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Scuthwestern Exploration Division

May 14, 1976

TO: F. T. Graybeal

FROM: J. D. Sell

Arizona Section - AIME
Underground Section Meeting
Magma Mine, Superior

Pinal County, Arizona

Attached are the two papers plus copies of the two maps (plan and general
section) distributed at the meeting. The prints are very poor reproductions
and | have annotated the plan map of the 3500 level.

The group ! was with was led by Reginald L. Barnes, staff geologist since
August of 1975. He has been with Magma several years. Also in the group
were Jim Vroman (Cities Service), Bill Josey (Superior 0il), and Robert
Crist (Asarco) and his guest Duane Webb (Ranch Broker). As the group was
the smallest, we were all able to direct and hear questions and answers.

Of specific interest is the ''Mesozoic Conglomerate'' (my Tertiary breccia).
Reggie says the problem is not yet solved, but the present belief of Russ
Webster (Chief Geologist at Magma Superior) is that this mass renresents

an infaulted block of Mesozoic conglomerate which is some 2 miles N~$ by
3-4 miles E-W and bounded on all four sides by faulting. All fault
bouidaries are near vertical where they have been seen (which is only in
the area of productive mining as shown on the map, plus the earlier views
on the 2550 level as I've expressed previously). To the far south, where
they have been driiling from the surface, one hole intersected it below
Whitetail, while a second hole only around 500 feet further south (i.e.,
apparently 500 feet south on the perpendicular projection) did not hit
"Mesozoic Conglomerate'' but passed from Whitetail into Paleozoic carbonates.
Reggie did not know if there was any stratigraphic offset between the
Paleozoic north of the conglomerate versus those south of the conglomerate.

As Webster feels the conglomerate is an infaulted block, he drilied a
vertical hole 2000 feet deep from the lowest level of #9 Shaft, the 4100
level, and bottomed in the ''"Mesozoic Conglomerate'' at the 6100 level! In
#9 Shaft, they passed directly from Whitetail Conglomerate into Mesozoic
conglomerate at around the 2600 level, giving a vertical thickness for the
Mesozoic Conglomerate in excess of 3500 feet. Vebster believes the
replacement-carbonate section is also infaulted with the block and hence
mineralized below the ''conglomerate'!.

Magma does not know how far east it extends, and few drill holes have been
drilled east of #9 Shaft (i.e., 4100 level). Reggie felt the ‘'conglomerate"
probably goes all the way to Devils Canyon. |If this is a true feeling of
the staff, then I'm sure they have little interest in Oak Flat, as it

would be nearly entirely underlain by the Mesozoic Conglomerate.




F. T. Graybeal -2 - May 14, 1976

The western boundary of the mass is essentially the NS5 West fault.

Magma has drifted on the 3000 and 3200 levels and is preparing to drift
on the 3400 and 3600 levels south of #9 Shaft over to the South Vein.
This vein was found by diamond drilling. At present two stopes are in
operation mining a 6-15 foot wide vein zone with two feet of massive
chalcocite~bornite with stringer walls of calcite and quartz in crushed
conglomerate wall rock. Very weak ground and they hope to mine it by a
thin slot sublevel caving system.

Note that their drawing of the strike of the South Vein, the porphyry dike,
and the North boundary (vein) are all subparallel and near the general
overall trend of the entire Magma Vein system further west. Also note

that the SB (South Branch) Vein curves southeasterly and apparently
terminates at the carbonate section-Mesozoic Conglomerate contact. As
shown in the poor reproduction of Don Hammer's plan and section in the
Sales-Graton Ore Deposits Volume, the South Branch Vein was the principal
vein of the replacement beds from the 2550 level eastward and down to the
3000 level (and hence to the 3500 level).

Magma is presently preparing to drift north on 4100 level from #3 Shaft

to retest the area of the Magma Vein. On the 2800-3400 levels, they did
some stoping north of the Magma Vein, but it was spotty grade and very
poor ground conditions on those levels and appeared to be passing downward
into massive pyrite.

They have defined reserves from Naco thru Martin down to the 4100 level
(approximately due north of #9 Shaft). Eastward they have very limited
drilling but. have mineralization in the Naco and upper Escabrosa down to

around the 4600 level. | strongly suspect that an east drift will be
driven from the 4100 level drift going to the Magma Vein, to give access
to additional drill stations eastward. (Roughly measured, the 4100 North

drift should be in the vicinity of the Maroon Shale, the marker bed be-
tween the Escabrosa and Naco, when it gets out of the Mesozoic Conglomerate.
Reggie would not speculate on what unit they would be drifting along.)

Webster, a number of years ago, expressed the view that the north boundary
of the ‘'conglomerate'', going northeasterly, was terminating and.cutting out
the replacement beds which were then trending easteriy. Subsequent drilling
and development have shown that the replacement bodies now have turned
northeasterly parallel to the north boundary trend of the conglomerate.

Reggie was strong in expressing that no ore values mineable are found
within the Mesozoic Conglomerate other than the South Vein; i.e., no
disseminated areas. Although he did say that the north boundary of the
Mesozoic Conglomerate was often marked by high grade chalcocite-bornite
as in a sheared vein, | could not clarify if such mineralization was
always found adjacent or near where the replacement horizons intersected
the boundary. He did say that, in-general, higher-zinc values and lower
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copper values are found at depth along this boundary contact. (A zonal
pattern also found below the Martin horizon further to the west; i.e.,
zinc in a sheared crushed zone of the South Branch Vein structure passing
upward into the Martin Replacement with high grade bornite-chalcocite and
extending upward above the hanging wall section of the Martin replacement
~unit.)

They have on trial a hard rock Alpine AM-50 miner. This adaption of the
coal-field machines cuts a 12' x 14' opening and in Magma's "soft'" ground
(pyrite-hematite gangue with little silica) produced some 250 tons/shift

or three times the blast-muck cycle. John Cesar (General Mine Foreman)
stated that rock with psi strength of 15-20 thousand can be cut with this
machine. Today they had the machine in a hard silica portion and it was
doing a respectable job of cutting the face. A four-man crew is presently
running the system (two machine operators and two mucking machine clean-up
men). Although a strong water spray was ejected onto the cutters and face,
a lot of fine dust was produced. To combat this it was necessary to install
a large 24" exhaust flex®id on the wall opposite the cooling air to the
face. It was working very well.

) T

; ; o
ALl /i.-/- T
. James D. Sell

JDS:1b
Atts.
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AMERICAN SMELTING AND REFINING COMPANY
Tucson Arizona

March 30, 1970

MEMORANDUM
TO: W. E. Saegart
FROM: J. D. Sell
Buried Intrusive Breccia
- Magma Copper Company

Superior Division
Pinal County, Arizona

SUMMARY AND RECOMMENDATION:

An intrusive breccia, somewhat mineralized, containing blocks of all
known premineral rock types outcropping at Superior, has been recently
extended and confirmed. This breccia is blind as it lies under the post-
mineral dacite volcanic flows and no expression of this breccia is
known on the surface,

With the potential size, the mineralized character, and the fact
that Magma's new No, 9 shaft should penetrate this breccia, it is
recommended that a land status (claim) study be made of the Dacite
Plateau, especially to the southeast, for possible ASARCO participation
in exploitation of suggested mineralized porphyries.

. GENERAL:

Figure 1 is a plan of the buried intrusive breccia as now con-

- firmed by recent exploration at Magma. Also shown are the lower
Devonian replacement ore bodies and the new stacked (lower part of the
Devonian through the lower part of the Pennsylvanian) replacement ore
bodies,

The information was secured during a recent tour of the new ore
body area and discussions with Russell Webster, Chief Geologist at Magma.
A cross-section showing the recently announced stacked ore body distri-
“bution, as well as the suspected cover rock depth, is shown on Figure 2,
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Webster, no doubt, has some feeling of the potential significance
of this mineralized breccia and mentioned that Magma should check the
replacement beds south of the breccia, but it is unknown as to the
Magma land status, or of any others that may be interested in Magma's
expansion, ’

The breccia was first encountered ten years ago on the 2,800 Level
when drifting out to pick up the small, southernmost, lower Devonian
‘ore shoot, The drift was driven several hundred feet southward into
the breccia before being terminated, Then a horizontal 2,000-foot hole
was drilled due south, a 300 (?)-foot hole drilled vertically, and a
horizontal 450 (?)-foot hole drilled southeasterly from the face of
the drift -~ and all terminated in this breccia material,

A 0,35% copper assay was determined on the total core reject
collected from all three drill holes. No further work or interest
could be generated at this time, '

Several years later the breccia was also encountered on the
3400 and/or 3600 levels being driven southward along the lower Devonian
replacement ore horizon. Tn the past several years several holes from
the 3400 and 3600 East Level drifts, used in drilling for the new
stacked replacement horizons, have encountered the breccia. Several
pieces of core are attached separately with this memo showing the
breccia character., Note the pyrite-chalcopyrite in some of the frag-
ments. The hole was drilled from the 3600 East level at the 100 East
position to check under the No. 9 Shaft position on this level.

Mineralized veinlets are known to cut the breccia which is mostly
a rock flour breccia with large blocks of all the premineral rocks at
Magma. Fragments of Precambrian Pinal Schist have been found next to
fusilinid-bearing Pennsylvanian Naco Limestone which suggest strong
mixing of fragments within the breccia.

Drifts are presently being driven from No. 6 Shaft to No. 9 shaft
area on the 3000, 3200, 3400, and 3600 Levels in preparation of con-
tinued exploration and mining of the new stacked ore bodiés. Only the
3400 Level is extended sufficiently to be in breccia, and has now cut
some 400 feet of breccia, but apparently Magma is not sampling this
breccia although Webster is aware of its mineralized content.

I believe there is a strong possibility that a supergene chalcocite
blanket will be found within the breccia under the c¢over of the post-
mineral rocks.” Present projections suggest that No, 9 Shaft will
enter the breccia immediately under the cover rocks which may be in
excess of 2500 feet in the vicinity of No., 9 Shaft.,




W. E. Saegart

A land status (clain survey of the entire Dacite Plateau is
recommended as a preview of areas available for staking.,

/QW, ALy
2 J. D, sell <&

JDS/kvs
Attachments

cc: SlBowditch
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ide of the Main fault. The Main ore body
+:s been stoped continuously from near sur-
iy 1o the 4900 level. The “West ore body”
‘.‘ a1 smaller offset portion of the Magma vein
.t was mined on the west side of the Main
<.t between the 2000 and 2800 levels. The
"Central ore bodies” make up a zone of dis-
;oatinuous ore shoots east of No. 3 shaft that,
gross outline, plunge *steeply westward
;h]y parallel to the rake of the Main ore
sdy. The Central ore bodies have been mined
sscontinuously from the 1600 level to the
1300 level.

The ‘Magma vein occupies an east-striking
isqlt zone that has been opened for more than
:1,000 feet along the strike. From the surface
cacrop down to a westward-raking “axis of
wversal of dip” (Figure 4), the vein dips about
~#'N. Below this axis, the dip reverses and
:ontinues downward to. the deepest (4900)
vel with an average south dip of about 78°,
Direction and amount of net slip along the
Mizma fault zone has not been determined,

Geology of the Magma Mine Ared, Arizona ~ 1297.

owing to the difficulty of matching identical
points on the opposite sides of the zone. The
best match of geology on the north and south
walls of the vein suggests that the net move-
ment is normal (south side down) andis pre-
dominantly ‘down the present dip, with only
a small component of right-lateral slip. A rota-
tional movement is evident, as the vertical dis-
placement increases from 350 feet near the
Main fault to 450 feet toward the east end
of the mine.

The structural map (Figure 4) of the 2550
level is a representative example of horizontal
section through the vein and also shows
branches of the vein and important offsets.
Three principal sets of fractures have been
recognized in the mine:

(1) The earliest consists of the east-striking
Magma vein fault and a persistent set of lesser
shears that branch away at small angles toward
the northwest and southeast. This is the set
of fractures that has been most extensively
mineralized.

i
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Structurqgl Map of the 2550 Level of the Magma Mine. The map shows the Magma vein,
sior branches, significant subsidiary fractures, offsets by major faults of the north-striking

“1 the Koerner vein. The outline of the east-dipping limestone-replacement ore bodies is pro-
4 10 the diagram. The inset shows a structural map of part of the 3600 level of the mine.
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-an best be observed. Evidence for localization
+f ore shoots in the Central part of the Magma
.ein by premineral transverse structure is
~~undant. Major crossfaults, many of which
:JL undergene postmineral movement, fre-
soently serve  as bounding structures con-
«olling the lateral extent of individual ore
&oots. Lesser cross structures appear to have
osed an added permeability upon portions
+f the vein-fault that are the locus of ore
oots. By inference then, this evidence may
~¢ extrapolated to the Main ore body, where
~uch of the evidence for control by transverse
<ructure has been obliterated.

Complex vein splits and branch veins are
, structural characteristic of the zone of Cen-
12t ore bodies above the 4400 level. Increased
swrmeability of this portion of the vein, im-
sos¢ed through splits and branches, appears to
~ a major factor in localization of mineral-
zation.

These factors suggest that the principal con-
Ion that determined specific location of min-
<221 deposition in the Magma vein-fault is per-
=cability imposed by structure. Shearing
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Geology of the Magma Mine Area, Arizona 1307

across irregularities in strike and dip of the
vein-fault created some of the permeable
zones. The fractures associated with some.of
the transverse structures created additional per-
meable zones, but other transverse structures
imposed restrictive barriers to the lateral
migration of ore fluids along the vein. The net
effect of the permeable zones was to provide
channelways along which the flow of ore fluids
could concentrate.

LIMESTONE-REPLACEMENT DEprosiT The fa-
vorability of the lower part of the Martin Lime-
stone for replacement mineralization has been
observed in many mines and prospects

throughout southern Arizona. To a lesser ex-’

tent, specific favorability for replacement has
also been shown by the lower and the upper
beds of the Escabrosa Limestone in the Supe-
rior area. It is not yet known why these beds
are particularly subject to replacement, but
they obviously were accessible to the ore fluids
and susceptible to chemical attack. during hy-
drothermal activity.

Figure 7 shows a north-south section

MiSSIS- TERT!-
NIAN SIPPIAN ARY(?)
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. Vertical North-Trending Section through the Limestone-Replacement Deposit, Magma
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t {looking west). Some ore shoots show direct connection with veins, but others are isolated.
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Southwestern Exploration Division

January 21, 1976

TO: F. T. Graybeal

FROM: J. D. Sell .
Magma Copper-
Superior Division
Pinal County, Arizona

| recently was chatting with an ex-Magma geologist and we discussed the
"breccia'' of No. 9 Shaft and the on-going drilling south of the Belmont,
Some of this thoughts:

1) Magma has now completed the drift south of No. 9 Shaft on the 3000
level into the mineralized vein within the breccia mass. Coupled with
multiple fan drill holes extending from around 2800 level to the 3200
level with few penetrations to the 3600 level, they now believe:

a) The mineralized structure is parallel to the breccia-limestone
contact and hence strikes east-northeasterly.

b) The structure dips southerly at 75°-85°, the same as the bx-Ims
contact.

c) Porphyry is found irregularly along the structure and is similar
to the porphyry at No. 6 Shaft and in the Magma vein.

d) Since the porphyry cuts or fills the breccia, they believe the
breccia is Cretaceous in age. (Note: | found a large boulder
of the porphyry in the dump of material from the No. 9 Shaft
benng sunk in the breccia, suggesting part of the porphyry material
is involved in the breccia development?)

e) The structure is irregular as a shear zone and varies from 9 to 25
feet in width and with copper grades from 1-1/2 to plus 5%. (The
original drill hole contained an intercept of 14% copper.)

f) Reserves of around one million tons are suggested and trackless
mining, cut, and fill are being suggested.

2) Don Hammer has been doing some work on the breccia problem during his
stay in New York. His thoughts. are that the mass is a breccia pipe.
(I agree.)

- 3) The ex-geologist believes the mass to be a volcaniclastic unit, complete
with bedded zones which dip 20-25° easter]y, svmllar to the Cretaceous
volcannclas;ncs of the Christmas area.

L) Magma intends to extend their underground drilling to the south to
find and test the southern boundary of the breccia mass. '




F. T. Graybeal -2 - January 21, 1976

5) As the replacement deposits of Magma apparently occupy the north wail
zone of the breccia, Magma feels that similar deposits might occupy the
south side. (A thought put out some 15 years ago.)

6) The extensive drilling easterly from the Belmont area is primarily
designed to test for replacement zones within the Mississippian and
Devonian horizons, and most holes have apparently terminated after
entering diabase.

7)- Apparently the drilling results are not encouraging from the mineral-
ization viewpoint.

8) The extensive geophysical work conducted by Newmont was designed to
outline the extent of the breccia mass and hopefully detect massive replace-
ments. Apparently the work was not encouraging.

9) Magma has apparently NOT completed the payment for the Belmont-Pacific
claims and Coochie Smith (part owner) recently stated that if they paid
up, then he just might retire. The ex-geologist thought that part of the
rush drilling at Belmont might be in regard to holding the land. {Note:
Two holes have been drilled just at the dacite front. One hole was -
completed back of the front and the second, further east, is now in
progress on the B-P claim group.) Perhaps Asarco should reacquaint
themselves with the situation in the event Newmont does not complete the
Belmont-Pacific option. -

10) A suggestion put out by D. F. Hammer and the Newmont group is that the
breccia may be underlain by a more extensive porphyry mass with potential
of mineralization within the porphyry, as well as possible disseminated
mineralization extending into the breccia mass itself, As far as the
ex-geologist knew, no drill holes have been placed below 3600 level, and
these probably from the 3400 level drift.

(See my memo to W. E. Saegart, dated March 30, 1970, entitled: "Buried
Intrusive Breccia, Magma Copper Company, Superior Division'' for early
discussion of the breccia. Also, memo to W.. L. Kurtz, November 23, 1971,

on Magma Mine Area.)
Ll S /JM

- ‘ ” James D. Sell
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e £ AMERICAN SMELTING AND REFINING COMPANY
Tucson Arizona

November 23, 1971

T0: w. L Kurtz
FROM: J. D. Sell
Magma Mlne Area

i l~'~~ G ey i s B e Super'or .
7 N Pinal County, Arlzona

From a telephone conversation of 11/22/71 with Russ Webster and Ben Greene
of Magma Copper, the following notes are submitted:

1) They are interested in ‘increasing the available water supply near
Superior due to the expansion of mill capacity now in progress. Thus, they
were inquiring into the water conditions of our A-4, | informed them that no
water problem, either loss into the formation or dilution of drilling fluids
from the formation, occurred in the drill hole after we cased the hole.
Apparently, the water flow from No. 9 shaft has dropped considerably and is
now very little addition to their source.

2) Both acted surprised when asked how they liked the findings in A-4, and
both said they'd like to know more. No real clue as to whether they do or
do not know what was in the hole. (Could Don Kennedy have still another
Magma source?)

3) The shaft has connected into the 3000 level drift (from No. 6 shaft),
which is about 500 feet above sea level elevation. Sinking has stopped to
allow the installation of some chill-water lines, etc. for the mine areas.

4) Webster said that the Whitetail-other ‘''rock'' contact was just above, as
he remembered it, the 2550 level. This would place it around 950 feet above
sea level or 3250 feet below the collar of No. 9 shaft. | had previously
reported the information that they anticipated the contact at 2960 feet below
the collar, based on a diamond drill intercept. (My monthly report for June,

1971).

5) | also inquired as to what they had named the ''rock'' and Webster said they
still did not have a name. | asked if it would be possible to tour the 3000
level and shaft area and Webster thought it would be off limits. :

6) Webster did say that they now had two drill holes in the ''mineralization'
to the south of the shaft but that it was not as good as they had originally

“hoped and that it appeared to be a shear zone in the ''rock' (''breccia'). He
plans several more holes but says he is not optimistic in believing the
mineralization: is of any consequence.




.

W. L. Kurtz B -~ November 23, 1971

7) Native copper was found throughout the Whitetail in No. 9 shaft but

Webster questioned the assays they have received on the samples submitted.

| said, "Well, 1'd think that the assay office might have 0.4% copper just
floating around.', and he countered that most of the assays were not that high.
8) Both Webster and Greene had not heard that Magma has payed the $800,000 for
the Belmont-Grand Pacific mine area, and although Webster said he might not be
the first to know he did doubt that Magma had payed it yet.

9) | mentioned that when and if they should need a joint venture partner in
any phase of the work around Magma, please keep us in mind. ‘ ‘

" J.D. sell
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AMERICAN SMELTING AND REFINING COMPANY
Tucson - Arizona

May 5, 1969

FILE MEMORANDUM

Superior Division
Magma Copper Company
Superior (Pipal County), Arizona

The Underground Division of the Arizona Section, AIME, held the Spring
meeting at Superior on May 2, 1969, It was attended by J R Wojcik and
J D Sell as well as others from the smelter and mining departments.

The mornings activity was taken up with a tour of the presently mining
limestone replacement deposit. Stopes and equipment being used in the trackless
mining-cemented sandfill areas were visited., These studies are in anticipation
for mining the new ""Escabrosa'’ reserves, The raise drill was also inspected
as well as several of the 5 foot diameter holes which have been drilled.
Following the underground tour the automated surface sand-fill plant was toured.
Following lunch a technical session was presented with three papers read:

1) Sand-fill by B. Johnson, 2) Load-and-carry machines by F. Flores, and
3) The Security-raise-drill by J, Murry. Attached is the data sheet on the
Sandplant--the only paper distributed.

In regard to the Superior Division, Magma Copper released the follow:ng
‘statement (Notice to Stockholders, March 28, 1969, p. 38):

“Extensive diamond drilling has developed additional
replacement orebodies in beds lying stratigraphically

above the areas presently being mined, and has increased
the ore reserves to the highest tonnage in this minels

long history. As of December 31, 1968, total reserves at
Superior were estimated at 10, 100 ,000 tons of ore averagxng
5.88%. copper, before dilution."

They further announced an expansion program to double the production rate
from 1500 to 3,000 tons per day. A new shaft {(No. 9) is to be put down from
the Oak Flat area to a depth of 4,800 feet and will be connected with the mill
by a new 9,100 foot haulage tunnel on the 500-foot level, The smelter is to
be closed and all concentrates shipped by rail to the expanded San Manuel smelter,

Completion date for all phases is 1972.

The pioneer road into the new shaft area is completed and bids for the shaft
(22-foot diameter) will be asked this week. The tunnel borer, with laser-beam
guidance, for the haulage tunnel is scheduled for delivery in September and will
drive a 123-foot tunnel, The portal area is being prepared and the first 200
feet will be driven by conventional means,




Figure 1, USGS 7%' quad,, shows the approximate .location of the
proposed shaft and haulage tunnel as well as the general outline of the
‘replacement ore-bodies mined to date. The new replacement tonnage given
in the announcement is largely from deposits in the Escabrosa Limestone
but commercial mineralization has been found in various parts of the
Mescal, Martin, Escabrosa, and Naco Limestones, Most of the new reserves
lie above and easterly from the ''old" Devonian beds as shown, The main
sulfide Escabrosa ore-body apparently apexes about the 3000 level and
above this the former mineralization has been destroyed by intense oxidation,
Native copper and secondary chalcocite is found at the interface. . (See
various sections in the paper by Hammer and Peterson, 1968: Geology of the
Magma Mine Area, Arizona, p~1282-1310 in Ore Deposits in the United States
1933-1957, volume 2, AIME).

Table 1 lists the production from the Magma Mine (Superior), from
Hammer's paper and ‘annual reports, and indicates that the newly announced
tonnage reserves, developed in the last three years, is equal to about two-
third of the total tons mined to datel Mining within the vein systems
essentially terminated in late 1963 and thus the later grade figures reflect
those of the old Devonian replacement beds. Thus it would appear that the
new reserves at 5.88% copper are going to be somewhat higher than has been
mined in the past (dependent. upon the amount of dilution). Therreserves are
still open ended, : )

Table |
Tonnage and Production-Magma Copper Co., Superior.

Ave, Grade

Year Ore (tons) Copper (1bs) Silver(oz) Gold(oz) Cu% Ag@ Au oz
1911-1964 13,695,822 1,460,400,223 25,118,086 435,716  5.69 1.93 0.031
1965 439,911 38,904,231 408,366 12,748 4,65 0.99 0.031
1966 431,913 39,262,051 L66,334 12,802 4,70 1,13 0.832
1967 : 219,510 19,100,841 197,419 4,970 4,77 1.01 0,026
1968 333,607 29,412,000 347,119 7,262 L. Ly 1,0 0.022%
Grand Total 15,120,763  1,587,079,356 26,537,356 L7358

S

*Calculated from tonnage-production figure

Figure 2, from Hammer and Peterson, shows the distribution of the old
replacement outlines and a cross-section through the deposits. Note that the
individual ore bodies are quite continuous down dip and the outlines generally
follow the easterly trend of the major mineralized veins.

Drilling for the new replacement horizons was essentially by very long
drill holes fanned out from drill positions along the 3200 level east drift which
terminated at E 109 position or 3700 feet east of No, 6 shaft (see figure 1), The
limestones at this position still maintained their 30 degree eastward dip as is
shown on Hammer's sections in the AIME volume,




Sand-fill is the major factor in being able to maintain production in
the present mining areas (data presented at the meeting is included as
Attachment A). Sand-fill placement since the start up in March 1963, _
through April 1969, was 650,000 tons of sand-fill. Presest rate of production
is 11,000 tons of dry sand per month.

The AIME tour did not include any Took at the new reserve areas but
a geologic tour of the Magma limestone workings for ASARCO personnel
can be set up by contacting Mr, Russell Webster, Chief Geologist at the
Magma (Superior) Division. Also attached separately is a copy of my
thests on-a portion of the Devonian replacement ore body.

-~ 7 an
. 7J,// 0
Cﬁjf{ James 0. Sell

cc: JRWojcik
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AMERICAN SMELTING AND REFINING CCMPANY
Tucson Arizona

May 11, 1971

FILE MEMORANDUM

Whitetail Conglomerate
Magma Copper Company .
Superior, Arizona
Pinal County, Arizona

On April 28, 1971, H. L. Crittendon, R, B. Cummings and myself toured a
portion of Magma Copper's new tunnel and inspected the dump material from
their new No. 9 Shaft,

The tunnel driven on the 500-Level, or Mine Yard Level, is a circular open-
ing and was cut by a tunnel borer with a diameter of 12-1/2 feet. Little
trouble has been experienced in holding the tunnel open except in obvious
fault areas where some sloughing is occurring, but relatively little in com-
parison to the conventional drill-blast sequence in other tunnels where
timbering is generally a necessary part of the tunnel work., The tunnel
trends N70°E toward No. 6 Shaft and at that point, a "Y' is being established
to connect with No. 6, while the main tunnel swings S60°E and connects with
No. 9 Shaft. '

In the tunnel, a down faulted block of dacite is at the entrance followed by
Bolsa Quartzite (Cambrian), Martin limestone (Devonian), Escabrosa |imestone
(Mississippian), Naco limestone (Pennsylvanian), Whitetail conglomerate

(Oligocene), and Dacite (Miocene). The pre-Whitetail units dip 30° easterly.

The top-of the Escabrosa is marked by a 40-foot (stratigraphic) section of

distinctive 'maroon shale' very noticeable in the highway cuts near the
Queen Creek bridge east of Superior. In the tunnel the base of the Naco was

at 2250 feet while the top of the Naco was at L4266 feet, giving a stratigraphic

thickness of some 1,000 feet. A surface section of 1079 feet of Naco was
measured by H, R. Wanless in 1949 (see Naco Stratigraphic File Memo, dated
May 6, 1971). .

The contact of the Whitetail and Naco strikes about NI15°W and dips 30° east-
ward while somewhat inside the Whitetail the bedding strikes N35°W and dips
16-18°E showing the overall unccnformable attitude of the Whitetail. The top
of the Whitetail is at 4835 feet in the tunnel with a contact of dacite tuff
and overlying vitrophyre, Thus, using a -30°dip for the base of the Whitetail
and -17°dip for the top of the Whitetail, it would show approximately 160 feet

thick where first encountered and increasing to 290 feet at the eastern contact.

Approximately 1000 feet eastward, the Whitetail is reported to be 600 feet
thick in No. 6 Shaft. Projected thickness in No. 9 Shaft is 1600-1700 feet.
No. 9 Shaft intercepted the top of the Whitetail at 1875 feet below the collar
and as of May 7, 1971, was at 2360 and still in Whitetail.




FILE MEMORANDUM | -2 ~ May 11, 1971

Abundant clasts are found at various sections within the Whitetail and v
though the matrix character of the Whitetajl in the tunnel changes from
light colored to a darker color at the top in the tunnel section, no clasts
of early volcanics were noted to suggest that part of the Whitetail belongs .
to the intra volcanic conglomerate. Native copper is found in various
places in the tunnel area. The copper occurs as matrix filling as well as -
within clast such as diabase and schist. At the No. 9 Shaft site, inspec- -
tion.of the dump material of Whitetail from the 2300 foot level (and later

~ from the 2360 foot level) showed clasts of schist, diabase, quartzite,

limestone, and one large altered porphyry cobble., Native copper was found

in schist, quartzite, and diabase. The porphyry is altered by clay and
quartz-sericite and has pyritic casts with darker colors suggesting some
copper limonites, '

Pt -
= - James D. Sell

JDS:van
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AMERICAN SMELTING AND REF INING COMPANY

Tucson ~ Arizona

May 6, 1971
FILE MEMORANDUM

Sfratigraphy S
Naco Limestone (Pennsylvanian)

Superior, Pinal County, Arizona

The "attached detailed stratigraphic section of the Pennsylvanian

Naco Limestone was measured by H. R. Wanless in the Queen Creek
drainage at Superior, Arizona.

As far as known, no other secticn of the Naco has been measured
in this detail in the district.

s /&LJZ/
& James D. Sell

JDS:van
Att.

.....



Aa-16A,19,13
AMERICAN SMELTING AND REFINING COMPANY
Tucson - Arizona

October 9, 1970

FILE MEMORAMDUIM:

Subject: Superior Division
Hagma Coppar Company
Superior (Pinal County), Ariz.

On October 8, 1970, while in the east claim area of our Dacite
Group, | ran into Don Hammer, exploration geologist (San Manuel)
and Rus Webster, chief geologist (Superior) who were '‘checking on
the activity of ASARCO and the position of known drill holes' on
the dacite plateau, ' :

To supplement my memo of March 30, 1970, | learned from Webster
that their No. 9 shaft is presently down 1100 feet in Dacite

" (500 feet deeper than on March 24) and encountering abundant

water and even more contractor-manpower problems. The new haulage
tunnel is in 6800 feet and has "turned' the corner just south of
their No. 6 shaft. This advance is 4800 feet since March 2k,
Later, a connection will be made to No. 6 shaft,

It was reaffirmed that ASARCO would enjoy a tour of Magma's new
workings and a date will be set shortly., Continued discussions
will be held with Webster and Hammer to test joint-venture
exploration thoughts,

P 3 f Y
it 2L
Jnf*James D. Sell

JDS imw
cc: W, E. Saegart




COPPER HILLS MOTOR HOTEL

US HWYS 60 & 70 . RT. 1 BOX 506 L4 MIAMI, ARIZONA 85539 . (602) 473-2481
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W. E. BARROW, SECRETARY-TREASURER

FRANKLIN, PA. 1038 IVANHOE RD., CLEVELAND, O.

UNITED MAGMA COPPER COMPANY

MINES: SUPERIOR, ARIZONA

mailed to Belmont

reports of United Magra Coppar Co., :
29, 1926,

Mining Co., Phoealx, Arizona, on Octe.
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Location of various xines in district. Small print.
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v f " - Longitudinal projection tunnel sites.

5 Mine workgings, ghowing tunnels and snhaits.
sction of State snowing various towns and loca

Underground WOrXings.

Vaiious groups in the Pioneer District.

tine Workings.

A Level

No. £ Level.

Main workings above No. 3 Tunnel.

13 Map of United uagma Group of Claims.

14 Location of Mines weter Sunply Pipe Lines & Tusnel Sites.
15 geoup of CGrand Pacific Cilzims and adjoining Claius
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TALDER HARVIY TERD

GE0LOG LY ”Lul“g SHGIHEER

Gz 171/

e

29
T
Qctober 22nd,. 1917,
g COFELR Qo
T sub: herewitnh a revort upon the holdings ol th
Grand Paciliic Copper U0., Dused uporn Te ccent data and maps rurnished
me, o ;  own knowledge of the tract.

HOL)

e compony's property comnslsts of a rectangular
of ground 9000F. 1 and 36007 wide, covered by 35 mining cl
abous 700 acres, in iie ploueer district, 23 miles south of
Superior, arizond. he s

Lesbern), near slorencs.

taes

DITIONS

HECOEQIIIC CO

©he economic conditions are as good as ab most
mines, the climate oeing oecuel than a7t une ﬂc"“oy caip o
the railway ensures cueap supplies frowm rhoenix and the dalt
Velley towas, 00 to 69 m1leo to the west.

LOCALLTIQN .

: “he Grand Tacific pro Ltg covers a distence of 9
along the westerﬂ slope of the Jkacne vlage, on the meln min
pelt of the alsirict and coantains the most favoranle suriace
conditions oove"”ea south o the btown of Zuperior. ”019 held
oelnb actlvelJ prospected for a distance of six miles. or mor
the vieinity of the Illver Zing Jine, once Arizona’s pfemier
producer, on the Lorth for a mile south of tie Grend raciiic

GEOLOGY .

)

The (rand Taciiic tract shows pra culoally

color Sorbure and 958. 211 these heded roc

8 Rele ab preseht the 3.2, (4Ariz

block
2ims 3

it

000"
eralized

is now

e, Lroil
gilver

noldings.

e same

geological &aud m1mefalo*1cwl conditions observed at the ilagma miue,
and the amount and chsrscter of Ghe ore developed is as good as that
of the lagma at the same stage oi development.

e goaeraL Lcolo -ic copditions ore simple. 4t the Ddase
of +4he steel mountain ridge that walls in tae ve Llcu on the east,
the foothills are Tormed nmalnly of intrusive diabase. sbove Lthld
rock Dedea kuartzites "“npgr capped by a series of limestone beds

. N ; or

o ovoub tuirty degrees, into the mountain ana th
herdness oi dailiferent beds emphasizes the strucbure.  Tnls
conditions prevalls ailoul fhe mounvain

vront Tor several wiles,

both norih sud soutn of rior, Yhis silmple L0ulu1uu is broien
by cross Taults, some oL sre Tilled by porphry. Ihe best
wnown Teult is thet ol the ?“” mine, and ihe ore vodied of -that
pLODCLU vre conrined to tihis crosuslaultb. Otuner cr O"“Luulbg cyur

at verious places aloug the Joubualn ¢Lonn, displacing th
aarxed by silicifi ion and blacﬂ manw
sandel velu of the Urand it

s peern found in co:

N

and the iz outcro] Jol=)
staining, but the
ore im wnici ore i

the ounly oume in which conditions positively werrant the beliel thab
per gre will pe found at or below the waber

a big oredody of cop®
level.

LA,

fhe property shows the outecrop of Two cros s veins, the

ercizl amountg and thuo war :
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cendel, &b

wbension oif

S — s W s

the Irvon idge at
toilver™ veln,
LS. & Ae veln Lo

near “Lor .. arimona properiy.
sl v fractuce

UG

lst, 3
the guar Guzite 1iaos

the zoue ol unalfered
150" loug, uﬂsoloseL

of silicious, brown Ji
This shoot is 2" - 6
as 1t 1is ¢0110ueu we
tunnel 35 verlically lowers.

~ “he gecond tuanel,
280" and the ore has been iollo"eu Jelo
i cun 407 esst Froa e bhotd

with a aridé
the conbiauity ox the ore.

A 4hird tununel, now 800!
erosscut, to reacik the vein 258 lower
reached the figgure.

Only amall ore bodies were
depth of 400' wes reachod and 1t wras
was cut on uue l,uOO‘ LOV”l.
leaching on

reached. Ore achbually exisuvs &

versonal knowledgs of ¢ae e
sunpply oi the Copdel vein to lie 600 f£4. or

he coubinuity

s horiwzontal displacement ol

GO

T recommend that & fund of
nresent lower tuniiel
end exploratory

AT ventvillation
Y8i%en,p F8E88, 501 o Che o0 D sneot,

develonment. Lo
to cub the oJendel vein

anese stelr

on the veln is
g initiel
‘e DuncnR near

not. & big
In view of tne desep oxidation uﬂd
she groand racific property, I consider it
expect laurge ore bodies uniil & defuu of 6007

re uluU*lCu | expect the

of tue vein is assured by ne
several hundred feet along Lhe

district. Jue v

he wocis and i1z Jound ay or neny

vae
(Juf. i J 13
28

ne i
2 ig level by D0 win
om oF bhe winze, showlug

found in ure

wiice To
or more I peen
ey levels but Lroim Ly

in ore
more below -the outCrop.
gl tnat there ig
velil.

EHDALMTONS .

ulOO 000.00 be nrovided Lot
snould of course ve continued

aritits, run voth ways on Lhe
and uﬂveloomeuu ohould be

o commect witn the winze irom




tire nottom of ! . 2 tunnel, Jhen this is doune, a
g winze or ine 't should be gunk 400Y or more velow the
2 bunnel lsvel, Toll bhe ore body, is possible with driits
at each one nundred

Your adequate for this worl,
a8 the Jeadville raigses and
31nu1no to ﬁentb neynen drill
and  Jackhemaers are

ion.that the pro:
uulte olﬂll,r

(sgd) Wa

1ter Barvey ileed




L0/ 1915

VALTER HARVEY VEED
Geologist & .1n3.nM Engineer
L2 Breadway
Hew York  City.

Phoenix, Ariz.,
Anril 6tn, 1918

48 & result of a recent examination of +ths Company's
prorerty, 1 submit herewith a report-which is intended %o supm
ersedz my report of October, 1917.

INTHCODUCTCRY v
The property owned by the Company is situated in

the Ploneer, or Superior Kining District, about 2+ miles south

of the terminus of the narrow gague llagma railway at Superior,

srizona. This railway connects with the Arizona Eastern of the
Southern Pacific svstoms at lHagma Junction near Florence,giving
raill connecgion to the nearby Hayden Smelter and the the Sasco

smelter about one hundred miles to thé west.

ECONOMIC CONDITIONS:
The town of Buperior, a settlement of abou

2,000 people is the local supply point and the activity at the
Magma Mine ensures an adequate labor supply.Economic conditions
are as geod as at any Arizgna camp and the automobile stage line
and rail connection with Phoenix, 76 miles away insures relative-
ly cheap food and mine supplies.

HOLDINGS:
The property consists of a rectangular bleock of

claims 9,000 feet long and 3,600 feet wide comprising %5 con-
tiguous, full size mining claims, or about 700 zcres in total

area. The group is surrcunded by the claims of %he Dages group
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of the Consolildated Holding & Trust Co. on the North and Vest |
and the New York group on the South.

- ADJACENT MINES:
The nesarest workings are those made by the

Calumet & Arizema Company, half a mile to the north, the Queen

&

[

eet to the mounth, the Lake Superior

-

Creek Copper Co. 3,500
and Arizona mine (now worked by the Magma) and the lMagma Copper

Ce's. property 5,500 feet in a straight line northwest; all

on the same belt of upturned limesténe.

The claims cover the highest slopes immediately
benesath the towering cliffs of Avache Leap, the mountain scarp
which extends several miles to the northward and south of the
town of Superior and is only broken by the deep gorge of Queen
Creek at the town.

The ganefal geology of the district is simple and easily
understoed. The greaf cliffs of Apache Lesap rountain are the g
eroded edge of a great lave plain or plateau formed of dacite é
lave resting on older rocks. These clder rocks consist of a ‘
series of well bedded limestones of varying célors and ages,
but forming consistent series resting on several feet of
quartzsite, also bedded, underlain by diabase. This diabase
is an igneous rock which has not only upturned sedimenfary-
limestonss and quartzsite but has intruded bétween‘the beds
as sheets and along fault breaks as dikes. It is occasionally
sparsely mineralized 1tself but is older than the ore deposits
of the region.

The beddedbrecks all dip at steep angles eastward
Into or toward the mountain but the continhity of the beds
is disturbed by bross breaks or fissuring along which adjust—

ment of the rocks has taken place, causing more or lzess




displacement. There is also one great line of slipping,or
faulting parallelled to the bedding planss of the limestone ,]\

fad

netably the L.5. & A, vein which occurs near the quartzsite
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35 breaks show manganese and iron oxides and
at the llagea, Queen Creek and Grand Pacific mines, carry copper
ore. At the lagma mine a dike of acidic pBrovhyry probably
monzonite, fills the cross fracture and the mineraslization is
unusually generous. The best known cross fault is thés

Hapgma vein.

The lower slopes and foot hills show many detached
blocks of quartzsite and limestone, but geological conditions
are less regular and I believe less promising than those of
the minersl belt in which all the knovn rroductive properties
of the district are found.

On the Grand Pacific ground there are several strong
fissures faulting the rocks. One of these iz secen with a throw
of 500 feet or more on the No. 19 claim near the portal of Ne.,
3 tunnel and others show even at a distance, in the disfurbed

pesition of ths limestone reefs or out crops along the mountain

wfront.

At present, however, only five veins havé been
proamvct d on thsGrand Pacific ground and threes of them have
shown good ore. Thess are the Sandal, Iron and Silver veins.
SANDAL VEIN: The Sandal Vein is now being woiked and has
Tecelved the greatest amount of development work of any of the
veins, since it contains high grade copper ore. It is a cross
vein whose average course 1is north 60 degrees E. with a dip |
the upper levels of 60 deg. to the north, it has a wid*

2 fact to ten feet and is a cluan cut bruak auro S limu

that dip at &nﬁlss of 20 to 40 degrees 1nto the mountain°




displacement. There is also one great line of slipping,or ﬂ
faulting parallelled to the bsdding planes of the limestone ,\X
notably the L.S. & A, vein which occurs near the quartzsite
contact. The cress preaks show manganese and iron oxides and
at +the Masmz, Queen Creek and Grand Pacific mines, carry copper
ore. A%t the Magma mine a dike of acidic porphyry probably
monzonite, fills the cross fracture and the minaralizatioﬁ is
unusually generous. The best known cross fault is thés |
Hagma vein.

The lower slopes and foot hills show many detached
blocks of quartzsits and limestone, but geoloz igal conditions
are less regular and I belleve less promising than those of

balt in which'all the known productive properties
rict are found.
On the Grand Pacific ground there are several sirong

fissures faulting the rocks. One of these is seen with a throw

of 500 fe

[¢)

% or more on the No. 19 claim near the portal of Ne.
3 tunnel and others show even at a distance, in the disturved

position of the limestone reefs or outcrops along the mountain

“fIOnﬁa

At preaent, however, only five veins have been
proapactad on th:CGrand Pacific ground and three of them have
shown good ore. These are the Sandal, Iron and Silver veins.
SANDAL VEIN: The Sandal Veln is now belng worked and has

received the greatest amount of development work of any of the

" veins, since it contains high grade copper ore. It is a cross

~vein whose average course is north 60 gegrees E. with a dip in

the upper levels of 60 deg. to the north, it has a width of

2@ feet to ten fe=t and is a clean CUu b ak acrobe 1imustonoa

“that dip at anvlss of 20 to U0 degrees into the mountain.




Thelr displacement along the fissure is not known as yet nor
has any porphvry intrusion been definitely identified as the
clayey material thought to be porphyry is probably an altcered
sedimentary rock. The pressnce of nay ore, howevery is of far
more importancs than that of DOrphvry,

The Sandal vein is opened by three tunnels, the upper-
most where the discovery was made being called No. 1; the
second or No. 2 turnnel following the vein at a level 30 feet

lower and the third or No. 3 tunnel 234 vertically velow No, 2

=

2 No. tunnel is in ore from the portal to its face, a
distance of 115!, The fiesure being well defined with clean
cut walls., The foot wall being a whits clayey material locally
termed porphyry. Two winzes, both on ore, connect with No. 2

turnel. There is & small block of ore stopper out near the

face of tunnel No. 1,but a block of ore 110' long, 1 - 5' thick

Land averaging %0 ' high, is available for mining.,

No. 2 tunnel paralleslls No. 1 and is also driven on
the vein but the ore shoot appears to rake or ritch tc the
east since the ore streak is narrow cr spotty benéath No. 1
tunnel until reaching the winze that goes down on the vein
below No. 3 tunnelefglt iz evident, however, that much high
grade ore can be recovered from the block &0 long lying
between the two upraiseé that connect with the tunnel above,/

The west ore shoot as observable in No. 2 tunnel, |
extends from the bpttom of No.l winze(or raise to No.1 tunnel)
eastward a distance of &0 ' extending U5' east of the face of
tunnel Ho.l and 50! or so east of the Jewett winze which will
soon connect with Ho.3 tunnel. This ore shoot extends down the

winze with a dip of 59% deg. to a drift on the vein U3' below




Ne. 2 tunnel, and in the winsze st1ll deeper, maintaining itg
‘charactar and ore streak throught,gthoughvthe thickness of ore
varies from a foot to five feet of soﬂj A drift runs for 33
feet east from the Jewett winze. The vein shows fault clay

and peboles cutting out the ore streak in vlaces though ore

 oclurs associated with ankerite spar and black manganese, more

or less continucusly to the face, A sample cut at the face
% across a 12 inch ore band that rests on flaky vhite vorphyry
5 clay assays; silver .50 gold trace, va 13, Copper 11.9 9&%.
The rcof of the drift showé nany limestone boulders
and the cre is evidently a replacement of this rock. At ten
feet above this 43 ' sub level the vein in the winze shows
6%t of high grade ore against a smooth, well defined hanglng
wall, The coun+r; rock cut by the vein is limestone on both
walls and appears to dip at 40 dez. to the north,
A second ore shoot has been cut in No. 2 tunnel 105’
east of the Jewett winze, there being a barren stretch of 50!
between the two ore shoots. A raise of 20 ‘high failed to
disclose oré in this part of the ledge. The second, ore
eastern ore shoot has peen developed for a lengta of only 40'
the drift leaving it and followlng a flat fault slip to the
southeast.; This ore vody though broken by cross fractares
_; is composed of hard high grade ore. One sample cut across

55! face by myself assays ,Eﬁxsszaxxnmkuaxxkﬁ;xx@&@@k&xxxiu&

¥

{ xhOxiztakxa akuaxx83zxQonx ﬂrxié 3kx JHO silver value .34,
g

H

trace gold, 13.46% covper.

A second sample cut across 30 inches of ore on the

s e

5 under side of tne fault, about gix feet east of tne first
i

A
i
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4+unnels atove will carry the ore so far to the east that the
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assays .50 silver value .4}; .02 gold value .40 total .83
Copper 356.43%,

Farther east the drift turning north has again cut the
vein with streaks and scraps of ore and much manganese, dut has
not vet opensd up the orebody indicated by the faulted and
displaced fragremsnis.

Tre lowest or No. 3 tunnel 839' long, or with 1ts
vranches, a totle of 1238' of workings, cuts through the
silver vein, near the portal and connects with an incline
ghaft on that vein thzough the workings develop no comnercial
ore. The turnel follows the beddtdg planes of the limestone
and at a point 380! from the portal it crosses at an acute
angle a fiftden vein, or wmineralized fracture zone, dipping
south at 45 deg. which is opposed to the dip of the limestone

beds.

1]

At 665' from the portal vertically almest beneath the
portal of No. 2 tunnel a wide vein is cut which scemingly
corresponds with the Sandal vein on dip and in course, though
14 shows no ore and differs somewhat in mineralogic and phisi-
¢al character. A north crosscut_lOO' farther east cut this
manganese vein and a drift easterly explores it for 2BO' , put
no ore whatsver was found. If it be the Sandal vein, it is h

probable that the easterly pitch of the ors shoots cut in the ;

./“""/

No. 3 workings do not reach i1t.-
At present an upraise not on the vein is veing driven
from No. 3 tunnel at an angle of 59% deg. to connect with the

bottom of the winze sunk on bre, for 50' below No. 2 tunnel.
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This winze will determinebwhether the vein flattens and does
correspond to the manganese vein explored by Ko. 3 tunnel, or
wnether it changes its dip or reverses i1t. A crosscut driven
110" south from Ne. 3 tunn2l should have cut the vein had it

stralghtened vp, but does not extend far enough soufth to get

t
beneath tunnel ¥o. 2, >

The raise connecting tunnel No. 2 with this lower level
will serve as an ore way and enable the management to'stope out
and ship the core develcpsd by tunnels No. 1 and 2 and the level
below No. 2, for the wagon hauling road extends to the portal
of tunnel No. 3,

TEE IRON LEDCE OR VEIN:

The Iron Ledge, or vein and the work-
ings on it are in the middleg of the  group, whereas the B8andal
vein and mine workings are situated in the extreme northern
end of the property.

The vein has a strong red outerop, recognizable a long
way cff, though it 1is soft and not resistant to erosion., It
runs about N. 60 deg. E. and is opened by tunnels, cuts and
pits across four claims (No.4,19,15 and 21) a distance of
nearly 2000 feet. The dip apwears to ve vertical, varying
£xm %o 75 deg. and the trus character of the vein is clearly
showr by fault baeccia and c¢lay. The most extensive workings
are on claim No. 4, where a tunnel 125 feet long with a 50!
drift has besn run into the hillside to catch the vein.‘Al»
though good chrysccolla ors occurs in openings on the ladge
higher 9p the slope. Thls tunnel has not cut any ore and I
question whether 1t has as yet cut the ledge.

The continulty of the ledge, its known mineralization
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with conper and silver and its ready accessability make it

an attraciive vein for future development.

3

e gilver vein oubcrops near the portal of

No. 3 tunnel on %ae Sandal Vein. It is a strong bedded vein,

resembling in locus and habit the Lake Superior and Arlzona
Vein cf the daguma property and of the Queen Cresk Copper Co.
workings. In & "Glory Hole" on the vein, a few hundrsd feet
from the compressor house, the vein runs norith énd south and

dips 30 deg. east, tut the general course seems to be more

.nearly ¥. 30 deg. E. and the dip to cutx the bedding at a

very slight angle. The outcrop is traceable across the bare
limestone slopes, almost to the Sandle fissure. While there ls
no doubt it is worthy of exploration, the cross fissure 1s more
attractive and work on this vein should be deferred until the

Sandle has been brought on a producing and profitabie tasis.

PROGHOSIS:
In view of the facts already stated and of the ore

bodies actually developsed in the mine, I considsr the Sandal
»vein a decidedly attractive property.

Your claims cover its course for over 1500 feet north
of +he portal of No. 2 tunnel and for 2100 feet south, giving
ample extent for developrent work.

Vhile high grade ore has been actually developed in

T

the veins, its thoroughly oxidized condition on all the levels
conforms to general experience ir the district and I‘believe,

thdt vour largé and permanent ore bodles must be sought at or

belew water level, some 600 or 700' below the outerop. In

view of the similarity of conditions here with those observed




in the early develeopment of the Magma mine, I velieve an
equally favorable outcome may be reasonable expected and I

vrgantly recommend the further development of the mine.

CONCLUSIONS., .

Develepment work tec date has been dntelligently and
well done and the new work planned by your management will
socon give the date on which to plan futurc operaticns. If
the orebodies pitch to the cast, as 1t appears probable, the
lower turnel will have»to be driven further to cut the ore
sboot,

In view of the very successful results so far achieved
and of the favorable geologlcal conditions I feel that the
Crand Pacific is likely to develep into a large and profitable
producing mine.

(SIGNED) VWalter Harvey Wesd.

Phoenix
April 1st,1818

(corY)
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Southwestern Exploration Division

August 17, 1976

TO: F. T. Graybeal

FROM: J. D. Sell

Magma Area

Superior East \ %
Pinal County, Arizona '”SQ”'
Yoaall
On Sunday, August 15th, John Cesar {(General Mine Foreman at Superior) wg}\ﬂif
and his wife stopped by to look at some of my specimens from Superior. \94yfﬁ ‘
Several items were mentioned: ‘ ﬁi&@ 3
1) Newmont's surface drilling and geophysical work south of #9 Shaft
have not been encouraging and will probably be terminated. g»»’?}g”w
X P 00
2) The drift north on 4100 level from #9 Shaft is now about 300 feet + ﬂingMﬁ
from the projection of the Main (Magma) Vein. As recalled, they mined - yww‘$¢
a little along the Main Vein on up-dip, but the ore was very pyritic and )
had spotty pods of copper mineralization. Ground support problems were &dtﬁ‘
severe, as were ventilation factors. {(Note: Based on some mineral >
trends many years ago, | would think they have an excellent chance of -
hitting the top of a major ore body in replacement limestones adjacent _)92%)‘“1777
to the Main Vein at the 4100-4200 level. See my memo dated March 30, f;tf“JT3f'
1970, file Aa-16A.19.13, to W. E. Saegart and my memo dated May 14, 1976 Ltwa.t,
to you on the AIME meeting.) ‘ - EIGSTF,
. Wik Fot 1677
3) They have released the Alpine Miner, a self-contained high-impact rock fus.p£0
cutter, after some 8 months of trial work. They do feel it will be of zzfzfz;f
use in the future but, unfortunately, all ground cut by the machine was . j ’
in active mining areas and subjected to blasting-induced fractures which  (redd) -
may have reduced the cutting performance. They did reduce the cost of N ewolbes
cutter tips (replaceable carbide tips) from $15.00/ton to $2.00/ton of ‘:ézpki' )
rock cut. - ' ¢rsa:;::“ﬁ

L) Superior has ordered a dozen or so ice-cooled vests to be used in
dead-head drifts. The vest has pockets to place packets of refreezable
material (like '"Scotch-ice'') which then aid in keeping the torso
temperature below 100°., (See U.S.B.M. '"Report of lInvestigations 8139 -
An ice-cooling garment for mine-rescue teams.'') As the packets are
removable and changeable, all that is needed is a common freezer plus
an extra supply of packets. - Each one lasts from 2 to 3 hours at very
warm to hot mine temperatures. The vest is designed to be worn under
mine-rescue equipment and apparently does not interfere with arm
movements, etc. '

I did mention to Cesar that I'd be calling for a mine tour after they
got into the Main Vein and he said it could probably be arranged. John
is VP of the Pinal Mountain subsection of AIME and I'l1 be in contact
with him monthly (they meet on Tuesday of the 3rd week of the month).

“;5542%2ﬁjgaz. géll .




Ootober_27, 1976

Mr. John Cesar
105 Ocatillo
Superior, Arizona 85273

| f/ £ y9-EH30C

Dear John:

It was a pleasure chattlng wnth you the other night and I will
undoubtedly see. you in Kearney at the next meettng on November 16th
(Tuesday) e t . , v

Fred Graybeal and myself would appreciate |t very much to be able’
' to tour underground ‘with:" you on Wednesday, November 17th. It has been
awh;le 'since Fred has been in/the replacement country so will be

xnterested in the:mining, aspects with what geology we can glean on the
. way. “Perhaps- Barnes could catch up: wnth us somewhere s0 that we don t
‘ take all your tlme.gr : : Ty - :

S have not reshuffled thenboxes'yet but do tntend to brlng a number of 25
the Magma boxes up to go through wnth Reggte.;t;h i

‘Sincerely,

James D. Sell
2762 W. Holladay St.
Tucson, Arizona 85706

JDS:1b
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side of the Main fault. The Main ore body . owing to _the difficulty of matching identical

has been stoped continuously 'from near sur- points on the opposite si
face to the 4900 level. The “West ore body” best match of geology on the north and south

is a smaller offset portion of the Magma vein

that was mined on t
fault between the 2000 and 2800 levels. The dominantly down the present dip, with only

des of the zone, The

walls of the vein suggests that the net move-
he west side of the Main ment is normal (south side down) and is pre-

«Central ore bodies” make up a zone of dis- a small component of right-lateral slip. A rota-
continuous ore shoots east of No. 3 shaft that, tional movement is evident, as the vertical dis-
in gross outline, plunge steeply westward placement increases from 350 feet near the
roughly parallel to the rake of the Main ore Main fault to 450 feet toward the cast end
body. The Central ore bodies have been mined of the mine. :
discontinuously from the 1600 level to the The structura} map (Figure 4) of the 2550
4800 level. level is a representative example of horizontal
The Magma vein occupies an east-striking section through the vein and also shows
fault zone that has been opened for more than . branches of the vein and jmportant offsets.
10,000 feet along the strike. From the surface Three principal sets of fractures have been
outcrop down to a westward-raking “axis of recognized in the mine: - ‘
reversal of dip” (Figure 4), the vein dips. about (1) The earliest consists of the east-striking
65°N. Below this axis, the dip reverses and Magma vein fault and a persistent set of lesser
continues downward to the deepest (4900) shears that branch away at small angles toward
level with an average south dip of about 78°. the northwest and southeast. This is the set
Direction and amount of net slip along the of fractures that has been most extensively
Magma fault zone has not been determined, mineralized.

i

> goundry of
~ Massive

e
&,
o ; .
\Q+ y
N7 g
\’?, 1 2550 LEVEL
7 sigmotdzl 6 500 1000 FEET
vein splits rJJJJ___
| I

FiG. 4. Structural Map of the 2550 Level of the Magima Mine. The map shows the Magma vein,
its major branches, significant subsidiary fractures, offsets by major faults of the north-striking

set, and the Koerner vein. The owtline of the east-dipping limestone-replacement ore bodies is pro-

jected to the diagram. The inset shows a structural map of part of the 3600 level of the mine.
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can best be observed. Evidence for localization
of ore shoots in the Central part of the Magma
vein by premineral transverse structure is
abundant. Major crossfaults, many of which
have undergone postmineral - movement, fre-
quently serve as bounding structures .con-
irofling the lateral extent of individual ore
shoots. Lesser cross structures appear to have
imposed an added permeability upon portions
of the vein-fault that are the locus of ore
shoots. By inference then, this evidence may
be extrapolated to the Main ore body, where
much of the evidence for control by transverse
structure has been obliterated.

Complex vein splits and branch veins are
a structural characteristic of the zone of Cen-

tral ore bodies above the 4400 level. Increased -

permeability of this portion of the vein, im-
posed through splits and branches, appears {0
be a major factor in localization of mineral-
ization. :

These factors suggest that the principal con-
dition that determined specific Tocation of min-
eral deposition in the Magma vein-fault is per-
meability. imposed by structure. Shearing

¥ia. 7. Vertical North-Trending Section through the Limestone-
Mine (looking west). Some ore shoots show direct connection with veins,

" (See Figure 5 for location of section).

Géology of the Mogrﬁo Mine Area, Arizona 1307

across irregularities in strike and dip of the
vein-fault created some of the permeable
zones. The fractures associated with some of
the transverse structures created additional per-
meable zones, but other transverse structures
imposed restrictive barriers to the lateral
migration of ore fluids along the vein. The net
effect of the permeable zones was to provide
channelways along which the flow of ore fluids

could concentrate.

LIMESTONE-REPLACEMENT DEerosiT The fa-
vorability of the lower part of the Martin Lime-
stone for replacement mineralization has been
observed” in many mines and = prospects
throughout southern Arizona. To a lesser ex-
tent, specific favorability - for replacement has
also been shown by the lower and the upper
beds of the Escabrosa Limestone .in the Supe-
rior area. It is not yet known why. these beds
are particularly subject to replacement, but
they obviously were accessible to the ore fluids
and susceptible to chemical attack during hy-

drothermal activity. -
Figure 7 shows a north-south section
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Exploration Department -
Southwestern United States Division

March 3, 1977

Mr. Oren L. Harris
146 Neary Avenue
Superior, AZ 85273
Dear Mr. Harris:

Your letter of February 17 has been received and it is good to hear
that .you've been busy on some claims south of Superior.

| still get up in-your country now and again and hope to contact you
around the middle of the month.

Sincerely,

%%M//{)M

James D. Sell

JDS:1b

ASARCO Incorporated P O.Box 5747 Tucson,Az 85703
1150 North 7th Avenue : (602) 792-3010
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THE GEOLCOGY OF PICKETPOST MOUNTAIN, o
NORTHEAST PINAL COUNTY, ARIZONA*

DonaLp W. PETERSON
U. S. GEOLOGICAL SURVEY
MENLO PARK, CALIFORNIA

INTRODUCTION

Picketpost Mountain is a prominent local landmark about 4 miles south-
west of Superior, Pinal County, Arizona (Fig. 1). It is a butte-shaped
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FIcure 1. Index map.

*Publication authorized by the Director, U. S. Geological Survey.
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-l (Flow)

rh rh

Ficure 2. Picketpost Mountain viewed from east-northeast. The valley in the mid-
foreground is occupied by Tertiary and Quaternary alluvial gravels, beyond which
rhyolite lava flows around the base of the mountain. Tuff beds occupy the lower left
flanks of the mountain; these are intruded by a quartz latite vent occupying the central
slopes. The mountain is capped by nearly horizontal quartz latite lava flows. Key to
symbols: sc¢ — schist; rh — rhyolite; tu — tuff; br — breccia; ql — quartz latite.

mountain, nearly circular in outline, whose steep flanks rise abruptly to a
flat top (Figs. 2 and 3). The summit of the mountain at 4,375 feet is from
1,500 to 2,000 feet higher than the surrounding area.

The area shown in Figure 4 was mapped in 1955, and further investiga-
tions were made in 1961. The area was studied chiefly to determine the
relations between the volcanic rocks on Picketpost Mountain and the dacitic
ash-flow sheet widely exposed in the Globe-Superior area.

I would like to acknowledge stimulating discussions with Donald F.
Hammer of the Magma Copper Co., Superior, on the geological problems
of this area. Donald C. Lamb of the University of Cincinnati, who has been
studying the area to the south, has pointed out geologic relations important
in developing some of the conclusions.

s

e
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FIGuRE 3. Picketpost Mountain viewed from the northwest. The dark slopes at the base
of the mountain are Pinal Schist which is overlain by the light-colored beds of tuff. The
darker layers whose base is about two-thirds of the way to the top are quartz latite lava
flows. Rhyolite caps a low ridge on the left, and a small quartz latite plug is visible.
Key to symbols: sc — schist; tu — tuff; rh — rhyolite; br — breccia; ql — quartz latite.

GEOLOGIC SETTING OF PICKETPOST MOUNTAIN

Picketpost Mountain stands at the southwest edge of the northwest- to
west-trending valley of the Queen Creek drainage system. The hilly to
mountainous terrain to the south and west is mostly underlain by the Pinal
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Schist of early Precambrian age. Directly south of Picketpost Mountain is
a mile-wide belt of vertical to steeply eastward-dipping sedimentary rocks
of the Apache Group of Precambrian age. Both the schist and the sedi-
mentary rocks have been intruded by diabase. The hills and mountains on
the opposite side of the valley of Queen Creek, to the north and east, are
underlain by rocks ranging in age from Precambrian to Tertiary. The Pre-
cambrian and Paleozoic sedimentary rocks generally dip eastward, and
are cut by a complex network of faults (Short and others, 1943; Peterson,
D. W., 1962). Much of this area is covered by a widespread dacitic ash-flow
sheet of mid-Tertiary age. The wvalley of Queen Creek near Picketpost
Mountain is filled with alluvial gravels of Tertiary and Quaternary age.

Extending around the base of the mountain from the north to the south-
east side are rhyolitic lava flows interlayered with pyroclastic beds. These
volcanic rocks extend a considerable distance to the southeast and cover
an area of several tens of square miles. Their age is uncertain but is
probably either Tertiary or Quaternary. Picketpost Mountain is composed
entirely of volecanic rocks, which include rhyolitic lava, water-laid and
air-fall tuff, and both vent rocks and lava flows of quartz latite composition.
The rocks at Picketpost Mountain are briefly described by Wilson and
Roseveare (1945, p. 5-6).

The origin of Picketpost Mountain and the relation of its rocks to the
dacite exposed on Apache Leap (Fig. 1) are subjects of considerable local
interest. The observer notices, from a distance, that the rocks capping
Picketpost bear a marked resemblance to the dacite on Apache Leap, and
he also can readily project the basal contact across the several-mile interval.
It is natural to speculate that Picketpost Mountain might be an erosional
outlier of the dacite sheet. Short and others (1943, p. 45) regard the rocks
on Picketpost as being part of the dacite series.

Because of the questions on the relationship between the quartz latite
capping Picketpost Mountain and the dacitic ash-flow sheet, considerable
attention is devoted to the quartz latite unit and to speculation on its origin,
but the prevolcanic rocks and the rhyolitic, tuffaceous, and basaltic rocks
at the base and on the flanks of the mountain are only briefly discussed.
It is concluded that the quartz latite has an entirely different origin from
the dacitic ash-flow sheet. Furthermore, an examination of neighboring
areas shows that the rocks on Picketpost are distinctly younger than the
-dacite.

The geologic map (Fig. 4) shows that the flat top of the mountain is
composed of a quartz latite lava flow that overlies the bedded pyroclastic
rocks. The lava flow extends from a vent that occupies much of the north-
western flank of the mountain. The cross sections (Fig. 5) are interpreta-
tions of the structure of the mountain.
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DESCRIPTION OF ROCK UNITS

Prevolcanic Rocks

The oldest rock of the area, the Pinal Schist, crops out along the western
edge of the geologic map, and underlies the western flanks of the mountain
(Figs. 3, 4). It is a fine-grained quartz-mica schist, with moderately to well-
developed foliation.

The schist is overlain, with nearly vertical contact, by the sedimentary
rocks of the Apache Group. These rocks include the Pioneer Formation
with the Scanlan Conglomerate Member at its base, and the Dripping
Spring Quartzite with the Barnes Conglomerate Member at its base. The
sedimentary strata strike north and dip steeply eastward, and some of the
beds are vertical. Diabase of probable Precambrian age has intruded both
the Apache Group and the Pinal Schist; the diabase and Apache Group
rocks have been combined as a single map unit in Figure 4. Detailed descrip-
tions of these formations are given by Ransome (1903, 1919), Short and
others (1943), and in other reports on adjacent regions.

Basalt

Basalt crops out in several areas along Arnett Creek north of Picket-
post Mountain. Outcrops are subdued, the rock is generally massive, but
locally shows partings along flow planes. The weathered basalt is medium
to dark gray and commonly has a bluish cast; it is locally vesicular. The
base of the basalt is not exposed, and the relationships and age relative
to adjacent rocks have not been established with certainty. The basalt
bodies, however, are interpreted here as lava flows that were extruded
before the eruption of the overlying tuff.

On the fresh surfaces the rock is dark gray to greenish black; it grades
to lighter shades of gray where altered. Megascopically it is a dense rock
with a uniform aphanitic texture, and it completely lacks phenccrysts.
The microscopic texture is intergranular, and the rock is composed of about
95 per cent plagioclase (Ang;z), 30 per cent pyroxene, and 15 per cent
opaque minerals. Equant grains of pyroxene and the opaque minerals are
uniformly distributed through a felted mass of thin plagioclase laths. The
plagioclase laths average 0.1 to 0.2 mm. long and have a maximum length
of 0.5 mm.; the pyroxene and opaque grains average about 0.05 mm. in
diameter, and reach a maximum diameter of about 0.1 mm.

Tuff

The steep-sided flanks of Picketpost Mountain are mainly composed of
distinctly bedded, light-colored tuff (Fig. 3). Tuff also occupies part of the
canyon cut by Arnett Creek north of Picketpost Mountain, and it crops out
in several localities southeast of the mountain (Fig. 4). It continues beyond
the area of Figure 4 and crops out over several square miles to the south
and southeast, and scattered outcrops are also found to the north.
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Beds range from thin to thick, and crossbedding is locally common. The
weather, tuff tends to stand as steep cliffs, and outcrops are generally very
pale shades of grayish yellow or brown, but on fresh surfaces the color
generally ranges from pale grayish yellow to very light gray to nearly
white. Lithology is highly varied and the rock ranges widely in composition
and texture, but perhaps the most common type can be classed as vitric
crystal tuff. Differing amounts of fine-grained crystals of plagioclase, quartz,
and biotite, and scarce to abundant lithic fragments and pumice lumps are
set in a fine-grained vitric mairix which shows slight to complete devitri-
fication and alteration. -

The tuff unconformably overlies the Precambrian rocks at the western
and southern base of the mountain, and conformably overlies the basalt in
the canyon of Arnett Creek. The tuff in Arnett Creek and in Telegraph
Canyon (Fig. 4) is overlain by rhyolite flows; in turn, the rhyolite is over-
lain by additional tuff beds on the flanks of Picketpost Mountain. In the -
southeastern corner of the area, tuff is both underlain and overlain by
rhyolite. Sections AA’ and BB’ (Fig. 5) illustrate the interlayering of tuff
with rhyolite. The tuff high on the flanks of the mountain is overlain by
quartz latite.

Rhyolite

Rhyolitic lava flows cover much of the low-lying ground from the
northern to the southeastern side of Picketpost Mountain (Figs. 2, 4), and
similar flows are found in several localities within 5 or 10 miles of the moun-
tain both to the north and south. The rock weathers to bold, craggy outcrops
and generally forms very rough terrain. The weathered rock is light to
dark gray, and locally may be stained various shades of brown.

Flow structures are generally prominent, and they change at random
from even and regular, through broad, swirling arcs, to tightly contorted
folds. Locally the flow structures become inconspicuous or disappear, and
the rock assumes a massive appearance. Lithophysae, quartz- or opal-lined
cavities, and other spheroidal structures are locally abundant.

The rock varies from aphanitic to glassy, and phenocrysts are either
absent or sparse. The aphanitic rock results from devitrification and altera-
tion, and consists of microscopic crystallites of feldspars and silica minerals.
Flow planes are defined by variations in degree and kind of crystallization.
Completely crystallized rock grades into rock with alternating layers of
crystallized and glassy material, and to entirely glassy rock. The glassy
rock is generally characterized by moderately to well-developed perlitic
structures.

At several places along and beyond the eastern margin of Figure 4, the
glassy perlitic rock has expansion properties that meet commercial require-
ments and is being mined as perlite from several pits. The commercial
perlite is light gray to milky white. Strongly developed spheroidal perlitic
structures, from a millimeter to several tens of centimeters in diameter, are
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successively superimposed one upon another. Randomly scattered through
the rock, like plums in a pudding, are subspheroidal nodules of black
obsidian, known technically as marekanites, or commonly as Apache tears.
The main mass of perlite contains several per cent water, whereas the
nodules have a very low water content. The perlite is described by Wilson
and Roseveare (1945, p. 5), Anderson and others (1956, p. 11), and Jaster
(1956, p. 380), and the nature of the bonding of water in this perlite is
discussed by Keller and Pickett (1954).

The rhyolite rests everywhere on tuff within the area of Figure 4. The
interpretations of Figure 5 indicate that flows are interbedded with later
tuff beds,. as illustrated by sections AA’ and BB’. The interpretation pre-
sented here shows a hypothetical source vent of rhyolite partly cut by a
younger vent of quartz latite.

Breccia

A body of volcanic breccia that stands in bold outcrops forms a tall
pinnacle about a third of the way up the north flank of Picketpost Mountain.
It is shown on the map of Figure 4, and is visible in both Figures 2 and 3.
Several other irregular bodies of breccia crop out on the flanks of the moun-
tain, but because of either their small size or vague boundaries, they have
not been separately mapped.

The breccia is composed of angular blocks and fragments of tuff and
other lithic material such as diabase, rhyolité,. and schist in a heterogeneous
pyroclastic matrix. The breccia forms a steep dike (Fig. 6) that has intruded
along the contact between tuff and rhyolite and cuts across tuff beds at
nearly right angles. :

Quartz Latite

Quartz latite lava flows which form the flat-topped cap of Picketpost
Mountain emerge from a stéep-walled conical vent that occupies the north-
eastern flank (Figs. 4, 5). Quartz latite also forms a small plug near the
northwestern base. The quartz latite crops out as cliffs and steep slopes
and weathers to shades of reddish brown and grayish brown.

The lava flows at the summit of the mountain (Fig. 7) are characterized

by broadly undulating, closely spaced flow planes. The planes tend to lie

close to horizontal, but the rather random undulations result in gentle
variable dips in every direction. The continuity and general regularity of
the planes impart a layered appearance to the rock. The flow planes com-
monly weather to series of partings, whereas on fresh surfaces the planes
are expressed by color and density changes: Thin, irregular, vuggy zones
are common along the flow partings. Some of the layers exposed in the
steep cliffs near the summit are cut by well-developed columnar joints. The
columns stand nearly vertical as they are approximately at right angles to
the flow planes, and most columns are between 1% and 3 feet in diameter.
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Ficure 6. Thin-bedded tuff, on left, intruded by dike of breccia. This coniact is just
east of the prominent breccia pinnacle on the north flank of Picketpost Mountain.

The rock in the vent on the northeastern flank of the mountain is char-
acterized by flow planes similar to those on the summit except that, instead
of being flat or gently dipping, they are broadly swirling and wildly con-
torted, and their dips range from horizontal to vertical. The walls of the
vent dip steeply inward, and the vent has the shape of an inverted cone
(Fig. 5, sections AA’ and BB").

A small plug of quartz latite crops out low on the northwestern flank
of the mountain (Figs. 3, 4, and 5, sec. CC’). It is nearly circular in outline,
and is about 200 feet in diameter. It intrudes both tuff and rhyolite, has
steeply dipping to vertical walls, and shows well-developed flow layering
parallel to the walls.

The quartz latite is porphyritic, and its groundmass exhibits a wide
variety of textures, ranging from glassy to aphanitic, and from flow-layered
to brecciated. Regardless of the texture of the groundmass, however, the
phenocrysts are nearly uniformly distributed throughout both the vent rock
and the extrusive flow, and they comprise from 20 to 30 per cent of the rock.
Most phenocrysts are euhedral or subhedral, but many quartz crystals and
a few feldspar crystals have deeply embayed boundaries. Phenocrysts range
from a fraction of a millimeter to about 4 mm. in diameter, and average
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Ficurg 7. Nearly horizontal flow structures in the quartz latite show broad, gentle
undulations, and are locally cut by well-developed columnar joints.

from ¥ to 1 mm. Modal analyses by point counting methods have been made
of a few thin sections, and relative proportions of phenocrysts are shown in
Table 1. Throughout most of the rock the groundmass is free of broken
fragments of phenocrysts.

TaBLE 1. MODES OF QUARTZ LATITE SPECIMENS
(Location of specimens shown on geologic map)

Specimen No. ... ............ 1 2 3 4
Phenocrysts ............... ... 25 27 30 27
Groundmass ................. 75 73 70 73
Relative Proportions of Phenocryst Minerals
Plagioclase (Anssso) ......... 55 51 66 61
Sanidine ..................... 6 11 2 1
Quartz . .......... ... 23 25 12 16
Biotite ............... ... .. 13 9 11 14
Hornblende ............... ... 3 3 7 7
Opaque minerals ............. tr 1 2 1

Accessories (sphene, apatite) .. tr tr tr tr
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Although plagioclase is the most abundant phenocryst mineral, the
rock is classed as a quartz latite because, with only 2to 30 per cent pheno-
crysts, appreciable quartz and some sanidine occur as phenocrysts. This
suggests that the magma was saturated with these constituents at the time
of solidification; hence the matrix is likely to be richest in potential silica
and potassic minerals.

Quartz latite with a black glassy groundmass, a vitrophyre, is confined
to a single zone which is near the base of the lava flow and which continues
around the border of the vent. The vitrophyre zone ranges from 3 to 20
feet thick. Much of the vitrophyre, both at the base of the flow and along
the walls of the vent, is a breccia composed of blocks and fragments of
vitrophyre in a matrix of very similar material. The vitrophyre is locally
randomly intermixed with irregular stringers of pyroclastic rock, some
extending upward or inward from the adjacent tuff, and some disconnected
from it. The glassy zone is generally separated from the bedded tuff by a
few feet of somewhat porous aphanitic breccia. The vitrophyre is inter-
preted as an autobreccia forming the chilled base of the flow and border
of the vent. During emplacement, the chilled crust of lava was locally
broken up by continuing movement, and bldcks were incorporated in the
still-fluid portions of the lava. Autobreccias are common at the base of
silicic lava flows and at borders of vents. A zone of vitrophyre also encircles
the small plug on the northwest side of the mountain.

The aphanitic quartz latite, away from the chilled border zone, is typi-
cally characterized by more or less regular, continuous flow structures
(Fig. 7). On the fresh surface these are expressed by alternations in color
which largely reflect variations in the degree of crystallinity of the ground-
mass. On the fresh surface the groundmass alternates among various shades
of gray. Microscopic examination shows that the darker gray rock is rela-
tively less crystallized and is composed mostly of glass, whereas the lighter
gray rock shows a greater degree of crystallization. Some rocks are com-
pletely crystalline and the groundmass is a microcrystalline mass of low
birefringence. In some the crystallization has progressed far enough to
enable feldspars and silica minerals to be recognized. Some of the partly
crystalline rocks contain tiny but well-defined spherulites with radial
structure.

In some places, within both the vent and the extrusive flow, the rather
uniform texture is interrupted by an abrupt transition to distinctly pyro-
clastic texture. The pyroclastic material ranges from tiny microscopic
stringers to definite layers a few inches thick interbedded with the flow
rocks. The pyroclastic texture is unmistakable, and even the groundmass of
this material is full of minute fragments of broken phenocrysts and dust,
imparting a clastic rather than a fluidal texture to the rock.

The quartz latite lava flow rests nearly conformably on the underlying
tuff. The quartz latite vent intrudes this tuff, cutting across beds with a
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sharply discordant contact. The adjacent tuff is generally little disturbed,
but blocks, fragments, and particles of tuff have been torn loose and incor-
porated in the brecciated quartz latite near the contact.

ORIGIN OF THE QUARTZ LATITE

In recent years, throughout the western United States, many bodies of
silicic voleanie rock that in earlier times would have been designated as
lava flows have been identified as ash flows (ignimbrite). Evidence perti-
nent to proper identification may sometimes be difficult to recognize, and
criteria are often gradational, so a careful study should be made before
designating the origin of a silicic voleanic rock. Among the best discussions
of criteria for recognizing ash flows are papers by Ross and Smith (1961)
and Smith (1960a).

An extensive sheet of silicic voleanic rock covers much of the area near
Picketpost Mountain. Ransome (1903, p. 88-95) identified the rock as a
dacite, and believed it to be a lava flow which rested on a basal tuff. Later
studies have shown that the rock is an ash-flow sheet and that much of it
is composed of welded tuft (Peterson, N. P., 1962; Peterson, D. W., 1961).
Evidence supporting this conclusion includes the wide lateral extent of the
sheet, zoning typical to ash-flow sheets based on both degree of welding
and type of groundmass crystallization, relict deformed pyroclastic textures,
and gradation into basal nonwelded tuff.

Ransome’s name of dacite was based on the predominance of plagio-
clase and the presence of quartz phenocrysts in the rock. Chemically the
rock is a quartz latite (Peterson, 1961, p. 8, 111), but because of firmly
established usage both locally and in geologic literature, and because dacite
correctly describes phenocryst mineralogy by megascopic and microscopic
classification schemes, the name dacite has been retained for the rock. This
illustrates the inconsistencies inherent in naming many volcanic rocks.
Insofar as possible, a chemical scheme should be used because it reflects
the composition of the entire rock rather than the fractional portion repre-
sented by phenocrysts. Volcanic rock classification schemes, however,
generally have sufficient flexibility to permit deviations due to special
circumstances.

Picketpost Mountain is 4 to 5 miles west of Apache Leap, which is capped
by hundreds of feet of the dacite. The quartz latite on Picketpost Mountain
lies at the same general elevation as the dacite on Apache Leap. The ques-
tion of whether they belong to the same rock unit must be considered.

From a distance the outcrops are similar, both in color and in weather-
ing characteristics. In hand specimen the rocks are similar, but not identical.
Both are readily recognized as silicic volcanic rocks, and they may be very
close in color. Both are porphyritic, with a predominance of plagioclase
phenocrysts and lesser amounts of quartz, sanidine, biotite, hornblende,
and opaque minerals. Microscopic studies show that the percentage of
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phenocrysts in the dacite is appreciably higher, ranging from 35 to 45 per
cent, where the quartz latite contains 20 to 30 per cent phenocrysts, but this
criterion is not necessarily diagnostic. Much of the dacite contains a rela-
tively higher proportion of plagioclase phenocrysts and a lower proportion
of quartz phenocrysts than does the quartz latite, but phenocryst propor-
tions of part of the dacite do overlap with those of the quartz latite. Pheno-
crysts in the quartz latite tend to be unbroken, whereas those in the dacite
commonly show broken faces.

The following criteria have been used to reach the conclusion that the
quartz latite is indeed a lava flow instead of an ash flow:

(1) TFlow structures in the quartz latite are continuous and regular
(Fig. 7). Flowlike structures in ash flows, including the dacite, are lenticular
and discontinuous.

(2) Pyroclastic and vitroclastic textures, pumice fragments, shards,
and eutaxitic structure are missing from the bulk of the quartz latite, and
no relict textures can be distinguished. These textures are an important
criterion in identifying the dacite as an ash-flow sheet. The pyroclastic
bodies mentioned in the description of quartz latite lie in discrete layers
and comprise but a small fraction of the rock; the adjacent nonpyroclastic
layers contain no trace or sign of pyroclastic texture.

(3) Zoning typical of ash flows is lacking. One of the principal criteria
for recognition of ash flows is a zoning based on systematic downward
increase in degree of welding of shards and pumice fragments (Smith,
1960b) ; this is well displayed in the dacite, but because there are no appro-
priate particles or fragments in the quartz latite, such zoning is completely
lacking. Zoning by type of crystallization of the groundmass is also a char-
acteristic of ash flows (Smith, 1960b) and is well developed in the dacite,
but no evidence for this type of zoning has been observed in the quartz
latite. Instead, strong differences are observed in the degree of crystalliza-
tion of the groundmass between adjacent flow layers.

(4) Broken fragments of phenocrysts are absent or rare in the ground-
mass of most of the quartz latite. In rocks where broken crystal fragments
are abundant, a violent eruption, such as an ash flow or pyroclastic explo-
sion is.suggested. The dacite groundmass contains abundant broken crystal
fragments. Their rarity in the quartz latite is consistent with a quieter,
fluidal type of eruption, such as a lava flow.

(5) The autobreccia at the base of the flow and around the walls of
the vent is typical of many lava flows. Although the basal rocks of ash
flows may contain abundant xenoliths, they do not characteristically con-
tain autobrecciated zones.

The above criteria are probably sufficient to establish that the quartz
latite represents a lava flow issuing from a vent, but a few seemingly con-
trary facts must ke explained.

The pyroclastic layers within the quartz latite perhaps can be most
readily explained either as: (1) pieces of semiconsolidated wallrock or
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underlying tuff torn off by the advancing lava and intimately intermixed
during subsequent movement, or (2) as products of pyroclastic eruptions
landing on and intermixing with still-fluid lava. Both of these mechanisms
may have operated. :

The flow layering on the flat-topped summit of the mountain is uniform
instead of contorted, and it varies from herizontal to gently dipping without
abrupt changes (Fig. 7). A lava flow as silicic as this rock would be expected
to be viscous and to exhibit highly contorted flow structures. Another
feature rarely observed in silicic lavas is polygonal columnar jointing (Fig.
7). Such joints are common in basalt and andesite lava flows and in silicic
ash flows, so if this rock is a lava flow, their presence is paradoxical. The
columnar joints and the regular, uniform flow layering may well be related
to the same basic cause. Two alternate possibilities are proposed here to
explain how both features might develop in a silicic lava.

One possibility is that the flow issued from the vent as an unusually
thick mass that moved uniformly across a surface of low relief. The uniform
movement and the lack of topographic irregularities resulted in gently
undulating rather than highly contorted flow structures. A further result
would be that during the cooling history isotherms were smooth and regular,
and that major flow movement ceased before the principal hardening of
the groundmass. These are conditions conducive to the formation of vertical
columnar joints.

Another possibility is that the lava had an abnormally low viscosity for
a silicic rock. It may be that an unusually high content of volatiles lowered
the viscosity to a degree permitting both uniform flow and a regular pattern
of isotherms during the cooling.

The criteria favoring a lava-flow origin for the quartz latite seem dis-
tinetly stronger and more definite. The apparently contrary criteria are not
as compelling, and they do have rational, though somewhat speculative,
explanations. The evidence, therefore, distinctly favors the viewpoint that
the quartz latite is a lava flow. The even flow layering, columnar joints, and
pyroclastic layers suggest an unusual type of lava flow, however, and the
rock should be an interesting subject for future studies.

The age of the quartz latite relative to the dacite cannot be learned from
evidence in the immediate area of Picketpost Mountain, for dacite does not
crop out close by. However, the geologic relationships exposed in Walnut
Canyon, about 8 miles south-southeast of Picketpost Mountain (Fig. 1),
suggest that the quartz latite on Picketpost Mountain erupted during an epi-
sode of volcanic activity later than the dacite. These relationships, described
below, were shown to me by D. C. Lamb.

Dacite crops out over a broad area in Walnut Canyon and vicinity. In
several localities it is overlain by tuff beds which crop out almost continu-
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ously from Walnut Canyon to Picketpost Mountain and in scattered areas
to the north. It is likely that the tuff on the flanks of Picketpost Mountain
correlates with the tuff in Walnut Canyon and, if so, it is younger than the
dacite. As the quartz latite both intrudes and overlies the tuff, it is younger
than both the tuff and the dacite.

GEOLOGIC HISTORY OF PICKETPOST MOUNTAIN

During mid-Tertiary time, the Picketpost Mountain area was a land
of moderate relief. Former geological events had tilted and faulted rocks
from Precambrian to late Paleozoic in age, and all were exposed in various
places at the surface. Stream-carried gravels were accumulating in local
basins. During the Miocene Epoch, nearby volcanic activity was climaxed
by eruptions of huge ash flows which covered the region with a dacite sheet
from several hundred to some 2,000 feet in thickness. Practically a complete
section of this sheet is presently exposed in Queen Creek Canyon a few
miles to the east, yet no dacite crops out near Picketpost Mountain. The
Picketpost area almost undoubtedly was covered by the dacite, though it
may have been considerably thinner than in Queen Creek Canyon, and
erosion removed this dacite before the subsequent volcanic activity. This
suggests considerable uplift in the Picketpost area relative to the area a
few miles east.

A resumption of volcanic activity included basalt flows followed by
the eruption of a moderate amount of tuff, some of which was deposited
as air-fall beds and some of which was reworked by streams. The tuff was
deposited over an area of several tens of square miles, including the site
of the present Picketpost Mountain and neighboring areas both to the north
and south. At the site of the mountain the tuff was deposited upon steeply
dipping Precambrian rocks, whereas a few miles south it was deposited on
dacite. This affirms that the period between the dacite emplacement and
the tuff eruptions was one of considerable local uplift and erosion. Con-
temporaneous with the tuff deposition, rhyolite flows were erupted and
covered several square miles. Some may have issued from vents at the site
of the present mountain, and these vents may also have supplied some of
the tuff and breccia. Tuff eruptions continued after the rhyolite flows ceased.

Ultimately one or more lava flows of quartz latite issued from a vent
which cut through the recently deposited tuff and reached a diameter of
about 3,000 feet. The flows advanced an unknown distance over the neigh-
boring area. The vent probably stood as a moderately sloping topographic
high point during the volcanic activity. After volcanism ceased, erosion
began cutting at the margins of the quartz latite flow and has continued
to the present time. A small remnant of the flow capping and protecting
the softer tuff beds underneath forms the summit of the prominent moun-

‘tain of today. Erosion has exposed the upper part of the quartz latite vent
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on the northeast flank of the mountain, and has cut through and removed
much of the tuff and part of the rhyolite flows. The sections of Figures 5
illustrate the degree of dissection.

Between Picketpost Mountain and the Gila River (Fig. 1) other vol-
canic rock bodies intrude, are interbedded with, and overlie the tuff, indi-
cating fairly widespread volcanic activity during the general period in
which Picketpost Mountain formed (Lamb, D. C., oral communication,
1960).

Meanwhile, further regional tectonic activity reversed the previous
relative movements, and the eastward block and its dacite sheet were
raised to their present relatively high elevation.

Much remains to be learned about the geology of Picketpost Mountain
and the nearby areas. A detailed study of the tuff may reveal distinctions
between different beds, different modes of eruption and deposition, and
establish a stratigraphy. Further studies should reveal more definitely the
relationships among the tuff, rhyolite, and breccia units. Detailed studies
of the rhyolite flows may reveal information concerning the origin of perlite.
The quartz latite possibly represents an unusual type of lava flow which
further studies will help to understand. Additional problems include the
nature of the complex deformation that occurred between the time that
the dacite was emplaced and the time of the tuff and rhyolite eruptions,
the structural framework that determined the location of the vent at Picket-
post Mountain, and the type and extent of the deformation, erosion, and
sedimentation following the eruption of the quartz latite lava flow.
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Southwestern Exploration Division

March“l8, 1977

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

Magma Copper Company
Pinal County, Arizona

- Magma Copper early in March announced at a School Board meeting in Superior
“that their valuation figure was drastically cut and furthermore they had
only six years of reserves.

At a previous meeting and election the Board and citizens had approved a
bond issue for a new school. With the Magma announcement the Board has
tabled the issue because of anticipated lack of revenue for repayment.

Magma Superior presently mines 2,800 tons per day on a seven days per
week schedule or around 1 mtlllon tons per vyear.

‘Magma had announced a 10.2 million ton reserve as of Jan. 1, 1971.
Production from 1971 thru 1975 amounted to 3.2 million or aopro<tmately
4.2 million tons thru 1976. This would leave 6.0 million tons.

But, their reserve was based to the 3900 level altho drilling had shown
mineralization to the 4300 level. The bottom of No. 9 shaft corresponds
to the 4100 level and they are presently in mineralized limestone beds
north of the shaft after passing through the breccia mass. Mo hard facts
are presently known by me as to the grade of the present 4100 level
mineralization, altho the statement was made that a high-grade bornite-
chalcocite '‘vein'' was found on the breccia-limestone contact.

Mr. Joe Murry, General Manager, quit as of March 15 and is now with

United Nuclear at Grants, New Mexico. A Mr. Freeman from San Manuel is
over as the new General Manager. Freeman has been with Newmont at San
Manuel for the past two years, with three years in the New York office,

and an English firm prior to that.
. 7
oL 2 /L%M

James D. Sell

JDS:1b
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Southwestern Exploration Division

May 20, 1977

TO: F. T. Graybeal

FROM: J. D. Sell

New Vein

Magma Breccia Area
Superior Division
Pinal County, Arizona

I have been able to confirm from several sources that Magma has
recently encountered a new vein in the breccia area south of No. 9

- Shaft.

The structure is located some 2000 feet south of Mo. 9 Shaft and is

near vertical. No info was gleaned as to the strike and width of the
structure. Two holes have presently penetrated the structure and
indicate high-grade bornite-chalcocite as found in the 'breccia vein"

to the north and also at the north edge of the breccia mass (see sketch).

Magma has drifted from No. 9 Shaft on the 3000 Level and is presently
mining in the 'breccia vein''. | assume the drilling which encountered
the new vgin was  from a 3000. Level breccia vein station.

Also rumored is that Magma intends to bring in a geophysical company to
probe the vein and to determine its dimensions. Apparently this will be
by the ‘'acoustical logging'' method similar to the work done for Asarco
in the Galena Mine in 1374(7). An ex-Asarco engineer from there who is

‘now at Magma is disturbed that they intend to make the probe without knowing

the location of the drill holes; that is, the holes are unsurveyed.

This discovery places more emphasis on the 0ak Flat Withdrawal Area to
the east of the present and known Magma discoveries and workings.

M%J M
{f“ James D. Sell

JDS:1b
Att.
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Southwestern Exploration Division

Aprit 1, 1977

FILE MEMO

Magma Copper Company>
Superior East Project
Pinal County, Arizona

The new General Manager for the Superior Division of Magma Copper
Company (Newmont) is:
Charles G. Freeman
formerly Assistant to the Vice President of Magma. .Joined Newmont in
1971, with mining experience in Africa, etc. Graduate of the Royal School
of Mines, London, England. Is presently moving to Superior with his
wife Jayne.

bpcs /&;@Q/7

James D. Sell

JDS:1b
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Rocky Mountain
Explora}ion Division

July 10, 1978

TO: F.T. Graybeal

FROM: 7J.D. Sell
Replacement Limestone Assays
Queen Creek Area .
Superior Fast Project
Pinal County, Arizona

As an additional calibration and for research purposes, seven samples were

- *aken in the Queen Creek area by D. Krasowski and myself in the replacement

textures and environment, The samples were submitted to ASARCO Salt Lake
geochemistry for mercury analysis and Skyline Labs (Tucson) for emission spec=
trography and mercury analysis. . Their report sheets are attached. The sample
sites and numbers are shown on the MF~253 excerpt along with the vertical
projection of Magma's Devonian horizon replacement body. This horizon tops
out approximately two theusand feet helow the surface at this point, Simi-
larly, the Mississippian and Pennsylvanian ore body blocks also top out around
2500 feet below the surface and 2500-3000 feet east of the furthest western
point on the Devonian horizon, (Note: The "A" designation indicates the sam-—
ple was taken near or at the same sample ‘site, as reported in my memo of
November 28, 1973, "Comparative Results - Emission Spectrographic Analysis,
Superior East and Boheme Project Areds . ")

As noted, the Skyline mercury values are very non-indicative whereas the
SLC values have a range, and these have been added to the Skyline report.

Sample 1A was cut on a manganese—»ric‘h bed in the middle part of the Naco
(Prnnsylvanian) Limestone. The sample point would be on the south edge of
the updip projection of the Naco bod}} (located some 2500 feet below the sam-
ole point and 3000feet easterly). Silver is weakly anomalous (15ppm) while
barium (200ppm), zinc-(1000ppm), and mercury (105ppb) are anomalous.

The original sample also ran 53 ,000ppm manganese and 76.0% silica which
indicates its mineralization system, Low lead and copper values were asso-
ciated with the sample. ' ‘

Sample 2A was taken in a manganése—rich bed at the top of the Escabrosa
Mississippian) Limestone and would also be on the southern edge as projected

+




and some 4000 feet westerly and updip from the ore body block. Silver (200ppm),
lead (1000ppm), zinc (5000ppm), and mercury (220ppb) are all anomalous in

the horizon that contained 130, 000ppm manganese and 37.7% silica (original
sample). Copper again is a low value. | ' -

Two samples were taken along the LS & A vein structure which have no coun~
terparts in the original sampling program. Sample 101 was taken about 45

feet above the karst surface in the Naco Limestone with only minor fracturing
of the rock and very minor manganese-iron stain. Sample 102 was taken

on the same structure and below the karst in the upper Escabrosa where man-
ganese-rich mineralization and silica spread out from the vein and formed

a mushroom of 20-30 feet of width, The sample is from the same horizon as
QC-2A mentioned previously. Sample 101 (Naco) shows only anomalous silver
(10ppm) and manganese (greater than 10,000ppm) values, indicating some
leakage from the system going through the karst material, Sample 102 (Esca-
brosa) is very anomalous in silver (100ppm), barium (300ppm), lead (2000ppm),
zinc (10,000ppm), and mercury (125ppb), as well as manganese (+10,000pprm)
and undoubtedly silica. As:noted, in comparison to a similar sample and horizon
of QC-2A, the 102 sample has approximately twice the values noted. The

1S & A vein system projects to be the second vein of .bornite found in the
breccia south of #9 shaft, This vein has not, to my knowledge, been checked
casiward from the surface, nor testied underground when 'the replacement beds
were exploited in the 1950's-early 60's, ‘ : ‘

Sample 3A is from the middle replacement horizon of the Escabrosa Limestone
and in the wallrock of the original QC-3 sample. It is south of the LS & A
vein and shows a weakly manganiferous addition but excellent replacement
texture in outcrop. Although it does have 1500ppm manganese, No other values
appear to be indicative that the sample site was within.a mineralization
pathway. (Whereas the original sample, cut on a small vein structure, con-
tained 3000ppm lead, 3000ppm zinc, 200,000ppm manganeseé, and 24.5%
silica with 50ppm silver.) : .

Sample 7A is the lower Martin Limestone replacement horizon and has excel-
lent replacement texture with minor manganese. The values recorded are simi=-
lar to the Escabrosa sample of 3A above.

Sample 8A is of the highly fractured and iron-stained Bolsa (Cambrian) quart—
site underlying sample 7A, It contains about the same -values as 7A except
for an anomalous titanium (1500ppm) content probably reflective of the detrital
magnetite grains and an anomalous mercury (135ppb) value.,

.




Overall, in the Queen Creek.area, it appears that we can see the plumbing
system and leakage from the massive ore bodies mined (and to be found?)

at a distance of 2000~3000 feet vertically and laterally (updip) by the use of
silver, lead, zinc, mercury, manganese, and silica values. Closer to the ore
bodies the increase in mercury, calcium and for magnesium' should be apparent

as wallrock additions,
A
v \_('{c’//w:”/.— Q‘L
/ James D, Sell
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Southwestern Exploration Division

February 22, 1982

To: W. D. Payne

From: F. R. Koutz

Field Trip to Magma Mine
Superior, Pinal Co., Arizona

On January 22, 1982 Steve Catlin, Barney Mason and I visited Newmont's
Magma Mine at Superior, Arizona. The following set of notes is intended

- for the files, J. D. Sell and the other participants as I elected myself

note taker.

The Magma Geological staff consists of:

Russell N. Webster, Chief Geologist

B. L. Green, Assistant Chief Geologist
*Donald E. Atkinson, Geologist

*Reg. L. Barnes, Geologist
*S. Mark Hay, Jr., Geologist

Plus several technical aides and samplers

The three -geologists(*) above presented an excellent orientation for
about one hour and Atkinson led us underground for 3-4 hours on the 3600-
3800 levels, No. 9 shaft. The trip emphasized limestone replacement
mineralization and vein mineralization in the South vein. '

Stratigraphy - Mining Horizons:

Precambrian diabase + local Mescal Ls - only minor replacement minerali-
zation. Not being mined but was a major wall rock in old vein mining.

L. Martin Repl.: A Bed

U. Martin Repl.: B Bed, 100' max.thickness (?). We were not shown
A or B beds as on 3600 they are thin, discontinuous
or mined out.

L. Escabrosa: C Bed 400' strike length
M. Escabrosa: "CC" Bed - little pods
U. Escabrosa: . "D" Bed

hameriy

A red shale marker (Moon Bed) - 40-50' thick at base of Naco -
changes to green around ore.

Naco - E. Bed: Dirty, cherty open-cavity-filling in E. Bed.
These replacement horizons, which plunge to the east with the stratig-

raphy at about 30°, are sharply bounded on the south by the_NSOE—striking,‘
80°S dipping North Boundary vein (actually a fault). South of the N. Boundary
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vein is the "conglomerate" - a conglomerate to breccia containing well
rounded to angular clasts of much of the local Paleozoic and Precambrian
section, volcanics, and intrusive porphyry. On the north side minerali-
zation feathers out againstminor E-W faults of short strike length or dies
out into the wall rock. Both the north and south margins of mineralization
converge slightly to the east and with depth. Tertiary porphyry dikes,
generally E-W striking, occur in and south of the North Boundary vein. The
whole stacked manto or rum is a splay off the "East Replacement vein" and
in plan the mineralized zone on 3600 is about 600' wide (N-S) on the west
end and 200' wide (N-S) on the east end and about 1000' E-W. About 20-30%
of the area in this trapezoid was mined out or colored red. This would
make a relatively small drilling target at these depths!

According to Reg. Barnes the manto starts at about the 2850 level,
first mining was on the 3000 level and presently extends to the 3800 level.
The deepest level is 4200 off the No. 9 shaft and the 4100 level is the
lowest active exploration level. Grade is fairly consistent from the C
Bed up: 4.5% Cu, 1-2 oz. Ag/T., .01-.02 oz. Au/T. There is minor sphal-
erite and galena (grades?) but these are not recovered. In some areas
galena and sphalerite are relatively common on the margins of the copper
ore but Cu grades are too low to mine these areas. Atkinson didn't know
whether Mn was high on the margin of the mantos. Ore mineralogy (Ls. Repl.)
is 75% cpy, 22-23% bn, 2-37% cc.

On the 3600 level the C, D, and E beds are replaced by banded hematite/
pyrite. There is more pyrite on the SE end of run and pyrite often forms
an outer "hood" or halo to mineralization (esp. "C" bed, 3620). Pyrite/
hematite ratio has been increasing with depth. .

Magma mines 3000+ TPD O+W but ships everything. They plan this year
to start hoisting some development waste using the No. 9 shaft and start
a new dump to the east of the shaft. Mining is by undercut (10' widths)
and sandfill. Lower cutoff on the books is 3.0% Cu but with 15% average
mining dilution, development waste, etc. actual mill feed is 2~2%% Cu.
Rock temperature is 160°F on the 4100 level, but we encountered almost no
excessive heat on the 36-38 levels.

Oracle Drilling (Cementation, Inc.) does Magma's diamond drilling,
about 1500'/month using both Joy 22 and Diamex 250 (AX) drills. Average
hole length is 500'. Cost a year or two ago was $17.00/ft.

The lowest level we were shown a map of was 3990. On 3990 the north
and south walls almost converge. We were not shown maps of or told much
about the South vein in the office and Atkinson did not carry a map under-

1" -

ground but apparently it has a +1000' strike length of "interesting"
mineralization on 36-3800. Magma has drilled some additional veins in

S it
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the conglomerate and apparently is doing significant exploration in the
conglomerate judging by drill stations and fans recently posted on the
level plans (one new vein intercept south of the east nose of the manto
on the 3600 level runs 0.86% Cu over 21'").

.Don Atkinson confirmed Jim Sell's rumor of high silver on the 4100
level: consisting of one, 1 foot galena vein running 330 oz. Ag/T.
Atkinson also mentioned there was local native Cu in hematite in the '"C
Bed" on 4100 and some Cu® had been found in the conglomerate higher up.

Underground on the 3600 level we examined the ''conglomerate' near
the No. 9 shaft. We saw a variety of textures including well rounded
limestone clasts up to 1 foot diameter in a grit- to silt-sized matrix.
Many of the clasts had a siliceous rim and some limestone clasts had a
coarse~grained rim with pink to sideritic carbonate which showed Mn and
Fe oxides from post-mine oxidation. There was some pyrite in the altered
rims of the conglomerate and the matrix but no good evidence of pre-breccia
mineralization. Most sulfide in the clasts is described as '"replacement"
(post breccia). Lots of the development muck from the conglomerate runs
.3-.8% Cu but Atkinson thought that any significant incept of conglomerate
would run "only a few tenths % Cu".

Atkinson mentioned that there is actually more skarn alteration in
the conglomerate than the carbonates, especially epidote and garmet in
the vicinity of porphyry dikes which cut the conglomerate. The most common
alteration in the conglomerate was epidote, green clay or chlorite, sericite
("bleaching'") and silicification.

Cross bedding was locally noted as were well sorted beds of gravel
to cobble-sized clasts but, as a whole, the conglomerate was poorly sorted.
Dip (?) where measurable was 10-30°E to ESE.

The matrix sometimes appeared to be igneous consisting of porphyry.
Atkinson mentioned that he knew of no petrographic difference between the
porphyry clasts and fragments included in the breccia and dikes which cut
the breccia. He mentioned that when matrix specimens are sent to Newmont's
Research Lab for thin section, they usually describe the matrix as being
igneous or volcanic.

The North Boundary (of the conglomerate?) vein or fault has some
post-mineral movement and is mineralized as we noted sheared sulfides
(mostly pyrite). We saw several crushed zomes up to 10' wide but the
fault is not one sharp shear but often 20-50" of crushed material. Tertiary
porphyry dikes have been noted in the fault. Atkinson thinks that replace-
ment mineralization followed the fault into the carbonate beds and noted a
throw of 3000+ feet on fault, apparently based on the maximum known thick-
ness of conglomerate.

T
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To me the conglomerate appeared to be an ash-flow tuff conglomerate
or breccia very similar to some of the volcanics/sediments in the Hardshell
group or Chief group in the Patagonias. Very little that we saw was incon-
sistent with the idea that the '"conglomerate" is the product of a diatreme.

The replacement ores were spectacular-—often running 50-70% sulfide
within stopes--which would make an excellent geophysical target. Limestone
near mineralization was only weakly recrystallized but one would have no
trouble concluding it was altered. There was little open space filling or
major vuggy zones except in the E bed of the Naco. Magma feels that the
porphyries are responsible for the mineralization but Atkinson was not
specific in detail.

Magma has encountered 4 intercepts or areas of porphyry in the lime-
stone replacement area which run 1-11% Cu (py>cpy>>bn) but are not of
mineable width.

I asked Atkinson how they could tell in core or underground that they
were near ore. He mentioned hematite/specularite, pyrite, and bleached
limestone. He did say that there is probably lots of hydrothermal dolomite,
mentioning a few 9-13% MgO assays in Escabrosa '"CC'" beds that an exploration-
type had done. Newmont's Exploration Department has done some metal zoning/
trace element studies in the replacement ores but the staff geologists never
see the reports. Most of the alteration in the porphyry in limestone was
described as sericitic but Atkinson says that the research people have found
that most "sericite" is actually clay and carbonate flooding. One area with
a dacite porphyry sill on the 3000 level contains considerable zeolites--
sometimes terminated crystals in vugs.

Minor east-west, high-angle faulting-shearing exerts some lateral
control on mineralization but many of the ore '"shoots" are pod-like with
some thickening of the section. Some bedding-plane-slip is especially
notable on the margins of stopes and it was not clear to what extent this
thickening was post-mineral. Atkinson said that Sells's thesis (1961) was
that the sulfides replaced the core of the thickened section in minor
folds--probably caused by movement on E-W faults such as the North Boundary
fault.

We visited the South vein on-the 3670 to 3800 levels about 800' south
of the No. 9 shaft. Both walls were conglomerate but some of the vein is
parallel to porphyry dikes, say 50-200 feet north of the vein, but clear
contacts could be seldom discerned through the lagging and dirt on the
walls. They mine a 10' cut on the vein zone which averages 3-3.25% Cu
in the faces we saw. Silver was somewhat higher (2-3 oz./T) in the vein,
where we saw it)than the replacements—maybe because of more stromeyerite
(AgCus).
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The vein strikes N 65°E and dips 75-80°S and consists of multiple
dendritic stringers of sulfide up to 3-4" wide over several feet--with other
thin stringers in the hanging wall which they sometimes try to mine with a
second 10' cut. There was notably more quartz and carbonate in the vein
but mostly disseminated between sulfide stringers. The mineralization
appears to have a much higher bn/cpy ratio and more chalcocite than the
replacement mineralization. Some of the faces we examined did not have
a clear-cut fault involved with the sulfides--only weak crushing over 1-2
feet. The conglomerate near the vein was often better silicified and
bleached than access drifts. There was some lateral variation in epidote
and chlorite (?) or green clay distribution but relationship to the veins
was not clear.

Atkinson admitted that much of the South vein was of marginal grade
considering the mining width and development costs but they hope that by
hoisting some development waste they can keep the overall mine grade up as
more vein material in the conglomerate is developed. Atkinson did not know
or would not admit that they had done any exploration underground much south
of the South vein and said that Exploration was in charge of surface drilling
and didn't tell the mine geologists much.

In conclusion the Magma Mine contains some very interesting geology.
Unfortunately the staff geologists spend much of their time on routine
production, surveying, etc. and not much time thinking about exploration
although in a recap of our tour on the surface, it was apparent that Mr.
Webster knew much more on the "conglomerate' problem than he was willing
to admit. We said we would forward any interesting findings in thin
section on the conglomerate. '

Of passing interest is that Magma/Newmont is also being troubled by
Gold Depository Loan Co. The three staff geologists starred above are
also avid mineral collectors and I confirmed the rumor that the Flux mine
had been closed by ASARCO. The three had made a trip to Flux around
Christmas 1980 during the great cerussite rush but found very little.
They were amazed by the amount of work Thompson and crew had done. Also
along was the son of the President of Newmont who was working for them
as a mine sampler at the time.

. F. R. Koutz
FRK/cg
xc: JDSell

SACatlin

BEMason
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In 1971, the Minerals Division of The Superior 0il Company acquired
exploration rights to an unpatented claim group in the Superior
(Pioneer), Arizona mining district, lying west of the Concenttator
fault. This major post-mineral fault displaces the Magma veiﬂ;fault,
which is mined in the Magma Mine at Superior, Arizona. The Magma
vein-fault and the enclosing section of pre-mineral rocks consisting
of Paleozoic and younger Precambrian sediments and diabase, is over-
lain by a thick section of post-mineral rocks, consisting of the Gila
conglomerate, the Apache Leap dacite, and the Whitetail conglomerate.
Geologic informa&ion on the thickness and attitudes of the rocks ob-
tained from previous diamond drilling indicated that the section of
post-mineral rocks might be from 3,000 to over 4,000 feet thick with-

in the target area. (Figure 1)

The Magma vein-fault is a steeply dipping vein which has produced
nearly a billion dollars of copper, zinc, silver, and gold. It has
been mined continuously for nearly 10,000 feet along the strike and
nearly 5,000 feet vertically down the dip. It ranges from less than
a foot to over 50 feet wide and contains sulfide mineralization con-

sisting of pyrite, chalcopyrite, bornite, and chalcocite.

Though the exploration target might extend for a great distance both
along strike and down dip.it. was thin in relation to length and con-
sidering its steep dip.represented a small exploration target., Never-
theless, the geologic information obtained from the previous explora-
tion program combined with the results from Superior's seismic survey
appeared to outline a target which might be explored effectively by

two deep vertical drill holes. (Figure 2)
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The target was a Qell defined seismic discontinuity which cut the
pre-mineral rocks and, similar to the Magma vein-fault, did not ex-
tend upward into the post-mineral rocks. The principal target was
linear and appeared to represent the continuation of the Magma vein-
fault on the west side of the Concentrator fault. A secondary target

was the replacement horizon in the Martin formation..

The great thickness of post-mineral rocks covering the targets ruled
out using geophysical techniques for better target resclution. The
targets, therefore, could best be explored by drilling. Fortunately,
two diamond drill holes previously drilled on the property provided
a good approximation of the depth of Tertiary age post-mineral cover
as well as the attitude of the underlying pfe-mineral Apache series

which host the Magma vein-fault.

The seismic survey results and the geologic information from the dia-
mond drill holes defined the drilling target. Ekploration of the
target would be expensive, therefore, it would be necessary to obtain
the maximum amount of geological information from a minimum number of
holes. The post-mineral cover thickened to the east, meaning that
the best exploration target was adjacent to the Concentrator fault
and close to the productive portion of the Magma vein-fault where the

post-mineral rock cover was thickest.
Several factors influenced the choice of a drilling method. The
method chosen must be capable of drilling:

1. A straight hole.

2. Rapidly, because of pending option payments.
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3. Directionally utilizing either an oriented whipstock or a
dyna-drill.
4. Hard formations such as quartzite.
S. Spot cores within the target area. \
6. At costs competitive with other drilling methods.

After reviewing the requirements, three methods were compared:

Diamond Drilling

Advantages
1. Obtains a core which can be studied and analyzed.
2. Proven ability to penetrate hard formations particularly

the dacite and quartzite which had not been successfully

penetrated using small rotary drilling equipment.

3. Low cost footage rate.
4. Low mobilization and site preparation costs.
Disadvantages .
1. Slow penetration rate. The previous holes were drilled at

an average rate of 60 feet per day when two shifts were
employed. It appeared, therefore, that the proposed two-
hole drilling program might require nearly a year to com-
plete. This meant work requirements could not be met and
substantial option payments would fall due before the pro-
gram could be completed.

2. Difficulty in drilling a straight hole through dipping
sedimentary formations.

3. Limited directional drilling capabilities.

4. Inability to utilize most bore hole logging tools because
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AMERICAN SMELTING AND REFINING COMPANY
Tucson Arizona

December 28, 1970

T0: W, E. Saegart
FROM: J. D, Sell
Re: Production and Operating Costs

Magma Copper -Company
‘Pinal County, Arizona

Attached are excerpts from a May 5, 1969 report to the Newmont
Mining Corporation stockholders giving the five year (1964~

1968) production and cost figures for the San Manuel and Superior
operations of Magma Copper Company.
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o~ James D. Sell
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Att. , :

cc: J. H., Courtright
W. L. Kurtz




Gt of ] W Sl Gnpfcn
%{7 5 19¢ 7.
‘BUSINESS AND PROPERTIES OF MAGMA

Magma Copper Company was 1ncorporated in Maine in 1910. It has been engaged in the business
of producmg copper from its Magma mine near Superior, Arizona, since 1911 and from 1ts San Manuel
mine near San Manuel, Arizona, smce 1956.

The Company s subsidiaries are the San Manuel Arizona Railroad Company, which serves the San
Manuel Division, and the Magma Arizona Railroad Company, which serves the Superior Division. Both

railroads provide the Company with rail transportation to the lines of the Southern Pacific' Railroad.

: Totalvcopper production of the two mines for 1966, the last full year of uninterrupted dperation, was
approximately 242,041,000 pounds, which is the current rated annual capacity and on the basis of which

the Company ranked as the fourth largest copper producer in the United States.

* The industry-wide labor strike, which shut down all Magma’s operations from July 15, 1967 to
March 15, 1968, greatly reduced production in both those years. Total copper production for 1967 was
approximately 127,027,000 pounds, and for 1968 was 173,561,000 pounds. In 1967, the Company sold
155,863,000 pounds, the excess over production coming from inventories. Sales in 1968 were 23,081,000
pounds less than production as the depleted inventories were restored to normal levels. '

Gold and silver are recovered as by-products of the copper production at both mines, and molybdenum .
concentrates also are recovered at San Manuel,

Blister copper produced at Superior is sold f.0.b. the Superior smelter to a single buyer under a

long-term contract, which provides for payment on the basis of market or agreed-upon prices for the

copper, gold and silver content less freight, refining and marketing allowances. San Manuel’s copper
is custom refined and marketed by an independent sales agent. The molybdenum concentrates are sold
under a contract extending through 1971 at prices based on market quotations.

A Statement of Income of the Company and its subsidiaries for the past five years appears on page

15, while its other financial statements are set forth on pages 55 through 59 hereof.

The earnings for 1967 and 1968, as shown by the summary, were adversely affected by the long
labor strike. ' Fluctuations in copper prices have an important impact on Magma’s net income. For
example, a 1¢ increase or decrease in average annual price would increase or decrease at present capacity
Magma’s annual earnings by approximately $O 55 per share (presently outstandmg) before income taxes.

Domestic reﬁnery copper prices over the last ten years ranged from a high of 42.22¢ in 1968 to a
Tow of 28.00¢ per pound in 1961, and the averages of such prices for each such year were as follows:

1968 1067 1966 1965 1964 1963 1962 1961 1960 1959

Average Copper Price, :
¢ per Do 41.85 3823 3617 3502 3196 3060 3060 2992 3205 3LI8

On March 20, 1969, the domestic ’reﬁnery copper price was 44.44 cents per pound.

The new labor agreements with the United Steelworkers of America and other unions made at the
settlement of the strike in March 1968, extend to July 1, 1971, and provide for an average total wage
increase of 55.3 cents per hour over the 3914 months of the contract, of which approximately 14.5 cents
became effective at once, with subsequent increases becoming effective January 1, 1969, November 1,
1969 and September 1, 1970. Monthly pensions were increased by the agreements from $2.50 to $5.00
times years of service, with some increases for employees already retired and with new pension benefits
to widows of employees who die after age 55. Vacations, health and welfare, unemployment, death and
disability, and other benefits also were increased. ' :
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The federal income tax returns filed by Magma Copper Company and its subsidiaries have been
examined by and settled with the Internal Revenue Service through 1962. In subsequent years, tlhe
operating results of Magma have been included in the consolidated federal income tax returns filed by
Newmont Mining Corporation. Newmont’s returns for the years 1963, 1964 and 1965 are currently
being examined.

The Company’s long-term debt at December 31, 1968 was $36,000,000, consisting of the $15,000,000
bank debt referred to below, and the $21,000,000 balance of a 514% unsecured note payable to The
Prudential Insurance Company of America which is due in semi-annual installments of $1,500,000 from
June 1, 1972 to December 1, 1978, with certain rights of prepayment available to the Company. The
note agreement requires that the Company maintain at least $10,000,000 of consolidated working capital
and also contains certain restrictions on dividend payments. At December 31, 1968, approximately
$37,140,000 of retained earnings were unrestricted as to the payment of dividends.

In March 1968, in connection with the purchase of the Kalamazoo property hereinafter mentioned,
the Company borrowed a total of $15,000,000 in equal amounts from two New York banks. The loans
mature in March 1970, The Company anticipates that these loans will be paid from cash flow from
operations or will be refinanced, possibly when financing is arranged for the Magma expansion program
hereinafter described.

Two legal actions against the Company have been pending since 1959 and 1960. The first is a patent
infringement suit involving smelter converter practices at San Manuel, in which the federal court has held
the patent valid and infringed, and in March, 1969 found the amount of damages due for the infringe-
ment to be approximately $983,000, plus interest, attorneys fees and costs. The interest to date plus
aftorneys fees and costs aggregate approximately $453,000, In the second action, which claims
compensation for use of the same invention prior to the issuance of the patent in 1959, a jury verdict
for $400,000 against the Company in the Arizona state court was set aside on-appeal by the Company,
and a new trial was held in February, 1969, resulting in a jury verdict of $165,000 plus interest and
costs. The interest to date and costs in this case amount to approx1mate1y $106,000. The Company
is taking further action in both cases preliminary to p0551ble appeals.

San Manuel Division

‘The San Manuel mine and plant is currently producing and treating approximately 40, 000 tons of
ore per day. '

The mine is a large underground mine worked by block caving methods. The major part of the
orebody, from which production has been obtained, is sulphide ore. There is in addition an area of oxide
ore overlying a portion of the sulphide ore which may be leached in place or mined and leached or other-
wise treated at some future time. A small part of the orebody lies in State lands held under long-term
mineral leases, and another small part is held under a long-term lease and option from The Anaconda
- Company. The latter requires future payment of rent or royalty in the total sum of $4,350,000 in annual
installments through 1988 and, if the purchase option is exercised, an additional payment of $1,500,000.

The surface plant consists of a mill, power plant, smelter, transportation and other facilities required
for the current rate of operations. Townsite housing and facilities for San Manuel employees are owned
and maintained by San Manuel Townsite Division of the Company, and a fully-equipped hospital is
owned and maintained by the Company at San Manuel. The lands occupied by these facilities and ranch
and other lands in the area are owned or held under lease by the Company.

Mine production to date has been obtained from the first and second levels, The first level was
about 1,400 feet below the surface, and mining there has been completed. The second level, about 2,000
feet below surface, is now being mined. A third level about 600 feet below the second and an intermediate
level half way between, will be prepared for start of production about mid-1974. Mining from the second
and third levels will be accelerated to 60,000 tons of ore per day when the expansion program described
below is completed, and while development work is done on the adjacent Kalamazoo orebody to prepare
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< it for future production. The Company has spent approximately $5,487,000 anﬁﬁally for the past five

years in mine development expenditures. These expenses, together with costs capitalized in prior years
with respect to shaft sinkings and attendant installations for the San Manuel orebody, are being charged
to operating costs ratably as copper is produced from the ore developed and mined.

Sulphide ore reserves of the San Manuel mine as of December 31, 1968 are estimated, using an
average 0.50% sulphide copper cut-off, to be 496,800,000 tons of 0.728% net sulphide copper, before
dilution, of which 228,500,000 tons of 0.7 1% sulphide copper are above and can be mined from the second
level. In addition, the estimated oxide ore reserves are 130,000,000 tons of 0.70% total copper (0.47%
oxide copper), before dilution, all lying above the second level, : ' -

In March 1968, the Company purchased from Quintana Minerals, Ltd., under an agreement with that
company and Newmont Mining Corporation, the Kalamazoo copper property adjoining the San Manuel
mine in Arizona for $27,000,000 in cash and stock equivalent. Quintana received from Magma $15,000,000
in cash and 42478 shares of Magma common stock, and from Newmont 78,208 shares of Newmont
common stock and $4,800,000 in cash, and Newmont received from Magma 169,912 shares of Magma
common stock. The Kalamazoo property is estimated to contain 565,000,000 tons of sulphide ore averaging
0.72% net sulphide copper, before dilution. This orebody is believed to be similar to the San Manuel
orebody though lying at a considerably greater depth with the top of the orebody approximately 2,500
feet below the surface of the ground.

- San Manuel’s production and costs for the past five years have been as follows:

Ore mined: : , : e
Tons - ' 11,367,640 7,891,854 14,391,355 13504024 12442752
% Sulphide copper.......cco.ccooo..... 0.701 0.758 0.772 0.773 - 0.828

Payable metal content: o o '

Copper (tons) ooeeeeooveoeooeoeoo . 72,074 53963 101,390 93,767 92,589

- Molybdenum sulphide (tons) 2,298 2,001 3,544 - 2,863 . 2,486
Silver (OUNCeS) woorvororroo. 245316 166893 311,699 273610 . 282334
Gold (OUnCeS) oot 14,303 10,534 22,396 21,550 20,746

Gross value per ton ore mined...... $ 5.97 $ 618 $ 6.47 $ 5.66 $ 5.46

Operating costs(?) per ton ore | L - '
mined ..o $372 $ 4.03 $ 3.33 $ 342 $ 3.39

All other costs® per ton ore mined >$ .85 $ 1.08 $ 1.26 . $ .83 $ .69

(1) Including all operating costs, all Arizona taxes, federal social security taxes, and amortization of deferred
development, but excluding depreciation, depletion and interest. Includes effect of strike expenses in 1968 and 1967.

'(2) Includes depreciation, depletion, interest and federal income taxes.

The above results for the yearé 1967 and 1968 reflect the adverse effect of the prolonged labor strike
already mentioned. - _ : .

Superior Division
The Magima mine at Superior is an underground mine having replacement or bedded-type orebodies.

It is provided with access, transportation and aircooling facilities required for current operations. The
surface plant includes a concentrator, smelter and related auxiliary facilities.
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Production and costs at the Magma mine for the past five years have been as follows.

At AR

Ore mined: : o ' : »
Tons v’ 333,607 - 219,510 431,913 439,911 377,575
% - Copper ....... 4.63 477 4.70 - 4.65 478

| Payable metal content:

Copper (tons) 14,706 9,551 19,631 19,452 17,064
Silver (ounces)-......_._......; ............ 347,119 197,419 466,334 408,366 306,269
Gold (ounces). 7,263 4,970 12,802 12,748 11,078

Gross value per ton ore mined...... $42.38 $45.37 $44.02 $38.48 $31.51

Operating cost,™™ per ton ore ' A : ' | ‘
mined _...... - $45.47 $54.01 T $40.34 $35.50 $37.58

Other costs,® per ton ore mined.. $ 0.43 $ 093 $ 048 $ 0.18 $ 0.18

(1) Including all operating costs, all Arizona taxes and federal social security taxes,‘ but excluding depreciation
and depletion. Includes strike expenses in 1968 and 1967.

(2) Includes depreciation, depletion and federal income taxes.

Operating costs have been high principally due to extensive timbering required to support the
underground workings, high temperatures and humidity underground requiring expensive cooling
facilities, long distances underground from existing shafts to the working areas, and to the obsolescence
of much of the surface and underground f1c111t1es and also in 1967 and 1968 costs were adversely affected
by the eight months labor strike.

Extensive diamond drilling ‘has developed addltlonal replacement orebcdies in beds lying strati-
graphically above the areas presently being mined, and has increased the ore reserves to the highest
tonnage in this mine’s long history. As of December 31, 1968, total reserves at Superior were estimated

- at 10,100,000 tons of ore averaging 5.88% copper, before dilution.

The increased ore reserves have made feasible the commencement of an expan51or1 program at
Superior as described below.

Expansion Programs

As a result of the Kalamazoo acquisition, the Company has commenced a program to increase
capacity at the San Manuel mine and plant from 40,000 to 60,000 tons of ore per day. - This will require
additional shaft smkmg, mine development and plant expansion. Completion of the program is planned
for 1971, ' :

At Superior an expansion program also is underway to double the ore production there from 1,500
to 3,000 tons per day. The program includes an additional 4,800 foot mine ore shaft, a 9,100 foot
tunnel on the 500 foot level, and modernization and expansion of the mine, mill and related facilities.
The Superior smelter, however, will be abandoned, and the mill concentrates shipped to the expanded
San Manuel smelter for smelting. Completion of the Superior expansion is scheduled for late 1972
with the production increase being gradual and fully accomphshed two years after the program is
completed

Contracts for certain phases of the expansmn programs at both mines have been negotlated The
cost of the two programs is expected to be in excess of $100,000,000. The amount and nature of such
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AMERICAN SMELTING AND REFINING COMPANY
Tucson Arizona

March 30, 1970

T TD: - W, E. Saegart’

FROM: J, D. Sell

Stacked Replacement Ore Bodies
Superior Div,, Magma Copper Co.
Pinal County, Arizona

The Superior Division of Hagma Copper Company announced total ore
reserves of 10,100,000 tons averaging 5.88% copper, before dilution, as
of December 31, 1968, (See my File Memorandum dated May 5, 1969),

Since this time Magma has been busy preparing to confirm and mine
the reserves by sinking a new (No. 9) shaft L900 feet through the Dacite,
connecting the shaft to the mill area by a new 9000-foot haulage tunnel
on the 500 level, and driving drifts and raises into the new area under-
ground, As of March 24 the No. 9 Shaft was 600 feet deep and the 500
level haulage was in 2000 feet., Drifts are being driven from No, 6 Shaft
to the projected No, 9 Shaft on the 3000, 3200, 3400 and 3600 levels,
From these workings new diamond drx!]xng is being conducted as well as’
some exploratory raises.

As shown on Figure 1, Magma has mined replacement ore from the
lower part of the Devonian in three main areas (in orange): a) Off of
~ the Magma Vein (M), b) the small No. 6 shoot, and c) the main production-
from the South Branch (S) vein area, All these ore bodies are blind in
that they do not outcrop, The Main Vein (M) ore shoot terminated in
minable amounts on about the 2600 level. The No, 6 shoot terminated near
the 2550 level, The South Branch (S) beds were productive up to the 2000
level, All terminated into low grade values around the 3400-3600 levels
with fingers of ore grade going somewhat deeper.

The new stacked ore body is comprised of similar mineralization
as found in the lower Martin beds ("AY horizon) and as is found in
replaced beds in the upper Martin ('B' horizon), lower Escabrosa (''C*
 horizon), upper Escabrosa (‘D' horizon) and lower Naco (ME' horizon).
Composite cross~sections show that numercus beds are minaralized which
ptnch and swell in strike and dip, but collectively they have been grouped
in the above~lettered horizons,
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Figure 2 shows the essential outline of the now known stacked ore-
bodies and the extent of the old lower Devonian beds. As known by
drilling only, the lower Escabrosa (''C'') horizon extends highest up-dip
of the new beds and terminates at about the 2800 level. The upper
Devonian ('B") horizon is local and is found mainly on the up-dip end.
The upper Escabrosa and lower Naco horizons trail of f eastward and their
up-dip extensions are highly oxidized with less than 0,20% copper remain-
ing in the horizons, Outside the ore body outline the horizons may contain
pyrite and specularite (where not oxidized) but very minor copper values.
Thus these ore horizons are also blind,

The down-dip extension of the new reserves have been drilling and
calculated to the 3900 level but the mineralized beds are known to ex-
tend to the 4300 level although they are being cut-off by a mass of
intrusive breccia,

Interestingly, the stacked ore bodies are found mainly over the
South Branch (S) area and to a minor part over the No, 6 ore shoot area
. (the only area presently being mined in the stacked horizons). Extensive
drilling has been done over the Magma Vein (M) area but rarely are the
horizons even mineralized with pyrite and hematite. :

The South Branch Vein structure is near the north boundary of the
old Devonian (S) area but is now thought (and mapped) to curve southward
as it is followed to the east. Also, the plan of the stacked bodies
has a slight curvature to the south as viewed down dip. The full signi-
ficance of these curvatures and the limits and distributions of the
various horizons is not known, but it is interesting to speculate that
a central intrusive porphyry stock area is off to the southeast of No. 3

Shaft and that a similar relationship as found at Christmas is present
" here. Rus Webster (Chief Geologist at Superior) recognizes this possi-
bility when he stated that Magma should explore the south side of the
breccia mass (whose extent is unknown).

Approximately 50% of the Escabrosa Limestone is mineralized and
contains 50% of the new reserves.” The remaining 50% is distributed
(approximately) as follows: lower Martin 20%, upper Martin 5%; lower
Naco 20%, and Mescal (Precambrian limestone) 5% with very high grade
values. These reserves include previously known but unmined values in
the lower Martin and Mescal beds in the vicinity of the Magma Vein and
the No. 6 ore shoot.

The No. 9 Shaft (22 foot circular) is being sunk without the
benefit of any pilot hole. Diamond drill hole 3600 E 100 was drilled
horizontally due south (?) on the 3600 level to check the shaft site
at this level and encountered mineralized intrusive breccia. The
. shaft is scheduled to be L4900 feet deep which corresponds to bottoming
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on the 3600 level, As ore reserves extend to 3900 and mineralization
is known to extend to the 4300 level, it is believed that they will
ultimately deepen the shaft as needed. ’

The 9000-foot (12 1/2 foot circular) haulage tunnel is now in
2000 feet and is in the "Marron Shale'' marker bed which is at the top of
the Mississippian Escabrosa Limestone, [t is being driven using a
boring~machine, which, when going well, cuts 75~90 feet per day. The
tunnel is raw and only several places have needed support. The ''Never
Sweat'' tunnel (so named over the portal) is being driven on the 500-
foot, or mill, level and will intercept the No, 9 Shaft some 1800 feet

‘below the No, 9 collar,

oo Y

J. D. Sell
JDS/kvs




FIGURE 1

SCALE 1:24000

1 MILE

0

4000

7000 FEET
——" |

1 KILOMETER

MEAN SEA LEVEL

CONTOUR INTERVAL40 FEET
DATUM 1S




4 gt ————

(3WIY “*1OoA sd|es-uojean) Jammeﬁ Wwody palyipow

EXPLANATION

[_]

"-J, ep —F300 \,\ \ s .l. 'o.:u.llill.: I| ..:I": l. te
0 400 g0 lllul_%fnln E

) Fo 1 ¢! vein Apprecimate ares

of hematite veining

Iseiated specimen
o hematite veining

Fig. 5. Pattern of Mineral Zoning in the_ﬁagma Véiﬁ.;”ﬁ

wonte Peg s Bivayge apu taom

ﬂ\

Ho.d SHAFT  We.d SNAPT =) et wuare
& -
e No.3 SHAFT =
Ne.? SHA
." T~ i B g \
o
- 3
o Tew
3
o
)
°
,L_ = ’ T
A
TEvEL

i

|day payooisg

@
.

Apog aup

.

- 3 ol L'i""d-‘ 4
©
L)

19 'dﬂq) 6 liog

Z 34n9ld






