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CHEMISTRY AND PETROGENESIS OF THE APACHE LEAP TUFF, ARIZONA
Clifford, P.M., Department of Geology, McMaster University,
Hamilton, Ontario, L8S 4Ml; Peterson, D.W., U.S. Geological
Survey, MS-910, 345 Middlefield Road, Menlo Park, CA 94025

The Apache Leap Tuff [ALT] of Miocene age in south-central Arizona

is an ash-flow tuff that had an erupted volume of about 400 km3;

it or1g1na11y covered about 2,600 km2 and locally attains a

maximum thickness of 600 m. It constitutes a single cooling unit

with a densely welded center grading both upward and downward into
partially— and non-welded zones at the top and base. Chemically
it 1is remarkably homogeneous, with no sign of vertical variation
in either major, trace, or RE elements; it is calc-alkaline, rela-
tively enriched in REE, with only a small Eu anomaly. Discrimina-
tion diagrams suggest a volcanic arc or syn-collisional setting,
neither of which obviously correlate with the location of ALT near
the transition between Colorado Plateau and Basin-and-Range struc-—
tural provinces. Variation, discrimination, and REE diagrams
suggest little or no high-level differentiation of the magma, and
the small Eu anomaly precludes substantial plagloclase fractiona-
tion. Studies by others, using O and Sr isotopes, imply deriva~-
tion from a deep crustal source, with little contamination by
rocks of the upper crust. The chemical uniformity suggests that
either the magma chamber was homogeneous or, if layered, was
evacuated very selectively. The relations between ALT and the
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PROGRESS ON INTERPRETATION OF NEW CHEMICAL STUDIES OF
VOLCANIC ROCKS OF THE SUPERSTITION MOUNTAINS, ARIZONA

CLIFFORD, Paul M., McMaster University, 1280 Main

St:z2et W., Hzmilton, Ontario L8S 4M1, Canada, and

PETERSON, Donald W, U.S. Geological Survey,

MS-910, Menlo Park, California 94025, USA
New major- and minor-element analyses have been made
for several Miocene volcanic units from the Supersti-—
tion Mountains. The units are here designated, from
older to younger, lower ash-flow tuff (LAT), middle
rhyodacite and rhyolite lava (MRL), upper ash-flow
tuff (UAT), and upper rhyolite lava (URL). Field
relations and geochemical characteristics both sug-
gest that the rocks have been derived from a single
evolving magma chamber. Available radiometric dates,
however, are equivocal and have not been utilized in
the current studies.

All the units are calc-alkaline, and they contain
from 69.32 to 75.22 Si0; (water-free). As S$i0O,
increases, the Al;03, TiO, and 2Zr decline. REE
patterns for LAT and UAT are virtually identical, but
some for MRL are relatively slightly depleted. With
increasing Si0y, the Eu anomalies become increas-
ingly negative. These characteristics are compatible
with fractionation of feldspar and sphene. Samples
of the youngest lavas, URL, are relatively depleted
in Al03, TiOp, Ba, La, La/Lu, Eu, Sr, and 2Zr
and enriched in Nb and S$i0; relative to most sam-
ples of the older rocks. URL thus represents the
most extreme fractions erupted from the magma cham-
ber. On discrimination diagrams, some rocks plot in
the within-plate field, whereas others plot in the
volcanic-arc field. This dichotomy suggests that
tectonic discrimination diagrams may be applied only
with difficulty to evolved silicic volcanic rocks.

Isotopic studies by othere have suggested that the
magma may be derived by partial melting of the amphi-
bolitic lower crust, and this is compatible with the

current whole-rock chemistry. The rocks are metalu-

minous, suggesting little assimilation of the schis-
tose rocks (metapelite) widely exposed in -the upper
crust of the region.
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Fou 26- Rev. 1279 JOY MANUFACTURING COMPANY

ev. 1
o 707 BOYDBLVD. ® ® PO . DRAWER489 ¢ ¢ | A PORTE, INDIANA 46350
TELEPHONE 362-2191 ® AREA CODE 219 ® TWX 810-296-39845 ® TELEX 233129
ILY DRILL REPOR :
A= 4 DAILY ORT DRILL SHOPNO. Z25¢
Contract: 2 58 2. 0 . meu 245" DATE _/f)— /6 19 €7 TYPEDRILL Z23 /&L
HOLE NO. T.M.or SKID _ w#*4 %y
Locatlon J{f&&ﬁ,«f gy 52*2&51 # ANGLE OF HOLE S =
SIGNATURE: FOREMAN OR LEAD OPERATOR /’5" Dk gﬁﬁﬁmﬁw
HOURS WORKED: FROM Z-fms TO 3 - /~r1y TOTAL HOURS THIS DATE &
DEPTH OF HOLE AT END OF DAY REAMING:  FROM TO
DEPTH OF HOLE AT BEGINNING OF DAY SIZE PIPE SET IN HOLE FT.
TOTAL FOOTAGE DRILLED THIS DATE SIZE CASING SET IN HOLE FT.
CORE BOXES USED THIS DATE QTY. SIZE SIZE CASING LOST/LEFT ] FT.
DRILLING & CORING RECORD
. NO.OF | CORERE- |
Shift FROM | TO |TOTAL | pive | COVERED ROCK TYPE OR MATERIAL DRILLED BIT SIZE

I1

ITI

HOURLY RECORD (SHOW HOURS IN COLUMNS BELOW TO EQUAL TOTAL HOURS WORKED)

Set | Re- . Total

. . Bit . _|Cement- [Plugg- |Survey-|Standby [Dis-
Shift Drill changes Ream | Casing ing ing ing Delays  |mantle Move Up | Entry Repairs | Other Hours
I 3 5 5
I '
INt
DRILL CREW-HOURS WORKED ; l REMARKS TO CLARIFY HRS. WORKED OR HOLE CONDITIONS FROM ABOVE
TTZ —,ﬁwﬁﬁ [ e
/ g ﬁﬁj M&w_ AT 12! Ploera s Zes ﬁ&!aﬁg’z
DRILLER ;
I
HELPER
DRILLER
III
HELPER
— ———
MUD & ADDITIVES « BIT CHANGES :
CC1le KWIK SEAL SIZE SERIAL # DEPTH ON
50 # BAG MUD CEMENT SODA ASH
100 # BAG MUD CELLEX OTHER
CALSEAL DEXTRID
CAUSTIC SODA MUD SEAL

(NOTE: USE REVERSE SIDE FOR ADDITIONAL INFORMATION IF REQUIRED)



Form 26 - Rev. 12-79

JOY MANUFACTURING COMPANY

. 707 BOYD BLVD. ® ® P.0O. DRAWER 489 ® ® LA PORTE, INDIANA 46350
TELEPHONE 362-2191 ® AREA CODE 219 ® TWX 810-296-39845 ® TELEX 233129

DAILY DRILL REPORT

. — ; DRILL SHOP NO. o4/
Contract: 45, 5 DATE /2= /9 19 TYPEDRILL 5721 77
V HOLENO. T.M.or SKID™ ~#; #1,
Location 5#'Ac.. o ANGLE OF HOLE &0 %
t-”j‘ ' P z 5
SIGNATURE FOREMAN OR LEAD OPERATOR 2’3 ;%;"  E i K,
3 ;y’
HOURS WORKED: FROM "7 1 TO 3 —F%3 TOTAL HOURS THIS DATE
DEPTH OF HOLE AT END OF DAY REAMING: FROM TO
DEPTH OF HOLE AT BEGINNING OF DAY SIZE PIPE SET IN HOLE FT.
TOTAL FOOTAGE DRILLED THIS DATE SIZET CASING SET IN HOLE FT.
CORE BOXES USED THIS DATE QTY. SIZE SIZE CASING LOST/LEFT ] FT.
DRILLING & CORING RECORD
. NO.OF | CORE RE-
Shift FROM | TO |TOTAL|piins | COVERED ROCK TYPE OR MATERIAL DRILLED BIT SIZE
. 3 ?‘“ A X m;:;«;-
& pE . ?g« J * Mw F -

11

11

HOURLY RECORD (SHOW HOURS IN COLUMNS BELOW TO EQUAL TOTAL HOURS WORKED)

. . Bit . _tCement- [Plugg- |Survey-{Standby |Dis- Set | Re- . Total
Shift Drill changes Ream | Casing ing ing ing Delays  |mantle Move Up | Entry Repairs | Other Hours

I ? ;%

1I

111

DRILL CREW-H W .
SHIFT OURS WORKED v REMARKS TO CLARIFY HRS. WORKED OR HOLE CONDITIONS FROM ABOVE

DRILLER??\@} w‘@« ¥,
I 44&/ _ﬂ.
HELPER 7'~ £ . Lolor |2
I DRILLER
HELPER
DRILLER
1
HELPER
—— ————
MUD & ADDITIVES BIT CHANGES
CC 16 KWIK SEAL SIZE SERIAL # DEPTH ON
50 # BAG MUD CEMENT SODA ASH
100 # BAG MUD CELLEX OTHER
CALSEAL DEXTRID
CAUSTIC SODA MUD SEAL

(NOTE: USE REVERSE SIDE FOR ADDITIONAL INFORMATION IF REQUIRED)
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Mr. Jim Sells

ASARCO, Incorporated
1150 N. 7th Avenue

P. 0. Box 5747
Tucson, Arizona 85703

Dear Mr. Sells:

JOY MANUFACTURING COMPANY
707 BOYD BOULEVARD

P. 0. DRAWER 489

LaPORTE, INDIANA 46350

Phone: (219) 3622191

October 16, 1981

We understand you want to do some work on a Magma hole
No. MV-7 to make it useable as a water supply. This work

can be handled as follows:

Mobilization $500.00/rig
Demobilization $500.,00/rig
Rig Time for A1l Cleanout and $56.00/hour +
Re-entry, Handling Casing, etc. materials used

Any other items such as water truck, standby, etc. will be
handled under your existing order T-161-1 for the current

work at Superior.

JHK: js

Yours truly,

JOY MANUFACTURING COMPANY

: )ﬂ /r’m:g{ - IR

J. H. Koontz, General Manager
Contract Drill Division
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Mr. Jim Sells
ASARCO, Incorporated
1150 N. 7th Avenue

P. 0. Box 5747
Tucson, Arizona 85703
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COORONATES © 4340" (TD.)

506’ S 6°40° W FROM COLLAR

@ COLLAR
© . SURVEY STATION
X ASUMMED STATION

SUFERIOR - EAST PROJZCT
PLAN VIEW DOWN-HOLE SURVEY STATIONS
HOLE NO, A-24
SCALE: | =100




% COORDINATES (@ 4940' (T.D.)
506' S 6°40 W FROM COLLAR

@ 2724 . '
NORTH - /ZM

® - COLLAR
(®  SURVEY STATION
X  ASUMMED STATION

o] 2.0
1
b {
|_______..i : SUPERIOR EAST PROJCT
o , PLAN VIEW DO#N-HOLE SURVEY STATIONS ,
s00 HOLE NO. A-2W R
SCALE: I'z[00" =~ R
MAY 1972 ' H.L.C. L
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COORDINATES (@ 4940' (T.D.)
506' S 6°40 W FROM COLLAR

A-2

®  COLLAR
(®  SURVEY STATION
X  ASUMMED STATION
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SUPERIOR EAST PROJECT
PLAN VIEW DOWN-HOLE SURVEY STATIONS

MAY 1972

HOLE NO, A-2W
SCALE: I"=100
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SUPERIOR EAST PROJECT

Plan View down-hole survey stations
Hole no. A-4
Oct. 1971
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A-4
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o 20

® Colior
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SUPERIOR EAST PROJECT
Plan View down-hole survey stations
Hole ﬁo,A-4
Oct. 1971

HLE,

SCALE 1": 100’
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Oct. 1971
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Geology mapped 1958-61

qmp ,

ama. ,

Lava flows composed of rhyolite and perlitic obsidian.

Medium to fine grained;

Consists of following units 4in descending order:

€b, Cambrian rocks, undivided.

€bu,

-€bl,

Qb

Talus and landslide
Detrital accumulations on hillsides of loose, angular blocks

Ral

A1l uvium

Sand and gravel deposits along beds of intermittent streams
and in partly enclosed basins

UNCONFORMITY

QTb

Basalt

Medium- to dark-gray, aphanitic basalt, composed chiefly of
locally

plagioclase and pyroxene; locally olivine bearings;
vesicular. In this area basalt is in small, irregular
intrusive bodies, probably contemporaneous with deposition
of the Gila Conglomerate

QTg

Gila Conglomerate

Fluvial deposits derived from all older rocksj; composed of
pebble- to boulder-sized, angular to sub-rounded fragments;
arkosic sandstone matrix is well- to poorly-cemented,
coarse-grained, and poorly-sorted. Several hundred feet

thick
UNCONFORMITY )
o
\
bp v o
: al. »
Breccia pipes L=

Irregular bodies of breccia composed chiefly of angular frag-
ments of schist in matrix of angular rock chips and mineral
grains firmly bonded with dark-brown to reddish-brown

ferruginous cement
PO A
mp
5 I\qm

Quartz monzonite porphyry

o

of quartz, K-feldspar, and plagioclase set in very fine
grained groundmass of quartz, feldspar, and mafic minerals.
Phenocrysts 1 to 3 mm in diameter

gphanitic to very fine grained border facies

Td

Dacite

Ash-flow sheet; nonwelded tuff at the base grades upward to

densely welded black vitrophyre that is overlain by densely
welded tuff with eryptocrystalline groundmass.
upward from the vitrophyre the welding gradually decreases,
the amount of crystallization in the groundmass increases
and the color changes from light brown to moderate red to
very light gray. Phenocrysts consistently comprise about LO
percent of the rock in the approximate proportions three-
fourths plagioclase, one-tenth quartz, one~tenth biotite,
and one~twentieth sanidine, hornblende, magnetite, and
accessories. Thickness, 500 to 2000 feet

ALy

Rhyolite

Light~
to medium-gray rhyolite composed of 1 to 5 percent pheno-
erysts of plagioclase, quartz, sanidine, and biotite set in
an aphanitic groundmass. Generally prominent flow lamina-
tions, locally contorted. Perlitic obsidian generally forms
top or bottom of rhyolite flows, and consists of 1 to 5 per-
cent phenocrysts set in black to brown glass with well-
developed perlitic cracks. Some obsidian fresh, but locally

slightly to completely devitrified; by progressive devitrifi-

cation obsidian grades to grayish yellow felsite. Includes
minor deposits of tuff, tuff breccia, and flows of andesite
and trachyte. Thickness, 0 to about 2000 feet. (Relative
age of rhyolite in sec. 16, T. 2 8., R. 12 E., is uncertain;
it may be younger than the dacite and contemporaneous with
the Gila Conglomerate.)

Tw

Whitetail Conglomerate

Fluvial deposits composed of angular to subangular fragments

derived from all older rocks, mainly from underlying or
nearby rocks. Most fragments pebble size, some larger.
Matrix is coarse-grained, poorly sorted arkosic to lithic
sandstone, moderately well cemented; bedding planes poorly
defined or absent. Thickness, O to about 350 feet

UNCONFORMITY

q

Quartez vein

White "bull" quartz, crops out prominently. No metallic minerals

apparent

A\
Felsite dike
Light-gray aphanitic rock largely altered to clay, mica, and

calcite. HRelict phenocrysts of plagloclase discernible.
Crops out prominently

dp

Diorite porphyry

Phenocrysts, 20 to 60 percent of rock, consist of plagioclase

and locally hornblende set in aphanitic or very fine grained
groundmass. Groundmass chiefly plagioclase, orthoclase,
hornblende, bictite, and locally pyroxene;
absent but locally abundant.
to sericite, clay, and calcite.
Silver King

Partial to complete alteration
Disseminated pyrite near

qd

Quartz diorite

generally hypidiomorphic granular,
but loecally ranges to panidiomorphic granular. Consists
predominantly of euhedral to subhedral plagioclase, and
variable amounts of euhedral hornblende, pyroxene, and
biotite; interstitial anhedral quartz ranges from 15
percent to a trace. Two major varieties: (a) medium
grained, containing 10 to 20 percent mafic minerals and
10 to 15 percent quartz; and (b) fine grained, containing
20 to L4O percent mafic minerals, and trace to 10 percent
quartz. Near border and locally elsewhere rock becomes
coarse grained and contains euhedral crystals of either
hornblende or pyroxene from + to L cm long. Slight to
moderate alteration of plagioclase to sericite and clay,

and mafic minerals to uralite, epidote, biotite, and chlorite

UNCONFORMITY

[Pra

Naco Limestone

Medium~ to thin-bedded, light-gray to white to very pale blue

limestone that locally contains light-brown irregular chert
nodules and layers. Beds well defined by thin interbeds of
calcareous shale and siltstone.
of fusulinids, brachiopods, corals, bryozoa.
locally marked by a 15-foot bed of very dusky red to dusky-
purple fissile shale. Similar shale is sporadically inter-
bedded with limestone higher in section,
thin beds of chert conglomerate locally mark base.
0 to 1400 feet, changes due to pre-Whitetail, pre-rhyolite,
and pre-dacite erosion

_Me

Fscabrosa Limestone

Thick- to thin-bedded, very light gray to dark-gray limestone.

Top part of formation is light- to medium-gray, medium- to

thin-bedded limestone that contains abundant chert and inter-

bedded shale partings. Lower part is dark gray, thick to
medium bedded, and is overlain by very light gray, thick-

bedded limestone that forms a prominent and distinetive cliff,

Moderately fossiliferous throughout with crinoid stems,
brachiopods, and corals as most abundant forms. Thickness,
about 500 feet

Dl

Martin Limestone

10 to 30 feet
of gray to grayish-yellow, highly fissile, calcareous shale;
160 to 200 feet of alternating thin to medium beds of lime-
stone, dolomite and a little sandstone and shale, gray to
grayish yellow to grayish red; some of the limestone is
crowded with fossils of brachiopods and crinoid stemsj; 150 to

200 feet of dark- to light-gray to grayish-yellow, thin-bedded,

unfossiliferous dolomite with dense, uniform texture, locally

one or more thin beds of medium-grained quartzite or sandstone

may be interbedded; 10 to 30 feet of medium-bedded, dark-gray
erystalline limestone thet is the host rock for ore bodies in
the Magma mine and is locally mineralized elsewhere in the
district; 15 to 20 feet of grayish yellow limestone contain-
ing abundant medium-grained sand and dusky-red spheroidal
spots. Total thickness, 350 to L50 feet

DISCONFORMITY

€b -€bu
Al

Cambrian rocks

changes chiefly due to pre-Paleozoic relief

upper part, medium- to fine-grained quartzite and
feldspathic quartzite, locally containing quartz granules.
White to light gray on fresh fracture, grayish yellow to
light brown on weathered surface. Bedding medium to thick,
cross bedding common, bedding commonly emphasized by
alternating color laminations; locally forms cliffs

lower part, poorly sorted, grayish- to reddish-brown
mudstone, arkosic sandstone, pebble conglomerate, and
graywacke, heavily iron stained; rock types are laterally
highly variable. Beds crude to well defined, locally
cross bedded

APPROXIMATE MEAN
DECLINATION, 1962

PRELIMINARY GEOLOGIC MAP OF THE WESTERN PART OF THE SUPERIOR QUADRANGLE, PINAL COUNTY, ARIZONA

By
Donald W. Peterson
SCALE 1:12000
o %
————] T E—— ——— |

CONTOUR INTERVAL 40 FEET
DATUM IS MEAN SEA LEVEL

ooy

MILE

porphyritic rock composed of 10 to 15 percent phenocrysts

Progressively

quartz generally

Some beds contain many fossils
Base of formation

In some other places i
Thickness,

Total thickness O to 360 feet,

EXPLANATION

QUATERNARY

TERTIARY AND QUATERNARY

TERTIARY(?)

MESOZOIC OR TERTIARY

MES0Z0IC(?)

J

PENNSYLVANTAN

MISSISSTPPIAN

DEVONIAN

CAMBRTAN

jﬁ
CARBONIFERQUS

Upper Precambrian

Lower Precambrizan

-

Apache Group
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Consists of following units in descending order:
feet of thin-bedded, very fine grained feldspathic quartzite,

db 75

Diabase

Composed chiefly of subhedral and euhedral plagioclase and
pyroxene, and lesser amounts of amphibele, biotite, and
opaque oxides; commonly moderately altered, Dark gray to
greenish black on fresh surface, dark shades of brown,
green, and gray on weathered surface. Grain size ranges
from coarse to aphanitic, but is generally medium.
is ophitic and subophitic. Some may be Mesozoic

pet
Troy Quartzite

Upper member, medium-bedded, blocky-weathering, fine- to
weathers

medium~grained quartzite and feldspathle quartzitej
white to light gray. Scattered quartz granules and small
pebbles. Mostly even-bedded, but locally bedding shows
slight waviness. Crossbedding inconsplcuous to absent.
Thickness, 5L5 feet

Lower member, alternating beds of conglomerate, poorly sorted

coarse-grained feldspathic quartzite and arkose, and silt-
stone. All rock types highly lenticular, conglomerates
decrease upward, Cross bedding and local Liesegang banding
are common, Locally in the upper part, a medium-grained
bed of poorly sorted feldspathic sandstone shows slump
structure, expressed by sinuous and contorted bedding.
Thickness, 185 feet

Total thickness, O to 730 feet, changes due to post-Troy-

pre-Paleozoic deformation and erosion

DISCONFORMITY

PEDb

Basalt
Dark gray to dusky brown, aphanitic, composed of microscopic

Texture

MINERAL INVESTIGATIONS
FIELD STUDIES MAP MF-253

plagloclase laths, considerably altered to clay and calecite, i

and pyroxene and olivine largely altered to opaque oxides,
serpentine, carbonates, iddingsite, and other products.
Loeally vesicular and amygdaloidal, Some layers consist
of volcanic breccia of angular basalt blocks in a basaltic
matrix, Thickness, 0 to 320 feet, changes apparently due
chiefly to post-Iroy-pre-Paleozoic ercsion

JLPGmI

e

Mescal Limestone

White to medium-gray to light-brown, thin-bedded, fine-

grained granular limestone and lesser amounts of dolomite.

Black, brown, and variegated chert nodules and uneven layers

range from abundant to sparse. Member near top is light
brownish gray, medium to thick bedded:
centric structures believed to represent fossll algae.

Thickness, O to 350 feet, changes apparently due chiefly

to postw-Troy-pre~Paleozoic erosion

peds

Dripping Spring Quartzite and Barnes Conglomerate at base
about 570

arkose, and siltstone that is light gray to light brown on
fresh surface and strong shades of brown, red, and yellow
on weathered surface, and that weathers to angular blocks
and slabs; about 230 feet of light-brown to yellowlsh-gray
to pale-reddish-brown, medium- to coarse-grained feldspathic
quartzite and arkose in medium thick beds, some of which

are crossbedded, and some of which are separated by silt-
stone partings; Barnes Conglomerate (shown on map by row

of dots), 6 to 15 feet thick, composed of well-rounded pebbles

and cobbles of vitreous guartzite, white vein quartz, and
red jasper in a medium- to coarse-gralned arkose matrix.
Total thickness, 650 to 800 feet

PEps

Pioneer Formation and Scanlan Conglomerate

Consists of following units in descending order: 135 feet
of thin-bedded shale, siltstone, and fine-grained arkose

that is mostly dusky red to dusky purple speckled by light-

brown to greenish-yellow spots; 265 feet of light-brown
to dark-brown to dusky red-purple, coarse- to fine-grained
arkose and feldspathic quartzite, beds are separated by
medium to thin beds of siltstone and shale containing
scattered granules and pebbles;
li feet thick, composed of well-rounded to subrounded
pebbles of white quartz and angular pebbles and granules
of schist, in grayish-red-purple, very coarse grained,
poorly sorted matrix of rock chips and arkoslc sandstone,
Approximate total thickness, LOO feet

UNCONFORMITY

Pinal Schist

Quartz-muscovite schist and quartz-muscovite~chlorite schist,
some feldspar, and locally andalusite and sillimanite,
Foliation indistinet to very streong and from strongly to
slightly contorted. Fresh and weathered surfaces light to
dark gray and locally pale blue, in some places weather
brown. Locally cut by white quartz veinsy in some places
hornfels and granulite are developed

Contact
Dashed where approximately located

!2&

Fault, showing dip
Dashed where approximately located; dotted where concealed

IQD

Vertical fault

!

A4
L)

Axis of overturned anticline

t ¥
)

Axis of overturned syneline

contalning wavy con-

Scanlan Conglomerate, 1 to

<6
Strike and dip of beds

2
sl

Strike and dip of overturned beds
_As_,' ¥

Strike and dip of foliation in schist and of layered
structures in volcanic rocks

bl
Shaft
Adit

X
Small prospect plt
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