are traces of garnet with minute chlorite inclusions.

Rock is moderate to strongiy.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 alteratlon in plagioclase
50% surface volume). ‘

75% phenocryst volume (qtz-feldspar). More quartz than Z-2. Somewhat
more K-felds. than plag. (<10%) 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 blotlte in groundmass. Biotite-sericite
relationship ? as in Z-2. '

1% dissem. magnetite derived from biotite, unllke Z-2. Thus, some
blotlte may be altering to sericite.

Rock similar to Z-2 in that fracturing and other cataclastic features
common .,

Section Z-4
Texture similar to Z-2 and Z-3
80 to 85% of rock phenocrysts. v
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 orthoclase, plus some plagioclase.
Groundmass resorption of phenocrysts common. 2-3% dissem. sericite flakes
in groundmass. Disseminated magnetite, up to 0.5, by volume, oxidized to
hematite. No secondary biotite (completely ozidized). Trace Zircon.



o

J. D. Sell ' -3 - ' May 5, 1972

Section Z-1 :
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.
10%. plagioclase.
1%2 disseminated sericite grains.
‘No biotite.
2-3% disseminated magnetite (mostly derived from biotite originally)
oxidized to hematite. Llight, limonite dusting of feldspar gives reddish
cast to rock.

Section X-14
. Medium-grained, hypidiomorphic granuler.
Rock differs from 'X' series.
10 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.
1% 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

(Kaolln 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: JHCourtright
" WLKurtz



m AMERICAN SMELTING AND REFINING EZI:,PANY
‘ RN EXPLORATION DIVIS!
ASARCO SOUTHWESTE
P. O. BOX 5747, TUCSON, ARIZONA 85703

H50 NORTH 7TH AVENUE
TELEPHONE 402-792-3010

January 13, 1972

J,
//ZCQ_L<—’// At J
/ Do G Ve G-

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

-Five rock samples were mailed to your laboratory today. The rocks
are labelled as follows: X-14, Z-1, z-2, Z-3, and Z-h.

Please prepare one standard thin section of each sample.

Sincerely yours,

SN D TS

George J. Stathis
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AMERICAN SMELTING AND REFINING COMPANY
TUCSON ARIZONA

June 17, 1974

Memorandum to: J. D. Sell
From: F. T. Graybeal
Hydrothermal alteration in

AFl 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 AFI

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 5-10% 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 (2-10%) and calcite (tr-1%) 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-1-20. The presence of
moderate cataclastic deformation features makes it unclear whether the
kaolinite is an alteration mineral or simply part of a mylonite.

* Nolo: 2P A-1- %J/% AI-7- /cl/u/ p

f*ﬁﬁ.
P



J. D. Sell -2 - June 17, 1974

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-rich
inclusions were seen.

In summary, hole A-| 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 | 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-1-20. 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 10-40 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 mederate salinity.

I'n 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+-| and A-2

The comparison of alteration in the two holes is admittedly difficult
due to significant 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-l.
In addition fluid inclusions in A-2 are larger, more abundant, and contain
a more saline hydrothermal solution than in A-1. Although the fluid
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-1 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 fluid
inclusions in the granite porphyry in A-2 are similar to but not as abundant
or saline as fluid inclusions examined from a single granite porphyry
sample collected from the OxHide deposit. Thus it is possible that the
center, or most intense zone of alteration-mineralization has not yet been
intersected in the Superior East area, if indeed one was or is still present.

¢

F. T. Graybeal

FTG:1b
Attachs.

cc: WLKurtz
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AMERICAN SMELTING AND REFINING COMPANY
TUCSON ARIZONA

November 8, 1974

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.

A1l 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 10-30 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
L4662 contained orthoclase with an increased abundance of very fine~-grained,
particulate iron oxide inclusions, which | 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 1, 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 Al-1 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.



J. D. Sell -2 - November 8, 1374

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 4375 are both cataclastically deformed and contrast strongly
in this regard with the basement schist samples in A-2 and Al-1. Calcite
is always more abundant in the cataclastically deformed rocks.

A comparison of DCA-3A with A-2 and Al-1 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 Al-1. Such a variation might indicate

weaker alteration in DCA-3A.

F. T. Graybeal

FTG:1b
Attachs.

cc: WLKurtz - w/o attachs.



PETROGRAPHIC ANALYSIS

Section No. nNeA-24 /_(327
y Rock Name
aracnde " porthyry
Megascqpic description
redﬁJ~u\ -—E\’b\—w Ca,\/Ll l/\,a/wé(\ F"Dkﬂ h’e,,d a Pcf’f’e'//hi'{{_ f%ﬂ M‘l/(d

M»pwm. c:aowd-e Sfa/\w,,zp (M L“t& u&’w‘lz - Q 1/ Qr . ovf@a (?> Ql’o& 2y 4
HMM VQ\AIﬂ ‘U-‘do S@.ﬂQL ﬂruﬁc c{ VD’{" ai’(’%w; P 4 & e na_tw
Cr@Q:Q\A’Q céeor s Uwo‘u’ar. - ¢ H M,p Lcw& ’ “

Microscopic description

Minerals

O{U‘Wl""-' % N-f/e C—‘R" FOV“‘ZL%O a«.,o weal ma/kbo (wwcsr.fy M M‘J'a L"M
‘"“’Ha/ nnd ,vﬂ-?vctfv smop/lvmc ufevat\ Ma-'zncffa/\ afzr -’—ut 1”4
ﬁ‘@W'\’e\ By LOVvedion } (L ,é 7y Mw{' C,\; C:f 9&«,&5/4“ Ha—p&y EQUIAIMG

A KA

q o
: Of'{’e«-oe,\a—ae-?;.(@ 109 el Cﬂv-?céu 1o /-,,u cv.a') 25)23 voak - -( -, aM/ezAm/p
| makenal in o matix = some 3} whcdy hat mpwt rtd]
. 4 | ﬂ-mmam;% Foo—ndk M.Jle..r\a)j
| P““(\O&(a&.e,u 109, ; r&wxnan/Lag W()ar GVbJﬂ/p ,z/Qwocvy.\ /nowauc%/f--t c_b«’
\Hol& - q@ el = cq,/ ;,vuwér,,ﬁ B : S _
M2 m' - > p&&#mma:’te«»@
S:v’ncaj-e. S/., ' rvvo:H/ Ql‘{'znnﬂ :ﬁ[az-«foc, a42,/ ﬂeu..m ™ Pf&

' (CQb(AMTL - 2090 y £¢ -‘»‘U‘ M aeddied a,quzqg, <y ::W:jz'zc(wdaae (s {Lm.,ﬂ,, Lao or
Ff:_Ox - 2% notle \‘7?&46‘4"

Textures ' |
ey‘{'\)vﬁ N FD"f.V\/rhhc m\fe\ f}/ew {:4 -)) f‘H\O - Al P e
O Cfy o ¢late — Qua - plagrociase.
lMoLI{Z (( - /\a/l/ YR g ; . '
‘4o, www-&v ) - - a,%lzmm’-éo . ﬂ | k. ”_L.dmx i
NQ‘I’UM -~ 5(041 a,l*\—wc:e;m (Ly?ﬂﬁ/m— Sopevs ) Uﬂ&(-adf'

' Najﬂj& {S) Mq,"(’n)( \QPQ, @&o unce”‘{ﬂu OC-CG-MW/Q ‘-Tg_ oxnc‘-a l—nﬁl(.d/l’\d
4/0- 065urwv~¢,a4 %n bequMA/L-Q M Sovre @LA—F&«M ?UjM

. a_.%é M.oz‘r/v.a/t Y Lyc{m%w-_ﬂ/p on%zln

F;JMM rajf\sd Maé‘cq/{z vzﬂ/&u a q 1 MOAT ‘wr — 5(“ ‘M‘“"’L"‘
Schultze Mm ,

.‘ ) . 2
F(u!’c‘. w\c(uﬂm./ Ael .—-a,,\,,c./ ;(,‘7 ‘{.YPLI \0{ q(‘)k(



PETROGRAPHIC ANALYSIS

Section No. ODCA -2 4 1 HHLO

Rock Name

avaai, po v
[N}

4
oty

Megascopic description

: Nmp e, L\zwcl lf(aé rgwu,,\_ nmm aac,@() vau{l Por M~Jﬂf cw\(’ﬁxcv,fm )eJMvwé {"j
ot Y (M Praks

LC W\aﬁ/ﬁéa.tc, or chi/{)‘l"» W.w'/“.)“ -J" A W/& perv et 2
i (
no Vc’/ifls o ri Fpaﬂ—d'f

Yrace ’0 (eaz/b/@ pynTe J«fﬁz F‘}‘"(‘MM @,ufa,g Qe 60‘\(“%
PWL“/M}'\ elay - W“"‘z Ew;l«“& s £9), |

~a

Microscopic description

Minerals

GUQ?‘{Y »‘ZDA 5/:, nw-p.-cqr rmA,@
(a—rj&v\q vl § L)élp r\u/p

UMD rvn oLMSM

u)/_gw ou SW lv‘rlo(b(af ¢°r'°<‘-(—“"p

Sr Sa;uaz\ aﬁu:ofammw. g nd
in ma /vx

'c/-w»oa‘a#?— - 4D'> rw.al«% Mﬂpar MLM«O rrweé,u‘.am jfmu " Ma{'-’\/ rzzwDL ' 0;
’ ’W werpit — ke S rent md -7 < HoH
. Mu @Lvna f P/Qu’ 7‘ / MJ%@MH @

'{‘rm@){‘ c.wl s arddne
P\a&@o(/‘w - 7-090/ &l&-()ﬂyé m{‘,p q/' P(ﬁfwcl?f\L

bt 1 ql& Cora t‘/&L>/ P,ulf,; an “i;'. s«‘,,-.-gim
Ovive -
M&T‘A - 19,

L 'le' g@, ,, M{} -CSH’ Q,u- ¢ ‘Q’ellﬁav\d ‘(’ . m.us:owt
CDVQLO +
kaskh

PO AP 15 miman

k
ml-b Q‘p Makgwt. Car o.gs-uajb n&f)b%ﬂ ¢°~4s/ F’(&a oa[e.«.e

Textures

UJ&QL’IV PUV"%‘&Z);‘P¢/ _-{é‘tzé W.’} pY! V\M{ﬂf—f—a 43&7 CUf AD \a{%‘z L\\P@/ Dy .rwb

i ‘HMw&&

Niﬁ«.) A&wd«“' uML’dy- — ?fu,w.«_& Tm eoré % P’?&ﬂ w»wgié A/Po : : :
TL& cwd - v\:)ﬁ e Pav may well he hy Jvo‘H\zWQ H\S pretewce  May he WP@LLlf
) | MW 4@4 comcb.,p - \o'b'{t/\v\-j Lorz:\‘w-d m@ua()ﬂe quth‘z fy@mom:b

Flod roclgraw oy rwé,l rav-c. _

oy



PETROGRAPHIC ANALYSIS

R Sectuon No  DCA-ZA - 4662

‘ _ ' »Rock Name ‘
| | 3M\f’~ P°’f’€‘7'7
- Megascopic description -

ﬂmywé, Mas§ie, umwﬁ{:,] (mgwﬂy w~[ i ‘m.ﬁ,rjm, vin - i ke raed
P""\‘ \[‘-”/P’ﬁ'}’“’- Foww,r f/p-m(loo A PLeMcarydk ave H/QA.I q”,p Soé'(”'(c,/a/l
*eva“t\m ZB %(&M 2”0 - "(0)0 an

6’4/]!&( vnebugtans 57 mw&um a/u«mp xwem
j 3- X/o \-‘-,—(/e p‘{al ‘e v{a,ity " avwmle,

' ”hnow muScovs 'Lc oA jam\‘mw‘k’
vevy sanovr l\Wm& on towe Kpmetures

Microscopi'c description

Mlnera]s

Ctuarl--ZO DD 89 WO ‘j"’ mmi&—@ PL@AOGPA{"‘ / IZ‘D :qr ML" ["m@ uoatd

aqurc(twv\ z&as’m i w\.d‘("ﬂx .

Of‘HW’—(«m S‘D@ S@D in m.e,.o—c \ G o I,ém,p vt w. FeDx pa-tncll
| ‘ “{"’“—’”L' J ‘1‘59 va(bl c‘oqu-prypm M’é")‘ ) e s’”""/a
o‘g k.\gvr Lu a/LW\,AM %ao, pa¢ c

. , ~ .
@’ D\azy‘cclaue Sé, ¢vbz¢$m,@ p(/wocv/ﬂd Masﬂy a,r"aré-c Yo Ca’“]

bade - é"),, j 25, i Mpﬁr sz/b-d 49, -er v i fon. ’2“”"“‘["‘4"“7 bo
M&iyi){'t .
Src‘-ﬂcn'{:C— 3c>°/ n -Q{‘L ~ '
: (cag(; {Z{) lS /o/ CM ar, bdle ﬂff’ﬂ%ﬁl—g ‘°"""&) H“@”c a¢e (M“+“°“ “0"‘*65
aPaLfe +- y o4l 5"@!&1 [Mﬂ’-u{z .

C‘a,{m € - 17

Textures

' Vvl Ty 2ol cotvenais of N Le,%,, £« M,,L,HMZ i los "L
o +o C{L‘(t:l?_ QCCWQLQ\,’ Wnooa Sf«au +‘éi “&{‘Z‘ ~ ) avea
‘ a/l- \( rDVC. w /F(od,p qwié r&yry %u s&.'i;:” x-l- 4 u»olddr
et e e boedaia g)J,, e bl Lgar ot chally Yiokr e
awen Hol @ - aven' Y ohviews mekaay.
ln geve: p{) He 2am w aa.(oe‘,@,( &DL{L Q,qu cateann  Aissom. Q/t'}ﬁ
o rare gr?wor,lm (gruﬁvk aHreve,pu;uav)/ no p;Q%c.s/JH . a’f( “z
: Lu wore  FeDx Mw\dé crvd -{/La,.,\ @ mm,j Q,,. e tAix Afhr 7 ‘(‘Le
e - Sechokee, Tlewe 2omaq 25 -269, 3)4’445 S&;C{M Mey rzpm‘% 6““’%
‘ PDI’Q-fﬂ( a,HtraTtm (szw? " ‘mw? Spe. a4 ch%fu‘ D"UQ‘V ravd ?V‘ ‘/“)
D""'“w*[ \XOJ) {l Yolof Lafﬂr ok & l\yclm“{’twmé

Flod mu( rar, ;4,_'1 _\,y{&l (M ’(‘Yf‘—3, /,mua,“\\ ‘ . ‘(0126[‘7‘(



PETROGRAPHIC ANALYSIS

Section No. DCA=-2A: 4493
»Ro‘f.k Name P
| | : gamnle” porpdye,
pic description : ‘
w‘:\f({«‘ /»N\Mvc) porP’{'/n ¢ Efdak;ﬂt w.o |I$ é’);, 7%7!1 1—"64}}4-/
2% p{>e ; oc et pﬁm

Megasco

- auyf}'s 2wt éD'HI

Vem-[i @ Lendd ,» fdfy‘d ém{&, (ﬂ qu-

l\wvow( €

/réfzma.:. ;73‘4'5/' w@nt
pm,‘wu{‘ aL}‘. xlo (_,laui/ ,S% ‘M‘DLl"itﬁ 4 (n’wQ
acw raz/?c . N F’“’“ P w,a.JW\'xJ' o Pyh?“e or

Microscopic description
‘ " Minerals ' : . T '
quaite - lféo b, 50/!\; in c.gr. rv%a‘tf.o Pcwoa)/.({'d Y, 'IO%_) ma[}.dr." %LJVJ M«z‘('v'\x
ermc{é«‘ag- 2_0»‘>z,/' Mosl{% Mbpar ) M«Q"V‘k/ Pa./ (_l -— a,H‘t-ké»ed ' o

P(Q‘@wld"& - 25‘_50 ; Wa"’fﬁ rtoh - cae y ehelach ,woa a.H'ev@p Maﬂ!’s :
L‘IDHZ—- _S'Qo ; ndap.ar-/ Sukb«fmé,&_sm, o '

Ma»ry&(d lﬁ - I(Do -C-mbparl a&&ééw-

cn o la - 9
Wy e T Sl sO

kaoﬁw‘.‘lch .}30‘%) M il v Cir QU’AQ_C‘M O cc;—a()\ 5(’5{105[%2/' 1"’"_?‘*“‘4 |
. ’a\\—.ab\ cr ol ae. j QMWTMP M;pul rmanttal’ ja Fffa»fmc[a&. ey Le

el fe T L A

.w&.’fc ”‘Pr- : :

‘QPQ-L;&‘*‘{’Y -

Textures

Porghyabic | bk nak skngy co che bo madom-granadmatin.

- Esﬁma—b bv\'a'na/d:,l 1500:\10 ,}L@aol% Ay ‘)o 6,%4‘% _ . Sie ra«w‘,e :

‘ rq}l’(o a IM:/Qj\ g an ﬂm. - : [}

D”V&’ 4 C Uvae« ’ tﬂ«a/d < ua)lz M,onwu;.-té (\'Le. "HL r<44“ .,
+\\Q' S Hze. / . i ’ |

ﬂvli MLLA}\W» Liata pﬂ‘- M(_/‘ Mos[w&,]' 4-/‘54( ; (;,M. Qe ul;{'tv%-bé e,

|26 [74



PETROGRAPHIC ANALYSIS

Section No. DeAL3A T Y477
Rock Name

" %‘ v
grc?/vv\ : pf:rF/Qs'yr)( s
. Megascf@ic d,gs,cription :

b whndz  gronite porhyry w159 g <bapa o coii ) 20%
A aq. gqream. are c,(aa,l q,Hav(rp J 9, lw‘ai."{:{ \:4 *CK«*Q M Glu{’
lfy a C-Iua\A’l ¥eAin MH\ L,\%Ua.‘ mécr/(ay fwv{: vloLf oypmﬂ 14 M/QAf/Et thp
\V?VU' a«ﬂhtzc%)% mv%a@@ afpe r twvua/‘i' ‘—?/a put-x(&l-i % wmavea '{?a pM/L
(Lyalwibma/Q Lspcw) R “3 | o

Microscopic description

Minerals . : | : ' : |
quaiz - 2{‘»@/' lo% c.qr MJ&O pLémocr/&'!'S /' SJDD '“/Q'&r' ”ewﬂétl’ naatdy v
. w&AVQ‘ Mw"“ MM,J' lofi W’?nfgr , equa,‘o(— " W‘éh% .
od’aoc(aw,.—&fo% \f)él, v a s L‘PLW r + y 20 ‘> MJ,O r. ;r /Lﬂ/ n |
| 5 a ng 2ery 3 > gr e
A rwz,}(v'\x/' WUD A}@b é_A;-\ b vean MIQAVQ\M have a,/py@xi'rmzo
Cubx mortenad wl ol Thoeloe b "LTMM?’Q

(\(ﬂh)"Af{a-“.&v ,<C>) g ,,U,D_ o . O R f) .P.,.-..
i - e g T =0\ AV P

i Q7 Smetan . B
bbL'i‘Z - '3;"),, ) WQ/% ,,/{.l ‘ ﬁ gv\crtz - _m-u.s‘:m)t“Z
N\er‘&i“t‘iz - +f- o . = |
S&Acilﬁ - l@,,‘ i I&_’P&z{?f&gf&l{
PNELDULTE - [/ in repﬁ :

Tz)x;r(r-ei(m&@o[v@ Po\r'f’ﬁ VLL‘xc. ‘Lem- o tecare @lby;{i{m 4 "”YF;‘[ e,wlz?t.

 However alheg K 100“ %_\a,f&, F/Q#Aou/&% avod He er,LJm& :

: a/ewﬁ -l’ee afl'z N are pivvlc Wi W&PQ m,f,\ \H~e -clo{a cAeu |
He Nraline £20x pa«/ta[el n Hhin 2o an - _ |

' F(uzi inch i acd an “"f“"""“":' pr-see, M—IA‘M |

D {Zé(?q‘ .



PETROGRAPHIC ANALYSIS

Section No. DIC,A—éA.‘ 4980 -

' ’ : : Rock Name :
© - I pmide oty
Megascop:c description
Cwha 1@(\, jm/m*‘e Po p’layry MH M"'L (‘Jpc‘w »&Ls*ﬁ F,{) euurw() *“('e;fd"
P’ewoa 4{‘& (3 S‘L Arseon IHOL!—‘_’ ?W/Q, (az{fcs Ja L¢ pém/amu@é
qH‘a,—ﬂ/{‘&ﬁ wea/e;,:em:;u . Nuweww: ‘{’f\«m /:rrczfo‘a \\mw‘k 2 é/Qéay P’sz-t/.'
s«oﬁcﬂ& wovme cadad ,’%4 Abé wm‘{r\n |

Microscopic description

Minerals o |
quav 2 - !iS’ é)o / L'QL*‘H - CTALJ()/ Wr&w‘p %?"ﬁ"/ﬁ ‘/Q‘Z"{
_1 _ . PM Z:ﬁbr Fwé,yd{-; A )n!}&(’,&b«/

orw,odcue—' HS )o / G»\& - (_oamcjm,ﬂ LD‘M\ v [M%) el
’ o (&gwr P/ﬁb‘wc‘mqts) a»oe p&é‘w +vaut;20)4 QMJ‘V‘{- [:\’A"H“‘,
() JM; v — 1D s

'""(‘f “’"""'” =Dy WM? Maf'/ PN AV
(MD("L’ - Sé)z, M’[av—“:’ L;,,)& _
L4~
el e |
) %&Ac\L S(DD )
: L’-QD(J\M‘;/ - ch>° / M,o,\tg & am a,l"’&vdj ﬂ P‘Q o&(déé

: C"/QL*Z— 5’) -Ml 7 MM a»»ana 4\151.& 67/“*3. '

' Textures E
: SMCQLQA&AKC C“-"/QW(AM A WM POWFKQ\V/ A(vaﬁ/é
wp@u 'hax"uw, “ éLt“ M@v\){' e eﬂ‘w&'ﬁ u/Qm/P\
?’“’["‘/ef" 1C +€&+Ut¢ M/Qafuvp i ume/{'a/w\. : :

Mot bl o okl s in Han siction Shan iz
Com bl sppeann Ruiably oy soclieen Houdh b sonite
Ut Piﬂt L-ﬂ() /af S/Vf-(aam ' v .

r‘uml M-;,(AMM Card

yolel 2a



PETROGRAPHIC ANALYSHS
Section No. DLA-3A I 487y

c | : . | Rock Name, .
‘ : C(l“la(,lamié—- Paw(ky% mxchuf&:d

ok pokasine - altewed qraaa-por.

e)m// MALA ) ol {° Wumwm :rvez(:/]ar \\a’M*l— é(ﬂar W/-Z&Cdv bA ""’/{(’ <
‘W’f B}VQL ‘!‘yfe unL/NMm a,v.,Q iy be « WAXiLuK; /\ S{/LMLWQ vwv.fl
. ola{s *\’vansb{vea ‘:aau«,‘ LML@P 43 P¢M~M'¥ rccoa(mi_m A o,%m@p i’ax‘}urés

Megascopic description

Microscopic description

~ Minerals _ ’ | | ' '
'C‘{ua,\/'l’l - HO‘L y M&“ez N“"’g— -{Gr‘ oeecad l:mLem 1M.T¢r L«o" f)) ﬁ‘{’l ‘

’ ' 5mmud '\MWI Lc rcx. ?M@/Q ﬂmmu '
.‘o r'l’aoota»éea - ZO> uv\.{/l.l.a»w Mb/effqr in 29 v,ﬂw q‘l‘z e OF - P/{O, - L4°

G : A ﬁiﬁi traavst;w\igamir#‘%béz Afplxar pmm@ |
¢ S |

Plaﬁ"@actm@ .- Sb}) m.eerfﬂr =
.L‘“”L'L’—“ \D‘D Y, m—e/e [3/- o(lds&éw\ "M cf['z o;«'f’“ﬂ*&o 0('441" Mp -

.m“}evw/umr c%‘»{zf. Zondd. .
Cw@nl’ - lDIS) Mo&LQ’ éﬁr yéls&wm iv oML:,(\W

ma {C —+r
L'l‘(.‘ - ) -h Do - ﬁ”{a-l, kio (JML!

GM -cxra)\wo Ma’{'mc — GMQ\ ¢M[4¢p ‘(cu‘f/Ol Pmlo ‘?’@7 m-lf% O{Ud)J'Z

Textures

Calac[adL cl&énweapmvé M'P& mi»&/ UWLVGLCM z,la,a“lr 5) Vﬁd)l‘ M@vl

ke W pey 4/@1 j:i:.« calbeed mateaad va Dea S3A He62.
WL

(.V"D££ pWsW& 2

Moundone )y ks soppaits thot o) He catachorh &@Wﬂ
LR OV T ?&j,&y@ :ﬁd A@ pma,@ si+— u»o‘-ﬂa* WUVI

PMM)X ca?/pc.t’z c&ﬁfw@n *Lywcup)) c:aia m—ﬁxn}«lj JLQMQ,DM (54& :

N~ R N V¥ Ln%’o)

k.mlM{vt—y’



PETROGRAPHIC ANALYSIS

Section No. DCA-IA: 497

Rock Name
P VWQ é‘—&du‘l‘

Megascopic description

IM’Q FC?.U\/ N L ‘DLA‘ C(.."*' ‘5 NUZ e FOW/%A 6L¢¢f$ \\0‘41:1 /0&4 {;L-<
' a "’Ml"”f‘) ,D‘“O/P 5‘/(""5" G'B O.5 @o olissomn. P;« So(m&{’ wovevy

ghc&gtbl

Microscopic description

Minerals

0‘04/‘{’1 - SO >¢, / -gu, L: caa»/.v 4, MSM,‘ w‘:()[g, AmQ(M/ 3"224“-4 very H'ré?/./b
éﬂafse W"%uﬂ recq«ﬂ‘aé;wsﬁm

of'H‘-oakme,- 10") PMLQ{ @H vtwp \tD ctavl
i ‘Ho‘( tZ - S/,,. ; ik - -Car ‘i AAswff‘muocA ’sz
' wwuow'lt- J,fu'c - 3 A)o/ Nb@ov“ v clu:évfrﬂﬂ ‘LL.(A- [d/]e,a.'

\r\ Avow\ca @J - 155 M Mol | revy Gu qr ‘szf]"‘q';b"
Cdjéai@ - &(‘DD

Su\C\‘LL “bFaan» S@D
enshel mabiax — 70, vy Qumm«va«{/}

Textures | | : : o ,
- Sclusled /V-*D((&m . v\fO‘Q )) { A ot  poanlr Mp CM/ '
7”‘*’4% wrbh, jjej,]@q&,,p QOQ'&?W?M@M{Z’ ba,wﬁ v
M LM (évbo W— é‘!‘\/ 3 CQ/'LQ O[adl'fc &‘éorma, Tag? VQ‘-WQ\ LMA'
' no‘&‘ WPQ/I Al/Ls{'uf LO/Q Q’QL C/(/: 5)4‘&@.(&0,«14 ’ :

‘ F(v’b.A l"\-L(\MM =v.+rr_wé,t‘ raf E |

WD



I ﬁ [ SV o e
AMERICAN SMELTING AND REFINING COMPANY Qrn [’4".,-.“
TUCSON ‘ ARIZONA g e 1,9/
| - My, Ty
December 13, 1974 ’ .fi ;
: . '0/k

File Memorandum: Misc. 2F - Native Copper Ore Project

Subject: Tést Work by Hazen Research

The following results of assays and metallurgical test work to date onlv
this sample 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 +10 mesh
metallics and -10 mesh ore was found to be 1.13% Cu. The coarse metallics
assayed 86.55% Cu and the minus 10 mesh ore. assayed 0.92-0.96% Cu. Other
assays of the minus 10 mesh were as follows:

~ Percent
Cal Fe Tot.S Sulf” 5105
. S

1.29 5,16 .05 w01 59.34 é

One flotation test was run on minus 10 mesh ore following a 12-minute _
grind. No size analysis of the tailings was made, but the flotation feed
was described as being rather coarse. v

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

' Wt. % Cu v 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 0.11 .100 11.0
Calc. Head : ‘ 0.913 100.0

I requested further flotation testing at a finer gring, 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. , . ' .

7.5 Votam§.

T. D. Henderson, Jr.

TDH:vh
.cc:  WLKurtz “GLf
. DECroweln
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HAZEN RESEARCH INC.

7511 $O0. HOUGHTON RD.
POST OFFICE BOX 17928
TUCSON, ARIZONA 85731

. TELEPHONE (602) 886-5545

T.D.H.
January 31, 1975 r=s 5 igzs

. } 4

: Mr, Tom Henderson , o fYAz%?

“ American Smelting & Refining Company : a49055 4

P, O, Box 5747 | ,&@@ v

‘Tucson, Arizona 85703 ké@%/_‘ be
o . iy

"Re: HRI Project 2036 - _ - : /ﬁ&? :

Dear Tom:

On November 5, 1974, Hazen Research Inc, received from
" American Smelting & Ref1n1ng Company three samples, weighing ap-
proximately 10,6 pounds each, to be tested for native copper re-
‘ ‘,covery. Sample preparation and metallurglcal testing was performed
S in the following manner,
Q~ o - SAMFLE PRBEPARATION

-

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 HazZen" Research Sample HRI T-48 Composite, Sample prepara~

tion was performed as shown in Figure 1, Great care was taken in
all sample preparation steps to insure representative ‘samples,

ASSAYS AND SCREEN ANALYSES

. . . Local assayers were given specific instructions for each
I . sample that was analyzed, . This was necessary because the samples
! ~ could not be pulverized and blended using normal sample preparation

\<\; technlques.

Tl Head assaying was accomplished by screening and hand pick-
ing the coarse native copper during the 10-meshing 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 technlques.

-

RESEARCH AND DEVELOPMENT FOR THE THEMICAL AND JAINFRAL INDUSTRIES




Figure 1
Project 2036 Flowsheet |

ASARCO Designation

. (T-48.1 10,6 1b, A-4C-29
HRI T-48 Comp, T-48,2 +10,6 1b, A-3c-31
32 1b, -3/4" T-48,3 ¥10,6 1b," A-4C-33
: Blend & Split B
vl ¥5 1b %27 1b
Mineralogical : Stage Crush
Sample to ASARCO & Screen Coarse

Native Copper
on 10-mesh

-10-mesh l+10-mesh
12,510,0 grams 27,1 grams &
1
1 Assay

86,55% Cu
Blend & Split :

T

% Spilit Six Rejects
f6256g 1000g Bag, Label
_ Bag, ~ Charges " & Save
Label, & Hold l ; o
¥ , A
Blend & Split B : _ v T v T v
: : Three One One One
i l ' 1000g ’ 1000g 1000g 1000g
Six ‘ Rejects o Charges - Charge Charge Charge
1000g Bag, S Wet & Dry -
Charges Label, & Save Screen Analysis
'i : ' . Flotation = 20-, 35-, 48-, 65-, See See
' ' Testing 100-, 150-, 200-, Next - Next
Testing a : : ~200-mesh = Page Page

I T
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Figure 1
(continued)

Project 2036 Flowsheet

Dry, Weigh, & - One One
Prepare Fractions 1000g . 10009
Charge : Charge 5
Assay Each i ;
for Total Cu - Blend & Split Blend &% Split
X 4
‘Blend & Y Blend %
X . , s
Split - Rejects ——P¢—— Rejects 1it‘

[ ] :
Two . Two !
%1509 : *1509
Heads Heads

l ’ ’ ¥ ,

Prepare for Assay 14009 Prepare for Assay
] l l
Head A - Head B : Blend & Head C Head D
Assay TCu, " To ASARCO Split Assay Bag, Label,
s, s-2, - for Emission } ; TCu & Save
S$iC,, Cal . Spectrographic | ' '
Au, Ag, Fe Analysis
. Two Rejects
S00g Bag, Label,
Charges & Save

Jig Test



. The minus 10-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 totélly 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,

Analyses indicated that the total ore assayeqd 1,13% total
copper and that the minus 10-mesh fraction used for testing assayed

- 0.,94% total copper,

An assay size analysis performed on the minus 10-mesh ore

.showed a fairly uniform copper analysis of approximately 0.8% copper

o

oS
et

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 s1*e ana1y51s,
is cluded in Table 1,

MINERAL JIG TEST

A 500-gram charge of the minus 10-mesh ore was tested uelng
a Denver Mineral Jig. Jigging produced a concentrate and bed assay-
ing, respectively, 2.35 and 2.04% copper. Combined, these products
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 this test
afé tabulated—3in—Table 2,

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
1000-gram charges of the minus 10-mesh ore, Three different grlnds
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,

HAZEN RESEARCH, INC,
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Table 1 -

Head and Screen Analyses

Plus 10-mesh ore copper assays:

Copper

Calculated Head

HAZEN RESEARCH, INC.

§

[OSAN

Split 1 86, 50% Total »
. Split 2 86,59% Total Copper.
 Average Copper
Assays
S - Percent
3 v “Weight Total " Total Total Troy Oz/Ton
-Fraction % Cu CaO; . Fe S s-2 siOjp Au Ag
Head A . 7
+150m - 0.43 84,16 ,362‘/3'5 e : I
~-150m 99,57 0,60 1,29 5,16 ,05 ,01 59,347 ,005 ,020
00,00 0,96 it T e
Head C 100,00 0,92
Total Head Assay
g (Calculated)
Weigﬁt % TCu
. » ¥ N r
~ +10-mesh 0.22 86,55 .!10 1687
—gs ~10-mesh 99,78 0.94. .9386 8327,
Total Head 100,00 1.13 'i'] 78' e et
- \ P 100 0
Assay Size Analysis
. _ Y . 7: Cu
Mesh Size Weight % Retained % Total Cu Ellﬁf!&d(ﬁy
. fi'?f’ai - "V ’-’ﬁ ‘ 2
+ 20 : 35,8 351 0.80 1%
+ 35 23,2 23 0.38 '
+ 48 7.6 .4 0,92 M7
+ 65 5,0 (s 0,92 1.17
+100 4,4 ‘. 0.80 js2
+150 4,4 4 0,60 sy
+200 2,4 4 - 0,58 - .7y
-200 16.2 1 0.32
100,0 074, ..



Jig Concentrate
Jig Bed

Jig Tails

-6~

Table 2

 Mineral Jig Test Results

o v Assay %
~ Weight % Total Cu
17,73 . 2.35
15,76 ?.94
66, 51 ' 0;32_

HAZEN RESEARCH, INC.

% Distribution

43,8 ,
5 77 <

v33.8 i ' )

— :

22,4



-7-

- In Flotation Test 1, a l4-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
with 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- / 4 +
dition of lime equivalent to one pcund per ton of org;ﬂfﬁlniaxiog\y,
Test 1 yielded the most promising results with an gverall recovery), Sereomu

p.Of_ggL;z_gf the total copper present., The rougher concentraté con- 04— e 13

tained 60,4% of the copper at a grade of 6,4C% copper. The plus
35-mesh fraction of the rougher tails conta1ned 29 1% of the copper

at a grade of 42, 6% copper, T
Flotation Test 2 used the same basic reagent combination

as Test 1. The grinding time in Test 2 was increased to 18 minutes, :

The 18 minute grind of Flotation Test 2 produced an extremely fine

EB;EL—-The rougher tails had the following size analysis,
Mesh Size Weight %
+ 65 1.0
+100 2.6
+1 50 8.1
+200 _ 16,3
-200 72.0

-

With this finer grind, flotation recovery dropped to_39,3% in the .
rougher. However, overall recovery at 88,5% remained about the same

- 'as Test 1 due to increased coarse copper 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 QEMzzwweight
‘percent removed by desliming contained lg‘gz_gg the <6pper, This
Toss—coupled with poor flotation recovery gave only a 69.4% overall
copper recovery in the rcugher concentrate and the plus 65-mesh
fraction of the rougher tails,

* Flotation Test 4, which involved two cleaning stages,

‘demonstrated that an acceptable final flotation product could be

obtained, - The second cleanar concentrate, which assayed 19,34% cop-
per, contained 28,3% of the copper., The overall recovery of 86,6%
in the rougher concentrate 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 10 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 1,

HAZEN RESEARCH, INC.
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A size analysis of the rougher tailings indicates that
the 10 minute grind of Test 4 produced a material that was approxi-
mately 16% plus 65-mesh, :

Flotation recoveries from the 10-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
concéntrate, the plus screen fraction of the rougher tailings, and
the coarse copper recovered on the 10-mesh screen from the original
ore,

Preliminary flotation testing of HRI 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
tailings can be achieved, A two-stage cleaning flotation test with
a grinding time of 14 minutes could likely achleve the desired re-

. sults,

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

. ' Sincerely yours,
o : . Q;7£é;ﬂ““4~é§? 7%/(/6/K<-
: . o v Thomas A, ApplegatZ
. o : Research Engineer

- TA/js
‘Attachments

cc: D, Crowell
Golden

HAZEN RESEARCH, INC.
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Table 3.
Flotation Copper Recoveries:
% Distribution of Copper

First Cl First Cl Oversize Screenl/ Cumulativez/ .
Test Conc, Tails Ro Conc, Fraction of Ro Tails Recovery Tails Slimes
1 T 60.4, 20,1 35 Meb g5 10,8 -
2 28.1 11.2  139,3%/ 49,2 ¢S5 " 88.5 11,5 -
,'. . X . ‘
3 - - 16,7 52,7 ¢S5 " 69.4 18,0 12,6 -
. K3 ‘ " .
4 29,23/ 1.5 30,73/ 55.9 ¢S 86,6 13,4 -
1/ Test 1 - +35-mesh
Test 2 - +65-mesh &
Test 3 - +65-mesh 1
Test 4 - +65-mesh

2/ Ro Conc plus oversize screen fraction of ro tails
3/ Calculated



-~10-

~
Table 4
Flotation Recoveries |
Based on Original Ore
Copperl/
Overall Cone, Grade
- Flotation Test Recovery, % % Copper
1 91,2 - - 10,65
2 90,2 5.87
3 74,3 - 19,737
4

88,5 4,32

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



FLOTATION TEST NO._1 o ~ PROJ. NO. 2036

TEST CONDITIONS: ' S . ORE__T-48'Comp (1000 g -10-mesh) DATE 11/18/74
Test Conditions Reagents-—lbs/ton .
Operation Time | Solids {. H Temp | Minerac AF Cresylic DF250/ Ca0
Min % b oc B 208 Acid |Pine 0i1
Grinding 14 67 9.1 | Anb,
Rougher 8 27 10.4 | Amb, .088 .136 .155 117 1,0

1/ 1:1 volume ratio

OBIECT: Float native copper

COMMENTS: Reagents stage added at two minute intervals, Lime added at beginning of _rrougher; Poor froth until

lime addition, Ro tails were wet screened on 35-mesh, Ro conc and ro tails (-35-mesh) filtered
slowly due to slimes, ' ' ' : ’ '

)

TEST RESULTS

, - A ~Pe ' Distribution-Percent |
Test Products [Weight | Weight - 258Y5 ;cent ‘ : _
Grams % Total Units Cu
Cu |.
Rougher conc 85.8| 8.69] 6,40 1 55,61 60,40
. +89,5

Rougher tails (+35m)| 6,2 .63 | 42,60 26,84 29.1{

Rougher tails (-35m)| 895,2] 90,88 | 0.11 ’ ' 9,97 10,8

Calculated head 987,2 100,00 | 0,92 92,12 100,0
L PN AR ol 8 § 173
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TEST CONDITIONS:

o

FLOTATION TEST NO. 2

ORE__T-48 Comp (1000 g -10-mesh)

O

PROJ. NO. 2036 -

Test Conditions

Reagents-lbs/ton

DATE 12/10/74

AF

Operation Time | Solids Temp | Minerec Cresylic| DF250/
Min % PH | of B 208 Acid |Pine 0i1l] ©2°
Grinding 18 67 10.0°] Amb .030 ,032 .031 .037 1.0
Rougher 10 t27 8.41/ Amb ,030 ,064 ,047 .095
First cleaner 5 *10 10,4 015 .032 .039 .116 2.0
1/ At end of rougher

OBJECT:

Float native copper

‘COMMENTS: Poor froth in cleane2r, Ro tails wet screened on 65-mesh: for coarse copper recovery, Wet and dry
scre2en analysis of rougher tails, '

TEST RESULTS

o~

; : - istribution-Percen
Test Products |[Weight ]| Weight Assgys Percent Distriput rcent
: Granms % Total Units Cu
: Cu e
First cleaner conc 24,3 2,50 9,82 24,55 28.1
First cleaner tail 124,3 12,83 0,76 9.75 11.2
Ro tail (+6Sm) 8,3 .86 ] 50,00 43,00 49,2
Ro tail (-65m) 811.7 83,81 0.12 10,06 11,5
Calculated head 968,59 100,00 .87 87.36 100,0




o

TEST CONDITIONS:

o

FLOTATION TEST NO._3 -
ORE. T-48 Comp (1000 g -10-mesh)

PROJ. NO._ 2036
DATE 12/11/74

Test Conditions

Reagents-lbs/ton

dperation Time | Solids o Temp | Minerzse | - AF Cresylic| DF250/
Min % P oc B 208 Acid |Pine 0i1f €20
Grinding 18 67 8.2| Amb
Rougher 8 *20 10.9| Amb .030 .104 .031 117 1.0

TEST RESULTS

Float native copper with desliming prior to rougher flotation,

Four
pH
pH
pH

three-minute settling periods followed by slime decantatlon.
8,2 after desliming ,

10,9 after CaO addition

10.4 after four minutes of rougher

‘Distribution-Percent

Test Products |Weight | Weight fssays-Fercent ,
Grams %, Total Units Cu
Cu
Rougher conec 24,7 2,53 6,18 15,64 16.7
Rougher tail (+65m)| 14,7 1,51 32,70 49,38 52,7
Rougher tail (-65m) | 587,.3 60,24; 0,28 16.87 18,0
Slimes 348.2 35,72 0,33 11,79 12,6
Calculated head 974.,9 | 100.0 | 0.94 93,68 _100.0




o

TEST CONDITIONS:

o

FLOTATION TEST NO._4
ORE

T-48 Comp (1000g -10-mesh)

Ke

PROJ. NO. 2036
DATE 1/9/75

‘Test Conditions

Reagents=-lbs/ton

Ovneration Time Solids Temp Minerec AF Cresylic] DF250/
P Min % PH | "op B 208 Acid |Pine o0i1] ©a0
Grinding 10 67 10.4 Amb 030 - ,032 .031 «N73 1.0
Rougher 10 *27 [10.4%} amb .075 .080 .045 .118
First cleaner 6 | *i10 10,5 | amb .030_ | .032 023 | ,110°] o.1
Second cleaner 5 *s 10,2 Amb 0,1
, . ] ' 1/ pH 9.8 at end of rougher
OBJECT: Float nat:.we copper, 2/ This large amount of frother most
Two cleaning stages. _ . likely was not needed, Bxcellent
COMMENTS: Screen ro tails at 20-, 28-, 35-, 48-, 65-, - froth formed when machine rpm's
and 100-mesh and assay all fractions, were increased to 1100,
-TEST RESULTS . ‘
. Assays-P Distribution-Percent
Test Products Weight | Weight : Sys—rercent
Q,
Grams % Total Units Cu
2nd Cleaner conc 15,2 1.55 (19,34 29,977 28.3
2nd Cleaner tail 22,2 2,26 .44 .994 0.9
1st Cleaner tail 65,8 6,81 .23 1,566 1.5
Rougher tail (+20m) 8,5 .87 [ 21,52 18,722 17.8
Rougher tail (+28m) 5,4 55 123,42 12,881 12,2
Rougher tail (+35m) 8.5 .87 110,25 8.918 8.5
Rougher tail (+48m) 29,9 3.05 3,72 11,346 10.8
Rougher tail (+65m) 89,2 9.09 .76 6,908 6,6
Rougher tail (+100m) 114,31{ 11,65 34 3,961 3.8
Rougher tail {-100m) 621,1 | 63,30 + 16 10,128 S.6

ari 50-13
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m AMERICAN SMELTING AND REFINING COMPANY RECEIvg -
R CENTRAL RESEARCH LABORATORIES MAR g1 1975
. N 4 3
c - SOUTH PLAINFIELD, N.J. 07080 ) S 70

WILLIAM P. ROE’ : . . N

VICE PRESIDENT W. U' S' tXPL- D”I
VAL KUDRYY. ’

MANAGER ‘
H. E, Hé)WE

MANAGER, METALS RESEARCH . © March 2 6 ’ 1975

Re: 247

Mr. T. D. Henderson, Jr.
TUCSON

Native Cbpper Ore

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

As yoﬁ'requested, a mineralogical examination has been con-
ducted and a size-assay distribution (copper-copper oxide)
of a sample crushed to minus 10 mesh has been obtained.

-~

Nt B ey T
r-{c'(f'q_.»r-,-.’{ //(<—; (.

Edward Martinez ,')
c

EM:rqg ,

cc: DECrowell
RBHaagensen
VKudryk
WLKurtz «~
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ASARCO AMERICAN SMELTING AND REFINING COMPANY
CENTRAL RESEARCH LABORATORIES
e SOUTH PLAINFIELD, N.J. 07080

WILLIAM P, ROE .
VICE PRESIDENT

VAL KUDRYK
MAN‘AGER

H. E, HOWE
MANAGER, METALS RESEARCH . " March 26, 1975

Res 247

Native CQEpér Ore, MR~-709
(#2036, HRIT-48 Composite, As Is)

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 10 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)

3 %
Total Cu 1.08 Zn .087
Oxide Cu - .30 Pb . .010
Insol. 74.0 Mo  .005
Fe 7.0 Ag <,0005 <o.iv s

S 0.12 Au <,0001:<2.529



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 partlcle
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 partlcles usually carried small
amounts 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 80
-20+28 " 90 | 10
-28+35 " 90 10
-35+48 " 95 ' 5
-48+65 " ' 50 50
~-65+100 " 50 50
-100+150 " 60 40

-150+200 " ‘ 85 15



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 w1th titanium minerali-
zation) was noted in the ore.

/{//%s ‘. ,\/3* AN/V

‘Rs B. Haageren

RBH:xg
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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

Total Copper ' Oxide Copper

Size Fraction g Wt. Assay % Distr. " Assay § Distr.
-104+20 mesh : 13.2 1.33 16.0 0.24 8.2
-20+28 " 14.0 2.01. 25.6 0.43 15.4
~-28435 " - 14.0 1.22 15.6 0.37 13.3
~35+48 " 11.6 1.24 13.1- 0.41 12.3
-48+65 “ 9.5 1.03 8.9 0.42 10.3
-65+100 " . 6.6 0.96 5.7 0.51 8.7

-100+150 "~ 6.3 0.81 4.6 0.42 6.7

~150+200 " 4.3 0.64 2.4 0.43 4.6
Cone 1 ~42 micron cut 3.3 1.00 3.0 0.86 7.2
Cone 2 31 " 2.8 0.38 1.0 0.35 2.6
Cone 3 ~22 " 3.1 0.40 1.1 0.37 2.8
Cone 4 ~16 " 2.5 0.42 0.9 0.38 2.3
Cone 5 ~l1l " 1.7 0.43 0.6 0.33 1.5
Effluent ~6 " 2.6 0.29 0.6 0.27 1.8
Decant <6 " 4.5 0.22 0.9 0.20 2.3
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Calculated Head 1.10 0.39

Composite =200 mesh
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0.45 8.1 0.40



TABLE NO. 2 -

Native Copper Ore (MR-709)
Instrumental Analyses

X-ray Diffraction: Quartz, mica, hematite, weak chlorite
and/or kaolinite.

Infrared: Quartz, probable kaolinite.
Thermal: ' Quartz, probable goethite, possible
kaolinite,

Satmagan(l):. , 0.25 percent Fe304.

Specific Gravity (2) : 2.77

(1) Saturation Magnetic Analyzer - a magnetic balance.

(2) Beckman Air Comparison Pycnometer, Model 930.




SPECTROGRAPHIC ANALYSES

AMERICAN SMELTING AND REFINING COMPANY

CENTRAL RESEARCH LABORATORIES
SOUTH PLAINFIELD, N. J. .

NATIVE COPPER ORE

SAMPLE No.

MR-709
Fe MC
Si MC
Al MC
Mg LMC
Cu LMC~-
Ca S
Na )
Ba S-
O 8-
Ti S
As L
Ni M-
CODE:
in M~ . .
cMC - Chief Major Constituent
Pb M- MC - Major Constituent
MC - Low Major Constituent
Sn L+ S - Strong
M ~ Moderate
Mn L. L - Low
Tr - Trace
Cxr L F Tr - Faint Trace
V F Tr - Very Faint Trace
Co Y N.D. ~ Not Detected
At I,
Aqg EFTr
Be Tr

NoE Deteckted =B P7 Hg,[ Pty W, [Ge7 I

TL, Te, 8b, Au, Bi, Mo, c4,




AMERICAN SMELTING AND REFINING COMPANY
TUCSON ARIZONA

February 13, 1975

TO: J. D. Sell
FROM: F. T. Graybeal

Fluid inclusions in LB-4
Superior East Project

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

1) Type 1 inclusions form less than 1 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
inclusion populations within the exposed portions of the Schultze
granite suggests the latter. | conclude that LB-4 is not within the
alteration halo of a porphyry copper system.

4 T Aan ol

F. T. Graybeal
FTG:1b

cc: WLKurtz
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AMERICAN SMELTING AND REFIN!NG COMPANY
TUCSON v " ARIZONA

February 13, 1975 ~
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- TO: J. D. Sell

FROM: F. T. Graybeal

Fluid inclusions in LB8~4
Superior East Project

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

1) Type 1 inclusions form less than 1 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 srregularly 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 frlnge of a porphyry copper.
deposit or as.part of the regional background. The presence of similar

inclusion populations within the exposed portions of the Schultze

granite suggests the latter. | conclude that LB-4 is not within the
alteration halo of a porphyry copper system.

T Loy

F. T. Graybeal .

FTG:1b

cc: WlKurtz V////



AMERICAN SMELTING AND REFINING COMPANY
TUCSON : ARIZONA

April 25, 1975

MEMORANDUM FOR GEOLOGISTS

Please play the silence and secrecy game and do not
put drill hole number and footage on samples you send for

thin sectioning at Western Petrographic.

W.TL;/Ké;%z

WLK:1b
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AMERICAN SMELTING AND REFINING COMPANY o

TUCSON - " ARIZONA %, (@b

. April 30, 1975 Ty J

‘<ﬁ> _ . _ “W. L. K. Y

APR 301975
File Memorandum: Misc. 2F '

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

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-U) 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 7-6 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% Cu.

: As in previous flotation tests the low copper recovery was due to
failure to float the coarse (+65 mesh) metallic copper even with long

<i> flotation times and large collector dosages. Tn both tests only about 25%
of ‘the copper in the +65 mesh size floated.

The rougher tailings and concentrates were screened and the fractions
assayed separately. Table 1 in the attached supporting data gives total
copper assays of the screen fractions and distributions ‘of copper in the
products. '

The +48 and +65 mesh fractions of the rougher tailings were added into
the rougher concentrates by calculation for Tests 3 and 4 respectively. These
results are summarized in Table 2. Addition of the coarse metallic copper in
these fractions to the rougher concentrate yields copper recoveries of 88-92%
in combined concentrates assaying 7.0-9.5% Cu.

Further test work on this ore should investigate the feasibility of
coarse grinding followed by separation of metallics either by screening
through 48 mesh or tabling. The screen undersize or table tailings would
then be ground finer and floated. Cleaner flotation concentrate combined
with +48 mesh metallics would be the final copper concentrate.

Two leach tests were run on minus 10-mesh ore to determine the amenability
of the native copper to leaching by ammoniacal ammonium carbonate and HpSOy -
- ferric sulfate solutions. ‘

Test NC-1 used a 20 gpl. ammonium carbonate - 50 gpl. NH, solution. Test
<f> NC~2 used 50 gpl. sulfuric acid and 15 gpl. ferric iron (addeé as ferric sulfate).

Both leaches were agitated on bottle rolls at 33% solids for approximately
four days. The leach pulps were filtered and washed on the filter with 5%




‘File Memorandun == hprdl 30, 1975

ammonia or acid solution and fresh water.

- Leach residues and combined leach and waeh solutions Were'assayed for
copper, and the heads calculated Recoveries were flgured 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-mesh 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 51zes

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 leach showed an acid consumption of 37 lbs. HpSOy per ton of ore.

Conclusions:

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

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

3. Ammoniacal leaching (4 days at 10-mesh) yielded 53% recovery.

A01d—ferrlc sulfate leachlng under the ‘same conditions gave 92%
copper recovery.

Reconnendatlons

1. Further investlgatlon should be done of flotation with separation
of metallics between stages of grinding. 4

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

7. \) //muue.\ |

T. D. Henderson, Jr.

.Vh

Attachment

cc: WLRKurtz =g}
DECrowell -



TABIE 1

Q Assay Size Analyses of Rougher Flotation Cohc'ent'ra,"cé's and Tails

‘Test NC-3
| Rougher Tails Rougher Concentrate
, Assay Distribution " Assay Distribution
Size Wt. % % Cu % Size Wt. % % Cu % '
+ 35 1.2 29.5 65.9 + 65 >3.l 63.6 -29.3
4 48 1.0 5.55 10.4 +100 1.8 36.4 9.7
+ 65 4.0 A9 3.7 ©=100 95.1 4.32 61.0
+100 10.7 .19 3.7 100.0 ~6.7% 100.0
+150: - 14.4 .11 3.0
+200 141 .11 3.0
-200 54.6° .10 10.3
100.0 537 100.0
~ Test NC-4
c . RougherTall Rougher Conceni:rate
Assay Distribution Assay Distribution
Size Wt. % % Cu % Size We. % % Cu %
+ 65 5.5  7.45 82.8 + 65 3.2 55.2 25.1
- 65 945 .09 17.2 - 65 96.8 5.4l 74.9
100.0 195 100.0 100.0 7.03 100.0




‘TABLE 2

' Recoveries With and Without Adding Metallics from Tails

Test NC-3
Treatment Product
Flotation R. Conc.
Only Tails
Flotation R. Conc.
+ Screening - +48 Tails
- Tails Combined
=48 Tails
Test NC-4
Treatment Product
Flotation R. Conc.
Only . Tails
. Flotation R. Conc.
4+ Screening 465 Tails
Tails Combined
3 -65 Tails

-100.00

. Assay Copper
W, % % Cu " Recovery
6.96 6.74 u8.4
93.04 5 - 51.6
100.00 .969 100.0
6.96 6.74 48,4
2.04 18.72 39.4
9.00 9.46 87.8
91.00 .130 12.2

100.0
Assay A ~Copper
We. % % Cu - Recovery
6.80 - 7.03 - 50.9
93.20 495 49,1
100.00 .939 100.0
6.80 7.03 50.9
5.13 7.45 . ho.t
11.93 7.21 - 91.6
88.07 .09 8.4
.939 100.0




TABLE 3

Assay Size Analyses of Leach Tailings

Test NC-1 (Anmoniacal Ammonium Carbonate Leach)

Assay Distribution

Size We. % % Cu %

+ 65 67.3 35 52.3

+100 b .38 7345

+150 3.h .37 2.9

+200 - 2.5 .36 2.0

-200 22,7 .78 39.3
' 5 100.0

Test NC-2 (HpSOy- Ferric Sulfate Leach)

~Size

+ 65
-65

e
o
S
o

Assay Distributio

W 3 % Cu 5
51.9 L0055 37.2
ug.1 .100 ' 62.8
. O77 - 100.0




Southwestern Exploration Division

March 3, 1977

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 | 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.

| 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. :
/)
//&&///M

James D. Seil

JDS:1b

o Y /? TE
: . % 2, JZ 727



Southwestern Exploration Division

July 20, 1977

TO: F. T. Graybeal

FROM:. J. D. Sell

Beneficiation 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
107 g1.2 1
k.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 Mlchugan, the following comparison

can be made.

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

Wt % Retained . % Copper
A-L co A~ co

+1/2" - 1.0 -7 0.02

+10 mesh o.z} 0.2 29.6} 30.6 0.19} 0.13 o, 58} 0.60
+20 mesh 35.7 0.36

+35 mesh 23. 1?58 8 23.0{23.0 0.26 EO 62 o, 45 0.45
+48 mesh 7.6 0.09

+65 meSh 6.0 ]8o0 0.0 0.0d O 20 O-OO
+100 mesh L 4 0.0 0.0 0.00

+150 mesh L 4 {~100'mesh) 0.03 (~160 mesh)

+200 mesh 2. 4? 23.0 46.4% 46,4 0.02; 0.12 0.91; 0.91
=200 mesh 16.2 0.07

-100.0 100.C 1.13% 1.96%



July 20, 1977 _ -2 - July 20, 1977

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-l4
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 (0.91%) 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. .

James D. Sell

JDS:1b
Att.
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77-B~15
AUTOGENOUS GRINDING AND CONCENTRATION OF A MICHIGAN NATIVE COPPER CRE

Dr. Constance F, Aoton.
Assistant Professor
Metallurgical Engineering
Michigen Technological University
Houghton, Michigan 45931

Based on laboratory structure analyses, a pilot plant irvestization was une
dertaken to evaluate & Michigan conglomerate native copper ore. Comimition or
slzed foed was accomplished using wet, closed circuit autogemous grinding with
and without crushing of the recirculsting load. Coarse metellics wore concentrate
ed in two stages of Jigging with fine metsllic coppar being recovered in a thres-
stage xanthate flotation eircuit, With a foed averaging 2.09 % Cu, copper recove
ery ranged from 86-93 4 Cu with an average grede of 55.5 % Cu,

An evaluation of the processing flowshest is made in terms of pertinent ine
dependent, deperdent, and exterral variebles and design factors. PRale equations
#re devaloped to describe the grinding and flotation circuits separately as well
a5 the antire circuit s a whole. Performance oquations for the overell opers=
tdon and for the unit operation of autogenous grinding alone are developed 4in
terms of suitahle capacity, effiolency and energy consumption terxs. Thus, the
offects of feed rate, recirculating load and flowshest design can be rationally
evaluated, IEnergy consunption for various conditions in the pilot plant is com-
parod to the laboratory value, Additionally, size and scale up factors are dis«
cussed,

Recommendations are made for further studies to be undertaken to further
quantify the ore characteristics and the mature of the sutogencus grinding opare
ation. However, the feasibilty of beneficiation of this type of native copper

ore by means of an autogenous grinding/Jigeing/flotation circuit is clearly es-
tablished,

*Current Address: Olin Corp., Metals Research Laboratories, New Baven, Corn.
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Exploration Department

Southwestern United States Division

Dr. Val Kudryk, Manager

Central Research Department

. ASARCO Incorporated

901 Oak Street Road

South Plainfield, New Jersey 07080

Dear Sir:

February 23, 1978.

I attach onefpieée of core, Sample'No;A—94493, from the Supefior 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:jlh
attmt

Sincereiy,'

/
/

James D. Sell.

ASARCO Incorporated P. O.Box 5747 Tucson,Az 85703

1150 North 7th Avenue

(602) 792-3010



' . Central Research Department
, South Plainfield, N,J. 07080

March 10, 1978
Re: 3175

Mr. J. D. Sell

Southwestern Unlted States Division
TUCSON OFFICE

- Superior East Project, Arizona
Drill Core Fragment No. A-94492 (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 w1th
locally abundant muscovite mica. The gray mineral in ques-
tion is chalcocite (Cu2S)

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

_1ntergrowths.
R. B "Haageénsen
Vi
RBH:rg
cc: EMartinez
VKudryk

gl of i gy P, %ﬂﬂf@%%w

- oo A-9 /é«ﬂﬁy 4493
o



Southwestern Exploration Division

May 31, 1978

TO: F. T. Graybeal

FROM: J. D. Sell Thin-Sections

Hole B-6 (Newmont)
Superior East Project
Pinal County, Arizona

The thin-sections of Troy quartzite with possible 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’éé.fégular 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
disseminated 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.

James D. Sell

JDS:j1h



W Southwestern Exploration Division

March 11, 1980
TO: J. D. Sell

FROM:  P. G. Vikre Sulfide assemblages from

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

Opaqué mineralogy in four pdlished 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 1,
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 equili-
brate with decreasing temperature, only one of the four assemblages, 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 1 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 cooling, these
copper phases recrystallized to the assemblage observed here.

'p. v|LAA/
P. G. Vikre
PGV:jlh
attachments
c.c. F.T.Graybeal

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~104.



Figure 1 A-8-3978: bornite - lavender blue, chalcopyrite -
light yellow, unknown - light blue.
Width of image = 665 um

Figure 2 A-8-4202: pyrite - light yellow, chalcocite -
blue, bornite - lavender.
Width of image = 665 um




Figure 3 A-8-4253: bornite - lavender, chalcocite - blue,
digenite - dark blue, unknown - light blue.
Width of image = 315 um

Figure 4 A-9-4449: pyrite - light yellow, chalcocite - blue,
bornite - lavender.
Width of image = 665 um



