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Laramide intrusive activity is represented by a number 

of thin but persistent sills and dikes of quartz monzonite 

porphyry.

In Middle Tertiary times the region was covered by thick 

flows of lava, andesitic to dacitic in composition. These 

flows are at least 1,200 feet in thickness and form the bluff 

of Apache Leap.

Basalt, probably in late Tertiary or early Quaternary 

times intruded several of the major north-south fault zones.

Broad folding, east-west faulting, and north-south 

faulting, in order, have broken the area into a mosaic of 

small fault blocks, the beds of which dip about thirty de

grees to the northeast. The earlier east-west faults have 

been mineralized, and form the ore zones now being worked 

on the Belmont and Queen Creek properties.

Two mineralized horizons are found in the area. The 

most important is the Escabrosa-Naco limestone contact where 

the ore is found in chimney-like replacement masses which 

follow the intersection of east-west faults and the lime

stone contact. The second horizon, the so-called L.S. and A., 

is the Troy quartzite - Crook formation contact. The ore 

in this zone also occurs at the intersection of cross 

fissures and the quartzite limestone contact.



Hypogene ore minerals are chalcopyrite, galena, 

sphalerite, proustite, magnetite, and gold. Supergene miner 

als are chalcocite, bornite, enargyrite, argentite, and 

native silver.
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CHAPTER I

Introduction

; /
Location and Accessibility

This report describes anVarea: in the Pioneer Mining 

district ,- Pinal County, Arizona, about three and one-half 

miles east of the old town of Pinal. Superior, not shown 

on the old map of the Florence'quadrangle/ is at the ' 

northwestern corner of the five square mile area investi- 

gated. Referred to the'Gila and Salt River Base Line and 

Meridian, this report describes .-sections 'one , two, eleven, 

and twelve of Township two, Range twelve East, a part of .. 

sections thirtyfive and thirtysix, Township" one: South,

Range twelve East, and a part of sections thirtyone and 

thirtytwo of Township .one ’South, Range thirteen East. V- .;
-■U-: 77 :

Superior is sixtyseven miles east of Phoenix on U. S
7

Highway number seventy "(U.S. #70), and is the terminus ofO
L-:the Magma Arizona Railroad. It can be reached by bus, % -

train, or automobile."'A road from Superior to Ray, Arizona 

passes along the western border of the area investigated, 

and several local mine roads branch eastward from it.

The Magma Mine is about.'one-half mile north of Super

ior, and the traveler can secure excellent accommodations 

and purchase any necessary supplies in this town.
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Purpose and Scope of the Examination

This report is the result of a field problem under

taken as partial fulfillment of the requirements for an 

advanced degree at the University of Arizona. The field 

work was done intermittently during the years 1955, 1956, 

and 1939. It totals about four months. Laboratory in

vestigations were' made during the 1939 spring school 

term. The topographic map of the Florence quadrangle, 

published by the U. S. Geological Survey in 1902, re

printed in 1917, was not in sufficient detail to permit 

accurate geologic mapping. A new map of the Belmont- 

Queen Creek area was•therefore made, It has a scale of: 

one inch equals five hundred feet, a contour interval of 

fifty feet, and was made by plane table.: That portion of 

the map east of Apache Leap was surveyed by James Taylor 

in connection with a-bulletin tofb e -issued by the Arizona 

Bureau of Mines. The contour interval of Taylor’s map was 

reduced from one hundred to fifty feet, and the two surveys 

were combined to form the base map of the area investigated.

The writer wishes to stress the fact that a scale of 

five hundred feet to the inch does not permit the mapping 

of the minor details seen in the field. This problem was 

undertaken in order to determine the major structural and 

stratigraphic relations in this area and their influence on 

ore deposition. The final map is, then, suitable only as 

a guide for prospecting and not as a detailed geological
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plan for any local area.
‘
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CHAPTER II

Physical Conditions . .

Drainage '''

Q,ueen Creek is by far the most important stream 

within several miles of Superior. For some distance it 

forms the northern boundary-of -the area covered by this 

report. It is the only stream having running water 

throughout a greater portion of, the.year, and serves.as. 

a source of domestic water for the^ town of . Superior. 

Occasionally during the dry. season its flow may dwindle. 

to almost nothing,and this source must be augmented by , 

water from the Belmont shaft.

Apache Leap, a prominent north-south spur.of the 

Pinal Mountains, divides the area into two.parts, one 

draining to the west and the other to the east. . The west- 

ern part is drained by a number of intermittent streams, 

all of which head in the Apache Leap bluff and„flow west- 

ward, eventually,joining Queen Creek at a.point near the 

old town of Pinal. The northern half of the eastern part 

is drained by a number of northeasterly and northerly flow

ing streams, likewise intermittent, that join Queen Creek 

in Oak Flat, a broad level area east of Apache Leap. The 

southern half of this eastern part is drained by similar 

streams flowing eastward into Devils Canyon, a major stream
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about two miles east of the area.
' ' : , r -  V:, vrv'-. . .  i ■: c .

The drainage pattern of both the eastern and. western 

parts is dendritic. It results from recent uplift rather 

than from any structural control, for almost-without ex

ception, the streams cut across the formations with nore- 

gard for structural w e a k n e s s e s . ; ;; ,

Relief, Elevations, and;Topography ■: (to

The area mapped is one of high relief and steep slopes.
. t. Z1Elevations range from 2,800"feet along its western border

to a maximum of over 4,800 feet atop tfiedacite"cliffs one
•* ; ■*>'."

mile to the east. From this point the terrain slopes gent- 

ly northeastward to a minimum elevation of 3,900 feet in 

Oak Flat.

The area is in the youthful cycle of erosion, and there 

fore, all land forms are rugged and exposures are, in 

general, excellent. In the western-part, slopes vary, from 

nearly flat in the valley, southwest of- Superior to almost 

vertical at Apache Leap. In the eastern, section the back 

slope of Apache Leap grades gently into, the.almost level 

Oak Flat. , •_ *. m-; v C: r;-; . .V;

■'The topography is closely related to the underlying 

rocks although normalfaulting on a major scale may in 

part account for some of the present physiography.
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- The Belmont-Q.ueen .Greek area is serai-arid, and the. 

general■rule that igneous rocks weather more rapidly under 

such conditions than sedimentary ones holds true. Without 

exception areas of diabase,- and to.a somewhat lesser de

gree, areas of basalt, form low flat surfaces between more 

rugged ones of quartzite or limestone.

Dacite is present in the region back (to the.east) of 

Apache Leap. Here the dominant topographic^control.has_ 

been jointing. One set of joints: approximates the dip.of , 

the flows, about fifteen-degrees to'the northeast,-and- has 

given rise to the gentle eastward slope between,Apache, 

Leap and Oak Flat. Another set dips nearly vertically and 

is the cause of the precipitous canyon walls and the pic

turesque spires of the Oak Flat area.
•- '• . • ’ : f '• ,

Climate

The climate of Superior is semi-arid, and the records 

at the Magma Mine show that, for the last nineteen years, 

the average annual rainfall has been 18.37 inches. The 

rains occur in two periods, a summer one during July and 

August, and a winter one during"December and'January. About

"̂ Engineering Department of the Magma Copper Company.'

: ■ w ;; ■
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one-half of the precipitation occurs in the summer period 

when rain of cloudburst proportions accompanied by heavy 

runoffs can be expected. Because of this concentration of 

rainfall the streams are intermittent.

Temperatures as high as 115° F. and as low as 10° F, 

have been reached, but such extremes are not common. The 

usual range is from 20° in January and February to 95° in 

July and August. The relative humidity, however, is low, 

and thus the days are not unbearably hot and the nights are 

cool* Snow, while not uncommon, seldom attains a depth of 

over twelve to fifteen inches and rarely remains on the 

ground over one week. ,

Strong winds are common during March and April and 

often make field work difficult.

Ground Water

In the Belmont shaft, the collar of which is at an 

elevation of 3,780 feet, the ground water level is almost 

steady at about 750 feet below the surface. In the drier 

periods it may fall slightly below this level, but it has 

not been known to rise above it. In the valley one mile 

.to the west of this shaft the ground water level is at the 

surface during the wet periods, and ten to twenty feet 

below it in the drier ones. Here the water level is in

fluenced by a major north-south fault which has fractured



9.

the water-bearing horizon and caused the water to rise to 

the surface. It is interesting to note that the water 

level in a small well located just east of this fault, 

although several hundred feet below the water level in the 

Belmont shaft, varies directly with it.

flora and Fauna

The lack of soil and the dry periods separating heavy 

rains have made it impossible for any but a drought re

sisting desert type of flora to exist in that portion of 

the area lying to the west of Apache Leap. Here are found 

mesquite, catclaw, desert broom, creosote bush, palo verde, 

and hackberry bush. Many varieties of cacti thrive, the 

most common of which are cholla, prickly pear, barrel, 

hedgehog, Mjumping cholla", sahuaro, and fish- or pin

cushion.

In the area lying to the east of Apache Leap the soil 

mantle is sufficiently thick and moist to support a moder

ate growth of scrub oak, manzanita, mescal, and occasional 

pinon trees.

Wild life is sparingly present. Cotton-tails and jack- 

rabbits are frequently seen, as are squirrels, chipmunks, 

pack rats, and mice. Wild pigs, wild cats, coyotes, and 

deer are seen only on rare occasions, especially in the more 

inaccessible portions of the mountains. Bats frequent 

many of the abandoned mine workings. In the summer months
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such poisonous creatures as side winder rattle snakes, 

centipedes, scorpions, and vinegarones are common, and old 

prospect adits should be entered with caution, for these 

cool places are a favored retreat. Contrary to popular 

opinion, these creatures are in no way dangerous if treated 

with due respect.

The most common birds are the sparrows, Gambels quail, 

humming birds, and small hawks.



CHAPTER III 

General Geology

Summary

In the Belmont-'Queen Creek area the early pre-Cambrian 

Pinal schist and the lower portion of the Apache group are 

not found due to repeated step faulting. The exposed strati

graphic column begins with the upper part of the Dripping 

Spring quartzite and contains, of the Apache group, 200 feet 

of Dripping Spring quartzite, 275 feet of Mescal limestone, 

and a 220-foot basalt series.

Overlying the Apache group is the Middle Cambrian Troy 

quartzite represented by 425 feet of cross-bedded pebbly 

deltaic deposits. A  hiatus followed the deposition of the 

Troy quartzite, for here, as elsewhere in central Arizona, 

rocks of Ordovician and Silurian age are missing. Resting 

on the eroded surface of the Troy quartzite, but without 

angular unconformity, is the Upper Devonian sequence. It 

has been tentatively divided into a lower member 255 feet 

in thickness and correlated with the Cedar Valley- limestone 

of Iowa; a central member, the Martin limestone, 77 feet 

thick and corresponding to the Hackberry shale of Iowa; 

and the upper member, twenty to 24 feet in thickness, termed 

the Lower Ouray limestone and correlated with beds of the 

same name in Colorado.
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Conformably overlying the Upper Devonian sequence are

the.massive white to gray cliff-forming beds of the Esca-

brosa limestone with a maximum thickness of 420 feet. Their

invertebrate fauna shows,them:to be Lower.Mississippian.

The Escabrosa limestone is the lower part of what w as.
1

mapped by Ransome.as Torna d o l i m e s t o n e  in the Ray-Hiami

area. : - _ - : .. \ . v - • • :: ; .

Overlying the Escabrosa limestone without angular 

unconformity, but separated from it by a two-inch to four- 

foot bed of conglomerate, is the Naco limestone. It is 

the upper part of Ransome's Tornado limestone and is at 

least 1200 feet thick.

Deposition of the early Tertiary Y/hitetail conglom-
V- t" • v.. V A v' c-'- _

erate, the Pliocene Gila conglomerate, and the Recent 

alluvium, ended the sedimentary history in the area.

Intruded into rocks as late as the Troy quartzite, 

but most widespread in the Apache sediments, are numerous 

sills of diabase. This rock has been termed, for the 

purpose.of. this report, the Superior.diabase.'.It is post* 

Middle Cambrian in age and is correlated with the Apache 

diabase described from other districts. : < ' • v‘ . '

Ransome, F.L., - The copperr deposits■of Ray and 
Miami, Arizona: .U.S.G.S. Prof. 
.Paper 115, p. 47, (1919).
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The Laramide intrusive activity represented by the 

many intermediate to acidic intrusive rocks of Ray, Globe, 

Miami, and Silver King, is represented only by small dikes 

of quartz monzonite filling east-west fault fissures in 

the Devonian and Carboniferous rocks. Middle Tertiary 

extrusive activity covered the region with andesite tuffs 

and dacite flows which measure over T.SOO feet -lii1-thickness 

along Apache Leap. Basalt, probably in Quaternary time, 

was intruded into north-south faults. This minor activity 

terminated the igneous‘history :'6f tiia area. - - - ■

Broad folding, east-west faulting, and north-south

small fault blocks, the beds of which dip about thirty 

degrees to the northeast. The earlier east-west faults 

have been mineralized, and form the ore zones now being 

worked on the Belmont and {^ueen Creek properties. /- - .

Previous Investigations

' ' ■ Although some earlier work was done by Marvine - and
1 2  3Gilbert, Blake, "and-Regan, • the first detailed work on * Ill,

Marvine, A.R. and Gilbert, C.2C. , - U.S. Geographical
------------  Survey west of the. 100th Meridian: yol.

Ill, 1875.
- , • * - ■ ■ k.:' : i;.o ■ ~ r.
Blake, V7.P., - The Silver King mine of Arizona: Tuttle, 

Morehouse and Taylor,- New Haven, .1883.

Regan, A.B. - Geology of the Port Apache region, Ariz
ona: The Amer. Geologist, vol. 32, 1903.
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the geology of central Arizona was done by F.L. Ransome. 

In 1901 and 1902, as geologist for the U.S. Geological 

Survey, he studied the geology and ore deposits of the 

Globe area. The results of this work were published in 

19051 .

Ransome*s two reports are summarized as follows:

1. Globe area.

The oldest rocks in the Globe district are pre- 

Cambrian crystalline schists, termed the Pinal schists. 

They represent sediments metamorphosed during the revol

ution that closed early pre-Cambrian times. Later de

nudation and degradation reduced this area to a peneplain 

upon which the next younger rocks were deposited.

These later rocks consist of shales, conglomerates, 

and quartzites, and total at least 800 feet in thickness. 

They were named the Apache group, and although containing 

no fossils, were believed to be Cambrian in age and were 

correlated with the Tonto group of the Grand Canyon.

Overlying the Apache group was a series of limestone

Ransome, F.L., - Geology of the Globe copper mining
district, Arizona: U.S. Geol. Survey
Prof. Paper 12, 1903.
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which ranged in age from Devonian to Pennsylvanian. This 

was mapped as a unit and named the MGlobe limestones.”

Its maximum thickness as observed in the Globe area is 

400 feet. A long erosion interval followed the deposition 

of the limestone during which the area was cut by hundreds 

of small faults. Following or accompanying the faulting, 

large masses of diabase were intruded, chiefly in the form 

of sills. The diabase intrusion was followed by another 

long period of erosion with more faulting and ore deposit

ion. Next, thick flows of dacite buried the area except 

the highest peaks in the Pinal range. The dacite was re

garded as early Tertiary on meager evidence. Following 

the dacite extrusion, normal faulting broke the region and 

produced the major topography of today. Valley fill that 

accumulated in the fault troughs was named the Gila con

glomerate. It is believed to be late Tertiary or early 

Quaternary. Recent faulting has cut the Gila conglomerate 

and the region is now being actively eroded.

2. Ray-Miami area.

- Intermittently, during the years 1910 and 1911, F.L.— ** ' ' * - " - ' . • ' :
Ransome assisted by I.B. Umpleby mapped a part of the Ray, 

Miami, and Florence quadrangles.^ This detailed report is

: Ransome, F.L., - The copper deposits of Ray and Miami,
' Arizona: U.S. Geol. Survey Prof.Paper

115; 1919. - -

.< •
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one of the most important on the geology of central 

Arizona, and it corrects some earlier misinterpretations. 

He states:

"This area proved to be stratigraphically- v: 
much more illuminating than, the: Globe ■ r 
quadrangle, and it was soon:apparent that, 
some: earlier interpretations^- based ; on the 
incomplete geologic sections exposed in the 
Globe area, needed correction." . -

1 : - :: 'i;::': . - ',r: ' -v':, ^
These corrections were published: inr.1911>, weight, years

prior to.the publication,of,the,Ray-Miami professional
• 2 . . . ■ {-1: V, .

paper#-..:., : .  . -j, V:::

•V :

C

:

A: suinm&ryi of; Ranscme * s work follows: ;
. .;. - -

lev-

The oldest rocks in the Ray-Miami region are the 

Pinal schists referred to in the Globe publication. Nearly 

1,300 feet of sediments of the Apache group rest on the 

old eroded,surface of the Pinal schist. They contained.no 

fossils but/were thought to be Cambrian. About two-thirds 

of this group is represented.by two quartzites, while the 

remaining one-third consists of shale, conglomerate, and 

dolomitic limestone. , Above the Apache, series, ..with no 

recognizable uncomformity to explain the absence of 

Ordovician and- Silurian sediments, is 525 feet of Devonian 

limestone, ;Conformably above the Devonian sequence is 

at least 1,000 feet of light gray.Carboniferous limestone.

Ransome, 3T.L., - Geology of:the Globe district, Arizona: 
- : Min. and'Sci. Press, vol. 22, pp. 747-

- 748, 1 9 1 1 . ..........  •: -

Ransome, F.L., - The copper deposits of Ray and Miami,
Arizona: U.S. Geol. Survey Prof. Paper

■ 115, 1919.
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In presenting a stratigraphic column somewhat changed 

from that determined in the Globe area, Ransome states:

"In the minutely faulted rocks of the Globe 
quadrangle no complete section of the group 
could be found and the supposed constitution 
of the whole was derived at by piecing together 
fragmentary data from different fault blocks 
under the assumption that there was in the 
region but one limestone formation (the Devon
ian and Carboniferous ’Globe Limestone’) and 
but one quartzite formation (the Dripping
Spring quartzite) ...........  In the present
report the name ’Globe limestone’ is abandoned, 
as it is now possible to map separately the 
Devonian and Carboniferous limestones, but the 
Dripping Spring quartzite is retained, with 
redefinition as the designation of the lower 
of the two quartzite formations."

The new stratigraphic sequence as found in the Ray- 

Miami area is as follows:

Thickness
Carboniferous feet. 1

1. Tornado limestone ................. 1,000
upper portion Penn, 
basal portion Miss.

Devonian

1. Martin limestone .................. 525

Unconformity

Cambrian

Apache group

1. Troy quartzite ...............   400
• 2. Vesicular basalt flow ......... 25-75

3. Mescal limestone .........  225
4. Dripping Spring quartzite ..... 450
5. Barnes conglomerate ............ 10-55
6. Pioneer s h a l e .... . 150
7. Scanlan conglomerate .......... 0-15

Pre-Cambrian

1. Pinal schist



Since the publication of the Ray-Kiami report the 

Troy quartzite has been removed from the Apache group and 

this series of shales, quartzites, limestones, and con

glomerates determined as late pre-Cambrian in age.

• V After the deposition of the Carboniferous limestone 

the region was uplifted and eroded and at about the same 

time invaded by diabasicmagmas. This intrusive period was 

probably followed by erosion and perhaps by deposition of 

Cretaceous sediments, although none are now present in the 

area.

Next < came minor andesitic eruptions and intrusion of 

masses of acidic to intermediate rocks. _ Mineralization 

which soon followed.was probably genetically related to 

these acid intrusives which are thought to be Early or 
Middle Tertiary in age. A long period'of."erosion and 

oxidation of the ore deposits ensued, during which the 

Whitetail conglomerate was "deposited. '

late in Tertiary times the area was buried under a 

thick.flow of uaeito, -after, which the whole region .was 

intricately faulted. Vigorous erosion began and the Gila 

conglomerate was deposited in the fault troughs. Minor 

faulting has affected the.Gila conglomerate and the area,
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at the present time, ,is being actively eroded. ;

5. Magma "I.Iine" area ' " ' '

. .. Although briefly .studied at an earlier time by-.

Ransome, the first detailed information on -the Magma. Mine
Xarea was published by Short and Ettlinger in 1927, but 

more recent data is contained in a late publication of the 

Arizona Bureau of Mines.2

The -stratigraphic column at the Magma mine is similar 

to that of the Ray-Miami area with the exception that.the 

Mescal limestone' has not been found in the mine workings. 

Its place has been taken by a thick sill of diabase. Two 

sills of diabase have .been found in the mine, an upper one 

8,000 feet thick, and a lower one. 1,120, feet thick. Since 

the upper sill intrudes the Troy quartzite, the diabase is 

considered post-Middle Cambrian in age. . .. .

The Naco limestone and all underlying formations are 

intruded by small dikes and sills,of quartz monzonite, the 

only evidence of the Laramide igneous activity so common 

in nearby areas. ..... ,v. . ; . r. ; .

Short, M.N. and Ettlinger, I.A., - Ore deposition and 
enrichment at the Magma Mine, Superior, 
Arizona: Am. Inst. Min. Met. Eng., vol. 74, 
pp. 174-222, 1927.

Short, M.N. and Wilson, E.D., - Magma Mine area: Univ.
of Ariz., Ariz. Bureau of Mines Bull. 144, 

- ■ • - - - pp. 90—98", 1938*   — -• —  —   ̂*

Upper part of Ransome *s Tornado limestone.
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The Apache and Paleozoic sedimentary beds strike north 

to northwest, and dip 30° to 35° to the east. They.have 

been broken by two periods of faulting. The earlier strikes 

east-west, and along these faults are found the ore bodies 

of the district. The later strikes'north-south and has j ■ 

formed the present fault line scarp of Apache Leap. , .

Three distinct types of ore shoots have been mined 

on the Magma property. The most important are those of the 

Main ore body and the- West ore body. The principal miner

als of' these shoots: are borhite', chalcop'yrite, and pyrite, 

although deep-level chalcocite- and enargitei are abundant 

oh the deeper levels. The ore averages about"7 percent 

copper. The second type of ore shoots is found in the East 

ore bodies where sphalerite is the principal mineral, al

though in certain spots copper minerals may be important. 

These ore bodies are strongly oxidized even on the 2,000- 

foot level.

Considerable gold ore was mined in the old Lake Super

ior and Arizona workings where it was found in short narrow 

ore shoots in a fault zone that follows the Troy quartzite 

- Martin limestone contact. .

4. Silver King area

The Silver King area was mapped by F.W. Galbraittv and

Galbraith, F.W., - Geology of the Silver King area,
Superior, Arizona: Unpublished
Doctor's Thesis, Univ. of Ariz., 1935.



his conclusions were presented in a Doctor’s thesis at 

the University of Arizona. The Silver King area. has. a 

stratigraphic column similar to that of the Magma area. In 

this region, however, the early Tertiary igneous activity 

is represented by two major- intrusive bodies, one of which 

was the host rock for the famous Silver King ore body. The 

two periods of faulting seen at Magma are represented in 

this area by minor east-west and major north-south faults.

- The ore body at Silver King was composed, in the main, 

of tetrahedrite, stromeyerite, and native silver, although 

some galena, sphalerite, chalcopyrite, and pyrite are found 

in the ore. Quartz is the principal gangue mineral.
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GENERALIZED GEOLOGICAL COLUMN 

BELMONT - QUEE.N CREEK AR.EA 
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Recent Alluvium 
Dacite conglomerate - Gila conglomerate? -
coarse st·ream gravels containing daci te, 
limestone, diabase & quartzite (thickness 
unknown) 

Dacite series - andesite and andesite tuff 
at base,· followed by vi trophyre and thick 
dacite flows (1,000 + feet) 

Whitetail conglomerate - stream debris on 
old erosion· surface (100 feet) 

Naco limestone - series of white or gray 
thin~bedded limestones. Considerable chert. 
(1,000 + feet) . 

Escabrosa limestone - massive bedded 
white or gray limestones (420 feet) 

Upper Devonian sequence - sandy,shaly, 
yellow or gray thin-bedded limestones 
(356 feet) 

Troy quartzite - coarse grained, pebbly 
cross-bedded quartzite . (425 feet) 

Apache basalt - thin flows of reddish-brown 
vtsicular basalt . (220 feet) 
Mescal limestone - thin-bedded high mag
nesium limestone, considerable chert (225 Fault 

_________ f_e_et_) .,._) Dripping Spring quartzite - fine-

Scale t p= so o' grained arkosic poorly bedded 
quartzite (225 feet) 



Detailed description of Belmont-Queen Creek area.

Sedimentary Rocks '

1. Pre-Cambrian

a. Apache group ... . •

1) Dripping Spring quartzite ...

. a) Occurrence and Distribution .

Uowhere in the Belmont-^ueeh Creek 

area are sediments below the upper portion of the Dripping 

Spring quartzite exposed. This is "due to movement on the 

Concentrator fault which passes along the western side of 

the area, and has downfaUlted dacite conglomerate against 

the Dripping Spring quartzite or the diabase which intrudes 

it. The stratigraphic .sequence in this area, therefore, 

begins with the upper, portion.of the Dripping Spring quartz- 

i t e. . .... * ■

23.

: The exposed thickness of the quartzite is at maximum 

in the southwestern part of the area where it measures 200 

feet. It is fine-grained, brittle, light brown to reddish- 

brown, and very arkosic. The upper part is thin bedded and 

contrasts with the lower part which is more massively bedded 
and somewhat banded.

In thin section it is seen to be composed of rounded 

quartz grains up to 0.15 mm. in diameter and highly alter

ed feldspar. The quartz grains form about 55 percent of the 

section, and the altered feldspar about 35 percent. Sericite, 

as a cementing material, makes up 10 percent of the rock, and
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magnetite, sphene, and-apatite are present as accessory 

minerals. - : " ■ -

• This quartzite is' nowhere crossbedded nor does it 

contain the conglomerate’ members so characteristic of the 

Troy quartzite. These two features in addition to its 

arkosic nature serve to distinguish it from the Middle 

Cambrian Troy quartzite. In the Ray-Miami area the Dripping 

Spring quartzite contains worm tracks, ripple marks, and 

sun cracks. In the Belmont-Q,ueen Creek area these features 

are absent, but it is still probable that these sediments 

were deposited under deltaic conditions.

The uppermost beds of the Dripping. Spring quartzite 

are-somewhat calcareous and some beds are really sandy 

limestone. Although these.gradational features are always 

present, the contact between the quartzite and the over- 

lying Mescal limestone is easily distinguished in the field.

b) Age

. - '. v - :; ; , The Dripping Spring: quartzite is a

member.of the Apache group and is-therefore late pre- 

Cambrian.

■: . .. 2) Mescal limestone - -

- ; a) Occurrence and Distribution

Like the underlying quartzite, the
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Mescal limestone is only exposed in the.southwestern part 

of the area, although one small block is seen in both 

Donkey and Belmont canyons. It is in many places intruded 

by diabase and has been greatly disturbed by faulting. In 

the less disturbed areas it appears to be about 285 feet

thick. This limestone is, in general, thin bedded and con-
- x:.X L: >X' , ,

tains many bands of chert (see fig. 1, Plate XIV). It is 

light buff, : gray, or browny; and: almost everywhere; thin-:-;;> 

bedded,;individual, beds ranging from: a few;inches to one 

and: one-half - feet; in ihickness;: The vsiliceous . segregations 

are as. ap rule; in, irregular layers;, and upon weathered sur

faces form ridges which stand out; from the.; less resistant

limestone. These bands parallel to the bedding give the
X.-” : ; : v - X ■ ' • : v' V:  X,' _ -x X : x x  ; ... r  x x x  ;

Mescal limestone a characteristic gnarled rough appearance.v‘‘ : o r..; X ’Inv- b'.'- :-; ;; ; ; "rv;::. v ,. : ( -X X :
Although present throughout the formation, the chert bands

X ; ;  X . : : .  x ;; ■ x U  j X : . : :X - L ;  b -  . -
are most abundant in the middle part of the formation. Some

banded relief also results from difference in composition
" : i: - i n :  : : - - .X l I  ' X; v i " , ;  :  . r  x:;

of the thin bedded limestone beds, for the calcareous beds
■: 'V  -  . 1 3 .  X- . ;  X'X- ■ - - V  v-.:.r. :X; .. ;
v/eather more easily than dolomitic ones (see fig. 2, Plate
;'o;. ; . . : ■ : w  " r; ;X v “ ■■-v-vl c :f ''X-:
XIV). The algae so characteristic of the formation else-
b  a   ̂ X . : : ; X .  I X  X - i -  : . . .  r .  XX< v-.
where in Arizona were not found in this area.
" X . . - . • ' ' ' -• 1 v * —* . v -■ T - J - -X T- , ■ -1 -i • -» z * *■ - "
v" ' ' ■ " - v" c - - '■* v- - -  ̂  ̂ -. -- J. - ’ - - v". ■- i, -- -■ *

: • The absence,of. the Mescal limestone in the north

western portion of the Belmont-Queen; Creek area is not due 

to the lack of. deposition-as believed by some earlier ob

servers, but to the westward downfaulting of dacite con

glomerate along the Concentrator fault.
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The Apache group sediments were x  favorable loci 

for intrusion of diabase. In the Magma mine the Mescal 

limestone is lacking and in its place is a great sill of 

diabase. In the Belmont mine this is also true and plans 

of the now flooded workings show only residual blocks of 

limestone "floating" in diabase.

" ■ The diabase produced some contact metamorphism in the 

intruded limestone; In the-field this alteration appears 

to be a silicification of the limestone, but under the 

microscope this dense greenish material is seen to consist 

of a very fine-grained aggregate of tremolite.

About eight feet below the contact of the limestone 

and the overlying basalt is a two foot bed of siliceous 

material that, both in the field and under the microscope, 

appears to be common vein quartz. It is white or light 

gray, dense, and contains small vugs lined with quartz 

crystals. This bed is continuous throughout the area and 

forms an ideal marker bed between the Mescal and the 

basalt (see fig. 1, Plate XXIII). If this bed is consider 

ed as vein quartz, the explanation of its origin is diffi

cult and it is therefore thought to be a thick, pure bed 

of cherty material and to have an origin similar to that 

of the more irregular cherty segregations seen throughout 

the Mescal limestone, ' ; -' " . v. . 1.
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The Mescal limestone is overlain by four thin
' ■ ,-i ■ ■

basalt flows which have a maximum total thickness of 

200 feet in Donkey canyon. These are fully described in 

the section on igneous geology.

b) Age •

The Mescal limestone and the 

overlying basalt flows form the top of the Apache group 

and are late pre-Cambrian in age.

2. Paleozoic

1. Troy quartzite

a. Occurrence and distribution

The Troy quartzite is one of the most dis

tinctive formations in the region, Because of its resis

tance to weathering it forms prominent cliffs below which 

are extensive talus slopes (see fig. 1, Plate XV). The 

color, cross-bedding, grain size, and composition, dis

tinguish the Troy from the Dripping Spring quartzite. On 

weathered surface the Troy quartzite is white, yellow, 

buff, rusty, or purple. These colors are due, however, to 

staining by iron oxides because, on a fresh surface, the 

rock is almost white.

Where the complete section of the Troy quartzite is 

exposed its thickness approximates 425 feet, but because
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of faulting, the apparent thickness may be one-half or 

double this amount. Just south of Pacific canyon the 

Troy quartzite seems abnormally thick, but here step 

faulting has repeated thO normal'section. In several 

placesf^particually in the area north of the Belmont road 

and west of the Lead Hill fault, displacement almost par- 

allel to the bedding of the quartzite has.reduced its

thickness to about 100 feet. This reduction in thicknessj v r : -- ̂  v:'':.-; : : , . v..;.. v f : - , v: v.. . / ^
is accompanied.everywhere by the formation of a breccia 

zone along the plane of movement. . .

: ; T Diabase intrudes the basal portion of the Troy quartz

ite 'over a considerable' part of the area but it has pro

duced Tittle disturbance in this formation. ! Where the 

diabase is absent and the compTete Troy section is exposed, 

a three-foot basal- conglomerate bed is present (see fig. 2, 

Plate ZVI).' The pebbly.material consists of nearly equal 

amounts of basalt and quartzite with occasional boulders of 

limestone and Pinal schist. Diabase has not been found in 

this basal member, an important Tact in the determination 

of the age of the diabase. The matrix of this conglomerate 

is sandy basaltic detritus resulting from the weathering of 

the old basalt surface. The boulders are sub-angular to 

rounded, vari-coloredy. up to six Inches in diameter,’ and 

comprise about sixty percent of the rock. This conglomer

ate is overlain by several feet of coarse-grained quartz-
V ' *

ite which is in turn followed by another conglomerate bed.
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The pebbles of this second bed are smaller, more rounded, 

and consist almost entirely of quartzite and jasper. This 

material grades upward into the coarse-grained, cross- 

bedded quartzite so characteristic of the Troy quartzite 
(see fig. 2, Plate XV).

• ' -Lithologically the Troy quartzite may be divided into 

three parts. The lowest,75 feet, is massive beds of coarse

grained material, cross-bedded, and containing many pebbly 

zones. Individual beds are up to fifteen feet thick, and 

in places form almost vertical cliffs. The middle 150 

feet is also cross-bedded and somewhat conglomeratic, but 

is thin-bedded and forms gentle slopes. The uppermost 

part is lighter than the lower two and is fine grained, 

although in some places cross-bedded. Beds rarely exceed 

one to two feet in thickness and shaly members are common.- 

Near the top of the uppermost part is a massive bed which 

in places forms a prominent cliff.

' The worm casts mentioned by Ran some ̂ as so character

istic of this horizon are.rare in the Belmont-Queen Greek
2area, and the braciopods listed by Stoyanow from a similar

Ransome, F.L., - The copper deposits of Ray and Miami,
Arizona: U.S. Geol. Survey Prof. Paper
115, p. 44 ̂ 1916. ■ v.-'.

Stoyanow, A.A., - Correlation of Arizona Paleozoic form-"
ations: Geol. Soc. Am. Bull. 47, p. 475,

. ...... 1956. ; ..  ... . , . ..... ..........
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zone in the Llescal Mountains v;ere not found.

A,peculiar banded weathering is characteristic of 

several zones in the middle part of the Troy quartzite. .•

It consists of concentric or,parallel,alternating red and 

white, rings, undoubtedly due.to solution and precipitation 

of iron oxide (see fig. 1, Plate XVI).

Under the microscope the .Troy.quartzite is a.typical 

metamorphosed.sandstone. It is.composed of at least 

ninety percent quartz in grains about 0.6. millimeter in - 

diameter. They are of equal size and are interlocked,by 

secondary quartz,developed by recrystallization of the ori

ginal sand grains.. Accessory minerals-, noted are hematite ,, 

sphene, calcite, and limonite. .

" b". Age ‘ ' - - ' ' ' " ' ' " ' ' : ■'

Although no fossils were found in the Troy 

quartzite of the Belmont-Queen Creek area, specimens.of 

Decellomus politus (Hall) and Obolus mcconnelli pelias 

(Walcott) collected by Stoyanow in the Llescal mountains 

show it to be Middle Cambrian In age. ' ''

2. Upper Devonian Sequence

a. Occurrence and Distribution

In this report those beds regarded as Martin

Stoyanow, A.A., .- Correlation of Arizona Paleozoic form
ations: Geol. Soc. Am. Bull. 47, p. 
475, 1936.
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limestone in the Ray-Miami, Silver King, .and Magma .areas 

have been termed • the Upper Devonian sequence and are shown 

as a single unit on the accompanying geologic map. At the 

end of this discussion a detailed section of this sequence 

will be given incorporating the latest terminology and 

correlation of these beds with type sections elsewhere in 

the United. States. . r ; .

The Upper Devonian sequence discohforzhably overlies 

the Troy quartzite at triangulation station 3817, just 

north of Donkey canyon. The contact is exceptionally well 

exposed and here the old boulder-strewn irregular surface 

of the..Troy :quartzite can be clearly, seen (see .fig. I, .. . ; 

Plate KVTI).- .On this surface the basal part of the Upper 

Devonian. sequence was deposited with no_. apparent. angular 

unconformity.-. The thickness varies somewhat with a maxi--. 

mum of 350 feet in a section measured just south of.the 

Queen Greek.shaft. - : • . . ■ - • .

Lithologically the Upper Devonian sequence may be 

divided into three parts. The lowest is 167 feet thick, 

unfossiliferous, and consists of gray, light yellow,: and 

white thin-bedded, dense limestone. Individual beds rare

ly exceed tv/o feet in. thickness. , Immediately.above the.

contact of this Upper Devonian sequence and the Troy quartz
1 '
ite, the limestone beds .contain considerable sand and -

are characterized by the presence of numerous spherical
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red.,spots. Their origin is uncertain, but they.are thought 

to result from diffusion of iron oxide from,a central core, 

possibly pyrite. A specimen collected fifteen, feet, above 

the quartzite-limestone contact shows the rock to be com

posed of exceedingly fine dolomitic grains with which are 

small angular grains of quartz.. These quartz..grains are up 

to 0.6 millimeter in diameter,,are haphazardly scattered, . 

and ccmprise about ten.percent of the rock. -The sandy beds 

grade upward into the dolomitic limestone characteristic of 

the lowest part of the Upper Devonian sequence.

The lowest and middle parts.of the Upper.Devonian 

sequence are separated by a 16-foot bed of quartzite grit. 

This.bed.is constant in both thickness and lithology over 

a considerable area adjacent to. Superior. for Ransome^. .... 

describes it in.the Ray and.Hiami area-section.- It is com

posed of many•small (up to 3 millimeters) round grains of. 

sand. These grains are frosted, indicating that wind 

action undoubtedly played an.important role in their forra- 

ation. . - . -  - ... - - ... *..... ' ■ .

The middle part of the Upper Devonian sequence is com

posed of about ninety feet of deep yellow to gray, thinly- 

bedded, medium coarse-grained limestone. From a distance

Ransome, F.L., - The copper deposits of Ray and Miami,
Arizona: U.S. Geol. Survey Prof. Paper 

’ ' 115, p. 45, 1919.
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this part of the Upper Devonian sequence has a deep yellow 

appearance in contrast to the light yellow or gray aspect 

of the lowest part. Calcareous shale, members are prominent 

throughout the section, many of which are fossiliferous. 

Thin sandstone beds are interbedded with the limestone, but 

make up only a small part of, the total thickness. This 

middle section is very fossiliferous in contrast to the un- 

fossiliferous lowest part and the slightly fossiliferous 

uppermost part.

The uppermost part of the Upper Devonian sequence is 

composed of massive cliff-forming, dark gray limestones and 

thin papery calcareous shales. These shales are about 

twenty feet in thickness, and lie above the limestone. On 

fresh surface the shales are gray and their yellow appear

ance results from the oxidization of the iron which they 

contain. Their outcrop is always characterized by a yellow 

to red-yellow color as well as by the flaky nature of the 

weathered material. The line of demarcation between these 

papery shales and the underlying gray cliff-forming lime

stones is not sharp, for near the top the gray beds become 

yellower, thinner bedded, and grade into the shale. Over- 

lying the shale -is a thin series of yellow limestones.

Their maximum observed thickness in the Belmont-Q,ueen Creek 

area is about six feet, and in many places they are lack

ing. Where missing, the Escabrose limestone overlies the 

papery shales with apparent conformity.
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A detailed section across the Upper Devonian series 

measured just south of the Queen Greek mine shaft follows:

Thickness
feet.

Lower Mississippian-Escabrosa limestone

Lower
Ouray
Form
ation

Martin
Lime
stone

Crook
Form
ation

( 1. Sandy buff to yellow limestone with 
( individual beds up to 4 inches in 
( thickness. Somewhat gradational in-
( to underlying papery shale .........
( i( 2. Thin bedded, fis.^Le, papery cal-
( careous shale. Gray on unweathered 
( surface, but yellow when weathered.
{ Gradational into underlying beds ...

( 5.

( 4.

( 5.

6.

7.

Yellow limestone beds 1 to 9 inches 
in thickness and containing some 
gray crinoidal limestone beds ......

( 6-
( 9,
(
(10.
(
Sn.

Gray limestone with individual beds 
up to 3 feet in thickness. Some thin 
(1 to 6 in.) shaly limestones inter- 
bedded with thick gray beds ......... 50

Sandy gray limestone with many
crinoid stems ........................  5

Massive dark, brownish-yellow sand
stone containing fish plates ........ 5

Very thin-bedded yellow limestone 
with several thin white or gray 
fossiliferous members in the lower 
15 feet of the member which have a 
Cedar Valley f a u n a ................... 51

Gray crinoidal limestone ............  2'

Yellow limestone in beds 0.1 to 6 
inches in thickness ................. 5

Thin bedded gray limestone with 
abundant crinoid stems ..............   20

Yellow limestone with some sandy
beds ............................    7
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.Thickness, 
feet. '

..i :\

1L i":
^ ' 12. Brownish-yellow sandstone 
(. - made up of frosted, rounded-.

' ( ■ ■ sand'grains'up to 3.0 mm. ' '
( , in diameter. Individual beds.

range from 6 inches' to 2^ "
i. •, 4 ( * feet in. thickness ...............

' x»--' W: 1 r'  ̂ <- 1 «. 1 "*■-  ̂ * -V ' - - •- e -  ̂ e - - -■# .

, . , • ( 13. Thin-bedded,. yellow shaly.,
.....  (....'limestone; No good outcrops .... 17

; ‘ (14. Series of buff, yellow,'and "
, ( ,  light gray beds. 1, to lj.. feet in...
A( " thickness. Chert"nodules and

Crook lenses..are common   ....... . .95„ .
Form- l ■
ation ... (.15.. Dark gray cliff-forming, lime- ........ ..

" ( - ' 'stone containing some chert" ' ' ' '
;. ...... . ( . . lenses, and 1 inch to 5. feet___

‘ ! (- ' in thickness. Very pitted, ' '
. .. ( . weathered surface. Toward top ^

( ' becomes light gray in color ...
(

vr'!V"  : ( 16. Thin bedded yellow dolomitic 
. .. ( ... limestone, sandy at the base,

r e 

but becoming purer toward the 
(. ..top. Red spherical.spots very.
( characteristic of lower 12 feet . '25' 253

. 'J. -.i'i .1' ./ : Total 354.
r- „ V ;

UnccnroQlty^ . .4.

C’j Middle'Cambrian - Troy'quartzite.0 v

- b. Age a.-e Correlation . ■

On the basis of fossil and lithological 

evidence the Upper"Devonian:sequence of the Superior dis- 

trict has been divided into three members. The lowest is 

253 feet in thickness and includes all the beds below 

zone 5 in the detailed lithologic section.
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As Ransoms originally described the Martin limestone 

in the Bisbee area, it contained a fauna similar to that
: - : . ■ ' ; . g ,  : ■.....' :  '..r ;■ : -
of the Hackberry shale of Iowa, and therefore it has been 

correlated with these beds. Stoyanow^ was the first to 

note that, in the Superior area, a thick section of Upper 

Devonian limestones and interbedded.clastic sediments was 

present below the true Martin limestone. These beds con

tain an invertebrate fauna similar to that of the Cedar 

Valley limestone of Iowa, an Upper Devonian formation under

lying .the Hackberry shale. Fossil collections from the beds 

in zone 7 proved it to be similar to the invertebrate fauna 

of"the Cedar Valley limestone. The lower part of the Upper 

Devonian section will be termed the Crook formation, after 

the Crook National Forest in which the formation outcrops. 

The type locality, and most fossiliferous area found, is 

along Q,ueen Creek about one-quarter mile east of the. town 

of Superior, Arizona. No fossils were found below zone 7 

although white spots produced by algae are common through

out the lower part of the formation. " In zone 7 the in-

Ransorae, F.L., - The geology and ore deposits of the
Bisbee Quadrangle, Arizona: U.S. Geol. 
Survey Prof. Paper 21, p. 53, 1904.

Stoysnow, A.A., - Correlation of Arizona Paleozoic form- 
. ations: Geol. Soc. Am., Bull. 47, p.

- 486, 1956.

3 ibid, p. 489. ■ '
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vertebrate fauna was limited to several beds of dense gray 

limestone composed almost entirely of brachiopods. Indiv? 

idual fossiliferous beds are not over three inches in thick

ness but, because of their resistance to weathering, pro

trude above the less resistant shaly limestones.

The invertebrate fauna collected at the type locality 

contain such forms as Spirifer iowensis Owen and show the 

Crook formation to be lower Upper Devonian in age.

From the discussion of the Ficacho de la Calera form

ation,"*" as exposed 25 miles west of Tucson in the hills of the 

same name, it appears that this formation possibly may be 

correlated with the upper part of the Crook formation at 

Superior. Similar characteristics are: first, the presence

of a peculiar sandstone or quartzite grit composed of round

ed, frosted, sand grains, eolian in origin; second, the pres

ence of elasmobranch teeth and fish plates in a sandy bed at 

the top of both the Ficacho de la Calera and the Crook form

ations; and third, the presence of algae growths in both 

formations. Against correlation is the total lack of a brach- 

iopod fauna in the Ficacho de la Calera formation and the pres 

ence of the Cedar Valley fauna at Superior. However, when it 

is realized that this fauna was found only in three beds with

Stoyanow, A.A., - Correlation of Arizona Faleozoic form
ations: Geol.Soc. Am., Bull. 47, p. 488, 
1936.
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total thickness of less than one,.foot, the absence of these 

beds at Picacho de.Calera is readily explained.

The second member of the-Upper Devonian sequence is 

the Martin limestone in its more restricted sense, as 

originally described at Bisbee by Hanspme.^ . ;

In the Belmont-Qneen Greek area it consists of 77' feet 

of limestone and includes zones 5, 4 :,‘ and 5 of the detail

ed section. As- is’well known the true Martin -limestone 

can be correlated with the. Hackberry shale, of. Iowa and is 

considered Middle...Upper. Devonian in age. The. name Martin 

limestone as applied to the Devonian section at Ray and 

Mimai was used in a much broader sense than.when the.same 

name was used at Bisbee, for in the Ray-Miami area the term 

included what has, in this paper, been termed the Upper 

Devonian sequence, in reality three distinct formations. 

Undoubtedly the excellent invertebrate fauna that is.pres

ent 'near Superior was absent- in the Ray area; and for this 

reason, Ransoms failed- to recognize that under the term 

Martin -limestone he included beds both.earlier and later» 

than the type Martin' limestone which he had -previously des
cribed at Bisbee. '- -"- : ' ■ -

Ransome, F.L*, - The geology and ore deposits of the -~
Globe2quadrangle ,‘ Arizona:;x U ; S.: G-eol. 
Survey Prof.-Paper 12, p. 53, 1904.
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The Martin limestone at Superior is characterized by 

a rich brachiopod fauna, the most common of which are, 

Spirifer whitneyi Hall, Spirifer hungerfordi Hall, Atrypa 

reticularis (Linne), Schizophoria striatula (Schlotheim).

The thick coral reef mentioned by Stoyanow^ in the 

Martin limestone of the Tucson area thins before reaching 

the Superior area where it is represented by a few specimens 

of Acervularia davidsoni and Paohyphyllum woodman!.

The Martin limestone of southern and southeastern 

Arizona varies in thickness, but averages almost 300 feet.

At Superior it is only 77 feet thick, again illustrating 

the tendency of the Paleozoic formations to thin as they 

approach the old Mazatzal landmass.

The upper division of the Upper Devonian sequence con

sists of twenty feet of fissile papery shales and 0-4 feet 

of yellow thin-bedded impure limestones, units 1 and 2 of 

the detailed section (see fig. 2, Plate XVII). On Pinal 

Creek, north of Globe, specimens of Camarotoeohia endliohe 

(Meek) were found in the impure limestone beds above the 

papery shale. On the basis of this form these beds have

Stoyanow, A.A., - Correlation of Arizona Paleozoic form
ations: Geol. Soc. Am., Bull. 47,
p. 487, 1936.
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been correlated with the lower part of the Ouray limestone 

of Colorado by Stoyanow^ who gave the name Lower Ouray to 

this Arizona horizon of papery shales and impure limestones 

-overyling them. No fossils were found in these beds in 

the Belmont-C^ueen Creek area, but since the lithology of 

the beds is so characteristic, there is little doubt of 

the correlation.

The following chart shows the relation of the ten

tative divisions of the Upper Devonian sequence at Superior 

to other sections in Arizona.

The writer again wishes to emphasize the help given 

by Dr. A. A. Stoyanow, without which the tentative div

ision of the Upper Devonian sequence would have been im

possible. 1

1 Stoyanow, A.A., - Correlation of Arizona Paleozoic
formations: Geol. Soc. Am., Bull.
47, pn. 489-495, 1956.
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Zsntati7g_.0(,rrolatiQnJ?enthral and;.Sgttthern .Irlzpna

Upser Devonian

:

■

I
■

Superior Arm Feet Bay-Miami Area1 Feet Picaoho de la Calera Area2 Tucson Mts. Feet Pepper sauce Canyon Area2 FeetSanta Catalina Mts.
IWonianA. Lower Ouray formation 1. Thin-bedded, yellow, impure limestone ..... 0-6

Devonian
Absent

Devonian
i -

Devonian | •A. lower Ouray formation 1. Compact buff limestone in beds 1-2'■. feet tMek 60n o m o f i .  ATld"*
2. Gray papery shales weathertng yellow .... 80

26

1. Yellow papery calcareous
shales #*#****# 20■.

Absent liohl Meek near top.2. Thin-bedded tuff yellow and red fine- grained sandstone .... 80150
B. Eartln limestone1. Yellow limestone .....2. Massive gray limestone3. Sandy gray limestone .

24SO3

C. Crook formation1. Massive dark Brows sandstone containing Arthro- diran fish plates ..... 52. Shin-bedded alternatingyellow, gray, and white limestone ............. 08

Description of Ransom® not sufficiently detailed to make possible a division of the series into the format lonal units used in the Superior area.

A. Martin limestone
1. Massive hard gray limestone .......#......... ISO2. Yellow and brown calcareous sandstones .... 853. Gray limestone weathering dark brown ........ 804. Gray limestone ......

150

ft '■B. Martin limestone1. 0*^ compact lime- stone ........... 105
2. Pink sandstone ....... 9

85 3. Gray arenaceouslimestone ........ 380 4. led sandstone and6 22
5. Gray eompaet lime- stone...... ....

H I - . 145
B. Plcseho de la Cal era formation1. Brown calcareous sandstone ..... .

Choonfc&mlty

3.Brownish yellow-sandstone, rounded frosted sand grains ........  15
Busty yellow sandy limestone, flaggy laminations ...... ...... 15

3. Yellow crystalline limestone ............4. Blue dolomite in beds2*4 feet thick .... .5. Yellow calcareous sandstone, rounded frosted •and grains .......
Diaconfomltv

2 ■ T25 ■!T
2 i
40 ;

j■
76

ft

Absent

4. Thin-bedded yellowshaly limestone ..... 175. Thin-bedded buff yellowand gray limestone ... 866. Dark gray oliff-formlng limestone ............. .307. Thin-bedded yellow

Chfoeal11ferous gray compact limestone beds oontaining chert Absent Absent

limestone ............. _§&
_______________: . . ' ■ ft- - : .ft'

Disconformity 355 Disconformity

Middle Cambrian Troyquartzite Middle Cambrian Troy !quartzite > Upper Cambrian Rincon limestone Upper Cambrian PeppersauoeCanyon formation
i P.l. Rawome after A, A* stoyanow.
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3. Escabrosa Limestone

a. Occurrence and Distribution

Conformably overlying the Upper Devonian 

series is the Escabrosa limestone. It is the lower portion 

of what Ransome"*". in the Ray-Miami area termed the Tornado 

limestone. Stoyanow^, v/ith justification, states that the 

term Tornado should be discarded, for it embraces beds of 

lower Mississippian and lower Pennsylvanian age separated 

by a great hiatus, which are in no way gradational. In this 

work the term Escabrosa will be used for the lower Mississ- 

ippian limestones and Maco for the lower Pennsylvanian beds. 

This follows the terminology of Ransome in his. Bisbee.re

port where he named.these formations.

"The Escabrosa limestone is one of the most conspicuous 

formations in the Belmont-Qpeen Creek area, for it forms 

great white cliffs that are a prominent topographic feature 

(see fig. 1, Plate XVTII). It is a high calcium limestone, * 2 * * 5

^ Ransome, F.L., - The copper deposits of Ray and Miami,
Arizona: U.S. Geol, Survey Prof. Paper
. 115, p..47, 1919.

2 Stoyanow, A.A., - Correlation of Arizona Paleozoic form
ations: Geol. Soc. Am., Bull. 47,

• —  pp. 507-508, 1936.

5 Ransome, F.L., - The geology and ore deposits of the "
Bisbee quadrangle, .Arizona: U.S. Geol.
Survey Prof. Paper 21, p. 42, 1904.
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at some horizons made up largely of crinoid stem plates and 

containing chert nodules throughout. The individual beds 

are from one to eight feet in thickness, a marked contrast 

with the thinner beds of the Upper Devonian sequence below 

and the Uaco limestone above. Invertebrate fossils' are 

sparingly present throughout the formation.

... On the.basis of: color and cliff-forming.,tendency, .the 

Escabrosa limestone, can be divided into four members. The 

lowest one is 100 feet thick and is composed of dark gray 

limestone varying in thickness from one to three feet..It 

contains several .thin white .limestone horizons. This member 

includes zones 1 to 5 of the detailed section which follows 

this discussion. It always forms the basal, less precip

itous part of the bluff so characteristic of the Escabrosa 

limestone.

The second member is a series of white limestones 

nearly 200 feet thick. Beds are up to ten feet thick and 

throughout the area form nearly vertical white cliffs. The 

second member includes zones 6, 7, and 8 of the detailed, 
section. :. . .. .. .

A third member includes zone 9 of the detailed section 

and is about fifty feet thick. It is "dark gray" to’brown 

and individual beds have a maximum thickness of two feet. 

Although thin-bedded, this member, under weathering, acts as 

a unit and forms, the upper, less precipitous, dark portion

of the Escabrosa limestone cliff.-
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The fourth and top member is not cliff-forming and 

consists of thin-bedded, white limestones, purple shales, 

and highly siliceous beds. It includes zones 10, 11, and 

12 of the detailed section. Throughout the area this member 

forms very flat surfaces on top of the other three cliff

forming members. A notable feature of this upper lime

stone is the presence of a 50-foot zone of purplish shale 

which is high in silica and in many places contains mineral 

ized pipes, discussed in detail under "Ore Deposits.” .It 

is always stained by iron and manganese and forms an ex

cellent marker bed for the Escabrosa limestone - Naco lime

stone contact-which lies forty feet above i t . ... :

A detailed section of the Escabrosa limestone as 

measured just south of the Queen Creek mine shaft is as 

follows: ' •■ ■■: 1 :■ . . . ; .

Lower Pennsylvanian ilaco limestone 

Disconformity

Lower Mississippian Escabrosa limestone Thickness
feet.

1. White limestone in beds about 1 foot
thick. Very much chert . ^ . : 40

2; Purplish shale, high in silica. Beds
from £ to 1 inch in thickness ............ 18

3. Cherty, siliceous, shaly beds. Iron
and manganese stains. Ore horizon ........ ‘ 13

..., 4. Gray-brown .limestone beds becoming
white toward top. Maximum thickness
of-beds about 2 feet ..................... : 55
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Thickness
feet

5. Massive white cliff-forming beds
- with chert in basal part. Indiv

idual beds up to 6 feet thick .......... 42

6. Thin-bedded yellow to light gray 
limestone containing black chert 
in lenticular masses. Beds have
maximum thickness of 9 inches ............ ' - 18

7. White cliff-forming beds 2 to 6 : 
feet thick. Thinner toward the
top and somewhat more gray . "136'

8. ' Yellow sandy limestone in beds '; ‘ : '
6 inches to 1 foot thick ............... 10

 ̂  ̂t -  a z : - . . : v -  cv / •: - ... : ' i -
9. Massiye white cliff-forming liiae-

- stones. Beds 1 to 5 feet thick ........ 18

10. Dark gray massive limestone, cliff- ’ r •• ,
forming. Beds 3 to 5 feet thick .......  27

11. Gray to gray-white limestone in
’ beds 1 to 3 feet thick; fossil- "

iferous ........ ........... ........... .. 30

12. Pinkish gray massive limestone in
- --beds 1 to 4 feet thick; no fossils ..... ~ 14 :

Total " - 421 '
■Upper' Devonian - Upper - Devonian Sequence- - ; -

, .. Age .. , .

J In the Belmont-Queen Creek area the Dsca- ■

brosa limestone contains-a meager Lower llississippien in

vertebrate fauna. • On the basis of- the fauna- collected by - 

Ransome at Bisbee, the Escabrosa limestone was correlated

Ransome, F.L., - Geology andiore deposits of the Bisbee
quadrangle, Arizona: U .S . Geol. Survey
Prof. Paper 21, pp. 42-54, 1904.
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by Girty with the Kinderhook and Osage.

Naco Limestone

a. Occurrence and distribution

The Naco limestone is the upper part of what
3 ■ ' '

Ransome termed the Tornado limestone. It disconformably 

overlies the Escabrosa limestone, but although an erosion 

interval is often indicated, an angular unconformity has not 

been found. The Naco limestone consists of a monotonous ser

ies of white, light gray, or light pink, thin-bedded lime

stones (see fig. 1, Plate XIX). Individual beds rarely exceed 

two feet in thickness, although several small cliff-forming 

members are present. Some thin calcareous shales are inter- 

bedded in the limestone, but their total thickness is insig

nificant. Chert nodules are common throughout the Escabrosa

and Naco limestone series, but are most numerous near the top
bed

of the Naco limestone where a prominent yellow chertAforms 

a small cliff which is an excellent marker horizon (see fig. 

1, Plate XX). The total thickness of the Naco limestone is 

not exposed in the Belmont-Queen Creek area for daoite flows 

have covered the uptilted beds. The exposed thickness in 

the southern part of the area is only 200 feet. To the north 

the thickness in-

Ransome, F.L., - The copper deposits of Ray and Miami,
Arizona: U.S. Gaol. Survey Prof. Paper
115, p. 47, 1919.
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creases to a maximum of 1,200 feet at %ueen Creek canyon 

where the overlying dacite has been stripped from the top 

of the Maco limestone by erosion..- At Bisbee-the ITaco lime

stone is about 5,000 feet thick, but since there is a . ..

general tendency for almost all formations to thin toward 

the. north, and northwest, . the _original thickness of the ITaco 

limestone at Superior was probably not over 2,000 feet. •

In the Belmont-Queen Creek area a conglomerate bed 

two inches to four feet in thickness is at the base of the 

rlaco limestone series. On the peak, a few hundred feet 

southeast of the Queen Creek mine shaft, this bed is about 

three feet thick and is composed of rounded pebbles of 

jasper, quartzite, and occasional pebbles of limestone and 

schist. This material is well rounded, very well cemented, 

and up to one inch in diameter. Northward the bed thins 

rapidly and near Queen Creek,Pinal schist pebbles take the 

place of the more siliceous material in the bed which is. , 

only three inches thick. Southward the bed. thickens to a 

maximum of four feet ,in:Cross;canyon and .thins to two inch

es in the region just above the Belmont ,mine * South of 

this place the bed is either too thin to recognize o r i s  
missing.

The Belmont-Queen Creek area is peculiar in that a 

definite break in sedimentation between the Sscabrosa and 

Naco limestones is clearly shown by a conglomerate at the
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base of the.Naco limestone (see fig. 2, Plate XVII!).

The writer has been unable to find mention of such a con

glomerate in any of the literature on central Arizona 

geology, and in most areas it has been impossible to separ

ate the two limestones on lithologic evidence. Since a 

Lower Pennsylvanian invertebrate fauna was found hot over 

fifty feet above this conglomerate, and' a Lower"llississippian 

one not over sixty feet' below Itthe'writer-feels certain 

that the hiatus between the two is.represented by this thin 

clastic bed. , The conglomerate is good evidence that.the 

Llazatzal landmass stood high until the: early part, of Pehn- 

sylvanian times, for the schist and •quartzite.pebbles must - 

have been derived from that, source. This, isi in agreement 

with Stoy.anoy; who states that not until Pennsylvanian times 

did transgression of the. seas, finally submerge the long 

resistant landmass. , , . .. . .. . ; . .

'■ Associated with," and lying just below the conglomerate, 

is a 10- to 15-foot bed of shaly limestone which was placed 

at the top of the Escabrosa limestone section. It probably 

is early.evidence of the break in sedimentation which was 

to follow. In the absence of the conglomerate bed this

Stoyanow, A.A. Correlation of Arizona Paleozoic form 
atiohs: ‘ Ge'ol. Soc. Am. , Bull. 47, 
p. 5; 4, 1936.

9
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calcareous shale may he considered the break between Lower 

Mississippian and Lower Pennsylvanian times.

Age it v-; r i.; v v ;. C ; ; ;
The iTaco limestone contains a; large, well-preserved 

invertebrate "fauna, all of Lower Pennsylvanian .age.(see fig. 

2, Plate XIX). Among some of the common forms are;;Spirlfer 

rockymontanus Marcou and a Productus of the;bora group.

Stoyanovr- has described a fauna from beds in the 

Galiuro Mountains similar in age to the;Naco.limestone fauna 

but containing forms similar to those;in the -lowerJ Tapajo 

Basin of Brazil-South America. 'He has termed these,beds*;, 

the Galiuro formation,;and from his,description it.appears 

that the beds of Lower'Pennsylvanian age-in the Belmont- 

v^ueen Greek area may be the"Galiuro formation rather than 

theiNacd limestone. The South American resemblance: of-the 

invertebrate fauna, however', could not be proved and. the - 

term Haco limestone was used. ; o f  : ,

5. Tertiary : . cn:. ' ■■■. }

1. Y/hitetail Conglomerate

. , . . . . ..  a. Occurrence and Distribution

The coarse:debris: and;silty material

Stoyanow, A.A., - Correlation of Arizona Paleozoic form
ations: Geol. Soc. Am., Bull. 47, 
pp. 517-521, 1956.
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which -accumulated in the. irregularities on the old ITaco
%

limestone surface was .termed - by Ransome Vvhitetail- con

glomerate (see fig. 2, Plate XX). In the Belmont-Queen _ 

Creek, area it rests, on the ITaco .limestone and is covered 

by a great.flow of dacite. The best exposure is along 

Queen Creek just east.of the.Superior-Globe,road, although 

it.is also.present, north and east of the Belmont mine. The 

maximum thickness, in. the Queen Creek outcrop is slightly.. 

over 100 feet. . -- .. . . - - ;

This formation is composed of sub-angular to angular 

fragments of all older rocks in the district, ranging in 

size from fine silt to boulders two feet iii diameter. Little 

or no bedding is present. There is, however, a very 

noticeable gradation in size of particles from bottom, to 

top, with the coarser material at the base gradually be

coming finer toward the top. In some outcrops diabase is 

the predominant rock, but in others limestone, schist, or 

vein quartz may make"up a great percentage of the material.

. If any generalizations can be made, it appears t h a t..

diabase is most common in the lower part of the conglomerate 

and vein quartz and quartzite most common in the upper part.

Ransome, F.L., - Geology of the Globe copper district,
Arizona: U.S. Geol. Survey Prof. Paper
12, p. 46, 1905. r
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Hear Q,ueen Creek the Whitet'ail conglomerate is made 

up almost'entirely of what-might be called a mud or 

silts.tone. It contains several thin pebbly layers made up 

largely of diabase andrlimestone. Here it seems probable 

that deposition took place along-a stream-that was more 

mature than most of the others on the old erosion surface. 

Hear the Horth Lease the upper 25-feet of the Whitetail 

conglomerate has been cemented with secondary silica, so- 

called water quartz, and is extremely compact and tinted * 

red. This "alteration and cementation is believed to have 

been caused by the heat and solutions which emanated from 
the overlying dacite flow at the time of its extrusion.

No vertebrate or invertebrate fossils were 

found in the Whitetail conglomerate. 'Accurate dating is 

impossible in the'Belmorit-Q,ueen Creek area. ' It is post- 

lower Pennsylvanian and pre-late Tertiary dacite. It is 

believed to be early or middle Tertiary1 and probably 

accumulated while the early Tertiary ore deposits of central 

Arizona were undergoing erosion and oxidation.

£. Dacite Conglomerate.
; ' ' ■ " . VV - "  :. . : .. !

a. Occurrence and Distribution

- . “ What has been termed dacite agglom

erate in the Magma Mine area" has in the Belmont-queen Creek
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area been called dacite conglomerate. Galbraith in his 

work at Silver King states: •

."Locally this formation has been considered 
Van"agglomerate ........ the included rock
fragments show no metamorphisni or alter
ation, and the dacite matrix appears to be 
f r a g m e n t a l '

The writer is in agreement with these observations.

In some outcrops limestone and quartzite in almost equal 

amounts make up at least one-third of the rock, the other 

two-thirds being dacite. In other places diabase may be 

present in proportions.almost "equal to the limestone and 

quartzite.- The boulders range in size from a fraction of 

an inch to eight inches in diameter, the dacite boulders 

being larger than the others (see fig. 1, Plate XXII). The 

dacite conglomerate is.found only on .the west, or downthrown 

side of the Concentrator fault. Its thickness is unknown ' 

for it outcrops only in the alluvium-filled, valley west of 

the Ray road. A drill hole south of Queen Creek, and west, ., 

of the Concentrator fault passes through"dacite^into Liartin 

limestone at an elevation of 1,800 feet. Since the collar 

of the hole, was at an elevation of 2,850 feet, this shows 

a thickness of 1,050 feet of"dacite,,at this point. The eng

ineers of the Magma Copper Company have considered this * •

52.

Galbraith, F.W., - Areal geology of the Silver King
• area, Superior, Arizona: Unpublished

Doctor’s Thesis," Univ. of Ariz. , 1955.

From drill log of Magma Copper Co.

1

2
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dacite as an agglomerate, "but much or all of the material 

that shows in the drill log may have been actually dacite 

conglomerate.

b . Age

■ . .. .The dacite conglomerate is believed to

be late Tertiary in age, probably Pliocene. The writer be

lieves that it is probably the Superior district equivalent 
of. the Gila conglomerate described by Ransome in the Ray- 
Miami area. This fact, however, is not proved, but work in 
the region,between Superior and Ray, seven miles south of 

the Belmont-Queen Creek area,- should prove enlightening, for 

at Ray true Gila conglomerate does outcrop.

The dacite conglomerate was probably formed after some 

displacesieht" along the Concentrator fault had exposed the 

sedimentary rocks east of the scarp. Galbraith suggested 

that the dacite" conglomerate was at one time much more ex

tensive than its' present outcrops indicate. That portion 

of it west of the ''Gonce'ntratdfrn fault was protected by : 

downfaulting, while that portion to the east was exposed

Ransome, F.L., - T h e  copper deposits of Ray and Miami,
Arizona: U.S. Geol. Survey Prof. Paper
115, p. 71, 1919. ^  ,

Galbraith, F.Y.*. , - Geology of the Silver King area,
Superior, Arizona: Unpublished Doctor’s
Thesis, Univ. of Ariz., 1935.



54.

to vigorous erosion and was entirely removed.
. '

4. Quaternary

1. Alluvium

Two ages of alluvium are present in the area, 

but because of the difficulty and time involved in separ

ating them, and their relative unimportance, they were 

mapped as a unit. They are very similar in composition and 

general appearance, being composed of boulders of limestone, 

quartzite, diabase, and dacite. Generally the material is 

coarse, poorly sorted, and angular to sub-angular (see fig. 

2, Plate XXII). The composition depends entirely upon the 

rocks present in the area drained, but since most of the 

streams approach Apache Leap, a steep bluff of dacite, this 

material forms a considerable percentage of the alluvium. 

Toward the source of the streams individual boulders, es

pecially of dacite, may have a diameter of ten to fifteen 

feet, although the average is, of course, much less. The 

older alluvium fills the present stream valleys to depths 

of one to twenty feet, and to the west of the Ray road it 

forms a capping on several small low hills and ridges. This 

old alluvium is well cemented by a calcareous material 

very similar to the caliche of our desert region.
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Recent uplift has enabled the present streams to 

renew active erosion and they are now rapidly dissecting 

the old alluvium in the steeper parts of the area and 

depositing materialWhere their gradient lessens. Stream 

channels are exceedingly narrow and steep, so much so that, 

in places, it is difficult to cross some of the larger ones, 

The alluvium now being deposited consists of both reworked 

material from the old alluvium and fresh material derived 

from all rocks present in the region. This most recent 

detritus is not cemented, a characteristic which enables 

one to separate it from the older material. Both the old 

and the young alluvium are peculiar in that sand forms only 

a small percentage of the total, being found only in the 

stream bottoms.

D. Igneous Rocks. '

1. Pre-Cambrian . . . .

a. Basalt ,

1) Occurrence and distribution

The oldest igneous rock exposed in 

the area is the late pre-Cambrian basalt at the top of the 

Mescal limestone. Previously it was regarded as one thin 

flow, never over 100 feet in thickness, but persistent over 

large areas. In this area several excellent sections show
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that this formation comprises at least four separate 

flows which have a total thickness of approximately 220 

feet. The composition and general appearance of the flows 

are similar, but they may be distinguished in the field 

by their red oxidized and vesicular tops.

The following generalized section was measured in 

Donkey canyon where the flows are best exposed.

Lliddle-Cambrian- Troy quartzite

'Unconformity Thickness
feet.

1. Fine-grained vesicular basalt.
Vesiceles most common in cen
tral portion. May represent 
two flows', the top of the upper 
one having been removed by pre-
Troy quartzite erosion.................  90

2. Vesicular fine-grained basalt.
Amygdules up to 3 inches in 
length and oriented vertically 
common in top one-third of flow.
Red oxidized top ........................   50

3. Flow fine-grained at base, 
coarser grained and vesicular 
at top. Red oxidized top with
pipe amygdules .................   55

4. Fine-grained vesicular basalt
with deep red oxidized top .............. 25

Total 220
Unconformity

Pre-Cambrian - Mescal limestone

The basalt flows are present throughout the area
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except where the diabase has intruded this horizon and 

there the basalt may be completely replaced or reworked 

by the intrusive rock. Toward the south the total thick

ness of the basalt is only 100 feet. This may be explained 

by erosion during early Cambrian times or by the absence 

of one of the thin flows mentioned in the detailed section.

2) Petrology

Megascopically the basalt is a tough 

fine-grained rock, reddish to dark brown, and in most areas 

amygdular. The amygdules contain chlorite, calcite, and 

epidote, and are elongated horizontally at the top and 

vertically toward the bottom of the flows.

Under the microscope the following minerals were 

determined in thin section. The description applies to an 

area free from amygdules.

Essential

Plagioclase feldspar - 60%
Ab^gAn^g - 0.10 mm. max. diam.
Olivine - 50%
0.05 mm. max. diam.

Accessory

•Quartz - 5%
0.05 rum. max. diam.

Alteration

Hematite
Magnetite
Serpentine

Sericite

Kaolin

Magnetite - 5%
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This rock slide, as well as all others taken from 

surface outcrops was highly altered. The feldspar has 

altered to masses of sericite and kaolin, the olivine to 

serpentine and what was probably augite, to hematite. The 

original basaltic texture'was, however, still apparent 

with euhedral laths of plagioclase arranged in a haphazard 

pattern and surrounded by hematite, magnetite, and serpen

tine. The serpentine and some of the magnetite grains are - 

pseudomorphic after boat-shaped crystals of olivine.

Q,uaftz, which makes up about five percent of the 

section, is arranged in parallel bands or in clusters of 

small grains. It is certainly not an original constituent 

of the magma but probably represents reworked inclusions 

of quartzite.

In thin section the vesic-les were found to contain 

the following minerals: 1

1. Quartz
2. Calcite
3. Chlorite
4. Epidote
5. A uniaxial,high-index 

mineral of very weak 
refringence, probably 
garnet.

3) Age

As the basalt overlies the pre-Cambrian
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He seal limestone and. underlies the Middle Cambrian Troy 

quartzite with marked erosional unconformity, it is con

sidered as very late pre-Cambrian in age.

2. Paleozoic (?) 

a. Diabase

1) Occurrence and distribution

Intrusive into both the Apache group 

and the Troy quartzite are sills of diabase which, in the 

magma mine, have a total thickness of over 5,000 feet. In 

the Belmont-^ueen Creek area the maximum thickness measured 

was 1,325 feet. The lower contact of this rock was always 

faulted. The Belmont shaft encountered diabase at a depth 

of 500 feet and is in diabase at the bottom at 1,600 feet. 

Considering the dip of the sill, its minimum thickness is 
950 feet.

- In areas of limestone and quartzite emplacement appar

ently was accomplished by forcing apart the intruded rocks, 

although assimilation may locally have been important;

Ransome"*" in his work in the Ray-ivliami area concluded that

intrusion took place at shallow depths. This may be true,• »
but it is difficult to explain how great sills of diabase 

could have been intruded at shallow depths without producing 

marked change- in attitude in the invaded beds, but the 

attitude of the,- sediments above and below the sills is sim-

Ransome, F.L., - The copper deposits of Ray and Miami, Ariz
ona: U.S. Geol. Survey Prof. Paper 115, 
p. 87, 1919.
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The Dripping Spring quartzite horizon is the one 

most extensively invaded by the diabase, although"the 

Mescal limestone was also favorable for intrusion. In the 

Magma mine the Mescal limestone is missing altogether, and 

in the Belmont mine it is represented by isolated blocks.

In Cross canyon a small sill of diabase has intruded the 

lower part of the Troy quartzite and the contact action of 

this intrusion on the intruded clastic" is very apparent. 

Plans of the now flooded Belmont mine show diabase in

truding the lower part of the Troy quartzite, but this could 

not be verified. Short and Ettlinger concluded that the 

diabase at the Magma mine has replaced the Mescal limestone 

and intruded both the upper (Troy) and the lower (Dripping 

Spring) quartzite. In the southern part of the Belmont- 

Queen Creek area diabase has intruded or replaced the Mes

cal limestone, the basalt flow which overlies it, and the 

lower part of the Troy quartzite. The chemical and phys

ical character of the sediments of the Apache group seem 

to have been most favorable for intrusive activity, and the 

diabase sills are common in this horizon.

T  " ' ' :— ’ “ ----- ----- -
Short, M ,N., and Ettlinger, I.A., - Ore deposits and 

enrichment at the Magma mine, Superior, 
Arizona: Am. Inst. Min. Eng., Trans.,
vol. 74, pp. 174-222, 1927.



61.

Lie t amor phi sm by large sills of. diabase is considerable 

in the Mescal limestone and the Troy quartzite, but is 

inconspicuous in the Dripping Spring quartzite. The lime

stone has been altered to a mass of fine-grained tremolite 

containing some chlorite and serpentine. In hand specimen 

this altered zone appears to be a tough, highly silicified 

limestone, but microscopic examination shows little or no 

silica. The metamorphic effects of the diabase on the 

Troy quartzite are best seen on the Belmont mine road just - 

east of the Lone Star fault. Here a baked and decomposed 

sandy material forms a 75-foot zone of transition between 

the diabase and the normal Troy quartzite. Passing from 

the diabase to the quartzite, the material grades from 

normal diabase, through a highly altered, decomposed, iron- 

stained and siliceous zone, into unaltered, cross-bedded 

Troy quartzite. A narrow zone of baked, reddish-black 

quartzite is the only effect produced on the Dripping Spring 

quartzite by the intrusion of the diabase. This zone is 

rarely over twelve to eighteen inches wide, and in some 

places is missing.

On weathered surface the diabase is deep olive green, 

intricately jointed, and from a distance looks very similar 

to a clastic sedimentary rock (see fig. 2, Plate XXIV). It 

is one of the rocks in the area least resistant to weather

ing, and invariably forms low flat areas between higher
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areas of quartzite or limestone (see fig. 2, Plate jGCIII). 

This rock often has a nodular or lumpy weathered surface 

covered with small pea-sized pebbles. As noted by Ransome^ 

the pebbles usually, contain masses of augite at their cen

ters. A dark greenish soil is characteristic of all areas 

where diabase outcrops. This fact, combined with the low 

flat nature of the outcrops, assists in the recognition of 

this rock even where covered with quartzite debris. 

Weathering has altered the diabase to such depths that 

fresh samples cannot be obtained in the deeper road cuts.

2) Petrology

Both ooarse- and fine-grained varieties 

of diabase are present in the area. The coarser varieties 

have feldspar and augite crystals up to 2 centimeters in 

length and the rock is very tough. This coarse material is 

toward the center of the sills. The fine-grained variety is 

along the borders of the sills and in dikes which cut the 

earlier solidified diabase. These dikes are believed to be 

only slightly later than the main sills and probably occupy 

tension cracks formed by cooling of the sills.

Ransome, F.L., - The copper deposits of Ray and Miami,
Arizona: U.S. Geol..Survey Prof. Paper
115, p. 54, 1919.
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Sections of the fine- and coarse-grained varieties 

show no difference in mineralogical composition. Only 

the coarser diabase will be described in detail.

Olivine-augite diabase

This sample from the Belmont mine is dark 

green, holocrystalline, moderately coarse-grained,.and 

dense. It has diabasic or ophitic texture with abundant 

plagioclase feldspar laths end interstitial augite. 

Apatite and magnetite can be seen in the hand specimen. 

Under the microscope the following was noted.

Essential Alteration

Labradorite - 45^ : Uralite - 25^ .
^ 3 5 ^ n65 ~ Stains to 3.0 mm. masses to 0.4 mm. max. 

max. die. dia.

Augite - 15# ' ilagnetite - 5#
grains 2.5mm. max. dia. grains to 1.0 mm. max

dia.

Accessory Biotite
grains to 1.0 mm. max. 

Olivine - 5# dia.
grains 0.7 mm. max. die.

- Antigorite
Apatite Actinolite
grains to 0.1 mm. max. Talc
dia.

Sericite

Ophitic texture is clearly shown in thin section, 

with labradorite feldspar laths forming a framework, the 

interstices of which have been filled with augite. Both 

the labradorite and augite are well crystallized and coarse
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grained. The other primary minerals, olivine, apatite, 

and magnetite, are scattered haphazardly throughout the 

section. Deuteric. alteration has greatly effected the 

original constituents of this rock., The fibrous amphi- 

bole, uralite, as well as biotite and magnetite, have 

resulted from alteration of the augite; and talc, antig- 

orite, and magnetite developed at the expense of the oliv

ine. In some places these deuteric processes have gone 

to completion and little remains of the original minerals. 

In others, the alteration has produced rims of secondary 

minerals around the primary ones.

Later alteration has incipiently sericitized the 

feldspars and produced some kaolin, but they still show 

polysynthetic twinning, according to the albite law, as 

well as carlsbad twinning. Some chlorite has been formed 

from the earlier mafic minerals.

Olivine-bearing diabase has been found only in the 

southern half of the area, and as will be explained under 

"Ore Deposits", Ettlingef believes this is the explanation 

for the lack of ore in the Belmont mine. It is interest

ing to note that the quartz-diabase so characteristic of 

the LTagma mine has not been found in the Belmont area. 

Olivine-free diabase, however, was found in the northern 

part of the area and its description follows.
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Hornblende-augite diabase

This rock sample was taken from the small sill 

in Cross Canyon which intrudes the Troy quartzite. In 

hand specimen the rock exhibits typical ophitic texture 

with laths of plagioclase feldspar surrounded by horn

blende and minor amounts of augite. It is holocrystalline, 

dense, equigranular, and medium grained. On fresh surface 

the rock is dark green, but turns brownish-green upon 

weathering.

Essential Alteration

Labradorite - 50% Uralite - 25%
(Ab45An55?) - grains 3.0 masses to 3.0 mm. max.
mm. max. dia. dia.

Hornblende - 15% Apatite
grains 4.8 mm. max. dia. grains to 0.15 mm. max.

dia.
Augite - 5%
grains to 1.5 mm. max. dia. Talc

Accessory Antigorite

Apatite Magnetite
grains 0.15 mm. max. dia.

Serioite
Magnetite - 5%
grains 0.15 mm. max. dia. Kaolin

Titanite Titanite

In this section the ophitic texture is apparent with 

primary hornblende, augite, and deuteric uralite filling 

the interstices of a labradorite framework. The labrador

ite is in euhedral laths, and the hornblende and augite in
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subhedral and anhedral grains. Primary magnetite was 

probably an original constituent of the rock but now it 

cannot be distinguished from the secondary magnetite. Other 

primary minerals are apatite and sphene. .

Deuteric alteration has affected both the primary 

hornblende and the augite, producing masses of fibrous 

uralite. All stages from incipient to complete uraliti- 

zation of the ferro-magnesium minerals can be seen.

Later alteration, probably hydrothermal, has ser- 

icitized the plagioclase to a degree that almost obliter

ated the albite polysynthetic twinning. Some antigorite, 

talc, and chlorite have been formed at the expense of the 

mafic minerals. The alteration products are most common 

as rims around the primary minerals. Some kaolin has 

resulted from weathering of the feldspars.

The same melt undoubtedly gave rise to the olivine 

diabase, the olivine-free diabase, and the quartz diabase 

of the Magma mine. These variations in mineralogical com

position of the rock probably indicate slight differentiation 

in the parent melt, due to local changes in pressure and 

temperature, and possibly reactions with intruded rock. The 

Magma diabase was derived from material higher in silica 

and lower in magnesium and iron than that from which the 

Belmont diabase was derived.
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3) Age

The age of the diabase of central

Arizona has long been in question and there is little
: 1agreement among the different investigators. Ransome as

cribes a post-Pennsylvanian age to it and believes that 

intrusion took place during the orogeny which closed the 

Paleozoic age. Short and Ettlinger found good evidence in 

the Magma mine at Superior, Arizona, that the diabase has 

engulfed the lower part of the Troy quartzite, but has not 

intruded the Martin limestone. They believe that it is 

post-Middle Cambrian and pre-Upper Devonian.

Barton who has done considerable work on the geology 

of central Arizona concluded that the diabase was intruded 

in pre-Cambrian time, for in no place did he find Apache . 

diabase cutting rocks younger than the Mescal limestone.1 2 

Furthermore, he states that in at least one area the Troy 

quartzite rests on the eroded surface of the diabase.
5

Stoyanow states: •

"Barton held that the diabase was entirely 
restricted to the Apache group, an opinion 
which I shared and still am prepared to 
share in a general way. I have been shown, 
however, localities at which the diabase 
unmistakably intrudes the basal part of the

1
Ransome, F.L., - The.copper deposits of Ray and Miami,

Arizona: U.S. Geol. Survey Prof. Paper 
115, p. 56, 1919.

2 *Barton, N.H., - A resume of Arizona geology: Ariz. Bur.
Mines Bull. 119, pp. 34-36, 1925.

Stoyanow, A.A., - Correlation of Arizona Paleozoic form
ations: Geol. Soc. Am. Bull. 47, p. 2000 
1957.

3
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Troy quartzite. My contention to date is 
that only in structurally undisturbed areas 
is the diabase altogether restricted to the 
Apache group.”

The intrusive spoken of by Stoyanow is the one in Cross 

canyon which will be described in detail in this discussion.

Galbraith, who worked about three miles north of the 

writer’s area, states that:

"Little additional information as to the age of 
the diabase has been found in the Silver King 
area. The diabase cuts through all pre- 
Cambrian formations but just as certainly does 
not cut the Troy quartzite. Careful investi
gation of the Troy-basalt contact, however, 
distinctly gave the impression that the base 
of the quartzite is affected by the diabase, 
although at no one place is the effect clear 
enough to be conclusive. The diabase is, there 
fore, tentatively regarded as of Ordovician or 
Silurian age."-1-

The writer concludes that the diabase in the Belmont- 

Oiueen Creek area has intruded quartzites of middle Cam

brian age. Since this diabase is similar megascopically, 

microscopically, and in intrusive habit, to that in the 

Ray-Miami region, it is regarded as "Apache” diabase.

The writer is, then, in accord with the findings of Short 

and Ettlinger in the Magma mine at Superior, and believes 

that the diabase at Superior, and therefore the so-called 

"Apache" diabase, is post-middle Cambrian in age.

Galbraith, F.VvT. , Geology of the Silver King area,
Superior, Arizona: Unpublished Doctor’s 
Thesis, Univ. of Ariz., p. 66, 1935.
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In the Belmont-Q,ueen Creek area the diabase in

trudes all the pre-Cambrian formations but does not in

trude the Martin limestone.

The most significant exposure of the diabase is in 

Cross canyon about 2,500 feet east of the Superior-Ray 

road where the upper contact of a small sill intruding 

the Troy quartzite is exposed (see fig. 1, Plate XXIV).

"A section from west to east is as follows:

1. Coarse-grained diabase, all features of which are 

similar to diabase exposed in the Ray-Miami area.

2. A 4- to 5-foot transition zone from the normal coarse 

grained diabase to an extremely fine-grained facies at 

the contact with the Troy quartzite.

3. A contact faciesvarying from three-to six inches in 

width, .extremely fine-grained, greatly fractured or 

jointed, but containing few or no fragments of 

quartzite.

4. The diabase-quartzite contact.

5. A narrow, 1- to 6-inch, band of baked quartzite.

6. Two to four feet of normal Troy quartzite.

7. A narrow band of baked quartzite.
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8. A second, 1- to 2-foot, sill of diabase, very fine

grained and fractured.

9. A narrow baked contact of Troy quartzite.

10. Normal Troy quartzite continuously exposed eastward, 

without structural break, to its contact with the 

overlying Martin limestone.

Although from field relations the formation into 

which the diabase sill has been intruded is unquestion

ably Troy "quartzite, heavy mineral separations were made 

on material that is definitely Troy quartzite, on Dripping 

Spring quartzite, and on the intruded quartzite. This was 

deemed advisable, for although the section above the dia

base is continuous to a point well above the Troy quartzite- 

Martin limestone contact, the lower contact between the 

Troy quartzite and the Mescal basalt flows has been cut off 

by normal faulting.

Examination under a binocular microscope showed the 

following minerals present:

Heavy minerals in the Troy quartzite

4. Zircon

1. Hematite

3. Magnetite

2. Garnet
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Heavy minerals in the Dripping Spring quartzite

1. Hematite io£

2. Garnet 2;4
3. Magnetite 85fp

4. Zircon If*

Heavy minerals in the intruded quartzite

1. Hematite 85f

2. Magnetite

5. Garnet 5f

4. Zircon -

The above determination removes all doubt as to the 

age of the intruded quartzite.

As previously mentioned under stratigraphy of the 

Troy quartzite, where the complete section is exposed 

there is everywhere a conglomerate at the base. However, 

where the quartzite and the diabase are in contact this 

conglomerate is absent. If the diabase is considered as 

intrusive into the Troy quartzite above the base,the ab

sence of this conglomerate is readily explained, but if 

the diabase is considered pre-Troy quartzite the writer can 

find no explanation for the absence of the conglomerate.

Contacts between diabase and Troy quartzite are common 

in the Belmont-'queen Greek area. If the diabase is pre-
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Cambrian, exposures at the time of deposition of the 

lower part of the Troy quartzite were large and wide

spread. At the present time these outcrops decompose 

easily and give rise to diabasic debris. This material 

forms a considerable proportion of the alluvium in the 

present streams and it is safe to assume that this would 

have been true in past-geological times. It is a note

worthy.fact that although the conglomerate at the base of 

the Troy quartzite was examined for several thousand feet 

along its strike, no diabasic material was found. Since 

boulders of all earlier rock types in the area are in the 

conglomerate it is believed that if diabase were present 

at the time of deposition of this conglomerate, it should 

be represented.

Throughout the area where Troy quartzite is in con

tact with the Mescal basalt flows, the lower members are 

compact, well-bedded quartzites on basaltic shales, but 

where in contact with diabase the lower beds graded from 

material almost indistinguishable in the field, through a 

cross-bedded, sandy, decomposed horizon to normal quartz

ite (see fig. 1,.Plate XXV). The entire zone between the 

diabase and the normal Troy quartzite is reddish-purple 

and contains a clay-like material resembling weathered 

diabase. It is believed that this material resulted from 

alteration of the quartzite by the intruding diabase.
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However it may be thought that the zone is composed of 

saprolitic material derived from the weathering-of a pre

existing diabasic surface. If derived from quartzite the 

zone should be composed of material high in quartz, while 

if derived from diabase it should be low in quartz. A  

sample was taken about twenty feet above the diabase- 

quartzite contact and microscopic examination showed it 

contained at least 75 percent quartz in the unwashed sample, 

and almost 90 percent quartz in a washed one. The zone is, 

therefore, considered as altered Troy quartzite.

The relations cited are believed by the writer to be 

sufficient to establish a post-Middle Cambrian age for 

the diabase at Superior. Since the diabase in this area is 

mineralogically the same as in other areas in central 

Arizona, and since it is in major sills commonly 2,000 feet 

or more in thickness, it is believed that the diabase in 

the Superior area is "Apache” diabase and not a later in

trusive. Although not mentioned in detail in this report, 

reconnaissance work to the south has shown other diabase 

sills intruding unmistakable Troy quartzite, and the writer 

hopes that, in the near future, detailed work in this region 
will be done.
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3. Tertiary -

a. quartz monzonite porphyry

1) Occurrence and distribution '

quartz monzonite porphyry is of minor 

areal importance in the Belmont-queen Greek area but is 

believed to be the surface expression of an underlying 

batholithic intrusion to which the ore deposits are re

lated. The quartz monzonite is in narrow dikes and sills 

in the I.Tartin, E scab rose, and iTaco limestone. Most of 

these small bodies occupy fault zones or spread out from 

them into the adjacent sediments. One of particular in

terest because of its persistence, although only five 

feet thick, is in the iTaco limestone as exposed in the 

northern part of the area just east of Elm canyon.

2) Petrology

In hand specimen the rock is clearly 

porphyritic, light gray or light green, and has a fine

grained groundmass. quartz, orthoclase, and hornblende 

can be recognized with the aid of a hand lens although 

these constituents are somewhat altered.

Microscopically the porphyritic nature is very notice 
able .with phenocrysts of quartz, orthoclase, plagioolase,
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and hornblende In almost equal.proportions Imbedded In a 

groundmass of fine-grained feldspar, now almost completely 

altered to sericite and kaolin. The hornblende is a very 

light green and has been "bleached. It is altering to antigor- 

ite which is seen as rims around less altered cores. Some 

calcite has developed at the expense of the plagioclase feld

spar. The phenocrysts range from 0.5 millimeter to 1.0 milli

meter in diameter and constitute about thirty percent of the 

rock. Common accessory minerals are magnetite and apatite.

5) Age

The age of the quartz monzonite porphyry 

is not known, but its intrusion preceded ore deposition in the 

area and it is probably related to the period in which the 

Schultze granite of Globe, the granite porphyry of Ray, and 

the quartz diorite of Silver King were intruded. It is, 

therefore, considered early Tertiary in age.

b. Dacite series

1) General discussion

The dacite series consists of four 

members, but since the lower three are very thin it has 

been mapped as one unit although the three lower members 

vary considerably in thickness in different areas. The 

following is an average section of this series.
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Present erosion surface

Middle Tertiary - Dacite series

1. Normal pink dacite showing
flow structure and containing 
many vesic-les.... .

2. Brown to black vitrophyre 
containing large vesickles 
and small phenocrysts .......

3. Light brown porphyritic
andesite showing flow 
structure in the aphanitic 
groundiuass ..............

4. Yi/hite tuff composed of con
solidated andesitic material 
and containing numerous 
biotite crystals ............

Total

Thickness
feet.

1,200 4

12

6

8
1,226 4

Unconformity

Early to Middle Tertiary - Yvhitetail conglomerate

Member number four, the white andesitic tuff, is 

variable in thickness, reaching a maximum of fifteen feet 

in the central part of the area and a minimum of two feet 

near the Belmont mine. •

The andesite flow, number three, was only found in 

the extreme northern part of the area where its maximum 

thickness is six feet. -It is probably the flow equivalent 

of the underlying andesite tuff.
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Lleiiiber number two, the vitrophyre, is constant in 

thickness throughout the area, and since its composition 

is the same as that of the overlying dacite, it probably 

represents a chilled faciesol" the-dacite flow.

1
In the Silver King area Galbraith found a thick 

rhyolite tuff and rhyolite flotv below the dacite flows, 

but in the Belraont-Q,ueen Creek area this material is 

apparently missing and its stratigraphic horizon is occupied 

by the andesite and andesite tuff. These two rocks are 

probably very local in distribution and represent the 

first stages of the intensive vulcanism which followed.

2) Detailed description of dacite series 

a) Andesite tuff

(1) Occurrence and distribution

The tuff is a light pink to white 

rock which is everywhere present between the top of the 

sedimentary.series and the vitrophyric part of the dacite 

flows (see fig. 1, Plate 2X1). It is generally uniform in 

composition from top to bottom, but in a few outcrops thin 

beds of small pebbles of diabase were interbedded in it.

Galbraith, F. V/., - The geology of the Silver King area,
Superior, Arizona: Unpublished
Doctor’s thesis, Univ. of Ariz., 1935.
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In all outcrops where the andesite tuff overlies 

the Whitetail conglomerate the rocks grade upward from 

conglomerate through sand, mud, and muddy tuffs to pure 

tuffs (see fig. 2, Plate XXI). Where overlain by the dacite 

vitrophyre the contact is also gradational and much 

tuffaceous material is found in the basal part of the 
vitrophyre.

(2) Petrology

This rock is porous, fragmental, and 

pinkish white. The hand specimen shows well-formed flakes 

of biotite and plagioclase feldspar in a glassy groundmass. 

Fragments of lava up to one-half centimeter in diameter 

are scattered throughout the rock.

The tuffaceous character of the rock is very apparent 

under the microscope, with many small euhedral to sub- 

hedral grains of andesine feldspar, euhedral biotite, minute 

grains of magnetite, and occasional hornblende crystals in 

a glassy groundmass. > .

Essential

Andesine - 20$
Ab65An35 - grains 1.5 mm. 

max. dia.

Glass - 70$

Accessory

Orthoclase - 5$ 
grains 1.0 mm. max. dia. 
Biotite - 5$
grains 0.75 mm. max. dia.

Hornblende - 1$ 
grains 1.0 mm. max. dia.
Magnetite - 1$

Hematite
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The andesine is zoned and the outer rims are gener

ally more calcic. The glass contains many sub-microscopic 

inclusions of hematite which give it the pinkish tint. All 

component minerals are fresh and the glass does not show 

devitrification but appears to be altering to kaolin. 

Orthoolase is sparingly present but quartz is absent.

b) Andesite

- - - . ‘
(1) Occurrence and distribution

Andesite was found only in the extreme 

northern part of the area where it cropped out between the 

andesite .tuff and the dacite vitrophyre. It appears to be 

very local in distribution and probably is the flow equiv

alent of the underlying tuff. Its thickness is only five 
feet.

(2) Petrology

The rock is porphyritic, dense, has an 

aphanitic or glassy groundmass, and is gray-brown. The 

phenocrysts are plagioclase feldspar, biotite, and occasional 

grains of quartz. Little or no alteration can be seen in 

the hand specimen.
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Essential

Andesine - 40$
^ 62^38 '
Orthoclase - 7$ 
grains 1.0 mm. ma% dia.

Quartz - 2$ 
grains 0.7 mm. max 
dia.

Magnetite

Accessory

Hematite
Hornblende - 1$
grains 0.5 mm. max. dia. ' Biotite

Glass — 50̂ o -

In thin section this rock is clearly porphyritic with 

phenocrysts of andesine, biotite, hornblende, orthoclase, 

and some quartz in a glassy groundmass. Flow structure is 

poorly shown in the glass, and as a rule alignment of the 

feldspars can be seen.

The feldspars are subhedral and almost without exception 

show corrosion. Zoning of the andesine is common with more 

sodic rims surrounding calcic cores. Devitrification of 

the glass has produced many spherulites which later altered 

to kaolin. Hematite grains are present throughout the 

groundmass.

represent the chilled lower part of the dacite flows. It is 

present along the entire length of Apache Leap in and be

yond the area, and is very uniform in thickness. It is

c) Dacite vitrophyre

(1) Occurrence and distribution

The dacite vitrophyre is thought to
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light brown to black, very brittle, and dense. It is 

everywhere jointed, one set of joints is parallel to the 

bottom of the flow. This glass forms an excellent marker 

bed for it is easily found even, when covered by consider

able talus, and everywhere lies ten to fifteen feet above the 

base of the dacite series. Large vesicles are present 

throughout the vitrophyre, and in some outcrops are included 

fragments of earlier rocks.

(2) Petrology

The hand specimen shows a glassy 

groundmass in which are imbedded clear feldspar grains and 

quartz. Large vesicles are present and are filled with a. 

fine, amorphous, white material of unknown composition.

Essential 

Glass - 60%
index of refraction 1.505

Accessory

Andesine - 30$
Ab65An35 - grains 1.5 mm. 

max. dia.

Orthoclase - 3$ 
grains 1.0 mm. max. dia.

Quartz - 5$
grains 0;8 mm. max. dia.

Biotite - 2$
grains 0.7 mm. max. dia.

Hornblende
grains 0.2 ram. max. dia
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Sixty percent of the thin section is composed of 

fresh brownish glass which shows no devitrification. In 

this glass are anhedral grains of orthoclase and euhedral 

to subhedral grains of orthoclase and subtle dr al grains of 

andesine. Both orthoclase and andesine are corroded. 

Andesine shows zoning with the more calcic portion at the 

center. Hornblende is present in small, well-formed 

crystals. Biotite in bent laths is a common constituent 

and shows pleochroism.

Flow texture is shown in the glass by parallel align

ment of the elongated minerals. Magnetite, zircon, and 

apatite are accessory minerals.

d) „ Daeite flow

(1) Occurrence and distribution

The daclte lies immediately above the 

vitrophyre and is over 1,200 feet thick. Samples were 

taken every fifty feet from the base to the central part 

of the flows and thin sections showed no variation in the 

mineralogical composition of the flow. Individual flows 

are undoubtedly present in this thick volcanic pile 

although they are almost the same in composition. Minor 

beds of tuffaceous material are interbedded with the daclte 

flows but make up an insignificant part of the total thick

ness. These tuffs are well exposed in Oak Flat where they
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are flat lying and about ten feet in thickness (see fig.

1, Plate x m )  . .

Inclusions of older rocks, principally lava fragments, 

are common throughout the flows.

On fresh exposure the dacite is light pinkish-gray, 

and although apparently porous, is a dense tough rock. 

Weathering has not affected even the intricately jointed 

part of the flows and fresh specimens can be secured a 

few millimeters below the surface. The presence of con

siderable glassy material causes the weathered surface to 

be very rough and pitted.

Jointing has broken the rock into a myriad of blocks 

and undoubtedly accounts for the large size of the boulders 

on the dacite talus slopes as well as in the streams. (see 

fig. 2, Plate XXV). One set of joints parallels the flow 

planes and dips about 15° to the east; the other two dip 

vertically and strike!north-south and east-west respective

ly.

(2) Petrology .

The dacite is a tough, dense, light 

pinkish-white, porphyritic rock. Phenocrysts are plagio- 

clase and biotite rarely four millimeters in length, and 

porphyritic texture is not conspicuous. Occasional quartz,



84

hornblende, and sanidine crystals are seen. Large vesicles, 

undoubtedly gas bubbles, are throughout the rock and most 

of them are lined with an unknown white amorphous material.

Essential

Glass - 40fo

Andesine - 38^ •
Ab,.-An - grains 1.5 mm.

bU 40 max. dia.
Quartz - 15%
grains 1.7 mm. max. dia.

Orthoclase - 5% 
grains 1.0 mm. max. dia.

Accessory

• Biotite - 2% 
grains 0.7 mm. max. dia.

Hornblende)
Magnetite )
Hematite ) w  
Rutile ) ^
Zircon )
Sphene )

In thin section the dacite shows grains of quartz, 

sanidine, and biotite surrounded by a ropy vitreous 

groundmass. All the feldspars, but more particularly the 

sanidine, have been altered by magmatic corrosion. They 

are, however, still fresh and clear. The quartz is in 

embayed anhedral grains and is subordinate to both of the 

feldspars.- Biotite is sparingly present and is strongly 

pleochroic. Some has been bleached and altered to mag

netite. Hornblende is rare but is scattered throughout the 

section in very small euhedral crystals. Accessory miner

als are magnetite, apatite, and sphene.

Flow texture is beautifully shown in the ropy ground- 

mass. Devitrification has produced spherulites and tri- 

chites in the glass but original crystallization is not
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apparent. Finely divided hematite and many needles of 

rutile are scattered through the glass.

(3) Age

All that can he definitely said as to 

age is that the dacite series is post-Whitetail conglomer

ate, that is, post-Middle Tertiary and pre-Gila conglom

erate. It is therefore considered as Middle or Late Tertiary.

4. Quaternary 

a. Basalt.

(1) Occurrence and distribution

The latest igneous rock in the Belmont- 

Queen Creek area is a normal olivine-basalt. It is present 

only in two small bodies, both intruded along major fault 

zones. One plug is in Cross canyon and a dike is in the 

extreme southwestern part of the area. The dike contains 

many inclusions of diabase, a fact that might lead to some 

confusion if this basalt is not distinguished from the 

Apache basalt, for it has been shown that the diabase is 

post-Apache in age.

In all thin sections of this basalt examined iddings- 

ite is a common mineral. A check made on like rocks of a 
similar age in the Magma, Silver King, Ray-Miami, and Globe 

areas showed that these late basalts were peculiar in that
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they were the only ones in which this deuteric mineral 

iddingsite was found. The writer believes that this min

eral can be used to distinguish between the Apache basalt 

and the late Tertiary basalt in areas where faulting may 

have made stratigraphic relations obscure.

(2) Petrology

The rock is dark purplish-gray on a 

fresh surface, fine grained, dense, and heavy. Little or 

nothing can be told of the mineral composition other than 

that iddingsite occurs as small phenocrysts sparingly 

present throughout the groundmass. On a weathered surface 

the rock is light gray, and although not noticeably 

vesicular, contains many small pits that result from the 

weathering of the iddingsite phenocrysts.

Essential Alteration

Labradorite - 50$ 
Ab35An67 - grains 1.5 mm. 

max. dia.

Augite - 10$
grains 1.0 mm. max. dia.

Olivine - 15$
grains 0.1 mm. max. dia.

Accessory

Quartz - grains 0.1 mm. 
max. dia.

Magnetite - 10$

Iddingsite

Chlorite

Antigorite

Calcite

Sericite

Vug fillings 

Calcite
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In thin section the rock exhibits a typical basaltic 

texture with a fine-grained groundless of labradorite 

feldspar between which are larger grains of augite, olivine, 

quartz, and labradorite. The fine-grained labradorite 

forms about fifty percent of the section and the coarser 

phenocrysts of the same mineral about fifteen percent.

The labradorite in the groundmass is in long euhedral
pVcv-ocr*, x fvj

laths and that in the groundmass is in short stubby sub- 

hedral grains. Augite is present in large euhedral grains, 

showing polysynthetic twinning,and in minute grains in the 

groundmass.

Iddingsite has resulted from the alteration of oliv

ine. In some areas it is found as rims around cores of 

olivine, but in others none of the original olivine is left.

Vesic-.les up to 1.5 millimeter in diameter have been 

filled with coarsely crystalline calcite and are bordered 

by dark rims of fine-grained carbonate, possibly ankerite.

Zoning of the labradorite feldspar is common with 

zones of calcic and sodic feldspar alternating.

(3) Age

The basalt intrudes the latest faults 

in this area, and at Ray it is interbedded in the Gila 
conglomerate. It is, therefore, very late Tertiary or, 

more probably, early Quaternary.
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E. Structure

a. Regional

Since the local structural events in the Belmont- 

Queen Creek area are better understood if the reader has 

a general knowledge of the broader features of central 

Arizona, a brief resume of them will b e .given.

.Ransome has divided central Arizona into three 

regions; the Plateau, the Mountain, and the Desert. The 

plateau lies at an average elevation of 6,000-7,000 feet 

and is characterized by a relatively thin sequence of 

horizontal sedimentary beds, that have been but moderate

ly folded or faulted. Since pre-Cambrian time this unit 

has stood as a positive landmass around which sediments 

have accumulated to a depth of many thousands of feet. The 

southwestern border of the Colorado Plateau passes 

diagonally across the state as shown on fig. 1, page 2.

The Desert region of Arizona ranges in elevation from 

100 feet at the southwest corner of the state to 2,500 

feet near Tucson (see fig.1,page 2 ). This province is 

characterized by a thick sedimentary series, especially to 

the east, relatively little folded but completely faulted. 

It contains many low, narrow mountain ranges separated by

Ransome, F.L., - The copper deposits of Ray and Miami,
Arizona: U.S. Geol. Survey Prof.
Paper 115, p. 26, 1919.
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low broad valleys whose area exceeds that of the mountains. 

The present topography is the result of faulting on a 

major scale. Many of the fronts of the mountain ranges 

are fault line scarps.

Separating the plateau and the desert region is a belt 

known as the mountain region. It is fifty to 100 miles 

in width and contains a thick sedimentary series that has 

been intensively folded and faulted. In this province the 

mountain ranges are long and wide and form a greater per

centage of the total area than in the desert region. The 

mountain region forms a transition zone between the plateau 

region on the northeast and the desert region on the south

west. It is in this narrow band of folded and faulted 

strata that most of the ore deposits of Arizona are found.

The desert and the mountain regions are grouped to

gether into what has been termed the Basin and Range -pro

vince. As the name implies, the province is one of steep 

barren mountains and broad deep basins generally filled with 

thick accumulations of gravel. The basins and ranges aife 

structural features that have been variably modified by 

erosion. Faults are generally parallel to the front of the 

mountain ranges, but in some places cut into them and a 

new fault takes up the throw.

Most of the ranges are now being eroded by inter
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mittent streams, and the debris is being deposited in the 

■valleys. Most of the basins are also drained by inter

mittent streams. In general the ranges and the major 

structural features strike north or northeastward, parallel 

to the border of the plateau.

The Belmont-Queen Creek area lies on the southwestern 

slope of an outlier of the Pinal Mountains which in this 

region constitutes the southwestern border of the Mountain 

Region of the Basin and Range Province. Structural features 

which outline the ranges are young. The exposed rocks in this 

area begin with the.late pre-Cambrian Dripping Spring quartz

ite, but a few miles north of Superior, early pre-Cambrian 

beds crop out and the structural history will include briefly 

those rocks.

b. Summary of Structural Events

The earliest structural forces of record in 

the Superior area are those of the early pre-Cambrian times. 

They produced the Pinal schist which forms, the basement 

rock over so much of Arizona. Since this rock is not ex

posed in the area mapped it will not be discussed in detail.

The structural history of the Belmont-Queen Creek area 

proper begins in late pre-Cambrian times with the deposition 

of a series of sedimentary rocks which indicate sedimentation 

in shallow seas. The presence of several conglomeratic 

members in the Apache group indicates fluctuation of the
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landmass from which the sediments were derived. The late 

pre-Cambrian period was closed by the extrusion of several 

thin basalt flows which total about 200 feet in thickness.

During Paleozoic times sedimentation followed by 

erosion was the general rule, indicating fluctuation of the 

basin of deposition. According to some authorities, in 

Ordovician or Silurian periods, but according to others, 

as late as the Mesozoic, thick sills of diabase were in

truded into all rocks then present in the area.

The Mesozoic period is not represented in this area 

by sedimentary rocks. It must have been a period of 

accumulation of stresses which culminated in the Laramlde 

Revolution at the close of the Mesozoic.

The earliest expression of these stresses is seen as 

a slight east-west folding of all sedimentary rocks below 

the dacite flows. This minor folding was followed in 

turn by complex east-west faulting, intrusion of quartz 

monzonite porphyry dikes, mineralization along most of these 

faults, and oxidation of the ore deposits. Tilting of the 

sediments to the east, erosion, extrusion of dacite, major 

north-south faulting, and slight tilting to the east follow

ed oxidation of the ore deposits. Very late intrusive and. 

extrusive activity is evidenced by intrusion of basaltic 

dikes and plugs along the major north-south faults.
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c. Intrusive and extrusive activity

Minor extrusive activity at the end of

late pre-Cambrian times is evidenced in the Belmont-Queen

Creek area by four thin flows of vesicular basalt at the

top of the Mescal limestone. Since these.flows are measured

in tens of feet but are present over large areas in central

Arizona, it is assumed that they were poured out from many

centers situated along a line of weakness of considerable
2.lineal extent. Ransoms suggests that the basalt may have 

been erupted on the sea floor but evidence for this certain

ly is lacking in the area investigated. Its constant thick

ness over large areas, however, indicates that the surface 

over which it flows was smooth, possibly recently uplifted.

The area was probably in Ordovician or Silurian, but 

perhaps as late as Mesozoic times, the scene of great act

ivity, for at this time it was intruded by great sills of 

diabase. If, as the writer believes, the diabase at Super

ior is the same age as that of Bay, Miami, and the rest of 

central Arizona, this activity extended over an area of more 

than 5,000 square miles. Probably because of favorable 

chemical and physical characteristics, the sills are most 

common in the Dripping Spring quartzite, and the Mescal lime-

Ransome, F.L., - The copper deposits of Ray and Miami,
Arizona: U.S. Gaol. Survey, Prof. Paper
115, p. 86, 1919.
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stone. It has, however, been found intruding the basalt 

that overlies the Mescal limestone and in the basal part 

of the Troy quartzite.

Intrusion of the quartzite and limestone apparently 

took place by actually forcing apart the sediments, although 

some assimilation may have taken place. The sills do not 

seem to follow major lines of structural weakness for they 

appear as multiple sills separated by narrow bands of the 

intruded rock. However, when these sills encountered minor 

faults and zones of weakness they broke across the sedi

ments which are now,seen as isolated blocks "floating" in 

the diabase. Many of these blocks are very long in com

parison with their width and they invariably have attitudes 

similar to those of the beds above and below them.

Apparently these sills were intruded at moderate depths 

and because of their great thickness must have produced a 

doming of the area. As mentioned elsewhere, it is impossible 

to explain how sills of diabase with a total thickness ex

ceeding 3,000 feet could have been intruded without produc

ing marked differences in attitude in the beds above and 

below them. No angular differences have been found in the 

area nor have they been noted by other workers in nearby
i

regions. •

During the time of intrusion of the Schultz granite in 

the Grlobe-Miami area, activity in the Belmont-Queen Creek



94. .

region consisted only of intrusion of small quartz mon- 

zonite dikes along major east-west faults. The are un

doubtedly the surface expressions of deep-seated intrusive 

activity.

By far the most important extrusive activity took 

place in Middle Tertiary when the dacite flows were erupt

ed. These flows are at least 1,200 feet thick on Apache 

Leap, but may be much thicker where the total section is 

exposed. These flows were poured out upon an uneven 

erosion surface, the irregularities of which were filled 

with coarse stream gravels, sand, and silt.

From the base to the central part of the series the 

dip is uniformly 15° to the east. ■ From the central part 

to the top of the flows the dip seems to flatten somewhat 

and the tuff beds on Oak Flat are almost flat-lying. This 

dip is not that of original .solidification, but results 

from tilting along the late major fault zones in the area.

The latest igneous activity in the Belmont-Queen Creek 

area was the intrusion of dikes and plugs along major fault 

zones. This rock is very limited in areal extent and is 
relatively unimportant. •

d. Folding

Two systems of folds are present in the area 

but they may have been produced during one period of fold
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ing. The earlier minor folds trend in a northeast dir

ection. These are evidenced by a change in strike of the 

sedimentary formations. They, however, are gentle and are 

scarcely discernible in the field.

All rocks below the dacite series are tilted 30° - 

35° to the east and have an average strike of N. 40° W.

In the Magma area the average strike of the sediments is 

N. 10° E . , while at Silver. King they strike N. 30° E. This 

indicates a regional fold with an axis which passes through 

the Magma area from east to west. These gentle folds may 

represent slight release of stresses which accumulated in 

Mesozoic times and culminated in the Laramide revolution.

A few small folds are associated with the larger faults 

in the area. A particularly sharp one is seen in the upper 

part of Elm canyon where an overturned fold is associated 

with an overthrust in the Naco limestone (see fig. 2, Plate 

2XIX). Other minor drag folds are associated with the Lead 

Hill and Lone Star faults.

Major folding, during the Laramide revolution or shortly 

after, tilted the sediments 30° - 35° to the east. This 

folding was post-ore for some oxidation, leaching and en

richment took place before the beds were tilted. Beds to 

the west of Superior are almost flat-lying and the dacite 
flows in the Superstition Mountains still farther west dip
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gently west. From, this It may be assumed that the folding 

of the sedimentary series at Superior was caused by broad 

major folding to the west of the area, the axes of which 

strike northwest.

e. Faulting

No major Paleozoic faults were recognized in 

the area although minor ones may be present. Some minor 

faults were mapped which cut early Paleozoic sediments but 

did not seem to affect higher sedimentary contacts. With

out exception the displacement on these faults was very 

small and it seems highly probable that it was taken up 

by slight flexing in the limestone.

Major faulting, probably occurring during the Laremide 

revolution, broke the area into many small blocks. These 

faults are, in general, high angle, normal, and strike east- 

west. Such faults are important in the Belmont-Queen Creek 

area for it was along them that the ore-bearing solutions 

ascended. Also along these faults were intruded the narrow 

dikes of quartz monzonite porphyry so common in the northern 

part of the area.

Many of the faults along which dikes and ore solutions 

ascended appear to have displacements of. ten to.thirty feet. 

It seems improbable that fissures of such small displace
ment would continue to sufficient depths to tap the magmatic
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source of both the dikes and ore deposits. The explanation 

is believed to have been found in the Main Lease, a small 

working north-east of the Belmont shaft where striations 

on the hanging wall of one of these faults indicate that 

the last movement at least was almost parallel to the dip 

of the beds. The movement on these faults, although seem

ingly very minor, is probably several times that indicated 

by the apparent displacement of the beds.

Nearly all faults of this first period are mineral

ized which distinguishes them from later east-west faults.

One of the most important of the east-west mineral

ized structures has been termed the Sandal fault. It out

crops just south-east of the Grand Pacific mine portal and 

the ore bodies mined in that area were all along it. It 

was opened on the 1,600-foot level of the Belmont mine 

workings and Ettlinger^ estimated that it has a throw of 

over 500 feet. Another important fault believed to be of 

this early period, but may be post-ore, has been termed the 

Monte Carlo fault. It outcrops just north of the Belmont 

shaft and has been prospected by several workings. There is 

some evidence that this fault is post-ore, and in the 1

1 Ettlinger, I.A., - Personal communication to Chester
Hoatson.
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Belmont mine area is localized in, and parallel to the 

Eureka vein.

Most of these east-west faults have no surface express

ion, and unless they have been prospected, attitudes are 

impossible to obtain. Most of them are rather high-angle, 

dipping 60° - 75° S., normal faults with the major movement 

almost parallel to the dip of the beds.

An overthrust is present in Elm canyon just below the 

Naco limestone-dacite series contact. It dips to the north

east at about the same angle as the beds and is, therefore, 

almost a bedding fault (see fig. 1, Plate XXIX). Only the 

nose of the fault plane is exposed, the rest is covered by 

the dacite series. This thrust fault is displaced by a 

normal fault which has dropped the extreme nose of the 

thrust down on the west. This fault, as exposed, is entire

ly in the Naco limestone, but has thrust younger beds over 

older ones. The age of this fault is unknown, but it prob

ably is about the same age as the mineralized east-west 

structures.

All faulting of this early period passes under the 

dacite without affecting the Naco limestone-dacite contact. 

It is, therefore, definitely pre-dacite in age and may be 

probably correlated with the tensional forces arising from 
the intrusion, in Laramide times, of the central Arizona
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batholith.^ The ore deposits which Immediately followed 

this period of faulting are likewise believed to have been 

formed by solutions given off as the batholithic mass 

cooled.

A second period of faulting, which influenced the 

present topography, broke the area into long narrow blocks. 

Four of these faults have been recognized in the course 

of this investigation. They are from east to west, the Iron 

Cap, Lone Star, Lead Hill, and Concentrator faults.

The Iron Cap fault is the least important but is pe

culiar in that it is a high-angle, westward-dipping reverse 

fault (see figs. 1 and 2, Plate XXVTI). It can be traced 

from the southern boundary of the area to a point just north 

of the Belmont shaft where it terminates either at the Monte 

Carlo fault or dies out slightly north of it. The dis

placement on this fault is not over 100 feet.

West of the Iron Cap is the Lone Star fault which passes 

from the southwestern to the northeastern part of the area 

mapped. It is a high angle fault dipping 60° - 70° to the 

west with the western block downfaulted (see fig. 2, Plate 

XXVIII). Its vertical component of displacement in the

Ettlinger, I.A., - Ore deposits support hypothesis of
a central Arizona batholith: Am.
Inst. Min. Met. Eng., Tech. Pub. 63, 
1928.irtMs
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southern part of the area is nearly 900 feet, but toward 

the northeast it decreases to about 100 feet. This de

crease .in throw toward the north seems to he characteristic 

of most of the major north-south faults in the Belmont- 

Queen Creek and Magma mine areas. In Donkey canyon the 

Lone Star fault is somewhat complicated by a cross fault 

between it and the Lead Hill fault a few hundred feet to 

the west. The Lone Star fault has cut the nose of the over

thrust described earlier (page 98).

The Lead Hill fault lies to the west of the Lone Star 

fault and is a high-angle normal fault with the westward 

block dropped 600 feet as measured in Belmont canyon (see 

fig. 1, Plate 2DCVTII). This structure can be traced from 

the southwestern part of the area to Cross canyon where it 

splits into two minor faults both of which join the most - 

westerly lying Concentrator fault.

The principal structural feature in the area examined 

is believed to be the continuation of the Concentrator 

fault of the Magma area,and has been called by the same 

name in the Belmont-Queen Creek area. It has been traced 

from a point several miles northwest of the Silver King 

area almost to Ray, a total distance of approximately fif

teen miles. Previously it has been regarded as a contin
uation of the Main north-south fault of the Magma area, but
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its throw is about 2,000 feet, whereas that of the Main 

north-south fault in the Magma mine is only 450 feet. At 

the Magma mine the Concentrator fault has a throw of at 

least 3,000 feet and therefore the writer believes that the 

structure in the Belraont-Queen Greek area is actually the 

Concentrator fault and that the Main north-south fault is 

split from it. Work in the Magma mine indicates that the 

two probably are joined beneath the alluvium near the High 

School in the town of Superior.

The Concentrator fault is a high-angle normal north- 

south fault with the western block dowhthrown (see fig. 2, 

Plate XXVI). A drill hole just south of Queen Creek and 

west of the Ray road passed through dacite or dacite con

glomerate into Martin limestone at a point 1,800 feet 

above sea level and into Troy quartzite fifty feet lower. 

Projecting the Troy quartzite - Martin limestone contact 

over the drill hole and taking into consideration the dip 

of the hole, this gives a vertical displacement of about 
2,000 feet.

Topographic expressions in the form of fault or fault 

line scarps are rare and these north-south faults are dis

tinguished only by stratigraphic incongruities or by strong 

zones of breccia and gouge. Apache Leap is probably a 
broad expression of these structures, but it is an erosion- 

al rather than a structural feature. Because of the down-
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faulting of the western blocks on three of the four faults 

just described the sedimentary series is repeated in each 

block and the lower part of the Apache group is not ex

posed. The Concentrator fault has in all places faulted 

dacite conglomerate on the west down against Troy quartzite, 

diabase, or some member of the Apache group on the eastern 

side.

Some east-west faulting accompanied the formation of 

the north-south structure. Where these faults reach the 

Naco limestone-dacite series contact they produce some dis

placement in it and therefore show that they are later in 

age than the dacite. The most important of these is the 

Grand Pacific fault which crops out along Pacific canyon.

The Monte Carlo fault, as mentioned previously, may be of 

this age of faulting although it is considered earlier. These 

east-west faults are definitely post-mineral and displace 

those faults along which the ore bodies of the area are 

localized.

This second period of faulting is post-dacite conglom

erate (Gila?) and is therefore late Tertiary or Quaternary 

in age. Movement along some of these faults, particularly 

the Concentrator fault, may have continued until very recent 

times, for the old Quaternary stream gravels seem to have 

been affected. •
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Ransome^ believes that the forces that produced the 

faulting in central Arizona were active over large areas 

and undoubtedly were connected with the forces that separ

ated the plateau and the desert regions.

Evidence in the Belmont-Queen Creek area shows that the 

north-south faults are post-Pliocene (post-Gila) and there

fore the writer can agree with Ransome but can add nothing 

to the exact dating of these structures. The origin of the 

forces producing them is a problem in itself.

Ransome, F.L., - The copper deposits of Ray and Miami,
Arizona: U.S. Geol. Survey Prof. Paper
115, pp. 79-80, 1919..
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CHAPTER IV

Geological History . - .......

Although rocks stratigraphically below the Dripping 

Spring quartzite are not exposed in the area investigated, 

a complete geological history will be given. The pre- 

Dripping Spring quartzite history is based on observations 

made elsewhere, particularly in the Silver King area.

The sedimentary series in the Superior region, al

though starting with pre-Cambrian beds, is not complete. 

Sedimentation divides itself into six periods, two in the 

pre-Cambrian, two in the Paleozoic, one in the Tertiary, 

and one in the Quaternary. Igneous activity took place in 

the pre-Cambrian, Ordovician or Silurian, early Tertiary 

(Laramide), and Quaternary periods.

The geologic history of the Superior region begins in 

early pre-Cambrian time with the deposition of a thick 

series of sandstones, shales, and conglomerates. Inter- 

bedded in this sedimentary series were lava flows certainly 

indicating sedimentation in shallow fluctuating seas. The 

source of these sediments is not known but their clastic 

nature indicates that the material was derived from large 
areas of acidic intrusive rocks. This period of sediment

ation was followed by one of diastrophism, during which the 

• sediments were intruded by large bodies of igneous rock 

basic to acidic in composition* E. D. Wilson has termed this
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period the Mazatzal Revolution.^ The intrusive activity 

caused a general metamorphism of the rocks intruded and 

formed schists in the more intensively deformed areas, and 

quartzites, slates, and greenstones in the less deformed 

ones. ■ - - - .

Following the Mazatzal revolution was a long period of 

emergence during which the early pre-Cambrian rocks were 

extensively eroded and the surface reduced to a peneplain. 

The rocks derived from the eroded material are not present 

in the Superior area.

A late pre-Cambrian period of submergence followed, 

and at this time the Apache Group of sediments was depos

ited upon the peneplainsd early pre-Cambrian surface. The 

lower member of this group, the Scan!an conglomerate, in

dicates shore line deposition of material derived from 

nearby acidic intrusives, quartzites, and schists. Sub

mergence of the region continued and the Pioneer shale was 

deposited conformably on the earlier conglomeratic material 

Ripple marks, sun cracks, suggest shallow water conditions, 

and the presence of considerable feldspar indicates a semi- 

arid climate.

Wilson, Eldred D., - Pre-Cambrian Mazatzal revolution
in central Arizona: Geol. Soc.
Am., Bull. vol. 50 (in press).

1
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A slight emergence followed the deposition of the 

Pioneer shale, for conformably overlying it is found a thin
: ‘ l

conglomerate bed, the Barnes. Ransome believed that this 

material, in part, was derived from the Sierra Ancha and 

Mazatzal ranges. It is probably a delta deposit.

Submergence of the region again gave rise to shallow 

seas in which the remaining two members of the Apache Group 

were deposited. A large quantity of fine arkosic sand was 

transported to the gradually deepening sea and formed the 

Dripping Spring quartzite. In some areas mud cracks and 

ripple marks are found toward the top of this formation, but 

as pointed out by Galbraith^, these indications of extremely 

shallow seas are not found in the Superior area. Sediment

ation continued with deposition of the Mescal limestone con

formably on the quartzite. These beds undoubtedly were laid 

down in seas of moderate depth which, for the first time con

tained appreciable amounts of calcium carbonate. The Mescal 

limestone contains many bands of chert probably derived from 

colloidal silica interbedded in the calcareous series.

Emergence and erosion of the newly-formed sediments, 

followed by extrusion of several thin basalt flows, con

cluded the pre-Cambrian history of the region.

JL - ■'; -
Ransome, F.L., - Copper deposits of Ray and Miami, Arizona:

U.S. Geol. Survey Prof. Paper 115, p. 85,
2 1919.

Galbraith, E.W., - Geology of the Silver King area, Superior,
Arizona: Unpublished Doctor's thesis, Univ. 
of Arig., p. 33, 1935.
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A long period of erosion is indicated for early 

Cambrian times, for the first Paleozoic sediments are of 

middle-Cambrian age. They consist of sandy and conglomer

atic quartzites, always crossbedded, which were accumulated 

in shallow seas. Deltaic conditions are indicated by the 

flrequent pebbly members and the cross-bedding.

A long hiatus followed the sedimentary history of this 

as well as other areas in central Arizona. It is not known 

if beds of Ordovician and Silurian age accumulated and were 

later eroded, or if the region stood as a positive landmass 

throughout this time. It is believed that in Ordovician or

Silurian times the widespread intrusions of diabase took
- - ' 1  ' * '

place. As pointed out by Ransome , however, this intrusive

activity may have been as late as early Mesozoic* for small 

sills of a diabasic rock cut the Naco limestone in the Ray 
area.

The sedimentary geological history is resumed in Upper 

Devonian time with the deposition of a thick series of lime

stones and interbedded sandstones and shales. For the first 

time there were truly marine conditions as opposed to the 

shallow water or deltaic conditions of the earlier basins of

Ransome, F.L., - Copper deposits of Ray and Miami, Ariz
ona: U.S. Greol. Survey, Prof. Paper 115,
p. 56, 1919.
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sedimentation. The Upper Devonian sequence, as these beds 

have been called, rests disconformably on the middle 

Cambrian Troy quartzite.

There was no interruption in sedimentation between 

Devonian and lower Mississippian time, and the Escabrosa 

limestone was deposited in the gradually sinking basin of 

deposition. A few clastic beds are present in the lime

stone series and indicate that the basin of deposition 

was still fluctuating and not far from land areas.

During middle and upper Mississippian times, there 

seems to have been a period of non-deposition and erosion, 

for beds of this age are missing. However, in lower Penn

sylvanian time, sedimentation was resumed with the formation 

of a basal conglomerate of quartzitic material succeeded 

by a thick, pure limestone series. The deposition of this 

Naco limestone concluded the Paleozoic history as revealed 

at Superior.

It is peculiar that from late pre-Cambrian to lower 

Pennsylvanian times, there was little orogenic disturbance. 

There is no evidence in the Belmont-Queen Creek area point

ing to an angular unconformity between any of the beds pres

ent in the area, from those of the Apache Group to the end 

of the Paleozoic, although in Ordovician or Silurian times 

great sills of diabase were intruded.
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Beds of Permian and Mesozoic age are missing at 

Superior. If deposited they were removed by erosion and 

the sediments derived from them are not found in the area.

It seems probable that from Permian to Recent times marine 

conditions did not exist in the area. •

The first period of crustal disturbance is evidenced 

by a slight folding of all pre-Cambrian and Paleozoic 

sediments which may be correlated with the early Tertiary 

intrusive activity in the Belmont-Queen Creek area.

Subsequent to ore deposition was a period of erosion 

and oxidation of the recently formed ore deposits, followed 

by the regional folding which gave the sediments their 

present easterly dip. The surface features and climate at 

this time must have been about the same as at present, for 

the Whitehall conglomerate which was deposited in the hollows 

and gullies in the old surface of erosion, is similar to the 

present alluvium.

Extensive volcanic activity followed the deposition of 

the Whitehall conglomerate, giving rise to first, ashy mat

erial, and then thick flows of dacite which covered the 

entire region with several thousand feet of lava. Accom

panying this extrusive activity, or shortly following it, 

was a period of high-angle faulting, predominantly normal. 
This activity was probably middle or late Tertiary in age.
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Late Tertiary (Pliocene) erosion began to attack the 

newly formed rugged surface produced by the extrusive and 

dynamic activity. This debris was deposited at the fronts 

of the mountains and has been termed the Gila conglomerate. 

Again, the nature of the Gila conglomerate indicates that 

climatic conditions were not unlike those of today. During 

or following the deposition of the conglomerate,faulting 

took place on a large scale and probably outlined the 

mountains as we see them today. Along these faults minor 

flows of basalt were extruded.

Following this last feeble igneous activity has been 

a long period of erosion, one which has been rejuvenated 

at least once. Today the entire area is undergoing active 

denudation.
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CHAPTER V 

Economic Geology

History of Mining

Some mining was done in the Belmont-Q,ueen Creek area 

before 1900, but most of this work was limited to the 

manganese-stained vein outcrops. This ore was mined for 

its silver and gold content and was treated in.a custom 

stamp mill near the now deserted town of Pinal. After the 

mill of the Silver King Mining Company was constructed this 

older mill was closed, for at the new one provision was made 

for roasting the ore, a process which aided materially in 

the recovery of the precious metals.

A majority of the present claims were located shortly 

after 1900 by Henry Thomson, C.H. Smith, A.C. Norris, A.J. 

Dags, John Sandal, and many others. Organized prospecting 

started in 1912 and has been carried on intermittently since 

that time. The three areas most intensely prospected will 

be described somewhat in detail.

Mineralization

General description

Although all of the open workings in the Belmont-
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Queen Creek area were Inspected, the nature of the problem 

was such that a detailed examination of all of them was 

impossible. Where it is deemed advisable, for the sake of 

clarity, detailed descriptions of certain areas will be 

given, but the discussion of mineralization otherwise will 

be general.

In the course of investigation two favorable horizons 

for ore deposition have been recognized. The first has 

long been known as the L.S. and A. contact, named from the 

Lake Superior and Arizona mine which developed that part of 

the contact north of Queen Creek. .Stratigraphically this 

horizon is the Troy quartzite- Crook formation contact. 

Throughout the Belmont-Queen Creek area, but more particu

larly in the northern part of it, there is considerable 

breccia along the contact, suggestive of a strong bedding 

fault. This brecciation is particularly well developed in 

the quartzite, and in some places is fifteen to twenty feet 

thick. There is no evidence as to the movement on this 

fault, but it must have been considerable.

Conditions for mineralization were ideal along this 

zone, for the brecciated quartzite formed a porous channel 

along which the solutions could ascend and the limestone 

was a reactive rook by which the solutions might be neutral 

ized, two conditions which are believed favorable for ore 

deposition.
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The Queen. Creek mine has prospected this contact to 

a depth of 800 feet on the. dip of the vein. The ore con

sists of limonite, hematite, quartz, and free gold and 

silver. The outcrop of the vein carries considerable iron 

and manganese oxide. In general the ore is found in shoots 

along fissures which cut the contact transversely. Some 

ore has been found in the footwall part of the vein, but 

the best one and the largest ore shoots are always in the 

hanging wall. This vein has been prospected for.a distance 

of one-quarter mile south of Queen Creek, but commercial ore 

was taken only from the Queen Creek mine and the Baer Tunnel 

(see geological map in pocket). In the central and southern 

parts of the area mineralization, if present, is weak.

The second and most important ore horizon in the area 

is the Escabrosa-Naco limestone contact, or more exactly 

the top 20-25 feet of the Escabrosa limestone. No structur

al evidence was found to explain why this horizon should 

be favorable to ore deposition, so it is assumed that these 

limestones were hosts to mineralization because of their 

chemical composition. This favorable zone is continuous 

from the northern to the southern part of the area and 

locally is often known as the MBig Ledge.”

The ore occurs as shoots along the intersection of the 

stronger east-west faults and the chemically favorable 

horizon. These ore bodies are irregular, often pinching
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to mere seams, then widening to twenty or 25 feet in width; 

both extremes are, of course, exceptional. The Black lease. 

West lease, North lease, and Main lease, are all situated in 

this horizon. Throughout the area the outcrops of these ore 

shoots are characterized by iron and manganese oxides.

It is quite apparent that the mineralizing solutions 

rose along the east-west faults through the chemically un

favorable beds of quartzite and limestone in the lower and 

middle part of the stratigraphic section. When they en

countered the favorable beds at the top of the Escabrosa 

limestone they spread laterally and deposited their burden, 

forming the ore deposits. Because of the regional dip to 

the east of the sediments these ore bodies have an eastward 

rake, a fact which makes mining difficult. Post-ore faulting, 

although of small magnitude, has displaced the ore bodies and 

made systematic mining almost impossible.

The ore In these near-surface mines is completely ox

idized. The ore minerals are cerargyrite (horn silver),silver, 

gold, and the copper carbonates, malachite and azurite. 

Wulfenite and sparse vanadinite occur in most of the ore. 

Cerussite and oalcite are common. Quartz is present as a 

gangue mineral, both as fine-grained sandy material and as 

massive vein quartz.

Since ore found on the dump and examined under the
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microscope showed the presence of supergene argentite 

(discussed more fully under mineralogy) in galena and 

sphalerite, these oxidized veins are definitely the upper 

oxidized portions of galena, sphalerite, argentite quartz 

veins which lie beneath them. How much enrichment has taken 

place is speculative, but it may have been considerable, 

although the present surface is not thought to be many 

hundreds of feet below the mineralization period surface.

The ch'emistry of these deposits is rather simple. 

Sufficient pyrite was present to give sulphuric acid upon 

oxidation. This acid in the presence of ferric sulphate 

attacked argentite, producing silver sulphate. It also 

attacks galena and sphalerite producing lead and zinc sul

phate. The chemical reactions for solution are as follows:

F e S g . >  7 0  *  H g O  -  = F e S 0 4  4  H g S 0 4
6 F e S 0 4  +  3 0  f  5 H 2 0  = 2 F e g ( S 0 4 ) 3  4  F e ( 0 H ) 3
H g S O ^  +  PbS sr PbS04 4  H g S
H 2 S 0 4  4  Z n S  - Z n S 0 4  4 . H g S
H g S 0 4  >  A g g S  =

In a reactive gangue•such as limestone the acid solutions 

are soon neutralized and the metals are precipitated accord

ing to the following reactions:



116.

PbS04 + CaCOg — > PbCOg f CaSO^

ZnSO^ *f CaC03 — > ZnCOg + CaS04

If chlorine is present, as it is in most of our desert 

regions, the silver is precipitated at once as follows:

Ag2S04 + 2NaCl —  ̂ 2AgCl f NegO^ : '

In this manner the ore deposits of the oxidized zone 

of the area were derived.

The presence of wulfenite and vanadinite cannot be 

explained, but it is thought to represent concentration of 

minute amounts of molybdenum and vanadium contained in the 

primary ore and released by its oxidation.

Mines

Belmont Mine .

a. Past and present exploration

Early in 1912 the Calumet and Arizona Mining 

Company obtained an option on many of the claims in the 

area of the Belmont mine. A road was constructed to the 

present site of the Belmont shaft and equipment was set in 

place. The Belmont shaft was sunk to the 700-foot level 

and about 6,000 feet of work was done on the 140-, 500-, and 

700-foot levels. John C. Greenway was in charge of all 

work done by the Calumet and Arizona Mining Company.
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In 1914 the option on the property was released, 

but the G. and A. still hold a partial interest in three . 

claims. It is believed that the outbreak of the world war 

and the low grade of the oxidized ore caused the discon

tinuance of development.

Early in 1923 F.S. Stephen organized the various claim 

owners into a group and obtained an option from them. He 

then turned this option over to the North Butte Mining 

Company which, in May, 1923, started.exploration. New 

equipment was installed and the shaft was re-timbered to 

the 700-foot level. This company did several thousand feet 

of drifting and crosscutting on the 700-foot level. Because 

of disagreement on company policies the option was given up 

and reverted to Mr. Stephen.

In November, 1924, Stephen organized the South Syndicate. 

Among the supporters of this group were A. Mackay, F.S. 

Stephen, Captain Thomas Hoatson, and others. This company 

did some work on the 500- and 700-foot levels, but again 

found only highly oxidized ore of low grade. In February, 

1925, the Belmont Copper Mining Company was formed and ob

tained the option held by the South Syndicate. , -

The Belmont Copper Mining Company first worked on the 

700-foot level, then sank the shaft to the 1,600-foot level.
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While sinking the shaft, work was done on the 1,000-,

1,150-, 1,450-, and 1,600-foot levels. The Belmont Copper 

Mining Company drove a total of 16,000 feet of drifts and 

crosscuts, 1,000 feet of raises and winzes, and 922 feet of 

shaft. Diamond drilling was done concurrently with, and 

after, level development; this work totals about 50,000 

feet. The three companies have done about 50,000 feet of 

development,.in addition to the diamond drilling.

In 1928 a small flotation mill was constructed on the 

Belmont property. It treated about 4,000 tons of galena, and 

gold-silver ore, but as the ore bodies were small, it was 

soon closed.

The present holdings of the Belmont Copper Mining 

Company consist of 120 claims of which twelve are patented.

No development work is being done at the Belmont main shaft 

below the 140-foot level, for the shaft is flooded to the 

700-foot level and the 500-foot level station is caved. At 

the present time lessees are working and this constitutes 

the total production. The principal prospects, as shown 

on the accompanying map, are the Main, North, and West leases. 

Intermittently, some work is done on the 140-foot level by 

the Belmont Copper Mining Company.

b. Production

During 1926 and 1927, 200 tons of gold-
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silver ore were mined on the 1,150-foot level. This ore 

averaged 50 ounces of silver, 0.35 ounce of gold, 2% lead, 

and 3% zinc. In .1928 the small mill near the Belmont shaft 

previously mentioned treated 3,827 tons of ore which aver

aged 4 ounces of silver and 0.04 ounce of gold.

In 1931 C.H. Smith, lessee, shipped 270 tons of ore 

taken from the 165-foot sub-level. This averaged 6% copper 

and 1 ounce per ton of silver. In the same year he also 

mined ore on the 140-foot level and shipped 30 tons which 

assayed Z&fo lead, 11 ounces of silver, 0.06 ounce of gold, 

per ton, and 2% copper. No other ore has been shipped from 

the main workings of the Belmont mine.

Lessees have been actively mining on the property only 

since 1934. The following total production from 1934 to , 

1958 inclusive was taken from the records'of the Belmont 

Copper Mining Company: -

Lease Tons Gross Value

Main lease 9,637
North lease 3,388
West lease 3,033
Other leases (6) - 2.000

Total 18,058 $184,714.

The production by metals for the period 1934-1938 

inclusive is as follows: -

$101,048.
43,639.
22,890.
17,147.
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Gold - 3,422 ounces
Silver - 217,255 ounces 
Copper - 211,909 pounds

c. Ore deposits

Because the deeper workings of the Belmont 

mine are flooded, the following discussion is taken from a 

private report of I, A. Ettlinger.'*" Most of the develop

ment work in the Belmont mine has been done along a struct

ure known as the Eureka vein. It outcrops just north of 

the Belmont shaft and is a strong fissure vein. On the 

surface it contained some gold-silver ore, most of which 

was mined out in the early 1900*s. It is highly stained 

with iron and manganese oxides.

The ores of the Eureka vein were formed chiefly by re

placement of the shattered walls of the Eureka fault zone. 

Open space filling was not common. On the 1,150- and 1,450- 

foot levels the wall rock is shattered diabase, but on the 

1,000- and 1,600-foot levels, Mescal limestone blocks are 

encountered in the diabase. On the 1,000- and 1,150-foot 

levels the vein is developed for several hundred feet along 

its strike♦ It varies from two to five feet in width and is 

mineralized by pyrite, chalcopyrite, galena, sphalerite, 

and argentite. It was from this area that the previously 1

1 Ettlinger, I.A., - Private reports to the Belmont Copper
Mining Company, 1927 and 1929.
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mentioned lead-silver ore was mined. On the 1,450-foot 

level the vein was developed for 730 feet along its strike. 

Here the silver content is lower, but the copper content 

higher than on the upper levels. From the 1,450-foot level 

of the Belmont mine the Sandal vein of the Grand Pacific 

mine is developed for 1,300 feet along its strike. It is 

a true fault fissure vein and varies in width from one to 

five feet. Weak mineralization by base metal sulphides, 

and strong silicification of the diabase walls is character

istic of this structure.

On the 1,600-foot level the Eureka vein is developed 

for over 2,000 feet along its strike. Mineralization on 

this level is weaker than on those above. The wall rocks 

are highly silicified and the vein contains minor amounts of 

pyrite, chalcopyrite, and sphalerite. Mineralization is 

strongest where both walls are diabase. Toward the west 

the vein feathers out and becomes very indefinite. At a 

point 900 feet west of the shaft, the vein had become so 

indefinite that it could not be definitely located.

From the above description it is apparent that the 

Eureka vein shows remarkable zoning, passing from a barren 

pyrite-quartz vein on the 1,600-foot level to a galena- 

silver vein on the 1 ,150-foot level, a distance of only 350 

feet.
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According to Ettlinger the explanation for the lack 

of ore in the diabase at the Belmont mine and the presence 

of it in the Magma mine is the slight difference in com

position of this host rock in the two mines. At the Magma 

mine the diabase contains appreciable amounts of free quartz 

or quartz in micrographic intergrowths with alkali feldspar. 

Olivine has never been noted. On the other hand, the 

Belmont diabase contains olivine, but quartz has never been 

noted. From this, Ettlinger concludes that the quartz

bearing diabase was more brittle and when fractured gave 

rise to permeable structures, while the olivine diabase, 

when subjected to the same forces, gave rise to Mfibrous, 

sticky, pasty, impervious minerals.” The channels along which 

the ore solutions rose at the Magma mine were, therefore, 

open and suitable for.ore deposition, while at the Belmont 

mine they were closed and unsuitable. It is the writer’s 

opinion that this explanation is highly theoretical and that 

a more likely one is that if the solutions penetrated the 

diabase in appreciable amounts, they did not carry suffic

ient concentrations of the metallic constituents to form 

large ore bodies.

1 Ettlinger, I.A., - Private report to the Belmont Copper
Mining Company, 1927.
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Grand Pacific.Mine

a. Present and past exploration .

The history of the Grand Pacific is diffi

cult to obtain, for the Company has no office. The claims 

were located in the early 1900’s and major prospecting 

began about 1910. Work continued intermittently until 

shortly after the World War. Since 1920 little or no work 

has been done on the property.

The Grand Pacific Mining Company still holds 35 full- 

sized claims, seven of which are patented. With the ex

ception of one very small prospect, no work is being done 

on the property.

b. Production

The only record available for the production 

of the Grand Pacific mine shows that 1,000 tons of ore with 

a gross value of §50,000 were shipped in 1918. It is be

lieved that this is almost the total production of the pro
perty. •

Queen Creek Mine

a. Past and present exploration

The claims of the Queen Creek property were 

located in the early 1900’s. Prospecting began in 1916 when
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the Queen Creek Copper Company was organized by A. Mackay 

and F. Stephen. The first work consisted of diamond drilling 

fissures in the diabase. This program showed that mineral

ization in these fissures was weak. It was then decided to 

sink the Main shaft on the L. S. and A. contact. This work 

was started in the summer of 1917, and by the summer of 1918, 

the shaft had reached an inclined depth of 800 feet. It was 

originally planned to sink the shaft to an inclined depth 

of 1,000-1,200 feet, but water was encountered at 800 feet 

and the shaft work was stopped. During the years 1918, 1919, 

and 1920, drifting was done on the 600-foot level. Since 

1920 the mine has been worked by lessees.

The Queen Creek Copper Company now holds 46 claims and - 

fractions, five of which are patented. Recent work has. 

been limited to prospecting on the lower levels of the Queen 

Creek mine and at the Black lease.

b. Production

Records in the office of the Queen Creek 

Copper Company give the following production for the years 

1934 to 1938:

Location Tons Value

Main workings 1,815 $17,340.
Various Leases 986 5.074.

Total 2,801 $22,414
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Production by metals for the same period is as

follows:

Gold 746 ounces
Silver - 11,819 ounces
Copper 7,140 pounds

Other Properties

Three other groups of claims, the Arizona 

Hancock (4 patented claims), the Lobb group (4 claims), and 

the Consolidated Holding Trust (26 claims), lie within the 

boundaries of the area described in this report. No data 

were available on their past history. At present no 

prospecting is being done on them.
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CHAPTER VI

Mineralogy

Samples of hypogene ore were obtained only from 

the Belmont mine, as all other workings in the area are 

confined to the oxidized upper parts of the veins. Twenty- 

five samples were collected from the dump, a most un

satisfactory procedure, but unavoidable because of flooding 

of the Belmont mine workings. The following discussion is 

based on a microscopic examination of polished sections of 

these samples.

The ore minerals in order of their abundance are 

pyrite, sphalerite, galena, chalcopyrite, chalcocite, 

cerargyrite, bornite, cerussite, argentite, native silver, 

hematite, magnetite, anglesite, proustite, and covellite. 

Quartz is the only gangue mineral seen in the suite examin
ed.

Hypogene minerals

1. Pyrite - FeSg

As usual, pyrite is the earliest and most abund

ant mineral in the ores. It is present as minute grains and 
large crystals, both associated with early quartz. Many 

of the larger grains show micro-faulting or exploded bomb
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texture, with late quartz filling the cracks (see fig.

1, Plate XXX). Inclusions of other sulphide minerals were 

not seen-.

2. Sphalerite - ZnS

The deposition of sphalerite immediately followed 

that of pyrite and magnetite. It is a common constituent 

of all the ore samples examined. It is present as large 

resinous grains and irregular masses. It appears to fill 

the fractures in the pyrite rather than replace them.

Minute blebs of chalcopyrite are present in the larger 

grains of sphalerite. They are thought to have been formed 

by replacement, rather than by ex-solution. Sphalerite is 

replaced by galena and chalcopyrite.

3. Galena - PbS

Galena is the third most important sulphide min

eral in the Belmont ore. It replaces magnetite, pyrite, and 

sphalerite, and is replaced by chalcopyrite and argentite. 

Along cleavage cracks in the galena considerable anglesite 

has formed. The lead sulphate has protected the enclosed 

fresh sulphide from oxidation. In a few scattered areas the 

galena has been attacked by copper-bearing solutions, and 

covellite has been formed. Argentite is seen as blebs and 

as bands along fractures in this mineral.
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4. Chalcopyrite - CuFeS^

The only hypogene and most abundant copper 

mineral in these ores is chalcopyrite. It is present as 

minute blebs in sphalerite and galena, as isolated grains, 

and as rims around the earlier minerals. It is especially 

well developed along the contacts between pyrite and galena, 

and is often seen replacing the pyrite. In some specimens 

supergene enrichment has completely altered the chalcopyrite, 

while in others beautiful rims of bornite and chalcocite 

have formed around it and replaced it along fractures.

5. Proustite - 3AggS.ASgS3

Proustite is sparingly present as minute blebs in 

galena. There is no apparent alignment of the blebs along 

cleavage directions. Proustite is the only hypogene silver 

mineral found in the Belmont ores.

6. Magnetite - Fe„Oz«-> 4

Magnetite is present only as residual grains in 

hematite. It is probably one of the earliest hypogene min

erals in the Belmont ores, but age relations are obscure.

It appears to replace pyrite, and is replaced by all other 

hypogene sulphides.
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Supergene Minerals

7. Chalcocite - Cu^S

The chalcocite in the Belmont ore is unquestion

ably supergene. It is the fine-grained sooty variety and 

results from the enrichment of chalcopyrite. In some 

specimens this enrichment has gone to completion and none 

of the original chalcopyrite remains. In others chalcocite 

forms a rim around grains of chalcopyrite, A narrow band 

of bornite is often present between chalcopyrite and bornite. 

A fine-grained texture is commonly seen in the chalcocite. . 

It may be due to residual masses of hematite.

8. Bornite - CUp-FeS.
S 4 - . '

This copper mineral is supergene and of little 

importance in the Belmont ores. It is an intermediate pro

duct in the enrichment of chalcopyrite and is present in 

minute fractures in chalcopyrite or as narrow rims separ

ating chalcopyrite and chalcocite.

9. Argentite - Ag0S
- • .. . 2  - ■ ' • : - . V

Argentite is present as small blebs and as narrow 

bands along cleavage fractures in galena. It is supergene 

and probably has its origin in proustite. It has been pro

tected from leaching by the insoluble anglesite that is also 

found along the fractures.
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10. Hematite - Fe^O^

Hematite was found only in one section, but 

occupied a considerable percentage of it. It is probably 

secondary after magnetite, residual grains of which can be 

seen in the hematite blades. It is the variety specularite 

and is present as long bladed crystals arranged radially 

in some areas. Age relations are obscure, but it is prob

ably late in the genetic series.

11. Covellite - CuS

Covellite is a rare mineral in the ore at the 

Belmont mine. It was seen in only two sections, in one 

replacing galena, and in the other as an alteration of chal- 

copyrite. It is undoubtedly of supergene origin.

12. Anglesite - PbSO4

Anglesite replaces galena along cleavage fractures. 

It occurs only where galena has undergone sane oxidation.

13. Cerargyrite - AgCl

Cerargyrite is the most abundant mineral in the 

oxidized zone. It occurs as small grains in a quartz gangue, 

and results from, oxidation of argentite and proustite.

14. Cerussite - FbCO

Cerussite is found only in the oxidized ores where
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it is closely associated with the cerargyrite.

15. Native Silver - Ag

Native silver is present as minute grains in 

cerargyrite and cerussite. It is found only in the oxidized
ores.
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Photographs of Belmont-Q.ueen Creek Area

Plate IX

Fig. 1

General view of Oak Flat

Fig. 2

Narrow gorge of Queen Greek Canyon



Plate IX 

I 

F1g 2 
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Plate X

Fig. 1

View of the Belmont-Queen Creek 
area. The prominent bluff is 
Apache Leap. Looking east from 
airport road.

Fig. 2

General view of Superior, Ariz
ona after light snowfall. Look
ing north from vicinity of Cross 
Canyon.
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Plate XI

Fig. 1

General view of the northern 
part of the Belmont-Queen Creek 
area. Prominent white cliff., 
is Escabrosa limestone. Bluff 
is Apache Leap. Looking south
east. Superior in foreground.

Fig. 2

Daoite cliffs of Apache Leap. 
Looking north-east from Cross 
Canyon.
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Plate XII

Fig. 1

Belmont ain©. Devonian sequence 
In foreground, Escabrosa cliffs 
middle foreground, and dacite 
cliffs in background. Looking 
east.

Fig. 2

Queen Creek mine with Magma 
claims in background. Looking 
north-east.



Plate XII

Pl6» 1
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Plate XIII

Fig. 1

Transporting ore from the North 
lease prospect to the Ray road.

Fig. 2

Transporting ore from the North 
lease prospect to the Ray road.



Plat* XIII
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Plate XIV

Fig. 1

Outcrop of more cherty portion 
of the Mescal limestone in 
Donkey Canyon.

Fig. 2

Typical Mescal limestone out
crop in Donkey Canyon.



Plate 1V 

Fig. l 

1g. 2 
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Plate XV

Fig. 1

Basal cliff forming member of 
Troy quartzite. Looking north 
from Cross Canyon.

Fig. 2

Typical cross-bedded Troy quartz 
ite in Pacific Canyon.



Plate XV
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Plate XVT

Fig. 1

Banded weathering of Troy quartz
ite north of Donkey Canyon.

V

Fig. 2

Conglomerate at base of Troy quartz 
ite in Donkey Canyon.



P l a t e  X V I
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Plate x m

Fig. 1

Contact of Troy quartzite - 
Upper Devonian series at tri- 
angulation station 3817, show
ing old erosion surface of the 
quartzite.

Fig. 2

Fissile shale at top of Upper 
Devonian series at Belmont mine.



Plate XVII

F i g .  1
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Plate XVIII

fig. 1

Cliff-forming Esoabrosa limestone 
near Queen Creek. Looking south
east.

Fig. 2

Conglomerate bed separating Esoa
brosa and Naco limestones in Cross 
Canyon.



Plate XVIII
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Plate XIX

Fig. 1

General view of Naco limestone. 
Globe road In background. Look
ing north across Elm Canyon.

+

Fig. 2

Fossillferous bed in Naco lime
stone west of Elm Canyon.



Plate XIX
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Plate XX

Fig. 1

Cherty bed in Naoo limestone 
east of Elm Canyon.

Fig. 2

Outcrop of Whitetail conglomer 
ate near North lease.



Plate XX
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Plate XXI

Fig. 1

Whitetail conglomerate - ande
site tuff contact. One-quarter 
mile north of North lease.

Fig. 2

Whitetail conglomerate - ande
site tuff contact. One-quarter 
mile north of North lease.
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Plate XXII

Fig. 1

Typical outcrop of daoite con
glomerate (Gila conglomerate?) 
one-quarter mile south-west of 
Belmont-Bay road intersection.

Fig. 2

Recent stream gravels south of 
Ray road at Pacific Canyon.



Plate XXII
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Plate XXIII

Fig. 1

Siliceous bed near the top of 
the Mescal limestone at Bel
mont Canyon.

Fig. 2

Sill of diabase in Dripping 
Spring quartzite showing saddle 
formed by weathering of the 
diabase. Looking north from 
Donkey Canyon south of the Ray 
road.



Plate
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Plate XXIV

Fig. 1

Sill of diabase intruding Troy 
quartzite in Cross Canyon.

Fig. 2

Typical outcrop of diabase along 
the Ray road south of Pacific Canyon.



Plate XXIV

P i g .  1
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Plate XXV

fig. 1

Highly altered cross-bedded 
Troy quartzite east of the Ray 
road and north of Pacific 
Canyon. Outcrop about ten 
feet above intrusive contact 
with diabase.

fig. 8

Dacite spire at foot of Apache 
Leap showing jointing and typ
ical weathering. Looking north 
from North lease.





151

Plate XXVI

Fig. 1

Flat-lying tuffs in road cut 
in Oak Flat.

Fig. 2

Small scarp of Troy quartzite 
on Concentrator fault near 
Queen Creek.



Plate XXVI
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Plate XXVII

Fig. 1

Typical east-west faults (dotted) 
In Upper Devonian and Escabrosa 
limestone near Grand Pacific 
mine. Ore bin in foreground.

Fig. 2

Displaced beds of Escabrosa 
limestone on Iron Cap fault 
(dotted) at the Belmont mine.



Plate XXVII
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Plate XXVIII

Fig. 1

Looking north from Belmont Canyon 
along the Lead Hill fault.

Fig. 2

Plane of Lone Star fault just 
south of Belmont road. Foot- 
wall is Troy quartzite.



Plate XXVIII

--

Pig# 1
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Plate XXIX

Fig. 1

General view of Naco limestone _ 
east of Elm Canyon showing plane 
of Elm overthrust and drag fold
ing produced by movement along 
it. Looking north-east.

Fig. 2

Drag fold in Naco limestone 
along Elm overthrust.
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Mloro-Photographs of Belmont Ores

Plate XXX

Fig. 1

Fractional pyrite replaced by 
late quartz.
X 150.

Fig. 2

Hematite replacing magnetite 
and.being replaced by chalco- 
cite. One grain of chalco- 
pyrite altering to b o m i t e , 
then chalcocite.
X 275.



Plate XXX

Fig.
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Plate XXXI

Fig. 1

Pyrite replaced by quartz, 
sphalerite replacing both 
of the earlier minerals and 
being replaced by ehalcopyrite. 
X 150.

Fig. 2

Galena replacing both pyrite 
and sphalerite, ehalcopyrite 
replacing galena, sphalerite, 
and pyrite at grain boundar
ies.
X 150.
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Plate XXXII

Fig. 1

Galena replacing sphalerite 
and replaced by chaloo- 
pyrite.
X 225.

Fig. 2

Galena replacing sphalerite. 
X 150.



Plate XXXII

Pig. 1

Fig. 2
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Plate XXXIII

Fig. 1

Hypogene chalcopyrite replaced 
by supergene bomite and super
gene ehalcocite. Late quartz 
along fractures in chalcopyrite. 
X 150.

Fig.. 2

Hypogene chalcopyrite replaced 
by supergene bornite and super
gene ohalcocite.
X 200.
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Plate XXXIV

Fig. 1

Chalcopyrlte replaced by super 
- gene bornite and supergene

chalcocite. Chalcoeite replao 
Ing hematite leaving small 
residuals of hematite in chal- 
cocite.

/ X 200.
: ;

. - ■

Fig. 2

Chalcopyrlte replaced by born
ite and chalcoeite.
X 150.



Plate XXXIV
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Plate XXXV

Fig. 1

Supergene argentite replacing 
galena.
Anglesite along cleavage frac
tures.
X 150

Fig. 2

Supergene argentite replacing 
galena.
Anglesite along cleavage frac
tures.
X 225
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Plate XXXVI

Fig. 1

Proustite blebs in galena.
X 485 :

Fig. 2

Supergene chaleocite and sphal 
erite. Right portion etched 
with nitric acid to show fine
grained texture of chaleocite. 
X 150.



Plate XXXVI

Fig. 2

V-v
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Plate XXXVII

Fig. 1

Cerargyrite and oerussite i n ' 
quartz gangue.
X 150.

Fig. 2

Native silver in cerargyrite. 
X 425.



Plate XXXVII
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Polished Slabs of Belmont Bocks

Plate XXXVIII

Fig. 1

Conglomerate separating the 
Escahrosa and Naco limestones. 
Natural size.

Fig. £

Polished slab of cross-bedded 
Troy quartzite.
Natural size.



Plate XXXVIII

Fig. 2
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Micro-photographs of Belmont-Queen Creek Area 

rock thin sections

Plate XXXIX

Fig. 1

Ophitic texture of the Belmont 
diabase. Polarized light.
X 30.

Fig. 2

Fibrous uralite derived from 
augite in Belmont' diabase.
X 45. Ordinary light.



Plate XXXIX



Plate XL

Fig. 1

Boat-shaped grains of iddings- 
ite in late basalt. Polarized 
light.
X 30.

Fig. 2

Calcite filling vesicle in late 
basalt. Polarized light.
X 30.



Plate XL
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Plate X U

Fig. 1

Typical Dripping Spring quartz 
ite. Polarized light.
X 30.

Fig. 2

Typical Troy ouartzite. 
X 30. Polarized light.



Plate XLI
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Plate XLII

Fig. 1

Flow banding in andesite tuff. 
Phenocrysts are andesine.feld
spar. Ordinary light.
X 30.

Fig. 2

Flow banding in daoite. Pheno
crysts are andesine feldspar.
X 30. Ordinary light.
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1  latum is m e a n  sea level. F L O R E N C E .  A R I Z .
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T h e  U n i te d  S ta te s  G e o lo g ica l S u rv e y  is m a k in g .a  to p o g ra p h ic  
a tla s  o f  th e  U n i te d  S ta te s . T h is  w o rk  h a s  been  in  p ro g re ss  
s in c e  1 8 8 2 , a n d  m o re  th a n  3 8  p e r  c e n t  o f  th e  a re a  o f  th e .  
c o u n tr y ,  e x c lu d in g  o u t ly in g  p ossessions, h a s  now  been  m ap p e d . 
T h e  a re a s  m a p p e d  a re  w id e ly  d is t r ib u te d , e v e ry  S ta te , b e in g  
re p re se n te d , as sh o w n  o n  th e  p ro g re ss  m a p s  a c c o m p a n y in g  each  

a n n u a l  r e p o r t  o f  th e  D ire c to r .
T h is  a tla s  is  b e in g . p u b l is h e d  in  sh e e ts  o f  c o n v e n ie n t  size, 

a b o u t 1G& b y  2 0  in ch e s . T h e  fo u r-s id e d  a re a  o f  la n d  re p re 
se n te d  o n  a n  a t la s  s h e e t is b o u n d e d  b y  p a ra l le ls  a n d  m e r id ia n s  
a n d  is ca lled  a quadrangle. T h e  q u a d ra n g le s  m a p p e d  co v e r 
1° o f  la t i tu d e  b y  1° o f  lo n g itu d e , 3 0 ' o f  la t i tu d e  b y  3 0 ' o f  
lo n g itu d e , 1 5 ' o f  la t i tu d e  b y  1 5 ' o f  lo n g itu d e , o r  sm a lle r  a reas , 
th e  size  o f  th e  a rea  m a p p e d  d e p e n d in g  o n  th e  sca le  u sed . 
S e v e ra l sca les  a re  e m p lo y e d . T h e  sm a lle s t  scale , th a t  used  
fo r  q u a d ra n g le s  c o v e r in g  1°, is 1 :2 5 0 ,0 0 0 , o r  v e ry  n e a r ly  4 
m ile s  to  a n  in c h — th a t  is, 4  l in e a r  m iles  o n  th e  "g ro u n d  is 
re p re se n te d  b y  1 l in e a r  in ch  on  th e  m ap . P h is  -'scale is u sed  
fo r  m a p s  o f  th e  d e se r t  re g io n s  a n d  so m e  o th e r  p a r ts  o f  th e  f a r '  
W e s t. F o r  th e  g re a te r  p a r t  o f  th e  c o u n try ,  w h ic h  is m a p p e d  
b y  q u a d ra n g le s  c o v e r in g  3 0 ',  a  la rg e r  scale , 1 :1 2 5 ,0 0 0 , o r  
a b o u t 2 m iles  to  an  in c h , is e m p lo y e d . A  s ti l l  la rg e r  scale , 
1 :6 2 ,5 0 0 , o r  a b o u t  a  m ile  to  a n  in c h , is u sed  fo r q u a d ra n g le s  
c o v e rin g  15', th e  u n i t  se lec ted  fo r  m a p p in g  th ic k ly  s e tt le d  o r  
in d u s t r ia l ly  im p o r ta n t  a reas . A  f o u r th  scale , 1 :3 1 ,6 8 0 , o r  o n e - 
h a l f  m ile  to  a n  in c h , is e m p lo y e d  fo r  m ap s  th a t  a re  to  be u sed  
in  c o n n e c tio n  w ith  ir r ig a t io n  o r  d ra in a g e , a n d  a  few  m a p s  o f  
m in in g  d is tr ic ts  a re  p u b l is h e d  o h  s ti l l  la rg e r  "scales.

A  ty p o g ra p h ic  s u rv e y  o f  A la s k a  h a s  b een  in  p ro g re ss  s in ce  
1 8 9 8  a n d  n e a r ly  3 0  p e r  c e n t  o f  its  e n ti r e  a re a  h a s  now  been  
m a p p e d . O n e - th i r d  o f  th e  a rea  m a p p e d , o r  10  p e r  c e n t  o f  th e  
T e r r i to r y ,  h a s  been c o v e re d  o n ly  b y  re c o n n a is sa n c e  w o rk , th e  
re s u lts  o f  w h ich  h a v e  been  m a p p e d  o n  a sca le  o f  a b o u t  1 0  m iles  
to  a n  in c h . T h e  m ap s  o f  n e a r ly  a l l  th e  re m a in in g  tw o - th ird s  
o f  th e  s u rv e y e d  a rea  h a v e  b een  p u b l is h e d  o u  a  scale  o f  
1 :2 5 0 ,0 0 0 ,  o r  a b o u t  4 ‘m ile s  to  an  in c h . T h e se  m ap s a re  la rge , 
e ach  re p re s e n t in g  2°  o f  la t i tu d e  b y  4° o f  lo n g itu d e . A  few 
a re a s  th a t  a re  o f  eco n o m ic  im p o r ta n c e , a g g re g a tin g  a b o u t  
3 ,0 0 0  s q u a re  m ile s , h a v e  b een  su rv e y e d  in  g re a te r  d e ta i l  a n d  
m ap p e d  on  a sca le  o f  1 :6 2 ,5 0 0 ,  t f r  a b o u t  a  m ile  to  a n  in c h .

A  s u rv e y  o f  th e  H a w a iia n  I s la n d s  wDs b e g u n  in  1 9 1 0  a n d  
th e  r e s u l t in g  m a p s  a re  b e in g  p u b l is h e d  on  a socle o f  1 :6 2 ,5 0 0 .

T h e  fe a tu re s  sh o w n  o n  th ese  a tla s  s h e e ts " d r  m a p s  m ay  be 
c lassed  in  th re e  g ro u p s — (1) water, in c lu d in g  seas, lak es , r iv e rs , 
c a n a ls , sw am p s, a n d  o th e r  b o d ie s  o f  w a te r ;  (2) relief, in c lu d 
in g  m o u n ta in s , h i l ls ,  v a lley s , a n d  o th e r  e le v a tio n s  a n d  d e p re s 
s io n s ;  (3 ) culture (w o rk s  o f  m a n ) , su c h  as to w n s, c ities, ro ad s , 
ra i lro a d s , a n d  b o u n d a r ie s . T h e  c o n v e n tio n a l  s ig n s  u sed  fo r  
th e se  fe a tu re s  a re  sh o w n  below , w ith  e x p la n a tio n s . V a r ia t io n s  
a p p e a r  o n  so m e’ e a r l ie r  m ap s .

A l l  w a te r  fe a tu re s  a re  p r in te d  in  blue, th e  s m a lle r  s tre a m s  
a n d  c a n a ls  in  fu ll  b lu e  l in e s  a n d  th e  la rg e r  s tre a m s , lak es , 
a n d  th e  sea in  b lu e  w a te r - lin in g . I n te r m i t t e n t  s tre a m s— th o se  
w hose  b ed s tire  d r y  a t  leas t th re e  m o n th s  in  th e  y e a r— a re  
sh o w n  b y  lin e s  o f  d o ts  a n d  d a sh es .

R e l ie f  is sh o w n  b y  c o n to u r  l in e s  in  brown. A  c o n to u r  o n  
th e  g ro u n d  passes th ro u g h  p o in ts  th a t  h a v e  th e  sam e  a l t i tu d e . 
O n e  w ho  fo llo w s a  c o n to u r  w ill  go  n e i th e r  u p h i l l  n o r  d o w n h il l  
b u t  o n  a  lev e l. T h e  c o n to u r  l in e s  on  th e  m a p  sh o w  n o t  o n ly  
th e  s h a p e s  o f  th e  h i l ls ,  m o u n ta in s ,  a n d  v a lle y s  b u t  a lso  th e i r  
e le v a tio n s . T h e  lin e  o f  th e  sea  co a s t i ts e lf  is a  c o n to u r  lin e , 
th e  d a tu m  o r  zero  o f  e le v a tio n  b e in g  m ea n  sea lev e l. T h e  
c o n to u r  a t, say , 2 0  fee t a b o v e  sea  lev e l w o u ld  b e  th e  s h o re  l in e  
i f  th e  sea w ere to. r ise  o r . 'th e  la n d  to  s in k  2 0  feet. 1 O n  a  g e n tle  
s lo p e  th is  c o n to u r  is f a r  fro m  th e  p re s e n t  c o a s t ; o n  a s te e p  
s lo p e  i t  is  n e a r  th e  coast. W h e r e  su ccess iv e  c o n to u r  lin e s  
a re  f a r  a p a r t  o n  th e  m a p  th e y  in d ic a te  a g e n tle  s lo p e ;  w h e re  
th e y  a re*close to g e th e r  th e y  in d ic a te  a s te e p  s lo p e ; a n d  w h e re  
th e y  r im  to g e th e r  in o n e  l in e  th e y  in d ic a te  a  cliff.

T h e  m a n n e r  in  w h ich  c o n to u r  l in e s  e x p re s s  a l t i tu d e , fo rm , 
a n d  g ra d e  is sh o w n  in  th e  f ig u re  below , z

T h e  s k e tc h  re p re s e n ts  a r iv e r  v a lle y  b e tw een  tw o  h ills . I n  
th e  fo re g ro u n d  is th e  sea, w ith  a  b a y  th a t  is p a r t ly  in c lo sed  
b y  a b o o k e d  s a n d  b a r. O n  each  s id e  o f  th e  v a lley  is a  te r ra c e  
in to  w h ic h  sm a ll  s tre a m s  h a v e  c u t  n a rro w  g u llie s . T h e  h i l l  on  
th e  r ig h t  lias a ro u n d e d  s u m m it  a n d  g e n tly  s lo p in g  s p u rs  se p a 
ra te d  by  ra v in e s . T h e  s p u r s  a re  t ru n c a te d  a t th e ir  lo w e r e n d s

b y  a sea cliff. T h e  h i l l  on  th e  le f t  te rm in a te s  a b r u p t ly  a t  th e  
v a lley  in  a s te e p  sc a rp . I t  s lo p es  g r a d u a l ly  b ack  a w ay  from  
th e  s c a rp  a n d  fo rm s  a n  in c lin e d  ta b le - la n d , w h ic h  is tra v e rse d  
b y  a few sh a llo w  g u llie s . O n  th e  m a p  each  o f  th e se  fe a tu re s  
is in d ic a te d , d ire c t ly  b e n e a th  its  p o s it io n  in  th e  s k e tc h , b y  
c o n to u r  lin es .

T h e  c o n to u r  in te rv a l ,  o r  th e  v e rtic a l d is ta n c e  in  fee t b e tw e en  
o n e  c o n to u r  a n d  th e  n e x t, is s ta te d  a t  th e  b o tto m  o f  e ach  m ap . 
T h is  in te rv a l  d iffe rs  a c c o rd in g  to  th e  c h a ra c te r  o f  th e  a re a  
m a p p e d ; »in  a fla t c o u n tr y  i t  m a y  b e  as" sm a ll  as 5  fe e t;  in  a  
m o u n ta in o u s  reg io n  it m ay  be 25(1 fee t. C e r ta in  c o n to u r  lin es , 
e v e ry  f o u r th  o r  f if th  o ne , a re  m a d e  h e a v ie r  th a n  th e  o th e rs  
a n d  a re  a c c o m p a n ie d  b y  fig u re s  s ta t in g  e le v a tio n  a b o v e  sea 
lev e l. T h e  h e ig h ts  o f  m a n y  p o in ts , su c h  as  ro a d  c o rn e rs , s u m 
m its , su rfa c es  o f  lak es , a n d  b e n c h  m a rk s , a re  a lso  g iv e n  o n  th e  
m a p  in  fig u res, w h ic h  e x p re s s  th e  e le v a tio n s  to  th e  n e a re s t  
foo t o n ly . M o re  e x a c t e le v a tio n s  o f  b e n c h  m a rk s , as w ell as 
g eo d e tic  c o o rd in a te s  o f  t r ia n g u la t io n  s ta t io n s , a re  p u b lis h e d  in  
b u l le t in s  is su e d  b y  th e  G e o lo g ic a l S u rv e y . A- b u l le t in  p e r 
ta in in g  to  a n y  S ta te  m a y  b e  h a d  on  a p p lic a t io n .

T h e  w o rk s  o f  m a n  a re  sh o w n  in  black, in  w h ic h  c o lo r  a ll  
le t te r in g  a lso  is p r in te d . B o u n d a r ie s , su c h  a s  th o se  o f  a  S ta te , 
c o u n ty , c ity , la n d  g r a n t ,  to w n s h ip , o r  re se rv a tio n , a re  sh o w n  
b y  c o n tin u o u s  o r  b ro k e n  l in e s  o f  d if fe re n t  k in d s  a n d  w eig h ts . 
P u b l ic  a n d  th ro u g h  ro a d s  a re  sh o w n  b y  fine  d o u b le  l in e s ;  
p r iv a te  a n d  p o o r  ro a d s  by  d a sh e d  d o u b le  l in e s ;  t ra i ls  b y  d a sh ed  
s in g le  lin e s .

E a c h  q u a d ra n g le  m a p p e d  fo r  th e  to p o g ra p h ic  a tla s  is d e s ig 
n a te d  b y  th e  n a m e  o f  a  p r in c ip a l  to w n  o r  o f  so m e  p ro m in e n t  
n a tu ra l  fe a tu re  w ith in  th e  q u a d ra n g le , a n d  on  th e  m a rg in s  o f  
th e  m a p s  a re  p r in te d  th e  n a m e s  o f  a d jo in in g  q u a d ra n g le s  fo r  
w h ic h  a tla s  sh e e ts  h a v e  been  p u b lis h e d  o r  a re  in  p re p a ra tio n . 
T h e  sh e e ts  a re  so ld  a t  1 0  c e n ts  each  in  lo ts  o f  less th a n  5 0  
co p ies  o r  a t  6  c e n ts  each  in  lo ts  o f  5 0  o r  m o re  cop ies, w h e th e r  
o f  th e  sam e  o r  o f  d iffe re n t sh ee ts .

T h e  to p o g ra p h ic  m ap  is th e  base  o n  w h ic h  th e  g e o lo g y  a n d  
th e  m in e ra l  re so u rc es  o f  a q u a d ra n g le  a re  re p re se n te d , th e  m ap s  
s h o w in g  th e se  fe a tu re s  b e in g  b o u n d  to g e th e r , w ith  a d e s c r ip tio n  
o f  th e  q u a d ra n g le , to  fo rm  a  fo lio  o f  th e  G eo lo g ic  A tla s  o f  th e  
U n i te d  S ta te s . C irc u la rs  s h o w in g  b y  in d e x  m a p s  th e  p u b 
lish e d  to p o g ra p h ic  a tla s  sh e e ts  a n d  g eo lo g ic  fo lio s  c o v e rin g  
a n y  S ta te  o r  reg io n  w ill b e  s e n t  free  on  a p p lic a t io n .

A p p lic a t io n s  fo r m ap s  o r  fo lios s h o u ld  be  a c c o m p a n ie d  by  
c a sh — th e  e x a c t a m o u n t— o r b y  post-office  m o n e y  o rd e r  (n o t  
p o s tag e  s ta m p s), a n d  sh o u ld  be a d d re sse d  to —

T H E  D I R E C T O R ,

United, States Geological Survey,

Washington, D. C.

J a n u a r y ,  1 9 1 5 .
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