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AMERICAN SMELTING AND REFINING COMPANY
Tucson Arizona

May 11, 1972

TO: W. L. Kurtz
FROM: J. C. Balla

Distinguishing Different Age
Igneous Rocks in the Field

introduction

One of the questions | was asked to answer by W. E. Saegart as part of my
dissertation work was in regard to d:stlnguashlng Laramide age igneous
rocks from Precambrian age igneous rocks in the field. The question was
whether the criteria used by ASARCO geologists in determining Laramide vs.
Precambrian agewerevalid. Subsequent isotopic dating has shown that, in
all but one case, the field determination of age was indeed valid,

Based.upon the isotopic dating, it appears possible to distinguish in the
field the correct age of each period of magmatic activity in Arizona, with
a partial reservation between the Laramide and Mid-Tertiary.

The following criteria listed for each rock are sufficiently diagnostic

that, in the vast majority of cases, one can feel reasonably confident that
the age designation is correct. As always, poor outcrops or limited outcrops
may make any designation questionable.

It should also be mentioned that the depth of erosion is quite important.
Whether one is looking at the top of a stock or deep into the interior makes
a profound difference between the characteristics of each 'level’ of the
stock.

Attached to the report is a series of maps showing ”type localities' for
the different age rocks.

Older Precambrian

Madera Diorite and its Equivalents

The isotopic age is approximately 1630 m.y., but the San Tan Quartz Monzonite
and Table Top Quartz Monzonite (considered to be equivalent to the Madera)
yield isotopic ages of 1341 m.y. and 1329 m.y., respectively.
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This rock varies in composition from a quartz monzonite to a diorite. It
seems to have gradational contacts between these different rock types, in the
same stock. The rock is medium grained, equigranular, non-porphyritic.
Epidote is very common, occuring on fracture planes and disseminated

(derived from alteration of the mafics). Biotite has been altered {generally)
to chlorite and epidote. Commonly the biotite is ''‘clotty' and appears
sheared, as opposed to fresh, shiny books.

The rock intrudes only the Pinal Schist, and may contain numerous xenoliths
of Pinal Schist. The rock generally has a crude foliation.

These age rocks occur as small (1000-2000 feet) to medium size (5-10 miles)
stocks. The stocks are generally quite elongate.

Oracle - Ruin Granites

This rock yields an isotopic age of 1420 m.y., although a sample from the
Sacaton Mountains produced a 1240 m.y. age. This rock is normally called a
granite, although compositionally it is a quartz monzonite. These granites
are coarse grained, and porphyritic. A very diagnostic feature are the
phenocrysts, which are very large pink K-feldspar. The K-feldspar occurs-

up to 3-4 inches in length. Plagioclase occurs as anhedral to subhedral
grains. Biotite has been altered to chlorite, and is 'clotty' in appearance.

The rock is generally non-foliated. |t may or may not contain aplite dikes.
It also may or may not contain roof pendants of Pinal Schist.

These granites occur as very large batholithic masses. |In some cases an
entire mountain range may be composed of this rock. The dimensions of these
batholiths are unknown, but the Oracle batholith appears to be at least

50 miles across.

Younger Precambrian

Sclitude - Sacaton Granites

These rocks are distinctive, and their Younger Precambrian age is a relatively
new discovery. The Sacaton Granite has an isotopic age of 857 m.y., and the
Solitude Granite has an apparéent isotopic age of 800-900 m.y.

These rocks are fine to medium grained, equigranular, non-porphyritic
granites. Particularly diagnostic is the presence of muscovite. Biotite

. may also be present, making a '""Two-Mica Granite'. So far as known, the rock
has never been found intruding the Apache Group sediments.

The rock occurs as small stocks, with the average dimensions being about a
mile in diameter.
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Laramide

The Laramide rocks are broken into two general categories, the Granitic
stocks and the Quartz Diorite-Diorite stocks.

Granitic Stocks

These rocks range in isotopic age from about 70 m.y. to 52 m.y., with the
older stocks being in the western part of the State. These rocks range in
.composition from a granodiorite to a granite, with most falling in the
quartz monzonite-granodiorite range.

These granitic stocks are elongate, composite, epizonal plutons. They may
have one, two, or three different facies present. The presence or absence
of these different facies is due to the "level' or depth position of the
stock that we presently observe, and the magmatic history of the rock. The
contact zone between these different facies may be sharp (perhaps 10 feet or
less) or gradational (hundreds of feet). |t should be emphasized that
different Laramide rocks which are adjacent to each other may only represent
different facies of the same stock, and that these different facies should
be mapped. ‘

These stocks range in size from small stocks (several thousand feet in diam-
eter) to very large stocks, occupying 20 square miles or more.

The Laramide age granitic stocks have the widest range of characteristics.
There does not appear to be any single characteristic that distinguishes
these rocks from other age rocks. :

The rocks are generally equigranular, non-porphyritic. However, in the core
zone, or observing a deeply eroded stock (Schultze Granite), large {3'-4' In
length) phenocrysts of K-feldspar or plagioclase may occur. The phenocrysts
are generally white, compared to the Precambrian pink K-feldspar phenocrysts.
Quartz may occur as rounded phenocrysts, or as interstitial material.

Biotite has long been used by ASARCO geologists as a diagnostic mineral. |If
the biotite occurred as euhedral, black to blackish green books, it was con-
sidered to be diagnostic of a Laramide stock. In general, this criterion is
valid. However, in the core zone of the Laramide stocks, biotite has almost
always been altered to chlorite. Also, fresh, unaltered biotite has been
found in the Older Precambrian quartz monzonite in the Table Top Mountains.
Thus, this particular characteristic must be used with discretion.

The Laramide rocks are generally non-foliated. However, near the contacts
with other rocks, the rock may become distinctly foliated. Flow structures
appear to be limited to the Laramide rocks, but occur so infrequently that
their absence means nothing.
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Quartz Diorite - Diorite Stocks

These rocks vary in composition from a diorite to a quartz diorite. They
vary in isotopic age from 70 m.y. to 62 m.y. These rocks are medium grained,
equigranular, non-porphyritic. They are not composite stocks.

These rocks seem to generally contain a little sulfide mineralization. The
mineralization consists of pyrite, which occurs on fractures and/or disseminated.
The pyrite appears to be a late magmatic feature, as opposed to a hydrothermal
feature,

Copper, as chalcopyrite, is associated with the pyrite. Copper values are
generally quite low, around 500 ppm ¥ 200 ppm. Only two of these stocks
approach being an ore deposit (Chilito, Christmas). The overall sulfide con-
tent is low, less than 2%.

The stocks are generally small, being less than .5000 feet in diameter.
Mid-Tertiary Granitic Stocks

The Mid-Tertiary stocks range from granites to quartz monzonites. They seem
to fall into two general *'types'', those associated with ash flows and ash
falls and calderas, and those not spatially associated with volcanic features.
fn all probability, the two different types are merely different erosion
leveis of the same magmatic events.

The stocks associated with volcanic rocks are quite distinctive. These
rocks, like the Wood Camp Canyon Quartz Monzonite, are generally quartz
monzonite in composition. They are very fine grained, equigranular. They
may or may not be porphyritic. Phenocrysts, if present, are quartz,
Sanidine may be present, and is diagnostic. Rock may be deuterically altered
to clay. Disseminated grains of magnetite and/or pyrite may be common.
Mafic mineral, if present, is dark, euhedral, fresh biotite. Miarolitic
cavities may be present. The stocks, which are small (2-3 miles in long

. dimension) may or may not intrude the volcanic pile.

In contrasts to the above are large stocks which have a granitic texture.
These stocks, such as the Stronghold Granite (K-Ar age 22 m.y.) are identical
to the Laramide granitic stocks. The only way of determining the age of
these rocks is by radiometric methods.

7\

! i/
;,c/{M
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Attach.
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APPENDIX 1

The following is a list of "type localities' for various rock units. The
figures are from my dissertation. Thin sections for the rocks are available from
George Stathis. Hand specimens are stored in the basement in a box labeled
"John Balla Dissertation Rocks''.

Age of Rock

Older Precambrian

ti i1

Name of Rock

Madera Diorite
San Tan Quartz Monzonite
Table Top Quartz Monzonite

Oracle Granite
Ruin Granite

Reference

USGS P.P. 342
Figure A-5
Figure A-6

USGS P.P. 471
USGS P.P, 342

Younger ' Solitude Granite USGS P.P. 342
wo " Sacaton Granite Figure A-11
Laramide Schultze Granite USGS P.P. 342
Y Core Facies-Granitic Stock Figure A-10
H Intermediate Facies-Granitic Stock Figures A-9, A-14
i Border Facies-Granitic Stock Figure A-13,
sec. 2§, T5S, R7E
" Quartz Diorite-Diorite Stocks USGS GQ-1021
Schmidt, E., Dissertation,
Tortilla Mountains
Mid-Tertiary Wood Camp Quartz Monzonite Figure A-2; USGS GQ-128
] |83

Stronghold Granite uscs pP.P. 281
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Figure A-1. Location of Sample KA 71-4)

Figure A-2., Location : Sarple KA 71-44 .
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Figure 6-/  ANALYTICAL DATA ON DATED SAMPLES

Rock Name ) Isotopes, Inc. fsotopic
mineral dated Location Number Age (m.y) scc Ar FOR 0m (1076 % ar40 Rad % K
Silver King Quortz Diorite See Figure A-! KA 7i-4i 200 % 15 1.50 14 1.86
nernbiende ’ 21.8 £ 08 163 2 L.
NE Yy $2c23,TIS, RIZE, 8 &8s
Wood Camp Canyon GQuartz Monzonite See Figure A-2 KA 7i-44 196 £ 06 1.353 33 169
biotite & chiarite 216 £ 1.0 1.490 22 .74
bhsoy. Sw'ly $¢.35, TIN. RIZE
Son Tan Dacite See Figure A-8 KA 71-74 253 * 76 65 54.7 6.37
phiogop;te 255 & 78 64 51.5 6.31
SehM Sac. b, THS,RTE :
Sacaion Peak Granite(core facies) See Figure A-10 KA 71-42 493 % 10 12.15 56 6.16
biotite 48.8 X 1.0 12.02 62
Sw'N Sael¥, TSS, RLE oo
Sacoton feak Granite (intermedigte facies) See Figure A-13 KA 71-85 634 * 13 18.12 85 701
biotite : \ +
- iﬁ Soc. 11, qu' RFE €52 * 1.3 18.65 85 707
Sacaton Peak Granite (intermediate facies) See Fiqure A-9 KA T1-73 604 £ 18 1832 896 745
bionte 620 t 19 .89 s02 749
Nw My%c., 155, R7€ :
Saceten Peok Gronite {border tacies) See Figure A-14 KA 71-€6 612 £ 18 1136 35 . 0.462
haornblepde 632 £ 18 1174 35 0 453
NE el Soe . 2k, THS, REE
Minerol Butte Guartz Monzonite See Figure A-7 KA 71-64 70.3 * 14 14.37 86 5.03
biotite ' 70.3 ¥ 14 14.37 86 502
N&M Soc. |, Tys, 878
Arnett Creek Quartz Diorite See Figure A-3 KA 71-43 702 % 14 18.7 7t 655
biotite 73.3 £ 15 19.6 88.0 6.57
Nt Sor. 7, 125, RIZE
Three Peaks Monzcnite ’ See Figure A-12 KA 71-69 709 * 2 1.982 93 6.85
biotite 7.7 £ 2 1995 23 6.82
N Ay Soe. 23, TSS, REE
Mineral Mountain Quartz Monzonite See Figure A-4 KA 7i-72 156.39 £ 47 3.29 23.5 5.04
blo1iV'e 1576 * a7 3.35 93.7 509
NE W Sec.29, T3S, 211 € ' ’
Digbase See Figure A-15 KA 71-71 875 * 26 3.300 86 074
whale recx ' : 806 * 26 - 2860 90 0.7
Aw Y Ge. 33, TYS, s
Saccton Granite See Figure A-1I KA 7t-70 853 * 26 24 75 100 205
muscovite ger £ 26 35 0t 100 Xell
NE"W S 16,758, RSE
Qrocle Grenite See Figure A-15 KA 71-68 12472 £ 37 51.33 100 726
Di1otite 12327 & 37 50.49 100 724
Swily Soc- 4, T8, k£ & .
Toble Top Guartz Monzontte See Figure A-86 KA 71-75 1324 * 40 538 100 692
biotite ! + 40 53.75 100 6.99
Nw 'y See.22, TLSR2E
Sonion Quartz Monzonite See Figure A-5 KA 7i-63 1376 * 28 608.5 399 ) 747
bietite ’ 1317 X 26 5274 99 7.57
Nwty .24, T35 RTE 1330 % 27 580.5 99

John C Baila
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WILLARD C. LACY /7 v (
)

Antclope Peak, Arizona
‘Dlasy liae Claim Group

LY

1) IL was a real pleasure las» Saturday to have your company
in the field in the visit to the Elsing-Cook "Daisy ch".
group of claiwms =-- south of Antelope Peak, Arizona,

2) Although there are wldespvead showings of copper in the
Pinal Precambrian Schist in the area, that would deserve
investigation should an operation be established in the loc-
ality, most of the copper shows were concentrated in a north-
west-trending zone about A000 feet long and about 300 feet
wide. This lics near the bottom of the vallcy. The follow-,
ing observations are pertinent:

a) Copper values occur in oxides or silicetes as chrysae
colla, malachite, cuprite and tenorite -~ all of which can
be decomposed and the copper values extracted by acid leach,

b) The Pinal Schist is free of carbonate, except for
minor Yecaliche! which is deposited as cementing of talus ar
pencurated the rock to shallow deptns along f"actvﬂo The
host rock is generally non-reactive and ac1d COjoumptLon
would not be excessive,

¢) Relict pseudomorphs after sulphide minerals with
the copper values indicate that these values have not migrated
far, Also, associated with the copper mineralization in the
Schist there has been strong silicification and feldspathiz-
ation along a network of veinlets, This éltered rock becomes
almost aplitic in character,

d) There dces not appear to have been much pyrite present
with the primary sulphides ~- the primary sulphides are probe
ably chalcopyrite and bormite and in insufficlent quantities

to produce much of an inducced polarization response,

e) Copper values, and the alteration, are restricted
to the vicinity of stecep shears -~ gencrally 4 to 8 feet
wide, but possibly locally considerably wider, The arecas
between these shear zones are essentially barren. The shears
do not appear to be parallel, but exposures aro not adequate
to obtain a clear structural pattern.



Antdlopc Pecak, Arilzona, ' 2

3) 1 would suspect that:

a) Oxidatlon would extend to a depth of +200 feet with
the encountering of somo chalcoclte (also leachable) at depths
below 100 fect. '

b) The arca of greatest concentration of mineralized
shears night overlie the top of an Ilgneous cupola witich could
contain disscminated copper minerallzation,

14

c¢) There is a potcntial for lecachable oxilide copper
material of between one and five million tons that might
contain 1,0 to 1.5% copper, This could be mined selectively
by open pit methods, crushed and dunp~leached,

-4) Possibilities for the property lie in the following:

i

a) Development of a primative copper oxide leach oper=
ation (1 to 5 Million tons of 1-1.5% Cu) to establish a
SQurce of income and a base of operations,

= : :

. b) There are possibilities for a disseminated copper
sulphide deposit in a buried cupola beneath the area of
most intensive copper mineralization. This is porphyry
copper country, Such a deposit might carry a large tonnage
mineable by block-caving methods, Depth is unknown, but

" test drilling should extend to 3,000 feet,

- 5) .1 would suggest the following steps:

a) Collect representative samples of the oxide material
and have leach tests run by the Arizona Bureau of Mines, (I

- Willl take care of this step.) » ‘

b) Carry out a rockechip geochemical sunvey over the
area of most intense mineralization on a 50-foot grid, and a
200~foot grid over the remainilder of the claims,

‘¢) Using & wagon drill, drill 50-foot holes on 50-foot

- centers in the area of the maximum copper anomaly. - C

d) Obtain trench samples acxoss the major axis of the.
copper anomalous &area, ~ .

e) Evaluate results to see 1f a leach operation still
appears to be feasible. ’

6) A small leach operation 1ls very attractive at the present
time because of low capital investment required, low operating
costs, the abundance of cheap sulphuric acid (+ $5/T at the
smelter), and prospects for higher copper prices in view of
environmental restrictions placed on the smelters,

. _ . Sincerely,
7 , (308l

.7 " Willard G, Lacy
Goolorical Consnltant
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PAUL E CUCK II
721 E MITCHELL DR
L PHUEN[Z AL 8501.4

Sample % Cu % Cu Ox % M Sy 0z/ton kﬁé/:oﬁ T
No. Au Ag . Location
ks 1 0.027 0.014 0.0008 Trace 0.05 . Arroyo, south end of area ~ rock sample.
' ) ) l '
oCk 2 0.032 0.014 0.0010 Trace 0.05 Arroyo, south end of area - rock‘sample.
| #
‘>¢gfr3 - 0.010 0.004 0.0008 Nil Nil Southeast end of area - 3500 feet S 45°h
of stone building. :
~Cic & 0.468 0.408 0.0008 . Trace 0.03 Southeast most pit,” rock sample.
we'5 1.584  1.580  0.0015 Trace 0.07 Southeast most pit, "ore' sample.
KB 0.162 0.132 0.0008 Trace 0.04 Location pit west of Pts. 4 & 5.
e 7 1.596 1.580 0.0023 0.005 0.02 Pit (quarry cut) about 400 feet s 70° E of .
: stone building.
ok 8 0.036 0.022 0.0008 Trace 0.04 Rock sample from sample site 7.
OCk. S 0.008  0.008  0.0010 Trace 0.02 Rock sample from wash about 400 feet . N 30°E
: ‘ of stone building.
(2= 10 1.107 1.012 0.0008 Trace Trace Ore in siliceous schist f 900 feet N 60° E
) : of stone building.
\QEsil 2.940 2.900 0.0015 0.005 0.12 Ore sample from shear zone in trench &
incline shaft,
fce'12 0.088  0.076  0.0005  Nil 0.04  HW & FW rock samples adjacent to ore at
. sample site 11,
OCKle 0.008 0.002 0.0008 Trace 0.08 Location Pit on ridge about 1600 Feet N 10° E
: of stone building.
14 ,
Tab]e 1 - Assay tabulation from Mr. Paul Cook's property sec., 32 & 33 T. 7 S., R. 2 E.

and sec. 4 &5 T. 8 §S., R. 2 E, Pinal County, Arizona



