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GEOLOGIC STUDIES

ECONOMIC GEOLOGY

120. AGE OF SOME COPPER-BEARING PORPHYRIES AND OTHER IGNEOUS ROCKS IN SOUTHEASTERN ARIZONA

By S. C. Creasky and R, W, Kistier, Menlo Park, Calif,

Dat 2 of the Mesozoic and early Cenozoic geologic The K-Ar and Rb-Sr ages of biotites from some
events in southeastern Arizona is severely hampered intrusive and extrusive rocks in southeastern Arizona
by the scarcity of fossiliferous sedimentary rocks of are listed in table 120.1, and the location of the rocks
these ages and by the isolation of individual moun- sampled is shown on figure 120.1. Potassium was
tain ranges. Tsotopic age determinations, therefore, determined by flame photometer using lithium as an
provide definite ages to replace permissive time inter- internal standard. A rgon was extracted from the
vals and aid in the correlation of geologic events from specimens using the technique described by Lipson
one range to another, (1958).  Argon was analyzed with a Reynolds-type

Tawre 120.1.-- 4 nalytical data and 1sotopic ages of biotiles Jrom Arizona
K- Ar age determinations

N on fig. 1201/ Rock f Location K (weight | Kex10-r | saposcioen Ar/K® | Age (m.y.)
‘ J rercent) ! I’ {moles per g) | (moles per g)

| — I Juniper Flat Granite 2. | Northern Mule Mountains, 5. 49 ! 1. 71 171.0 | 0.01 163
" Warren district. !
R | Intrusive rhyolite. . Tombstone distriet ________ 7.44 2,32 87.0 . 00375 63
B omnn | Schieffelin Granodiorite (PR . T 3.33 1. 04 44.6 | . 00429 72
b, ' Equigranular granodiorite. .| Pima distriet. . 7 777 7.28 2.27 81.0 . 00357 60
0 ==-----1 Quartz monzonite porphyry_ | ___ _do. cmtemhmmn e cemmia). . B OB 1. 87 61.5 . 00329 - 58
i —— Rhyolitetuﬂ'_-_--»_.--_”_-_-_,._do ____________________ 7.16 2,23 74.7 . 00335 57
§ ==~ Andesite dikes. ...l B0:cmsic s e 3.87 1. 21 16.9 | . 0014 24
f‘ ----- - Lost Gulch Quartz Monzonite.| Globe-Miami district._ 7.24 2.26 83. 6 . 0037 62
o=~ | Schultze Granite. . - N |, S 7.32 2. 28 7.7 00341 58
:0 ----- - Vitrophyre (dacite ash flow) . [ __ do__ .. _______ 5. 67 1. 77 20. 4 00115 20
I‘.lz. ~------| Granite Mountain Porphyry | Mineral Creek district . 6. 86 2, 14 79. 6 . 00372 63
13~~~ -| fuartz diorite porphyry_. | Banner district 6. 49 2.02 73. 9 . 00366 62
Bz opper Creek granodiorite. Bunker Hill district__________ 6. 27 1. 96 78. 8 . 00402 68
S Rb-Sr age determinations s 4
¥0.0n ig, 190, Rock Location Rb¥ (ppm) Nonnal)ﬁr *8r¥ (ppm) | BrYRM ' {Age (m.y) .
o ) B (ppm

hect N Juniper Flat Granite 2. ---| Warren district______________ 384 22,2 0. 994 | 0.00259 176

[eemado ¥ T eee-doo 7T o 388 21.3 1. 017 . 00262 178

—— §

;gm 'k Walthal) analyst.

: au‘“_. sample used for Rb-Sr and K-Ar age determinations.
) diogenie.
_?]‘i'?oy‘(;\oristants:' -

G 810 vt A= 4,72 100 yr-1; KW 1,22 10~ g K®@ per =
Rbsr. 3 1 47X10-1 yr-1; Rb¥=0.283 ¢ Rb¥ per & Rb. p‘ ‘ 3
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FIGURE 120.1.—Index map of Arizona showing location of ig-
neous rocks sampled for the isotopic age determinations
listed in table 120.1.

mass spectrometer by the geochronology group of the
University of California, Berkeley. Rubidium and
strontium were determined by isotope dilution tech-
niques described by Goldich and others (1961, p. 8-35).
The analytical determination of potassium and the
mass spectrometric measurements of Ar, Rb, and Sr
are accurate to about 2 percent. The probable error of
an individual mineral age is about +4 percent.
Most of the intrusive rocks are related spatially
either to ore deposits or to structures. These dates are
& start toward establishing the age of mineralization
of the porphyry copper and other deposits. In the
following, the ages of the igneous rock will be dis-
cussed briefly in relation to the ore deposits of four

general areas, each including one or more mining dis-
tricts.

WARREN (BISBEE) AND TOMBSTONE DISTRICTS

Three intrusive rocks from the Warren and Tomb-
stone districts were dated: The Juniper Flat Granite
from the northern end of the Mule Mountains, intru-
sive rhyolite from south of Tombstone, and the Schief-
felin Granodiorite from Tombstone. Gilluly (1956,
P- 55) determined the age of the Juniper Flat Granite

to be post-Pennsylvanian (Horquilla Limestone) ang
pre-Lower_Cretaceous. (Bisbee Group). He also gs.
signed a tentative Tertiary age to the intrusive rliyo-
lite south of Tombstone on indirect geologic eviconee
(Gilluly, 1956, p. 108) and correlated it with the
granite porphyry mapped by Ransome (1904) in the
Warren district. The similarity in chemical compo-
sition of the intrusive rhyolite and the granite por-
phyry supports this correlation: both have an unusu-
ally high K;0 content. This correlation could not
be tested by isotopic dating, however, for we were not
able to obtain granite porphyry with fresh biotite, -

Ransome (1904, p. 84) thought that the grani:e por-
phyry, the Juniper Flat Granite, and the Sacr:mento
Porphyry (which is the host for disseminated copper
ore at Bisbee) were comagmatic. Because the J uniper
Flat Granite and the granite porphyry apparently had
supplied pebbles to the basal conglomerate of the
Bisbee Group of Early Cretaceous age, he assigned
the entire rock suite and the ore deposits to the pre-
Lower Cretaceous. Others, however, such as Tenney
(1935, p. 225-227), believed that the Sacramento Por-
phyry and the spatially related ore deposits .t Bisbee
are Late Cretaceous or early Tertiary (Lar: .ide).

The isotopic dating of the Juniper Flat Girunite and
the intrusive rhyolite do not establish the age of the
Bisbee ore deposits. Ilowever, they do support Gi_'
luly’s conclusions that both Cenozoic and Mesozoic
granitic rocks occur in the Bisbee area, that the ap
parent time interval between them is about 100 m.y.
(million years), and that the deposits at Bisbee prob
ably are related in time to only one of these.

Bain (1952), using the Pb207/Ph208 ratic of uram
nite from veins in the Bisbee district, su: rested ”_‘"
the age of the Bisbee ore is 85 to 112 m.y. The radic
genic components of lead in the uraninites were smal
however, and isotopic analyses of lead in the samP'ff
were not internally consistent. Under such w?l?':
tions an unequivocal age determination is mOSt :
ficult. Our data neither confirm nor contradict Ban
determinations. -

The Schieffelin Granodiorite is the rock unit s
closely related in time and space to the ore dep'w
at Tombstone (Gilluly, 1956, p. 160). The ge® %
age of the Schieffelin Granodiorite is pos! ~Broncof
canics, which rests on the eroded surface © o

i s isotopic A#
Bisbee Group (Gilluly, 1956, p. 87). The 1 e
seems compatible with the position of the Se z =
Granodiorite in the geologic sequence, and, axi :
ing hypothesis, 72 m.y. can be used as the ™ B
age of the ore c!eposits at .To.mb'stone- chatt theet

The Schieffelin Granodiorite is younger Gtk

. ) he
faults in the Tombstone Hills. The age of ¢
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lying rocks. The K-Ar age of the vitrophyre at the
base of the dacite is 20 m.y. This age for the “cover

rocks” is & minimum for the copper mineralization

in the Globe-Minmi district. Secondary enrichment in

the Miami-Inspiration ore body is related to topog-

raphy that antedates the Whitetail Conglomerate

(Ransome, 1919, p. 173-174), which suggests that the
v0 is considerably older than the dacite.

mm CREEEK, BANNER, AND BUNKER HILL

AT DISTRICTS

" The Granite Mountain Porphyry from Ray (Min-
eral Creek district), the quartz diorite porphyry from
Christmas (Banner district), and the granodiorite
from Copper Creek (Bunker Hill district) were dated
by the K-Ar method. These three districts are sepa-
rated by about 40 airline miles, Christmas being
roughly 15 airline miles southeast of Ray, and Copper
Creek roughly 25 airline miles southeast of Christmas
(fig. 120.1).

At Ray, the Granite Mountain Porphyry forms part
of the disseminated copper deposit. At Christmas,
pyrometasomatic copper deposits formed along the
intrusive contacts of the quartz diorite porphyry and
certain carbonate beds in the Paleozoic section, and
at Copper Creek, the granodiorite is the host rock
for perhaps 25 to 50 breccia pipes, many of which are
mineralized.

The Granite Mountain Porphyry cuts only the Pre-
cambrian Pinal Schist, so that its age relative to
younger rocks is indeterminate. Both the quartz
diorite porphyry at Christmas and the granodiorite
at Copper Creek intrude andesitic volcanic rocks. Ac-
cording to Frank Simons (written communication,
1962), the andesites intruded by the granodiorite ap-
pear to overlie unconformably a sequence of conglo-
merate and shale that he has correlated tentatively
with the Pinkard Formation of Late Cretaceous age.
Holmes (1960) dates the end of the Cretaceous at
70+2 m.y. The isotopic ages of the quartz diorite
porphyry at Christmas and the granodiorite at Cop-
per Creek do not conflict with their ages as deter-
mined by their relation to other rocks, some of which
have been dated by fossils, and until further infor-
mation is available 62 and 68 m.y. are reasonable as-
sumptions for the maximum age of the ore deposits
at Christmas and Copper Creek respectively.

The K-Ar age of 63 m.y. for the Granite Mountain
Porphyry is close to that of the quartz diorite por-
phyry at Christmas, the Schultze Granite, and the
Lost Gulch Quartz Monzonite. Ransome’s (1919, p.
67) geologic studies indicated a close genetic relation
hetween the quartzose granitic rocks in the Globe-
Miami, Ray, and Christmas areas. A close genétic

Tasue 120.2.—Apparent mazimum and minimum age of ore
posits in six mining districts in Arizona, based on K-.ir (
of biotites in associated intrusive rocks

W& .

! Maximum | N\ iy

Mining district | Rock lage (millionlaec i)
I years) e
PO e e — o
Tombstone . .- .| Schieffelin Granodiorite. - 72
Pims e fain- = Quartz monzonite por- 56 |
gh{ry.
Globe-Miami_ . _| Schultze Granite_ ... ... 58
Mineral Creek_ .| Granite Mountain Por- 63 |-
phyr(.
Bunker Hill____. Granodiorite at Copper 68 |
Creek. !
Banner. .. ... .| Quartz diorite porphyry 62 |
at Christmas,
Average. _.
Mean. .. ... | 62
Range._ - .

relation implies a close time relation. On this ba
the K-Ar age of the Granite Mountain Porphyry
compatible with Ransome’s geologic interpretation:

The apparent maximum and minimum age of
deposits in the six mining districts based on the K
age of biotites in the associated intrusive igneouns rc
(“porphyries™) are summarized in table 1202
significance that one attributes to the ages in t
depends on the extent to which one accepts ¢
time and genetic relation between the “porpiyr
and the ore. In writing about the deposits at Ray
Miami 43 years ago, Ransome (1919, p. 166) luc
stated the position of those of us who accept a ¢
tie, but not a direct one:

Had no previous study been made of the copper deposi

the western United States and were obgervation restricte
one only of the two districts here described, the obs

might well inquire whether the association of the ores
granitic or monzonitic porphyry is merely accidents
illustration of cause and effect. The present state ou

formation, however, leaves little room for this doubt.
only at Ray and Miami but at Clifton, Bishee. and A,
Arizona, at Ily in Nevada, at Santa Rita in New Mexico
at Bingham in Utah, not to mention occurrences outsic
this country, copper ores generally similar to those of
and Miami are closely associated with monzonite porT
or with porphyry intermediate in character between it
nite porphyry and granite porphyry. In some of thESf
tricts the evidence for an essential genetic relationshi
tween ore and porphyry is plain: in others it is mov 0
equivocal to anyone who permits himself to realize at
ores, even ores of copper, may occur in localities w'.ve
is nothing to suggest any connection between then al
neous activity. Taken collectively, however, the disseml
copper deposits of the southwestern United States pl"*-"f’“
vincing evidence that the monzonitic porphyries, by wI.lK"
are invariably accompanied, had something to do with
origin. )

It is not to be supposed, however, that the now visible
of these bodies of porphyry contributed in any active ™
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ore deposition. They, like the neighboring schist, have them-
selves been altered by the ore-bearing solutions, and, where
favorably situated, have been changed into protore Just as the
schist was changed under similar circumstances, Their sig-
nificance lies in thelr testimony to the probable presence of
much larger masses of similar igneous material below any
depths likely to be reached in mining, and it is from these
larger and deeper masses, which must have taken far longer
to solidify and cool than the bodies now exposed by natural
‘rosion and in the mines, that most of the energy and at least
o part of the materials were derived to form the protore.

Following Ransome’s beliefs, the data presented
here suggest that the range in age of the ore deposits
is essentinlly the range in K-Ar age of the “por-
phyries,” that is, 56 to 72 m.y. On the Holmes (1960)
time scale, the C'retaceous period ended 70+-2 m.y. ago
and the Eocene 40 m.y. ago.  Using these terminal
dates, the ore deposits are early Tertiary, and the
e in time of 16 m.y. seems small to us. We find
considerable support in the data for the concept of a

Laramide period of mineralization n

southeastern
Arizona.

R

. Lipson, Joseph, 1958, Potassium-argon datin
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