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INTRODUCTION

Statement of the Problem

The purpose of this report is to describe the age and 

structural relations of the various types of rocks within a miner

alized area of predominately igneous rocks near Sells, Pima County, 

Arizona (fig. I). The precious and base-metal veins have received 

slightly more emphasis than the other types of rocks. A minimum 

of petrographic and polished-section work was done because it soon 

became apparent that additional field mapping would yield greater 

dividends than a petrographic study of rocks from a small and rela

tively geologically unknown area.

Location and Accessibility

This report covers the western half of the Cobabi Mining 

District (PI. 3), which is also known as the Comobabi or Picacho 

Mining District. It is located a few miles north of the small town 

of Sells and entirely within the Papago Indian Reservation, Pima 

County, Arizona. The boundaries of this organized mining never 

have been defined precisely, but the district is approximately rec

tangular. The eastern boundary of the South Comobabi Mountains
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(pis. 1 and 2) forms the entire eastern edge of the district; the 

western boundary of the district passes just west of the Ko Vaya 

Hills and extends north and south parallel to, opposite, and for 

the same length of the western boundary. The area mapped is 

in secs. 2-11, 14-18, T. 17 S., R. 4 E .; secs. 2-11, 14-23,

26-35, T. 16 S., R. 4 E .; secs. 25-27, 34-36, T. 15 S., R. 4 E .; 

and secs. 30-31, T. 15 S., R. 5 E.—̂  and is between 1110 45* and 

112° west longitude and 32° and 32° 10* north latitude.

The area mapped is reached from Tucson, the nearest city, 

by driving 65 miles southwest on State Highway 86 (the Tucson-Ajo

Highway) to Sells, Arizona. At Sells turn right (north) on a wide
2/  . ' •

dirt road- and go 11 miles to Picacho Trading Post, which is in 

the central part of the area mapped. Sells can be reached from 

Ajo, Arizona, by driving 75 miles southeast on State Highway 86.

The nearest railhead to Sells is at Tucson, which is 

served by the Southern Pacific Railroad.

The area described in this report is traversed by State 

Highway 86, the old Tucson-Ajo Road, and by a rough dirt road 

that branches east from the old Tucson-Ajo Road and eventually

2 /  Sections calculated from plates 1 and 2 and from map 
of Papago Indian Service (Coulson, 1944).

2 / It is known as the old Tucson-Ajo Road. Prior to 1951 
it was part of State Highway 86, but since the opening of the new 
stretch of highway at that time, it has not been kept in good repair.
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Figure 1. - -Index map showing area of investigation.
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connects with State Highway 86 between Tucson and Sells. In addition 

the area is covered with a network of wagon roads that can be nego

tiated with a jeep and for short distances with a passenger car. With 

the exception of State Highway 86, all of the roads in the area may 

be temporarily impassable after heavy rains.

A small landing strip is located north of Sells (pL 2).
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Field Work

Field work was started in February 1950. About one- 

half of the work was done on weekends and holidays from that 

time until November, 1951, except during the summer when the 

author was in Colorado. From November 1951 to June 1952, field 

work was carried on more intensively, but not continuously, until 

completion. More than 100 man-days were spent in mapping the 

50 square miles.

The area mapped (pi. 3) is in the southwestern corner of 

the Comobabi 15-minute quadrangle (pL 1) and the northwestern 

corner of the Sells 15-minute quadrangle (pi. 2). Both of these 

quadrangles were mapped topographically by the U. S. Geological 

Survey on a scale of 1:62500. The topographic base for the geologic 

map (pi. 3) of this report was obtained by photographing and enlarging 

two times the U. S. Geological Survey quadrangles so that the scale 

of the enlargements was 1:31250 (approximately two inches to a mile).

Points of geologic interest were located on the topographic 

base map by the following methods:

(1) By inspection. This was the quickest and one of the 

most frequently used methods.

(2) By the three-point method of triangulation with either 

a plane-table and open-sight alidade or a Brunton
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compass. The topographic base had enough accurately 

located points such as peaks, road junctions, houses, 

and wells that it was not necessary to erect flags 

except along the crest of Ko Vaya Hills.

(3) By pace and compass traversing from a previously 

located point. This method was particularly useful 

in plotting dikes and veins.

(4) By altimeter readings. This method was used in 

dombination with other methods for determining the
. ' i m 

position of points bn the sides of steep hills. The

altimeter was set at the true elevation at the foot of

a hill slope and checked against the true elevation

upon reaching the summit, or any intermediate point

where the true elevation could be accurately determined.

The altimeter was not used during the middle part of

the day, and only short traverses were made, for

greater accuracy.

Laboratory Methods

Thin-sections were made from the different types of rock 

and studied under the petrographic microscope. The purpose was to 

determine the mineral composition of the rocks for their correct 

identification. The microscopic classification of the intrusive igneous
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rocks is based upon the system of Johannsen (1931). Where not too 

badly altered, the type of plagioclase was determined by the Michel- 

Levy method based upon the maximum extinction angle of albite 

twins (Rogers and Kerr, 1942). A few polished sections were made 

for mineral identification. Detailed petrographic studies were not 

made because the author concluded that additional field mapping would 

pay greater dividends than a petrographic study of rocks from a small 

and relatively geologically unknown area.

Previous Literature

Bryan (1920, 1922, 1925) published the first geologic reports 

of the Papago country. His work was strictly reconnaissance, but 

his reports are still the best from which to get the overall geologic 

picture of the region. Several small areas, usually around a mineral 

district, have been studied in detail; but the individual areas have not 

been tied together. No detailed geologic study of the area of this 

report has ever been made. Examples of careful studies of small 

areas in or near the Papago Reservation are the Tucson Mountains 

by Brown (1939), the Silverbell mining district by Stewart (1912), 

and the Ajo mining district by Gilluly (1937). There are numerous 

other reports that deal with pediments, ore deposits, erosion, or 

other specializations. Some of these more or less specialized reports 

have some information applicable to the area of this report,



The area is covered by 1937 Soil Conservation Service 

aerial photographs at a scale of 1:32,000 and one inch to a mile 

photo-mosaics.



GEOGRAPHY

.'Climate and Water Supply

The climate is hot and arid, and the vegetation of the area 

belongs to the Upper Sonoran zone. The annual range of temperature 

is from above 100 F. to below freezing, and the diurnal temperature 

change is quite large. Rainfall averages from 10 to 15 inches a year. 

July, August, and September are the wettest months; and April, May, 

and June are the driest. Rainstorms are frequently violent, resulting 

in rapid runoff and flash floods. Evaporation greatly exceeds pre

cipitation.

There are no permanent streams in the area; but after heavy 

rains, the ephemeral streams carry a considerable volume of water 

which soon sinks into the sand and gravel of the streambed. Some 

of the streams are dammed and the water impounded for the use of 

livestock.

The few shallow wells in the area (pis. 1 and 2), are dug 

into the sand and gravel along the larger drainages. The wells supply 

the limited amount of water needed by the Indians for household use.

The Anglo-American prospectors prefer to haul their water 

from Sells. Their needs could be met by capturing the runoff from

9
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their cabins and storing the water in a cistern.

Areas of thick alluvium are the best potential sources of 

water, but such areas are limited in the area mapped. According 

to Schmenke (oral communication) a well, drilled by the Indian 

Service, three-fourths of a mile north of Sells penetrated 70 feet 

of alluvium.

The igneous rocks in the area mapped (pL 3) are not a 

likely source of much water. Dug wells with cross galleries to in

tersect joints would yield some water, but such wells would not be 

practical.

The water table in the Picacho andesite (pi. 3) is from 45 

to 100 feet below the land surface. Long abandoned shafts are filled 

with water. The water, however, must have taken a long time to 

accumulate as present mining operations below the water table are 

not handicapped by an inflow of water. The andesites are not 

scoriaceous; joints, although abundant, are not closely enough spaced 

to make the rock a good aquifer. The andesite is cut by many minor 

faults, but with little or no brecciation. Nearly impervious felsite 

dikes or quartz veins follow most of the faults. Highly brecciated 

fault zones, or extremely vesicular flows might yield considerable 

water, but the author knows of no such areas.

About three weeks after a heavy rain, the author observed 

a small puddle of water in a shady recess on the east side of the 

Ko Vaya Hills. The water appeared to be seeping from joints in
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alaskite above the puddle. The Ko Vaya alaskite might be a slightly 

better aquifer than the Picacho andesite because of the more numerous 

joints, but the topography and structure of the area mapped (pi. 3) 

make the alaskite an unfavorable place in which to look for water.

The alaskite, if it lies underneath the Picacho andesite east of the 

Ko Vaya Hills, is too deeply buried. The alaskite forming the Ko 

Vaya Hills is too high above the surrounding country, and the area 

too small. Some water might be obtained from Ko Vaya alaskite 

underneath the shallow alluvium west of the Ko Vaya Hills (pL 3).

Population and Cultural Features

Since the relocation of State Highway 86 through the area 

and the closing of the Picacho Trading Post, there are no Anglo- 

Americans living permanently in the area mapped (pL 3). At the 

time of the field work, the Anglo-American population ranged from 

none to 10 or 12; and they were engaged in mining, prospecting, or 

doing assessment work on mining claims. A few of the people lived 

in trailers, but many of them have small cabins on their claims.

It is difficult to estimate the number of Papago Indians 

living in the area because they frequently leave their homes to work 

in cotton fields outside the reservation or to get jobs in Tucson, 

Phoenix^ and other cities. The author estimates that about 50 

Papagos lived in the area at the time of the field work. They
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normally live in small villages of 10 to 30 small houses located 

near a well. The houses are often surrounded by a fence made 

of ocotillo. hi most of the villages there are dwellings either 

temporarily unoccupied or abandoned. The villages of San Luis 

and Rincon (pL 1) each have a small Catholic Church. Small 

cemeteries are located near Rincon and Nolia. '

Cattle-raising is the principal industry of the Papagos on 

the reservation. Numerous ponds of tanks, to serve as watering 

places, have been built to collect runoff from flash floods. The 

Papagos gather fruit from cactus and cultivate small fields that 

are irrigated by flood water. They are willing to take jobs, but 

employment opportunities are limited. Some of the Papagos have 

had experience as miners.

Sells, the Indian Agency Headquarters, is located about 

four miles southeast of the Etoi-Ki Hills (pi. 2). Several trading 

posts and gasoline stations are located there. The transportation 

network of the area has been discussed in ” Location and Accessi

bility. "

Physiography

In general the land surface of the area mapped (pL 3) 

slopes down toward the . west-southwest from an elevation of about 

2, 700 feet along the western flank of the South Comobabi Mountains
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to an elevation of 2,200 feet along the eastern edge of Santa Rosa 

Valley. The major exception is the Ko Vaya Hills, that rise  to an 

altitude of 3,002 feet, in the northwestern part of the area. Smaller 

hills to the south rise to an altitude, of 2, 827 feet.

The drainage is to the west into Santa Rosa Valley. For 

short distances some of the ephemeral streams flow north, and some 

flow south, parallel to the Ko Vaya Hills. As soon as the streams 

have outflanked the hills, they continue flowing westward until they 

reach Santa Rosa Valley. An east-west line drawn through the Silver 

Queen Mine (Locality 23, pL 3), separates the north-flowing from the 

south-flowing drainage.

The entire east-central and extreme northeast portion of the 

area (pL 3) is part of a pediment. There are patches of alluvial 

material, slope wash, residual soil, and rubble on the pediment cut 

into Picacho andesite, but the surficial material, predominantly 

residual soil and rubble, has a maximum depth of only a few feet.

The southeastern portion of the area mapped is covered 

with surficial material with a minimum thickness of six or eight 

feet, as indicated by exposures in gullies. The material here is 

predominantly pebbles and cobbles (Wentworth, 1933), and contains 

exotic rocks from the South Comobabi Mountains, whereas the much 

smaller quantity of surficial material on the pediment is predominantly 

residual material. The surficial material in the southeastern part of
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the area can be classified as the lower edge of coalescing alluvial 

fans from the southwestern end of the South Comobabi Mountains 

although the fans are not such classic examples as some seen in 

the Santa Catalina Mountains near Tucson.

The reason why a portion of the eastern part of the area 

is a pediment surface and a portion is covered with alluvial material 

cannot be explained either by a difference in the distance to the base 

of the mountains or by a difference of elevation of the mountains. 

This is an interesting problem. The area covered with alluvial 

material is below the point where the South Comobabi Mountains 

change trend from slightly west of north to southeast (pis. 1 and 2). 

Thus the area of alluvial material is below a convex face of the 

mountains and theoretically should receive less debris from the 

mountains. According to Rich (1935) sheet wash is a major trans

porting agent of such debris. Since the area receives less runoff, 

as well as less debris, these two factors probably neutralize each 

other. The answer to the problem is that Santa Rosa Valley, to 

the west, is the temporary base level of erosion and the master 

drainage for a large area, including the western half of the North 

and South Comobabi Mountains. Since the western edge of the South 

Comobabi Mountains does not quite parallel the Santa Rosa Valley, 

debris along the base of the South Comobabi Mountains at the north 

end has a shorter distance to travel to reach the Santa Rosa Valley,
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than does debris from near the south end of the mountain range. 

Assuming that there are no great differences in elevation between • 

points along the base of the South Comobabi Mountains and corre

sponding points along Santa Rosa Valley, the gradient from the 

northwestern base of the mountains to Santa Rosa Valley should 

be steeper than the gradient from the southwestern base of the 

mountains. Such is the case (pis. 1 and 2). The entire western 

edge of the mountains probably receives an equal amount of debris 

in proportion to runoff, but the runoff along the southern part of the 

mountains has less transporting power because of a lower gradient.

The present topographic features are remarkably well ad

justed to present erosional conditions. Even steep talus slopes can 

be negotiated without the blocks slipping and rolling. The underside 

of many boulders is covered with a thin layer of caliche, and the 

outside of most boulders is covered with desert varnish. Bushes 

grow between some of the talus blocks. The above observations 

have been cited by Bryan (1922a) as criteria that a talus slope has 

been in place a long time.

Although all of the rocks in the area are subjected to the 

same general conditions of weathering, they are affected quite dif

ferently because of different chemical and physical properties and 

because of their topographic position. This is discussed under the 

individual rock descriptions.



GEOLOGY

Petrology

Since the formations in this area are unfossiliferous and 

cannot be correlated with dated formation outside the area, the 

assignment of the formations to particular periods is tentative. 

Sufficient criteria was found in the field and laboratory to determine 

the relative ages of most of the formations.

Exclusive of Quaternary alluvium and talus, igneous rocks 

of Late Cretaceous and Tertiary age constitute 95 percent of the 

bedrock; and Late Cretaceous and Tertiary sedimentary rocks con

stitute five percent.

Many of the formations in this area are similar to forma

tions described by Brown (1939) from the Tucson Mountains, but 

have little or no resemblance to the formations described by Gilluly 

(1937) from Ajo.

Extrusive Rocks

3 /
The extrusive rocks, with one possible exception-7 are flows

3 / The "Conglomerate (volcanic)” may be an agglomerate.
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of latite, andesite, and basalt. Late Cretaceous flows are thicker 

and more highly faulted than the Tertiary flows. A minimum total 

thickness of 10,000 feet was calculated for the flows from the breadth 

of outcrop and the dip. This can be somewhat misleading because 

the flows are structurally complicated.

Coon Can volcanics.—The Coon Can volcanics are named 

for the old Coon Can Mine (Locality No. 20, pL 3). The only ex

posures of these flows are in the southwest corner of the Ko Vaya 

Hills.

The volcanics are composed entirely of thick flows of in

termediate composition. Hand specimens of fresh rock are dark 

gray and reddish purple in color. The dark-gray rocks weather to 

light gray, and the reddish-purple rocks weather to purplish black. 

Most of the hand specimens are aphanitic, but some of the reddish- 

purple rocks have a few phenocrysts, rarely over one-tenth of an 

inch in diameter. Most of the phenocrysts are feldspar (orthoclase 

and plagioclase), but phenocrysts of magnetite, augite(?), and quartz 

were observed in a few hand specimens. The megascopically visible 

phenocrysts never constitute more than 10 percent of the rock.

Under the petrographic microscope, the Coon Can volcanics 

appear to be about 50 percent groundmass and 50 percent phenocrysts. 

Table 1 shows the composition of the phenocrysts. The phenocrysts
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Table 1. —Phenocrysts in Coon Can Volcanics

Mineral
Percentage

of
phenocrysts

Usual size 
(mm) Form Alteration

Orthoclase 50-70 0.2-0.4 Subhedral-
euhedral

Brown specks

Albite
(Abg5 Angg)

30-50 0.4-0. 8 Euhedral-
subhedral

Usually very : 
cloudy

Quartz -5 0.2-1. 5 Subhedral None

Magnetite -5 0.2 Euhedral Some hema
tite coatings

Augite -5 0.2-0.4 Subhedral Extreme

are not evenly distributed throughout the rock, but have a tendency 

to be grouped into small clusters. Quartz is extremely spotty, even

within one thin-section. A few minute rods of apatite were observed
. - ■ ; i 'V: V

in the qpartz phenocrysts.

Under high power magnification, the groundmass in some 

sections is glassy, and infrequently shows flow structure. Some of 

the rocks have a groundmass composed of slightly elongated microlites, 

about 0.02 mm long, of orthoclase, plagioclase, and quartz. It is not 

always possible to identify the feldspars, but orthoclase usually is 

slightly more abundant than plagioclase. Quartz is much more 

abundant in the groundmass than in the phenocrysts and constitutes 

10 or more percent of the groundmass.
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Most of the flows of the Coon Can volcanics are latites, 

but richer in sodium than the standard latite. A few individual flows 

may be trachyte or rhyolite, depending upon the composition of the 

groundmass.

The individual flows are tens of feet thick and quite mas

sive. Vesicles are extremely rare . Some exposures (fig. 2) of the 

flows show a sheeting or jointing structure. The sheeting planes are 

approximately parallel to the flows, but have a slightly greater dip.

If this structure is related to cooling of the lava it can be used to 

approximate the topis of flows where better evidence is lacking. The 

structure may have been caused by release of internal stresses when 

the overlying rocks were removed. If that be the case, the sheeting 

structure cannot be used to approximate the tops of flows.

A minimum thickness of about 4# 000 feet was calculated 

from the average dip and the breadth of outcrop.

The outcrop of Coon Can volcanics (pL 3) is part of a 

thrust sheet that lies over Ko Vaya alaskite. The flows dip in a 

southerly direction from 10 to 45 degrees, the steepest dips being 

nearest the front of the thrust. A short distance south of the Coon 

Can volcanics are two small hills of Picacho andesite. The author 

believes that these hills are part of the thrust plate (pL 4, cross- 

section B-B1), in which case the Coon Can volcanics are older than 

the Picacho andesite. Even if the two hills of Picacho andesite are



Figure 2 .—Coon Can volcanics dipping 45 S. 
Note planar structure dipping slightly more 
than 45° S.
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not part of the thrust plate, the Coon Can volcanics could be older.

The Picacho andesite is weathered more than the Coon Can volcanics, 

but differences in mineralogy, in topographic position, and in internal 

structure greatly affect the rate of weathering. The Coon Can volcanics 

have been intruded by a mineralized quartz vein and a felsite dike of 

Tertiary age.

Picacho andesite.—The Picacho andesite is well exposed 

around Picacho Peak (pL 3). Although it is called a basalt by local 

prospectors and resembles basalt in hand specimen, an examination 

of thin sections indicated that it is an andesite. With the exception 

of alluvium, Picacho andesite is the most widespread formation in 

the area and crops out over the entire north-central portion of the 

area. In addition, small outcrops are found in the northeast and 

southwest corners of the area mapped.

Much of the rock in the western part of the South Comobabi 

Mountains (east of the area mapped) is Picacho andesite, and sim ilar

looking material was observed by the author in numerous road cuts 

between Tucson and Sells.

Although the Picacho andesite is composed of many flows, 

they have the same general appearance and are not likely to be con

fused with other rocks in the area. At least 90 percent of the andesite 

is black or purple. The most common color is black with a definite 

tinge of purple. The purplish tinge is more noticeable on fresh than
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on weathered surfaces. Some of the andesite is brick-red, especially 

near the tops of flows. In a few places, the andesite is light gray.

Megascopically, most of the Picacho andesite contains from 

10 to 25 percent phenocrysts of feldspar in an aphanitic groundmass. 

The phenocrysts range in size from being barely visible with the 

naked eye to one-fourth of an inch in length. A minor amount of 

the rock appears aphanitic. Both orthoclase and plagioclase occur 

as phenocrysts, but the latter is much more abundant. Many flows 

have no orthoclase phenocrysts. Plagioclase occurs as cream to 

pale pinkish, long bladed crystals; orthoclase-occurs as pink, nearly 

equidimensional grains. In a single hand specimen, the laths of 

plagioclase are approximately the same size and are fairly well 

oriented, but the orientation, and even the size, within a single 

flow unit change greatly within a distance of 100 feet.

Upon close examination with a hand lens, a few small 

irregular masses of dark greenish gray, soft material can be 

observed. The material most likely is a completely altered 

ferromagnesium mineral. A few small crystals of quartz were 

observed, but that is unusual for the Picacho andesite.

Under the petrographic microscope, the Picacho andesite 

appears to be from 40 to 90 percent ground mass. The phenocrysts 

are listed in Table 2. •
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Table 2 .--Phenocrysts in Picacho Andesite

Mineral
Percentage

of
phenocrysts

Usual size 
(mm) Form Alteration

a /
Andesine- 85-95 0. 5—3 Euhedral-

subhedral
Cloudy

Orthoclase 5 0.2-0.5 Euhedral-
subhedral

Cloudy

Quartz 0-1 0.2
• i. ; (

Subhedral None

Magnetite -5
-

0.2 ’ Subhedral Altered to 
hematite

Ferrom ag-. 
nesian . y 
minerals—'

1

5 0.1-0. 5 Subhedral Extreme

a /  From medium range of andesine to lowest range of laboradorite.

b /  Mostly augite or pigeonite. Biotite rare . In one thin-section a 
few grains of what is thought to be iddingsite replacing olivine 
was observed.

With plane polorized light much of the groundmass appears 

opaque of gray, but many tiny crystals of feldspar can be distinguished. 

Quartz is slightly more plentiful in the groundmass than in the pheno

crysts. Under reflected light, much of the groundmass is reddish, 

probably caused by minute particles of hematite.

The study of the mineralogy and the determination of the 

plagioclase as andesine (although laboradorite may be found in a few 

specimens), indicate that the flows are andesite (Johannsen, 1939).
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Minor amounts of basalt and trachyandesite may be included in the 

Picacho andesite.

Vesicles are rather uncommon, and no scoraceous material 

was seen by the author. The vast majority of vesicles are globular, 

which is some indication that the lava was viscous. The author could 

find no correlation between vesicles and the oxidized, red tops of 

flows, contrary to what one might expect. Many of the vesicles, 

especially those near quartz veins, are filled with quartz, or less 

frequently with calcite. In a few places vesicles were filled with 

punky, dirty green to brown material. It is impossible to get a 

really fresh sample of Picacho andesite from an outcrop. The black 

material, which weathers to a dark gray color, often is so highly 

weathered that it can be crumbled between onets hands. Weathering 

of the andesite has taken place to the greatest degree along joints, 

which often have a thin zone of completely altered, amorphous material 

grading outward from the joints into highly altered, but recognizable, 

Picacho andesite. The gradation takes place within an inch of the 

joint surface.

The Picacho andesite is composed of many separate flows 

and flow units (Nichols, 1936), but the author was not able to correlate 

individual units for any great distance, even with mapping on a scale 

of 1:6000. Hill No. 2788 (pL 1) is composed of two flows and at 

least eight flow units. The average flow is thought to be 100 or
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more feet thick, and the average flow unit from a few feet to 50 

feet thick.

Only reliable strikes and dips have been plotted on the 

geologic map (pL 3). ; The Picacho andesite north of the trading 

post dip from 30 to 40° southeast. The andesites to the south 

have less consistent attitudes and strike northeast, north, and north

west, The dominant strike is northwest. The dip is from 15 to 

25°, and all dips have a northerly component. The variation in 

the attitude of the Picacho andesite south of the trading post probably 

is a result of much smallrscale faulting. The entire area of Picacho 

andesite has been chopped up by many minor faults, especially around 

the trading post.

The Picacho andesite is characterized by numerous, steeply 

dipping joints. Many outcrops contain two or three sets of joints. 

Within a single set, joints into which a knife blade can be inserted 

usually are from one to three feet apart. Incipient joints, those 

which are noticeable only when one tries to obtain a relatively fresh 

sample of rock, are only a few inches apart. The attitude of the 

joints are discussed in the section entitled’’Structure. ' 1

A minimum thickness for the Picacho andesite cannot be 

determined because the details of the structure are not known, but 

a very conservative estimation, based only upon the area in which 

the attitude of the andesites are consistent, indicates a thickness of
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about 3, 000 feet, and the, actual thickness probably is much greater.

The Picacho andesite lies unconformably beneath talus and 

alluvium of Quaternary age arid conglomerate and gravel of Tertiary 

age. One small patch of andesite lies on top of Cretaceous shales. 

Indirect evidence suggests that the Picacho andesite is younger than 

the Coon Can volcanics (pi. 4, cross-section B-B1). The Picacho 

andesite has been intruded by Ko Vaya alaskite, felsite dikes and 

sills, and quartz veins. The Picacho andesite is assigned to the 

Late Cretaceous on the basis of the extensive intrusion, structural 

deformation, and erosion.

The Picacho andesite is tentatively correlated with the 

Cretaceous volcanics of the Tucson Mountains. Brown (1939, p. 

713-714) states that the Cretaceous volcanics are dark purplish gray 

to purplish black on weathered surfaces and contrast sharply to the 

Tertiary volcanics, which are various shades of brown. He also 

states that the Cretaceous volcanics are predominantly basic andesites, 

but some are dacites, latites, rhyolitic tuffs, and breccias of andesitic 

material, and that all members, except rhyolite tuff, have two dis

tinguishing features: (1) the groundmass of the flows consist of a

felt of small plagioclase crystals, usually andesine-laboradorite, and 

(2 ) the ferromagnesian minerals are usually altered beyond identifica

tion.
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Cemetery latite. —The name. Cemetery latite was selected 

because of the proximity of a small Indian cemetery to the outcrops 

about one mile north of the Flat Top Hills (pi* 3). The outcrops 

form low, elongated, smooth hills*

Most of the rock is a pale purple or pale reddish-purple 

color, but some is dark gray. Weathered surfaces, where not coated 

with a dark iron-manganese stain, are usually a paler color than 

fresh surfaces of the rock*

The only phenocrysts of importance are orthoclase. All 

of the purplish rock and some of the gray rock consist of about five 

percent nearly equi-dimensional, phenocrysts from one-tenth to one- 

fourth inch in diameter of pink orthoclase in an aphanitic groundmass. 

Smaller phenocrysts of hornblende, plagioclase, biotite, and quartz 

were observed in a very few hand specimens but never constituted . 

even one percent of the rock.

Under the petrographic microscope, the Cemetery latite 

appears to be approximately 90 percent groundmass and 10 percent 

phenocrysts. Slightly more than 50. percent of the phenocrysts are 

euhedral to subhedral orthoclase crystals from one-half to six mm 

long and about 40 percent of the phenocrysts are ^ ^ (A b g g  9 5  Ans jq) 

crystals from one-half to two mm long. The orthoclase is nearly 

equi-dimensional, but the plagioclase usually has a length to width 

ratio of three or four to one. About five percent of the phenocrysts
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are magnetite and ferromagnesian minerals. The former forms 

euhedral to anhedral masses from 0 . 2  to 0.4 mm in diameter; the 

latter subhedral crystals from 0.3 to 0. 6  mm. Some of the magnetite 

penetrates the augite(?) crystals.

. The groundmass is composed mostly of tiny grains of feld

spar, about 0.05 mm in diameter, and anhedral quartz occupying the 

space between the feldspar. Orthoclase is lightly more abundant 

than plagioclase in most specimens. The two feldspars constitute 

nearly 90 percent of the groundmass and quartz about 1 0  percent.

About five percent of the groundmass is composed of euhedral crys

tals of magnetite, slightly smaller than the other crystals in the 

groundmass. Ferromagnesian minerals are ra re  in the groundmass.

Most of the formation is latite, but some may be trachyte. 

The author calls this formation a flow, rather than a sill, realizing 

that the evidence is not conclusive. The formation does have a few 

small vesicles and several planar structures, separated vertically by 

from 1 0  to 1 0 0  feet, believed to mark the contact between individual 

flows. The author observed no evidence of a weathered zone, but 

the rocks above and below the planar structures were a slightly 

different color. Some of these structures can be followed for 

several hundred feet. The attitude of these structures have been 

plotted as the strike and dip of flows (pi. 3). They strike from 

northwest to northeast and dip from 20 to 40° in a southerly direction.
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Using these structures to determine strike and dip creates a minor 

problem when it comes to determine the thickness of the formation. 

Possibly these structures do indicate the general attitude but show 

a somewhat steeper dip than the true dip, as is indicated by similar 

structures in the Coon Can volcanics.

Evidence that can be cited for the formation being a sill 

is as follows:

(1) The groundmass is slightly coarser-grained than the 

Picacho andesite or Coon Can volcanics.

(2) There is a megascopic resemblance between this unit 

and felsite dikes and sills.

(3) The limited areal extent of this unit suggests a sill.

Evidence that the Cemetery latite is a flow was seen at

the contact of the latite with a Cretaceous shale unit, on the south 

side of a small gully just south of Sedimentary Hill (pL 3). The 

latite lies on top of a conglomerate lens within Cretaceous shale.

Shale crops out in the bottom of and north side of the gully. The 

contact is undulatory— and irregular. Within the bottom few inches 

of latite, the author found several small fragments of the conglomerate. 

It can be interpreted that the pebbles were engulfed by a sill, but 

the author believes that the pebbles were picked up by a flow. The 

pre-latite top of the conglomerate lens is best interpreted as an 

erosional surface.

4 / A few inches of relief.
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The Cemetery latite is younger than Cretaceous shales 

and has been intruded by felsite dikes of Tertiary age. The 

Cemetery latite is assigned to the Tertiary age.

The felsite dikes that cut the northern most outcrop of 

Cemetery latite are in places about five feet wide, which is wider 

than the felsite dikes in the Picacho andesite. It has already been 

mentioned that megascopically the felsite and the Cemetery latite 

have some resemblance. Under the petrographic microscope, the 

major difference is that the felsite contains 20 to 30 percent and 

the latite about 10 percent quartz. Although the author does not 

subscribe to this theory, the felsite dikes may have been feeders 

for the Cemetery latite flows.

By simply calculating the thickness of the latite from the 

width of outcrop and an average of the few attitudes obtained (pL 4, 

cross-section D-D1), one arrives at a thickness of about 2,000 feet, 

which seems unreasonably great. The latite is more than 200 feet 

thick as indicated by relief with no consideration of structure. Other 

structural possibilities indicate a thickness of somewhat less than 

2, 000 feet but very much more than 200 feet. As previously pointed 

out, the flows may have gentler dips than is indicated by the planar 

structures. The dips as indicated by the planar structures (pL 3) 

may be correct, but the flows may be nearly horizontal in the area 

in which no attitudes were obtainable. If this interpretation is correct, 

cross-section D-D1 (pL 4) should show the dips of the Cemetery latite
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becoming gentler away from the east-west fault. The two large 

outcrops of Cemetery latite could be the same flows repeated by 

faulting.

Flat Top basalt.—The name Flat Top basalt was chosen 

because the basalt caps the Flat Top Buttes just west of the old 

Tucson-Ajo road. The only other outcrops of the unit are about 

one-half mile west of the buttes. Fresh surfaces of the basalt 

are either black or dark gray. Weathered surfaces are light gray.

Most of the basalt is aphanitic, but a few tiny phenocrysts 

of plagioclase and a black mineral were observed under the hand lens 

in some specimens.

Under the petrographic microscope, the basalt consists of 

90 percent groundmass and 10 percent phenocrysts. Approximately 

85 percent of .the phenocrysts are laboradorite, slightly less than 

five percent are orthoclase, slightly more than five percent are 

magnetite, and about five percent are augite or pigeonite. The 

plagioclase crystals are about one mm in length; the other pheno

crysts are 1^4 to 1 / 2  mm in diameter.

Although the groundmass is crystalline, most of the crystals 

are less than 0 . 0 2  mm in diameter and identification cannot always 

be made. A few crystals of plagioclase, magnetite, and f err ©mag

nesian mineral were identified. The groundmass probably is mostly
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plagioclase but with minor amounts of orthoclase, quartz, and other 

minerals.

The Flat Top basalt, where exposed, consists of several 

separate flows, and which are further subdivided into flow units.

Some flows are massive, some are platy. Vesicles are common in 

some of the flows.

The contact between some flows are marked by horizontal 

discontinuous zones, one to five feet thick, of amorphous, brick -red  

material, some of which is very hard and some friable. The friable 

material contains small fragments of basalt. Along the sides of the 

eastern Flat Top Butte, these zones are continuous for several hundred 

feet, disappear, then reappear. The zones are truly discontinuous as 

exposures are good. The brick-red amorphous material grades into 

basalt and extends down along vertical joints to form "roots." Along 

one of these zones, the author observed a "channel.M As seen in 

cross-section, the channel is flat on top, and the bottom is slightly 

concave upward. The width of the channel is 80 feet, and the maximum 

thickness at the center about 25 feet. The channel is filled with the 

brick-red, amorphous material. This material is a product of 

weathering along the tops of flows. It could have formed either before 

the next flow was laid down or by ground water circulating along the 

contact between flows.

The massive flows are from 20 to over 50 feet thick, and
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normally have widely spaced, tight, vertical joints. The joints are 

better developed near the top of the flows and probably were formed 

at the time of solidification of the flow. Loose pieces of the massive 

basalt have a characteristic prolate shape and are slightly smaller 

than a football.

The platy basalt has a well-developed imbricate structure 

in which joints divide the basalt into overlapping plate- or shingle

like sheets from one-half to several inches thick. These sheets 

have been broken into "shingles" by two sets of joints from six 

inches to two feet apart that are perpendicular to each other and 

perpendicular to the sheets. The joints do not continue through more 

than one sheet. Although the attitudes of adjacent "shingles" within 

the same sheet are essentially the same, they change considerably 

within a jundred feet along strike. Attitudes of shingles on different 

sheets change considerably within a few feet vertically. Most of the 

dips are from 20 to 35 degrees, but some are horizontal, and a few 

are nearly verticaL The platy effect of some of the Flat Top basalt 

is a cooling phenomenon.

Slightly more than 300 feet of Flat Top basalt is exposed in 

the area mapped, but the top of the formation has been removed by 

erosion.

The basalt capping the Flat Top Buttes (fig. 3) is essentially 

horizontal and lies above conglomerate and gravel of Tertiary age. The
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Figure 3. —Flat Top basalt. View taken from 
old Tucson-Ajo road looking N40°W toward 
Flat Top Buttes.
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westernmost outcrops of basalt are more than 300 feet lower than 

the outcrops on the Flat Top Buttes. There is evidence (pi. 3; 

pi. 4, cross-section C-C*) that the difference in relief is a result 

of post-basalt faulting. The author believes that the Flat Top 

basalt is late Tertiary in age.

Etoi-Ki volcanics. —The Etoi-Ki volcanics crop out in the 

Etoi-Ki Hills and the Sheep Hills in the southwestern part of the 

area mapped (pL 3). As seen from the San Miguel Road (pL 2) 

leading south from Sells, the rocks of the Suwuk Tenth Hills and 

Ortesia Mountains closely resemble the Etoi-Ki volcanics. The 

Etoi-Ki volcanics consist of rather massive flows from 10 to over 

50 feet thick. One of the diagnostic features of the Etoi-Ki volcanics 

is that the rocks are fresh and relatively unaltered (unweathered) in 

comparison to the other volcanic rocks in the area.

The rocks are brown, gray, or reddish purple. Most hand 

specimens have a few percent phenocrysts, and it is unusual to find 

a flow that has more than 1 0  percent or does not have any phenocrysts. 

The type of phenocrysts varies somewhat from flow to flow, but they 

are predominantly feldspar, slightly more orthoclase than plagioclase. * 

Five or 10 percent of the phenocrysts of some flows are quartz, and 

many flows have five or 1 0  percent dark minerals. Hornblende, 

biotite, and augite(?) were identified with the aid of a hand lens.
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Most of the flows are latites, but there is a basaltic flow 

in the Etoi-Ki Hills (fig. 4) that closely resembles the Flat Top 

basalt.

Some of the more massive flows have well developed, 

nearly vertical open joints and tighter fitting, nearly horizontal 

joints (figs. 5 and 6 ). A good example is at the Sheep Hills. The 

steeply dipping joints dip from 70° to vertical and strike in every 

direction, but the dominant strike directions are N 20° E, N 30° W, 

and N 80° W. The author saw no evidence that these nearly vertical 

joints were formed by external forces and believes that they are cool

ing joints as indicated by the polygonal pattern of joints. The nearly 

horizontal joints probably have an origin similar to the vertical joints, 

release of internal stresses.

In the area mapped, the Etoi-Ki volcanics have a thickness 

of about 1, 2 0 0  feet as calculated from the breadth of outcrop and dip. 

The Etoi-Ki volcanics in the Sheep Hills are horizontal. The volcanics 

in the Etoi-Ki Hills dip from 10 to 45 degrees to the northeast and lie 

above Tertiary conglomerates and gravels that also dip to the north

east. The dips of the volcanics and the underlying gravel are believed 

to be a result of post-Etoi-Ki faulting, but the volcanics may have 

had some initial dip. The basalt flow in the Etoi-Ki volcanics (fig. 4) 

is evidence that the Flat Top basalt and the Etoi-Ki volcanics are 

essentially contemporaneous in age, but had different sources. The



Figure 4. —Etoi-Ki volcanics. Prominent ledge 
of dark rock is similar to Flat Top basalt 
View taken from State Highway 8 6  looking 
N 15° E. ;
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Figure 5. —Open joints in Etoi-Ki volcanics at 
Sheep Hills. r
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Figure 6 . —Tight joints in Etoi-Ki volcanics at 
Sheep Hills.
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Etoi-Ki volcanics are thought to be Late Tertiary in age.

Intrusive Rocks

Fine-grained granitic rocks were intruded into Late 

Cretaceous volcanics before a period of major faulting, and felsite 

dikes and sills were intruded into the volcanics after the faulting.

The intrusive rocks are high in sodium and potassium 

feldspars and low in ferromagnesian minerals. Magnetite and 

apatite are accessory minerals in both the granitic rocks and the 

felsite.

Ko Vaya alaskite. —The name Ko Vaya alaskite was chosen 

for an intrusive that forms all except the southwest corner of the Ko 

Vaya Hills. Another area of outcrop is in the northwest corner of 

the area mapped fpL 3) near the village of Ko Vaya.

Megascopically, most of the Ko Vaya alaskite is a fine

grained, phanerite, with grains from about 1/40 to 2/10 of an inch 

in diameter. The more coarsely crystalline alaskite crops out in 

the relatively flat area around the northern part of the Ko Vaya Hills. 

The rock appears to be about 60 or 70 percent feldspar and 30 percent 

quartz. Plagioclase usually cannot be identified in hand specimens.

Less than five percent of the grains are black. The outcrop of alaskite 

near the viUage of Ko Vaya has a slightly larger percentage of dark 

minerals than the re st of the alaskite. Some of the alaskite in the
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Ko Vaya Hills has an aphanitic groundmass with phenocrysts of 

orthoclase and quartz.

All of the alaskite near the village of Ko Vaya and most 

of the alaskite in the Ko Vaya Hills is pink in color; some in the 

central and higher part of the Ko Vaya Hills is grayish blue in 

color. The differences in color result from textural differences, 

the grayish-blue alaskite having an aphanitic gr oundmass. Grada

tions in color and texture of the rocks take place within short 

distances, both horizontally and verticaHy.

Table 3 shows that there is little, if any major differences 

in composition among the different types of alaskite. The gr oundmass^/ 

of the grayish-blue alaskite contains considerably more plagioclase and 

less orthoclase than the phenocrysts, but the average composition is 

about the same as the pink alaskite. Even the pink alaskite from the 

Ko Vaya Hills has some of the fine gr oundmass characteristic of the 

grayish-blue alaskite porphyry. Except for the very fine-grained 

gr oundmass, most of the crystals are from 0 .4  to 1.5 mm in length, 

the larger crystals being a l b i t e ^ ^  An$Y

The albite crystals are very ragged and some have been 

partially replaced by magnetite and quartz. The alaskite contains

5 /  The groundmass, crystals less (usually much less) than 
0 .4  mm in diameter, constituted about 50 percent of the rock.
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Table 3 .—Mineral Composition of Ko Vaya Alas kites

Description of 
rock Location

v  .

Orthoclase
(percent)

Albite
(percent)

Quartz
(percent)

Other
minerals
(percent)

Pink alaskite Near vil
lage of 
Ko Vaya

25-35 25-35 30-35 5
•

Pink alaskite From Ko 
Vaya Hills

35-45 30-35 25-30 -5

Grayish-blue 
alaskite por
phyry 

I

From Ko 
Vaya Hills

35-40 30-40 25-30 -5

two or three percent anhedral to subhedral magnetite. Quartz is

anhedral and fills the space between other crystals. The alaskite 

has a fraction of a percent of apatite in slender rods from 0.05 to 

0 . 1  mm long.

The alaskite near Ko Vaya village differs slightly from 

the other alaskite in that it has about one percent hornblende. The 

alaskite from the Ko Vaya Hills has only a trace of ferromagnesian 

minerals and they are so badly altered and so small that they could 

not be identified by the author. A trace of calcite was noted in the 

alaskite, but the calcite probably is secondary.

In plane polarized light, the feldspars are stippled pale brown 

as a result of slight alteration, and some of the magnetite is coated 

with limonite.
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The alaskite in the Ko Vaya Hills is moderately sheared.

The most prominent shear zone strikes from north to N 20° W (ap

proximately parallel to the ridge) and dips from vertical to 80° E.

Near Prospects 5 and 6  (pL 3) in addition to the north-striking set 

of shears, another set of shears that strike east-west and dips from 

vertical to 70° N, and another less prominent set of nearly vertical 

shears strikes from N 35° W to N 45° W. The last two sets of 

shears mentioned cannot be followed for more than a few hundred 

feet, but in other parts of the Ko Vaya Hills there are shear zones 

with similar attitudes. A shear zone consists of several prominent 

shears from a foot to eight feet apart and more closely spaced, tight- 

fitting joints that cut across crystals. The rock always breaks at 

the shear and joint planes, which are weathered. The shear planes 

are smooth, sometimes slightly undulatory.

In many places the Ko Vaya alaskite is in fault contact with 

Cretaceous(?) Picacho andesite although the actual contact usually is 

hidded underneath a thin veneer of soil and float. Where actually 

observed, the contact was sharp, and there were absolutely no stringers 

or apophyses of alaskite in the andesite and there was no chilled zone 

and no border facies (to be discussed in the next section). Although 

there was no breccia at the observed contact there is other evidence 

for a fault contact: (a) The contact between alaskite and andesite along

the eastern edge of the Ko Vaya Hills forms a very steight north-south
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line. The most prominent shear zone in the Ko Vaya Hills and 

felsite dikes in the andesite trend north-south. Evidence for fault 

contacts around the alaskite at Ko Vaya village consists of steeply 

tilted conglomerate near the contact and the straightness of the con

tact along the northwestern side.

In a few places the alaskite has the features of an intrusive

contact with Picacho andesite. At the intrusive contact near Ko Vaya

village, the alaskite increases in grain size (from about 0.05 to 0.15

of an inch) within a distance of 2 0 0  feet perpendicular to the contact.

Just south of where the Comobabi Road crosses the alaskite (near
6/two felsite dikes), the author observed two inclusions-'or xenoliths 

of Picacho andesite in the alaskite about 50 feet from the contact, 

and in the Ko Vaya alaskite near Prospect No. 1 (pL 3) the author 

observed what he believes to be partially assimilated blocks of 

Picacho andesite (for description, see appendix. Prospect No. 1).

The alaskite in the Ko Vaya Hills has been subjected to 

mineralization (appendix, Prospects 1, 2, 5, and 6 ). In addition to 

the prospects mapped, tiny stringers of quartz and stains of malachite 

and limonite can be found in many places in the Ko Vaya Hills. No 

evidence of mineralization was observed in the alaskite near Ko Vaya

J>/ One was 2 feet by 3 feet; the other 4 feet by 5 feet.
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village. Ko Vaya alaskite has been intruded by felsite dikes (pL 3).

The Ko Vaya alaskite is younger than the Cretaceous(?) 

Picacho andesite and older than the Tertiary felsite dikes and quartz 

(mineral) veins and has been faulted and eroded extensively. The 

author believes that the Ko Vaya alaskite is either early Tertiary 

or late Cretaceous in age.

The grain size of the alaskite is an indication that it 

formed at a shallow to moderate depth. The two large outcrops of 

alaskite in the area mapped have been faulted up to their present 

position, and both probably are part of a stock.

Ko Vaya alaskite -  border facies.—An intrusive rock, 

called the border facies of the Ko Vaya alaskite, crops out in places 

as a narrow band along the edge of the Ko Vaya alaskite and forms 

a small, dike-like body in the Ko Vaya alaskite near Prospect No. 1 

(pL 3).

It is a reddish-purple, porphyritic rock with phenocrysts 

up to one-fourth of an inch in diameter of pink feldspar and a few 

smaller phenocrysts of quartz and magnetite. The groundmass, 95 

percent of the rock, is aphanitic. Megascopically, the border facies 

closely resembles the grayish-blue phase of the Ko Vaya alaskite 

except that the former has an even finer groundmass than the latter 

and for the differences in color. Table 4 shows the similarity between
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Table 4 .—Comparison of Border Facies and Grayish-Blue Variety 
of Alaskite.

Type of rock
Orthoclase

(percent)
Albite

(percent)
Quartz

(percent)
Other

minerals
(percent)

Border facies 40-50 25-30 25-30 -5

Gray-blue 35-40 30-40 25-30 -5
alaskite

the mineral composition of the border facies and the grayish-blue 

variety of the Ko Vaya alaskite. The accessory minerals are the 

same in both types of rock, i. e ., a few percent magnetite and a 

fraction of a percent of highly altered ferromagnesian mineral and 

of apatite.

About 80 percent of the crystals by volume of the border 

facies are from 0 . 1  to 0.4 mm in diameter; and 20 percent are 

from 0. 4 mm to 1.5 mm or larger. Thus, the only textural dif

ference between the border phase and the grayish-blue alaskite is 

that the latter has more ’’large'* (over 0.4 mm) crystals than the 

former. The large crystals are orthoclase and albite.

The border facies changes within a few feet, both horizontally 

and vertically, to the grayish-blue and the pink Ko Vaya alaskite. Mr. 

Roland B. Mulchay kindly allowed the author to make logs from the 

cores of two diamond drill holes (table 5) to illustrate the change 

from border facies to normal Ko Vaya alaskite.

The spatial relationship and the mineralogical similarity
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Table 5 .—Logs of Two Drill Holes Just West of Ko Vaya Hills

Depth Hole No. ijV Depth Hole No. 2^/
(feet) Description of Rock (feet) Description of Rock

0 - 1 1 0 Typical reddish- 0-275 Typical reddish-
purple border facies. purple border facies.
Somewhat fractured 
and weathered. 275-307 Mostly fine-grained 

pink alaskite. Some
1 1 0 - 1 2 1 Mostly grayish- reddish-purple border

blue alaskite, except 
phenocrysts are not

facies.

so common. Con- 307-633 Very fine-grained pink
tains some border alaskite. Gets coarser
facies and a few grained at 315 feet.
blebs (less than 1 
in. in diameter) of 
pink Ko Vaya alaskite.

121-137 Mostly very fine
grained pink alaskite. 
A few streaks of
grayish-blue alaskite.

137-165 Fine-grained pink 
alaskite with a few
streaks of grayish- 
blue alaskite.

165-210 Fine-grained pink 
alaskite.

210-245 Mostly fine-grained 
pink alaskite, some 
streaks of grayish- 
blue alaskite.

245-250 Grayish-blue alaskite.

250-710 Fine-grained, pink 
alaskite. Gets slightly 
coarser-grained at

\ .

400 feet.
ly  Narrow seams of limonite throughout, A few nearly vertical 

fractures filled with calcite.
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the border facies and the Ko Vaya alaskite in the opinion of the 

author almost conclusive evidence that the border facies is just 

another variety of Ko Vaya alaskite. The border facies and the 

pink alaskite are two extremes, and the grayish-blue alaskite re 

sembles the pink alaskite more than it does the border facies. The 

textural differences and the similarity of mineralogy indicate that 

the three different varieties of Ko Vaya alaskite resulted from dif

ferent rates of cooling of the magma, rather than magnetic differ

entiation.

The spatial relationship between border facies and the 

regular Ko Vaya alaskite does not exclude the possibility that the 

border facies is a separate intrusion that came up along faults or 

between the Ko Vaya alaskite-Picacho andesite intrusive contact.

The small dike-like mass of border facies in the regular Ko Vaya 

alaskite near Prospect No. 1 (pL 3) might be cited as evidence for 

this.

A minor amount of the Picacho andesite does not have the 

characteristic andesine phenocrysts and some of the rock is a purplish 

color. Some of the Picacho andesite therefore has a superficial 

megascopic resemblance to the border facies, especially if the rocks 

are badly weathered. The superficial resemblance and the spatial 

relationships between alaskite, border facies, and andesite could be 

cited as evidence that the border facies is Picacho andesite that has
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been partially assimilated by a granitic magma, but the author does 

not subscribe to this theory. The author did observe what he con

siders to be partially assimilated xenoliths of andesite in the alaskite 

(appendix. Prospect No. 1). If the border zone were Picacho andesite 

in the process of being granitized, one would expect that the plagio- 

clase in the border zone would differ somewhat from the plagioclase 

in the alaskite and possibly for the plagioclase to show zoning. No 

zoning was observed by the author, and the plagioclase in the border 

facies is similar to that in the alaskite.

F elsite .—Intrusives of felsite are common throughout the 

east-central portion of the area mapped (pL 3 ) and further east on 

the west side of the South Comobabi Mountains. Most of the felsite 

is white, but some is pale pink, light gray, and cream colored. Most 

of the felsite is aphanitic, but some contains scattered phenocrysts of 

pink orthoclase, up to one-tenth of an inch in diameter, and less 

commonly, phenocrysts of quartz. The author observed one light 

gray dike that contained a small phenocryst of white feldspar, biotite, 

and magnetite.

The only noticeable effect of weathering is a slight change 

of color to gray or buff; and if the felsite contains phenocrysts of 

orthoclase, a pitting of the surface caused by removal of the pheno

crysts. Some weathered surfaces have dendrites of pyrolusite on

them,
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Under the petrographic microscope, the felsite contains 

from less than five to 1 0  percent phenocrysts, from 0.4 to 2  mm 

in diameter, in a very fine-grained groundmass. All thin-sections 

examined had phenocrysts of both orthoclase and plagioclase (oligo- 

clase approximating andesine). In most sections orthoclase is more 

common than plagioclase, but in a few sections the reverse is true. 

Almost all sections contain some ragged biotite flakes. The crystals 

of the groundmass are from 0 .4  to 0 . 0 1  mm in diameter, but most 

of the crystals in any one slide are about the same size. The follow

ing is a rough approximation of the composition of the groundmass — 

orthoclase, 30 to 50 percent; quartz, 30-50 percent; plagioclase, 10 

to 20 percent. A few small (0.1 - 0.5) blebs of magnetite and rarely 

euhedral rocks of apatite (0 . 1  mm long) were observed in some of 

the sections.

In outcrop the dikes usually form a slight ridge two or three 

feet high and 10 to 20 feet wide. The top and sides of the ridges 

usually are covered with loose pieces of felsite, but in many places 

solid material crops out.

Felsite dikes, from two to 10 feet wide, generally trend 

north or northwest, but a few trend in other directions. No dips 

less than 45° were observed, and most were from 75 to 85 degrees. 

About two-thirds of the dips were to the east and one-third to the

west.
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Some of the dikes can be followed for over 1,000 feet 

along the strike, but many can be followed only a few hundred 

feet. Some of the small blebs of felsite probably are fingers 

or apophyses from dikes. The relationship can be seen in the 

field on the north side of the hill on which Prospect No. 16 is 

located.

Along the eastern boundary of the area mapped felsite 

crops out in large oval-shaped masses; and being more resistant 

to weathering than the surrounding rock forms low, smooth, sym

metrical knobs. The felsite in these knobs is more likely to con

tain phenocrysts than the dikes. Since the attitude of the Picacho 

andesite around the knobs of felsite could not be determined, there 

is no way of proving the author*s belief that these areas of felsite 

are sills.

Felsite has been intruded into Coon Can volcanics, Picacho 

andesite. Cemetery latite, and Ko Vaya alas kite. Evidence that the 

felsite is older than the quartz veins is as follows: At Prospect No.

16 (appendix) a quartz vein is two feet wide except where it cuts a 

4-foot thick felsite dike. Where the vein cuts the dike, it (the vein) 

is less than four inches wide. The author*s conclusion is that the 

narrowing of the vein was caused by a change of wall-rock (from 

andesite to felsite), which means that the felsite is older. The author 

believes that the felsite is Tertiary. The felsite may be equivalent
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to the Amole latite from the Tucson Mountains which according to 

Brown (1939, p. 725-726) intrudes Cretaceous sedimentary and 

volcanic rocks as sills. He says the commonest variety is a 

dense felsitic rock with inconspicuous phenocrysts of quartz and 

feldspar and under the microscope the plagioclase appears to be 

andesine.

Sedimentary Rocks

The sedimentary rocks consist of about 1,000 feet of 

Late Cretaceous shales and 500 feet of Tertiary conglomerates 

and gravels. The sediments were deposited in rapidly-filling fresh 

water basins.

Shale unit.—A unit of purplish-red, shaly mudstone (fig. 7) 

crops out on Sedimentary Hill and along the road east of the Flat Top 

Hills. The shale unit contains some 4- to 12-inch thick beds of 

arkosic sandstone and pebble conglomerate, and at least one 1-1/2- 

inch thick bed of gray limestone (fig. 8).

The sandstone and conglomerate beds are from 20 to 50 

feet apart throughout the entire outcropping part of the shale unit. 

Conglomerate is more common than sandstone. Both sandstone and 

conglomerate are well indurated.

The conglomerate contains sand, granules, and pebbles up



Figure 7. «-Cretaceous(?) shale etriking N SO0 E 
and dipping 65° NW. View taken at base of 
Sedim@atary Hill.





Figure 8. —Thin sandstone bed in shale unit. 
View taken at base of Sedimentary HilL
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to one inch in diameter. Semi-angular pieces of red jasper are 

characteristic of the conglomerate. With the exception of the jasper, 

the pebbles are semi-rounded, somewhat flattened, fine-grained igneous 

material. They lie either parallel to the bedding or inclined at a 

small angle (10° or less) to the bedding. Most of the igneous pebbles 

have a few phenocrysts of orthoclase up to 0.05 mm in diameter in 

an aphanitic to microlitic groundmass. A few pebbles have orthoclase 

phenocrysts up to 0. 6 mm in diameter in a groundmass of micrelites 

from 0.01 to 0.02 mm. These two slightly different types of pebbles 

probably are different varieties of the same rock.

Both the matrix of the conglomerate and the sandstone beds 

consist of material ranging in size from a medium sand to granules, 

according to the classification of Wentworth (1922). This material
7 /

consisted of about 40 percent igneous rock— , 30 percent semi- to 

well-rounded quartz grains, 25 percent orthoclase, and less than 

5 percent plagioclase and magnetite grains. The grains of feldspar 

are semi-angular and appear fresh and unaltered.

The shales probably were deposited in a large, rapidly- 

filling, fresh water basin. The infrequent, but rather uniformly 

distributed sandstones and conglomerates strongly suggest a cyclic

7 / The same as the pebbles.
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reoccurrence of certain conditions, most likely floods, that deposited 

coarser material on the bottom of the lake. The unaltered condition 

of the feldspars denotes rapid burial and, hence, rapid deposition 

such as .would be expected in a shallow lake in a sem i-arid climate.

The igneous pebbles closely resemble the Coon Can Volcanics 

except that no plagioclase phenocrysts were observed in the pebbles. 

Phenocrysts in the Coon Can volcanics, however, are not uniformly 

distributed, and the pebbles may represent the Coon Can volcanics; 

certainly they did not come from any other formation exposed in the 

area mapped. The semi-angular grains of feldspar may have their 

origin as phenocrysts in volcanics.

Approximately 1,000 feet of shale crops out along the road 

east of the Flat Top Hills and dips steeply to the south. The other 

outcrop of this formation (on Sedimentary Hill) is contorted and folded.

Near the top of Sedimentary Hill this shale formation lies 

unconformably below a peculiar conglomerate described in the following 

section of this report, and at the southeastern side of the hill it lies 

unconformably below the Cemetery latite. At still another place, one 

small outcrop of Picacho andesite lies above the shale formation.

The inclusion of volcanic pebbles in the shale formation 

establishes the age as not older than Cretaceous, probably younger 

than the Coon Can volcanics. The structural deformation of the shale 

and the relation of the shale to Picacho andesite and Cemetery latite
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are evidence that the shale is older than these formations. The 

author believes the shale is Late Cretaceous,

Somewhat similar redbeds of continental origin have been 

reported from various localities in southern Arizona. Brown (1939) 

describes both upper and lower Cretaceous beds in the Tucson Moun

tains. Schraeder (1915, p. 75) reports a great thickness of some

what similar rocks from the Patagonia region to be Tertiary, but 

Anthony (1951) considers them to be Cretaceous.

Conglomerate (volcanic).—A coarse conglomerate forms the 

Indian Hills and the top of Sedimentary Hill (pL 3). The formation 

consists of pebbles, cobbles, and boulders up to four feet in diameter 

in a poorly to weU indurated matrix composed mostly of sandy particles 

of glass, but with some mica flakes, feldspar grains, and igneous 

granules. Over 300 feet of the formation is exposed and consists of 

a number of distinct beds (figs. 9 and 10) from four to 10 feet thick. 

Although the material in any one bed is extremely poorly sorted, the 

formation becomes coarser toward the top.

The coarse material consists of subrounded to semi-angular 

pieces of gray to purplish-red volcanic rock. Some of the fragments 

are porous. The groundmass, constituting 90 percent of the rock, is 

aphanitic. Phenocrysts up to 0.1 inch in diameter are predominantly 

feldspar and hornblende with minor biotite.



Figure 9 .—Basal beds of volcanic conglomerate 
at Sedimentary Hill. Underlying Cretaceous(?) 
shale is covered with rubble at bottom of picture.





Figure 10. —U^per, beds of volcanic conglomerate. 
View taken at northern end of Indian Hills.
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Under the petrographic microscope, all of the volcanic 

fragments examined appeared to be the same type of rock. The 

rock is about half groundmass and half euhedral phenocrysts. The 

groundmass is glassy and has well-developed flow structure. The 

phenocrysts are about 75 percent andesine, 15 percent basaltic 

hornblende, and 10 percent other minerals; orthoclase, augite, 

biotite, and magnetite. The andesine crystals are from 0.2 to 1 

mm; and biotite 0. 2 to 0.6 mm. Some of the plagioclase is zoned.

The volcanic fragments in the conglomerate do not resemble any of 

the volcanic formations mapped.

This formation may be either a conglomerate or an agglome

rate. The glassy nature and porosity of the matrix is evidence that 

it is composed mostly, if not entirely, of volcanic ejecta.

The author believes that the material has been transported 

by water a short distance. A slight amount of channeling in the 

basal bed, consisting of 90 percent matrix and only 10 percent coarse 

fragments, is evidence of water deposition for that particular bed.

The subangular to subrounded shape of the particles and the absence 

of recognizable volcanic bombs is evidence that the formation is a 

conglomerate, rather than an agglomerate.

The conglomerate lies unconformably on Cretaceous shales 

(fig. 11), and there is evidence that it has been cut by a N-S fault,

It could be either Cretaceous or Tertiary, but the unaltered appearance 

of the glassy groundmass suggests Tertiary age.
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Figure 11.—Volcanic conglomerate unconformably 
overlying Cretaceous shale. View looking NNW 
at Sedimentary Hill.
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Conglomerate and gravel. —A 150-foot thick unit of sand, 

gravel, and conglomerate (fig. 12) in places lies underneath the 

Flat Top basalt and the Etoi-Ki volcanics and above the Picacho 

andesite. Near the Ko Vaya alaskite in the extreme northeast 

corner of the area (pi. 3) tilted beds of unconsolidated coarse sand 

and gravel crop out. These beds have not been differentiated from 

the similar-appearing beds underlying the Flat Top Buttes and Etoi- 

Ki Hills, but they are not necessarily the exact equivalent.

Most of the beds are from one to two feet thick and consist 

of gravel and poorly indurated conglomerate. These beds have semi- 

angular pebbles and cobbles in a matrix of granules. The usual size 

of the coarse material is from one-fourth inch to five inches. The 

average size of the coarse material in each bed is fairly uniform, 

and the gravels and conglomerates are moderately well sorted. In 

places channelling can be observed. The formation has a few less 

than one-foot thick beds of sand.

The coarse elastics of this formation consist of a wide 

variety of igneous material. Pebbles of Picacho andesite are common. 

Pebbles resembling felsite. Cemetery latite, and Ko Vaya alaskite 

were observed, but could not be positively identified as such.

This conglomerate and gravel formation was deposited by 

water. The size, shape, and composition of the coarse material 

are indications that the material was transported only a short distance



Figure 12.—Tertiary gravels below Etoi-Ki Hills.
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by swift waterj, such as flood water, and deposited and sorted in a 

shallow basin*

The contacts of this formation with other formations def

initely date the conglomerate gravel as post-Picacho andesite and 

Etoi-Ki volcanics. The composition of some of the pebbles suggests 

that the conglomerate is younger than the Ko Vaya alaskite, felsite, 

and Cemetery latite. The attitude of the beds in the northeast 

corner of the area and at the Etoi-Ki Hills is evidence that the con

glomerate is older than NW-SE faulting. The formation is Tertiary.

Talus and alluvium. —Surficial deposits of talus and alluvium 

are mapped only where they obscure bedrock. The steep sides of all 

hills and mountains have some talus. The southeastern part of the 

area mapped is covered with six or more feet of alluvial material. 

Alluvial material and residual soil blanket the northern and western 

edges of the area mapped.

Much of the coarse alluvium in the central part of the area 

has been cemented with caliche. Some patches of almost solid caliche, 

more than 100 feet in diameter and three feet thick, were observed 

on top of coarse alluvium and smaller patches were observed on top 

of Picacho andesite.

The surficial deposits are related to the present cycle of

erosion and are Quaternary.
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Structure

In detail the structure of the area is complicated by many 

obscure small faults, but there is a major structural pattern of N-S, • 

NW-SE, and E-W faulting. Most of the faults are high angle and 

probably normal.

In the western part of the Ko Vaya Hills, Coon Can volcanics 

from the south have been thrust over Ko Vaya alaskite. The volcanics 

dip 45° at the front of the thrust plate and 10° near the south end.

The thrust sheet is cut by a N-S felsite dike and an E-W quartz vein. 

The attitudes of the intrusives are parallel to similar intrusives in 

Picacho andesite to the east. Both the thrust sheet and the surround

ing rock have been subjected to the same N-S and E-W faulting. This 

is evidence that the thrust faulting preceded the N-S and E-W high- 

angle faulting. The thrust plate is bounded on the east by an uplifted 

block of Ko Vaya alaskite, and any portion of the thrust sheet originally 

over the now uplifted block of alaskite has been removed by erosion.

The thrust sheet came from a southerly direction (pL 4, 

sec. B-B1) as a result of N-S compressive forces. An interpretation 

of the dips of the Picacho andesite is that the E-W axis of a gentle 

syncline passes through the vicinity of the Picacho Trading Post. Such 

folding, if it exists, and folding of the Cretaceous shale at Sedimentary 

Hill probably resulted from the same compressive forces that caused 

the thrusting.
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The eastern boundary of the Ko Vaya Hills is a fault con

tact between Picacho andesite and Ko Vaya alas kite, and the Ko 

Vaya Hills is a small horst, and the Picacho andesite is a graben 

(pi. 4, Sec. A-A1). Evidence for a fault along the western edge of 

the Ko Vaya horst is the band of border facies between two areas of 

Ko Vaya alaskite. The border facies may be either chilled material 

formed along the edges of and at the time of the Ko Vaya intrusion, 

or it may be a dike that was intruded along a N-S fault, Evidence 

for a continuation of such a N-S normal fault is found in the southern 

part of the area (pi. 3). The volcanic conglomerate has been down- 

dropped to the west (pi. 4, cross-section C-C1), and the Flat Top 

basalt has been down dropped a minimum of 400 fee t Movement along 

the N-S fault has occurred since the extrusion of Flat Top basalt and 

Etoi-Ki volcanics, but the movement probably was along older struc

tures. The north end of the Ko Vaya horst has been elevated more 

than the south end. Evidence for this is that the phenocrysts increase 

in size from south to north, as it is thought that the alaskite in the 

northern part of the area was formed at greater depth which resulted 

in larger phenocrysts.

Another small horst of Ko Vaya alaskite is located in the 

extreme northeastern corner of the area. Although outside the area 

mapped, the author believes that there is a major normal fault along 

the western edge of the South Comobabi Mountains, and that the small



67

horst in the northeastern corner of the area ends against the major 

normal fault. As seen from the Picacho Trading Post, the western 

flank of the South Comobabi Mountains are predominantly Picacho 

andesite and felsite dikes, the same rock units in the graben east 

of the Ko Vaya Hills.

The most frequently observed attitude of felsite dikes is a 

N-S strike and a steep dip to the east. The most prominent of three 

shear zones in the Ko Vaya horst strikes N 20° W and dips from N 

80° E to vertical.

The Ko Vaya alaskite in the northeastern corner and the 

Etoi-Ki volcanics in the southwestern corner of the area have been 

cut by NW-SE normal faults. Most of the quartz veins south of 

Prospect No. 16 strike NW-SE and dip steeply NE, and some veins 

have been cut by NW-SE post-mineral faults. Felsite dikes in the 

vicinity of Prospect No. 16 trend NW-SE. One of the three prominent 

shear zones in the Ko Vaya horst strikes N350-45°W and has a nearly 

vertical dip.

The majority of the quartz veins north of Prospect 16 strike 

E-W and dip steeply toward the north, and a shear zone in the Ko 

Vaya horst strikes E-W and dips from 70° N to verticaL One inter

pretation (pL 4, cross-section D-D1) of the structural relationship 

between Cemetery volcanics and shale is that the rocks are separated 

by an E-W fault with the north side downthrown.
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The attitudes of approximately 100 sets of joints in Picacho 

andesite were plotted on a scale of 1:6000. In the area north of the 

junction of the Comobabi road with the old Tucson-Ajo road, a slightly 

larger number of the joints strike N 80° E, N 60° W, and N 40° E 

than in other directions; to the south more joints strike N 80° W and 

N 40° W. The dips of the joints are steep. The apparent slight 

preferred orientation of joints in Picacho andesite probably is statist

ical. Although faults, usually indicated by felsite dikes and quartz 

veins, fall into a structural pattern, the joints do not.

The fault pattern can be explained theoretically by E-W 

tensional forces that resulted in NW-SE shear faults and N-S tensional 

faults along which a horst and graben structure was developed; or by 

ZNE-SW tensional forces, in which case the N-S and E-W faults would 

be a result of shearing stresses and the NW-SE faults tensional stresses. 

If the tectonic forces had been vertical, theoretically, faults with mod

erate dips would have been developed by shearing. The evidence from 

felsite dikes, quartz veins, and shear zones in alaskite is that the 

faults are nearly vertical.

Geologic History

No rocks older than Late Cretaceous crop out in the area, 

but almost 1,000 feet of Paleozoic sedimentary rocks are reported 

(Hadley, 1944) from the Vekol Mountains 30 miles to the north, and
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isopach maps (McKee, 1951) show a total thickness of approximately 

4,000 feet of Paleozoic rocks.

In Late Cretaceous time several thousand feet of volcanics 

were extruded, and sediments, derived from nearby igneous material, 

were deposited in fresh water basins to form shale and redbeds. In 

latest Cretaceous or early Tertiary times, the volcanics were intruded 

by Ko Vaya alaskite and more flows were extruded.

A period of thrust faulting and folding probably at the end 

of the Cretaceous preceded a period of high-angle faulting in which 

large blocks were uplifted along N-S faults. Two other sets of 

faults, NW-SE and E-W, were developed at this time. These faults 

served as paths for Tertiary felsite dikes and slightly later quartz 

veins containing precious and base metals. Faulting continued for 

some time after intrusion of the veins.

After a period of erosion during which gravels were ac

cumulated locally, the Flat Top basalt and Etoi-Ki volcanics were 

extruded and subsequently faulted by movement along the older N-S 

and NW-SE faults. Since the extrusion of the Flat Top basalt and 

Etoi-Ki volcanics, the area has been undergoing erosion.

L
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Economic Geology 

History

According to Elliott (1884), placer mining operations for 

gold were being conducted under the supervision of a Spanish priest 

as early as 1774 about six miles north of;the Quijotoa Mountains, 

which are about 10 miles west of the area mapped. The area of 

this report contains evidence of mining and prospecting during the 

days of the Mexican and (or) Spanish administration. The remains 

of several arrastas were seen by the author, and Redhead (oral 

communication) reported finding small blebs of silver around the 

ruins of a crude furnace. Lime and adobe, which were used for 

breaking rock, was found in the Picacho Mine (Locality 12). A 

prospect pit in the Ko Vaya Hills had a notched log for use as a 

ladder.

In the early 1900*8 the Cobabi Mining Company, Ltd., a 

British corporation, spent nearly a miUion dollars trying to develop 

gold and silver mines in the area, but the corporation failed. Sev

eral old shafts and adits, numerous prospect pits, and the founda

tions of a few buildings are all that remain.

From 1949 to 1952 Mr. Melvin Redhead of Picacho Mines 

Inc., a California company, made an extensive survey, including 

sampling, of many of the old prospects in the Cobabi Mining District.
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The company partially cleaned out some of the workings of the old 

Picacho Mine (Locality 12) and operated a small customs mill on a 

trial basis. Old dump material from various prospects throughout 

the district was run through the mill as well as some ore mined by 

the company. Until Picacho Mines, Inc., entered the district, most 

of the emphasis had been on gold and silver. Picacho Mines, Inc., 

of course, was interested in gold and silver, but also devoted con

siderable attention to copper and lead.

There is no record of production from the various prospects 

and mines or from the district as a whole. The author estimates 

that total production of all metals in the area covered by this report 

was about $100,000. Most of the value was from gold and silver 

mined by the Cobabi Mining Company, Ltd.

Summary and Evaluation

Quartz veins containing precious and base metals and their 

oxidized products are most numerous in Picacho andesite, but some 

occur in the Coon Can volcanics and the Ko Vaya alaskite. At 

Prospect No. 16 there is evidence that the veins are younger than 

the felsite dikes. The veins rarely crop out but often are indicated 

by fragments of vein quartz at the surface. Prospects excavated in 

these veins are described in the Appendix.

Although the author observed veins striking in every quadrant
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and with dips from 25 degrees to vertical, there is some consistency 

in the attitudes. Most of the veins north of Prospect No. 16 strike 

approximately E-W and dip steeply toward the north. Most of the 

veins south of Prospect No. 16 strike northwest and dip steeply to

ward the northeast.

The following minerals are reported from the quartz veins: 

gold, ruby silver, a silver halide, galena, vanadinite, wulfenite, 

cerussite, chalcopyrite bornite, covellite, malachite, scheelite, 

dolomite, siderite, calcite, barite, pyrolusite, and limonitic and 

hematitic material.

Criteria for par agenesis of primary minerals is scanty, 

and sometimes conflicting. The veins contain two kinds of quartz, 

clear and milky. Observed relationships at Prospects 14, 17, and 

22 are evidence that clear quartz is older, but at Prospect No. 21 

the reverse is true. The two quartzes are at least in part contem

poraneous. At Prospect No. 17 copper sulfides and pyrite are con

tained in the older clear quartz, but only pyrite in the younger milky 

quartz. This is evidence that copper sulfides are older than milky 

quartz and older than some pyrite. Calcite (Prospect No. 7) and 

dolomite (Prospect No. 8) are younger than any of the other vein 

minerals but may not be primary.

Chalcocite at Prospect No. 8 probably is primary, but at 

Prospects No. 4 and 15 it is secondary and is replacing chalcopyrite.
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Along two small veins (Prospects No. 7 and 18) the Picacho 

andesite country rock is a brownish-red color and is weathered much 

more than is usual for the andesite. Although the tops of some flows 

are reddish, the gradation in color from red near the veins to black 

within 100 feet of the vein is an indication of wallrock alteration.

Veins in the southern part of the area tend to be thicker 

and more continuous than the northern veins; and gold is more im

portant than silver in the southern veins. There is no noticeable 

change in the sulfides throughout the area. Calcite and dolomite are 

the principal carbonates in the northern veins; siderite and dolomite 

are the principal ones in the southern veins.

The quartz veins are thought to be a result of fissure-filling, 

rather than replacement, No evidence of replacement of either wall- 

rock or inclusions was observed. Many of the veins have small open 

cavities between the terminations of quartz crystals. If the wallrock 

were being replaced volume by volume, there would be no cavities.

In addition to the quartz veins in the volcanics, alaskite in 

the Ko Vaya Hills has been subjected to copper mineralization. Vein- 

lets of quartz along fractures rarely contain pyrite, chalcopyrite, and 

bornite. Many of the veinlets and surrounding fractures have coated 

with limonitic material, but limonite-filled vugs are uncommon.

Many unsuccessful attempts have been made to mine the 

quartz veins for gold, silver, copper, and lead. The veins at the

L
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surface are narrow and low grade. Although some of the veins 

might increase in thickness for a short distance with depth, there 

is no geological reason to expect that the veins would have a greater 

average thickness at depth. Some of the deeper shafts have been 

sunk below the present water table and have encountered supergene 

chalcocite and covellite, but the grade of the ore did not increase 

appreciably. The southern veins contain small shoots rich in gold 

(Prospect No. 19), but the shoots are "few and far between."

A possibility that already has been considered by a major 

mining company is that the alaskite at the Ko Vaya Hills can be 

mined as a copper porphyry. Prim ary mineralization deposited 

very scanty pyrite, chalcopyrite, and bornite; and they have been 

only partially oxidized. Although test holes already have been 

drilled on the western side of the Ko Vaya Hills, a long-shot pos

sibility is that there may be a small concentration of supergene 

chalcocite about 100 feet below the surface in the alaskite near the 

fault on the east side of the Ko Vaya Hills.

It is reported that nuggets of gold have been found in the 

gravel along the western edge of the South Comobabi Mountains.

Some gold could be produced by placer operations from the alluvial 

material in the western part of the area, but such operations would 

be faced with great difficulties: (1) the lack of surface water, (2)

the high percentage of cobbles and boulders in the gravel, and (3) 

the erra tic  distribution of gold in such material.
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Prospect No. 1

The Tungsten King claim is held by Mr. Marshall Bartlett

of Casa Grande and Sells, Arizona. The claim is located about 1,700

feet N 13° E of the junction of the Comobabi Road and the old Tucson-

Ajo Road. The workings consist of two prospect pits, about 100 feet

apart and on separate veins, and a trench.

The country rock along the veins is in part the Ko Vaya

alaskite and in part the fine-grained border facies of the alaskite.

The granitic units contain xenoliths, from one to four feet in diameter,
8/of Picacho andesite, that has been partially assimilated-' by the alaskite.

The westernmost of the two veins, striking N 20° E and 

dipping N 60° W, is exposed by a trench for 100 feet south of the pit. 

The vein consists of a two-foot wide zone of closely spaced, parallel 

stringers of quartz from one-half to four inches in width. The two- 

foot wide zone contains less than 10 percent country rock. The quartz 

stringers consist of a central portion of a fine-grained, milky quartz

jV The contact between the xenoliths and the alaskite is in
conspicuous because the borders of the xenoliths are the same purplish 
color as the country rock. The xenoliths grade from the purplish along 
the border to normal black andesite in the center.

75
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and a border phase of quartz prism s up to one inch in length. The 

prisms are oriented normal to the vein. Open spaces or vugs between 

crystal terminations are common. .

The eastern vein, striking from N 10° W to N 30° W and 

dipping from 20° to 50° NE, is 1-1/2 feet thick. The vein is com

posed largely of the same two varieties of quartz that are in the west

ern vein except that the clear quartz crystals have a maximum length 

of one-fourth inch. The vein contains a few small inclusions of Ko 

Vaya alaskite.

Stains of malachite were found in the western vein and 

numerous blebs of spongy, Indian-red hematite were found in both 

veins. According to Redhead (oral communication), specks of scheelite 

are visible at night under the ultra-violet light.

Prospect No. 2

According to a claim notice, this is the "Old Spannard" 

claim, owned by Lloyd Griffith. It is located about 1,000 feet S 

46° E of Prospect No. 1 and about 100 feet from the Ko Vaya 

alaskite-Picacho andesite contact.

A four-foot deep pit exposes a zone of several closely- 

spaced faults striking N 20° W and dipping 28° E. Between the 

faults, the country rock (alaskite) is sheared and brecciated, and 

a few angular inclusions of Picacho andesite were observed, within
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the zone of shearing and faulting.

Within and parallel to the fault zone are several one-fourth- 

to one-half-inch wide stringers of quartz, stained with reddish-brown 

hematite.

Prospect No, 3

A five-foot deep prospect pit 2, 800 feet north of Picacho 

Peak eposes a six-inch wide quartz vein in Picacho andesite. At 

the surface the vein strikes N 80° E and dips 74° N, at the bottom 

of the pit, it dips 86° S. On the north side of the vein are several 

inches of gouge, containing angular chunks of wall rock up to an 

inch in diameter.

The vein consists of stringers of clear quartz, up to 1-1/2- 

inch wide, that contain a considerable amount of spongey, yellow- 

brown- to reddish-brown limonitic filling of irregularily-shaped vugs. 

In a few places the quartz is stained with malachite and contains 

dendrites of pyrolusite.

Within 100 feet to the north of this small vein, several 

other, even smaller, parallel stringers of the same type of material 

were found.
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Prospect No. 4

This prospect is on the Comobabi Road about 2,100 feet 

east of the junction of that road and the old Tucson-Ajo Road. Two 

shallow prospect pits are located to the north and one to the south 

of the road. All three pits cut the same quartz vein that is from 

one to two feet wide. The pits are partially filled with debris so 

that it is impossible to determine accurately the attitude of the vein, 

but it is nearly vertical and strikes about N 15° W.

The vein is predominantly composed of clear quartz, showing 

megascopically small crystal facies. A few small inclusions of country 

rock (andesite) were observed in the vein. The vein contains Indian- 

red hematitic material as (l) paper-thin seams, as (2) stains and en

crustations on quartz, and as (3) nearly equidimensional masses up 

to 0.2 inch in diameter. The shape of the hematitic masses indicate 

the Indian-red hematite formed from the oxidization of pyrite. The 

vein contains about one-tenth as much yellowish-brown limonite as 

encrustations on quartz as it does hematite.

Samples from small dumps near the pits contained less than 

one percent copper in the form of dull, almost sooty, chalcocite. The 

chalcocite occurs in thin seams and, less commonly, as small blebs. 

Malachite, although scarce, occurs as stains on quartz and along 

seams of chalcocite. The appearance and mode of occurrence of 

the chalcocite suggests that it is supergene.
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Prospect No. 5

A couple of shallow pits and a 50-foot long adit have been 

dug in the Ko Vaya alaskite approximately 3,500 feet N 25° W of the 

Picacho Trading Post, At the prospect are several hundred pounds 

of hand-sorted rock containing veinlets of quartz. The material has 

an estimated one percent of copper. The Anaconda Copper Corporation 

has a controlling interest in a large block of ground, including this 

prospect, in the Ko Vaya Hills.

One of the pits exposes a four-inch gouge zone along a 

fault that strikes N 7° W and dips 65° E. A narrow shear zone 

striking N 70° E and dipping 70° NW is also p resen t The shear 

zone is believed to be younger than the fault because it is not offset; 

however, the shear zone has had no visible effect on the gouge zone. 

Another shear zone showing slickensides strikes N 60° E and dips 

40° SE.

In the adit a one- to four-inch discontinuous stringer of 

quartz, showing slickensides, parallels a narrow shear zone that 

strikes N 25° W and dips 45° NE. From two to four inches of 

gouge lies next to the quartz stringer in the shear zone. Another 

set of shears strikes N 80° W and dips 20° N.

The fault exposed in the pit is not mineralized, but all of 

the shear zones have been slightly mineralized. The greatest degree
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of mineralization has occurred along the shear zone that strikes 

N 25° W. Quartz is fine-grained and occurs in stringers and
9 / '

irregularily-shaped masses up to one inch in diameter. Malachite-  

is very conspicuous, and a few specks of chalcopyrite were observed 

in the quartz and in the alaskite. Iron minerals are not abundant, 

but both quartz and alaskite contain streaks and coatings of Indian- 

red hematitic material and reddish-brown- to deep yellow-brown 

limonitic material. The latter type of limonite occurs in small 

masses, square in cross-section, about one-tenth of an inch in 

diameter, it most likely formed from the oxidization of pyrite.

Prospect No. 6

Approximately 3,600 feet west of the junction of the Comobabi 

and old Tucson-Ajo Roads, a 50-foot deep shaft has been sunk on a 

one-foot wide quartz vein in Ko Vaya alaskite. This property is now 

controlled by the Anaconda Copper Corporation.

The quartz vein strikes N 80° E and dips 6 8 ° N. It inter

sects a fault that strikes N 65° W and dips 55° NE. Quartz had been 

deposited along this fault.

9/ Two types of green copper carbonate are present. One 
occurs as green stains and encrustations. The other is a bright 
emerald green color and occurs as narrow blades on alaskite and 
quartz.
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The main quartz vein consists of clear, coarsely crystalline 

(crystal faces up to one-half inch long) quartz, about one percent 

barite in small prisms, less than one percent m alach ite^ ', some 

encrustations of yellowish-brown limonitic material, and a few specks 

of chalcopyrite and bornite. The surrounding alas kite contains a few 

malachite stains. The vein contains less than one percent cavities, 

a result of leaching of crystals, probably sulfides.

Prospect No. 7

Approximately 3, 600 feet N 58° E of Picacho Peak is a 

1 2 -foot deep prospect pit that, according to a claim notice, is the 

Digmore n  claim, owned by J. F. Toland.

The pit exposes a six-inch wide quartz vein that strikes 

N 50° W and dips 63° NE. Within a foot of the vein are several 

one-fourth- to one-half-inch wide, discontinuous stringers of quartz 

that are generally parallel to the main quartz vein. The vein has 

been faulted so that there is a five-inch horizontal displacement and 

a four-inch overlap. A one- to two-inch wide band of caliche lies 

along the footwall of the quartz vein and there is a lesser amount 

of caliche along the small post-mineral fault. At the surface the

10/ In addition to the two malachite described in Prospect 
No. 5, this"vein contains a pale grayish-green "malachite."
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vein is capped by a two-foot thick bed of caliche.

The bedrock is Picacho andesite. The andesite in the 

vicinity of the vein is more highly decomposed than is normal. The 

decomposition may be a result of wallrock alteration, or it may be 

a result merely of the country rock being in a topographic position 

more favorable for weathering. Along this vein and along an un

numbered vein (pi. 3) about 1,300 feet to the south, the andesite is 

the color of earthy, red hematite; but 1 0 0  feet away from the veins, 

the andesite is black with only a tinge of red. Further away, the 

andesite loses its red tinge. It is believed that the red color of 

the andesite near the veins is an alteration phenomonem. .

The quartz is clear and coarsely crystalline. Well-developed 

crystals up to one-half inch in diameter are common. The vein con

tains about five percent impure brown calcite, that has filled open 

spaces between crystals of quartz. The carbonate is definitely younger 

than the quartz. The vein contains a few tabular blades of barite up 

to one-half inch in diameter, a few narrow streaks of reddish-brown 

limonitic material, .some chalcocite and malachite (less than one per

cent copper in the specimens), and an even smaller amount of galena.

Prospect No. 8

Approximately 6,200 feet N 73° E of picacho Peak, a 

shallow prospect pit and a shaft about eight feet deep is on a claim
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owned by Mr. Ernest Rudolph, Box 703, Sells, Arizona. Because 

the shaft could be entered safely only with an assistant and a rope, 

the author limited his examination to a small surface exposure and 

to the vein material in a small dump near the shaft. The vein 

strikes N 75° E and dips 46° NW, and the country rock is Picacho 

andesite.

The following information was obtained from Mr. Melvin 

E. Redhead (oral communication). The water table was encountered 

at 45 feet, The vein is a series of overlapping lenses, some barren 

quartz, and some with considerable silver. In the shaft the vein was 

cut by a fault with barren quartz along the fault. The main vein was 

encountered by drifting off the hanging wall.

The dump material is mostly fine-grained, clear quartz, 

but many of the large vein fragments contained some copper. Finely 

crystalline, shiny chalcocite occurs in angular, but not brecciated, 

masses up to one-half inch in diameter. Pyrite is rare; and when 

found, it is completely unaltered. Caries, although not too reliable 

a criterion, suggest that chalcocite forms later than quartz. The 

color and occurrence of the chalcocite and the condition of the pyrite 

suggest that the chalcocite is primary. The quartz surrounding the 

chalcocite is stained with malachite. Some white to pink, crystalline 

dolomite was seen along the edge of the vein and several one-eighth- 

to one-fourth-inch thick bands of milky white, granular dolomite cut
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the quartz. Exclusive of oxidized minerals such as malachite, 

dolomite was the last mineral to form. Limonite is scarce, but 

some encrustations of dark brown and a few small masses of yellowish- 

orange-brown limonitic material were observed. The latter type occurs 

in roughly cubical spaces and probably formed from the oxidization of 

pyrite as residual limonite. The quartz has a few dendrites of pyrolu- 

site on it. A few one-inch thick stringers of caliche were observed 

in some of the dump specimens.

A couple of specimens, supplied by Mr. Melvin E. Redhead, 

that came from a high-grade pocket of ore at the bottom of the shaft 

contained several minerals not observed on the dump; azurite, a dirty 

green silver mineral that turned black upon exposure to light (a silver 

halogen), and a small amount of a yellow powder. The powder is not 

radioactive and is insoluble in nitric acid. It is probably a clay mineral. 

These selected specimens also contained chalcocite in a different form 

from that seen on the dump. This chalcocite is sooty and occurs in 

almond-shaped masses up to one inch in length. The chalcocite is 

surrounded by caliche. This chalcocite probably is super gene.

A shallow prospect pit has been dug on a vein about 2 0 0  

feet south of the shaft. The vein strikes N 70° E and dips 50° NW.

It can be followed on the surface for over 600 feet. The vein is a 

series of lenses up to one foot thick along a fault. In places the fault 

is barren. The vein material is similar to the vein previously described
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from this locality.

Prospect No, 9

About 7, 000 feet N 57° E of Picacho Peak, a vertical shaft 

20 feet deep on a quartz vein in Picacho andesite is on a claim owned 

and occupied by Mr. E. A. Boomer shine. The vein strikes N 40° E 

and is vertical. The vein, where exposed, is from six inches to 1-1/2 

feet thick. In addition, there are many tiny parallel stringers of 

quartz. Most of the quartz in this deposit is clear and coarsely 

crystalline with prisms up to 3/4 inch long. There are a few some

what angular fragments of fine-grained, almost milky quartz, hi 

places the vein contains up to 25 percent fine-grained, brownish 

calcite and some similar-looking dolomite. The calcite has dendrites 

of pyrolusite on it. Adjacent to the vein are numerous tiny stringers 

of crystalline, pink calcite. Within the clear, crystalline quartz are 

a few small masses of chalcocite covered with malachite stains. Ac

cording to Boomer shine (oral communication), selected assays run 

high in silver. Encrustations of orange brown limonitic material 

were observed along the walls of the vein and in fractures near the 

walls.
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Two five- to ten-feet deep prospect pits east of the old 

Tucson-Ajo Road and opposite the Picacho Trading Post expose a 

quartz vein in Picacho andesite from six to eighteen inches thick.

The vein strikes E-W and dips about 80° N. The quartz is some

what stained with malachite. The vein has been cut by a fault that 

strikes N 60° W and dips 61° SW. The fault cutting the vein is 

completely barren of minerals.

Prospect No. 11

About 2,100 feet N 80° E of Picacho Peak a 10-foot deep 

prospect pit in Picacho andesite exposes a six-inch thick quartz vein 

that strikes N 87° W and dips 77° NE. The quartz is clear and 

finely crystalline. A few narrow stringers of siderite, coated with 

yellow brown limonite, cut the vein. The vein contains some cavities 

formed by the leaching and removal of tabular crystals of an unknown 

mineral.

One- to two-inch thick seams of caliche were observed along 

and parallel to the sides of the vein. Slickensides on the caliche 

are evidence of later faulting.

Prospect No. 10
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The mine workings of the Picacho mine are just north of 

Picacho Peak, The workings consist of two vertical shafts and sev

eral prospect pits. Numerous small dumps are scattered around 

the property. According to Redhead (oral communication), silver 

was mined here by the Spaniards about 1850; evidence of primitive 

methods of mining which consisted of lime and adobe used in breaking 

rock was found in the mine. In the early 1900*s the Cobabi Mining 

Company, Ltd., a British corporation, reputedly spent a great deal 

of money developing this and other prospects in the area, sank deep 

shafts, and did some drifting and sloping on at least two levels in 

the Picacho mine. This property and adjacent claims were acquired 

by the Picacho Mining Company about 1950. The company began 

operations to reopen the main shaft that had become filled with muck. 

More than 100 feet of the shaft was, accessible at the time I visited 

the mine.

The Picacho vein strikes about N 70° E; the dip, although 

variable, is always to the north and is usually steep, about 70°. Sev

eral other similar, but smaller, faulted veins in the immediate area 

make it difficult to correlate faulted segments with the Picacho vein. 

The vein is in Picacho andesite but cuts through a felsite dike. The 

vein has a few inches of gouge along the walls and contains some in

clusions of country rock.

Prospect No. 12
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To illustrate the complexity of the faulting in the area, 

the following faults were observed in the shaft of the Picacho mine:

(1) fault strikes N 25° W, dips 80° NE, slickensides vertical on 

fault plane, (2) fault strikes N 5° W, dips 75° W, striations pitch 

5 N, (3) fault strikes N 25° W, dips 75° E, striations pitch 35° NW,

(4) fault strikes N 22° W, dips 40° NE, 2 inch siliceous gouge, and

(5) fault strikes N 45° E, vertical, 2 inch siliceous gouge. The rock 

on opposite sides of the faults is identical, and the faults cannot be 

traced on the surface.

The vein is mostly clear, crystalline quartz but contains 

minor milky quartz. Locally the vein contains a very large amount 

of brownish, fine-grained calcite in irregularly-shaped masses and 

veinlets of crystalline, buff calcite. Siderite occurs in the same 

form as the brownish calcite, but is not as abundant. A small lens

shaped mass of siderite was observed in the center of a calcite vein- 

let a few inches thick.

The vein contains sulfides, principally chalcocite, pyrite, 

and a little chalcopyrite. Traces of bornite were seen within small 

masses of chalcocite. According to Redhead (oral communication), 

assays for gold and silver show that these metals are irregularly 

distributed throughout the vein. Pyrite is more abundant here than 

the other localities examined; but even so, pyrite constitutes only a 

few percent of the higher-grade materials examined. The sulfides
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are associated with quartz, not with carbonates. Sulfides are very 

spottily distributed in the vein.

Locally, the quartz contains one or two percent vugs as a 

result of leaching of crystals (not pyrite) which leads to the possibility 

of secondary enrichment.

Some of the quartz is stained with malachite, azurite, and 

reddish-brown limonite. Some pyrite has begun to alter to limonite, 

and tiny stringers of limonite occur in the quartz. Some of the small 

(one-fourth inch) masses of chalcocite have almost completely oxidized 

to malachite. Dendrites of pyrolusite on quartz were seen.

Prospect No. 13

Approximately 1, 600 feet S 25° E of Picacho Peak, a four- 

inch thick quartz vein, striking N 53° E and dipping 84° E, is exposed 

in a gully. The vein contains some siderite, calcite, and a trace of 

chalcocite. This small vein has been offset by a fault that strikes 

N 50° W and dips 83° NE. A one-half-inch thick seam of pure quartz 

is along the fault. The horizontal separation is only about a foot and 

is exaggerated on the geologic map (pL 3). The black Picacho andesite 

country rock around the vein has been bleached to a light dirty gray 

six inches on both sides of the vein.



90

About 3,100 feet south of Prospect No. 8 , a shallow shaft 

is on the North Molly vein. To the south are several smaller veins 

covered by patented claims owned by Picacho Mines, Inc. Several 

tons of vein material are scattered around the shaft. According to 

Redhead (oral communication), a diamond drill hole near the vein 

struck the water table at a depth of 60 feet.

The quartz vein strikes N 8 8 ° E and dips 45° N and is from 

10 to 18 inches thick where exposed. On the footwall side of the vein 

is a two-foot thick zone containing numerous stringers of quartz from 

one-fourth to one-half inch thick. They parallel the quartz vein.

The vein contains both clear and milky quartz in about equal 

amounts. Clear quartz is thought to be older because it has formed 

better developed crystals and is surrounded by milky quartz. A very 

small amount of a still younger quartz occurs as a druse of tiny, clear 

crystals on the two older types.

The vein contains approximately one percent barite in the 

form of stringers a few inches long and up to three-fourths of an 

inch thick.

Chalcocite is the most abundant sulfide and occurs in ir 

regularly-shaped masses up to one-fourth inch in diameter. It usually 

occurs in the milky quartz; but in one specimen, small blebs of

P rospect No. 14
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chalcocite were observed along a contact between milky quartz and 

a barite stringer.

Pyrite constitutes less than one percent of the vein material. 

It occurs as well-formed, tiny, isolated crystals less than one-fourth 

inch in diameter. These usually have a bright, fresh appearance, 

but a few crystals were observed that had begun to alter to reddish- 

brown limonite, and a few pseudomorphs of limonite after pyrite were 

also seen. Limonite also occurs as encrustations and stains on the 

other minerals.

The vein contains a few open spaces between terminations 

of clear quartz crystals.

About 1,300 feet north of the North Molly shaft is the Raven 

Prospect. Quartz vein material by the prospect contained some pyrite, 

chalcocite, a trace of bornite, and malachite stains. There is much 

caliche here.

Prospect No. 15

About 1,800 feet S 13° E of Prospect No. 14, a two-com

partment shaft about 100 feet deep cuts a quartz vein. According to 

a claim notice, this is the Poncho Mine, owned by the C. L L. Mining 

Company of Phoenix, Arizona. Several hundred pounds of vein material 

is scattered around the shaft. The vein is from 1-1/2 to 2 feet wide 

and strikes N 52° W, and dips 35° NE. The country rock is Picacho
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andesite.

Most of the quartz is clear and coarsely crystalline with 

individual crystal faces up to an inch in length; a small percentage 

of the quartz is milky and granular to fine grained. Selected speci

mens of dump material contained an estimated three to five percent 

copper and 10 percent lead. The clear quartz contains small masses 

of crystalline galena up to slightly more than an inch in diameter.

Some of the masses of galena have a few small inclusions of pyrite.

The most abundant copper mineral is dull black chalcocite in i r 

regularly-shaped masses up to an inch in diameter. The vein con

tains some chalcopyrite, which is being replaced by chalcocite. 

Chalcopyrite occurs as small masses surrounded by and cut by 

stringers and filaments of chalcocite, and as numerous tiny grains 

scattered through the masses of chalcocite. Rarely, one side of a 

particle of sulfide is chalcocite, the other side chalcopyrite. Pieces 

of chalcopyrite had some chalcocite associated with them, but not all 

of the chalcocite was associated with chalcopyrite. Some of the 

chalcocite and chalcocite-chalcopyrite masses were partially coated 

with covellite and, occasionally, bornite. Most of the sulfides have 

been formed along tiny cracks and partings in clear crystalline quartz; 

rarely, it appears that they filled very small vugs between crystal 

faces of clear quartz. No sulfides were seen in close association with 

the milky quartz. The preceding two statements lead to the conclusion
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that the sulfides formed by replacement of and open-space filling in 

clear quartz, and that milky quartz is later than the sulfides, ex

clusive of secondary chalcocite.

Malachite and azurite stains are scarce. Dendrites of 

pyrolusite are present. Yellow-brown limonitic material occurs as 

thin encrustations and stains along fractures and vugs in quartz.

Prospect No. 16

This prospect, the Queen Mary claim, is located about 

4,000 feet S 10° W of the Picacho Trading Post. The workings 

consist of two filled shafts, a prospect pit, and a short trench, on 

a quartz vein. According to Redhead (oral communication), this is 

one of the properties developed by the Cobabi Mining Company, Ltd., 

when they were seeking high-grade silver ores.

The country rock is Picacho andesite. Several felsite dikes 

are nearby, and the trench exposes the intersection of the vein with 

one of the dikes. The quartz vein strikes N 75° E and dips 8 8 ° NW. 

It is two feet wide except where it cuts the felsite dike; there the vein 

is less than four inches wide. The author believes this relationship 

indicates that the quartz vein is younger than the felsite dike, and is 

discussed in the section entitled "Felsite."

Most of the vein material is clear quartz that occurs in 

crystalline masses and long slender prism s up to an inch in length.
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The glassy quartz has been brecciated and the fractures filled with 

a later, almost milky, quartz. In places the walls on opposite sides 

of the fractures can be matched.

Specimens from the dump contained a few small blebs of 

chalcocite and stains of malachite and azurite. The vein contains 

yellowish-brown and reddish-brown limonitic material. Almost every 

piece of vein material examined contained stringers of yellowish-brown 

limonite. Reddish-brown limonite is less abundant and occurs as 

small flakes and encrustations on quartz.

One thousand feet to the east and about 100 feet north of 

the Queen Mary workings are several one-foot thick veins (only two 

of which are shown.on pi. 3) that strike approximately east, and dip 

steeply to the north. The southernmost of these may be part of the 

Queen Mary vein, but the mineralogy is somewhat different from that 

at the workings in that the vein contains about 40 percent pink crys

talline dolomite, 40 percent clear crystalline quartz, and 15 or 20 

percent siderite in masses up to one-half inch in diameter and in 

narrow stringers. Some of the siderite has been fractured and the 

openings filled with dolomite.. The vein also contains calcite in thin 

seams and as well-developed scalenahedrone along the edges of the 

vein. Yellowish-brown limonite occurs along fractures in the quartz.
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This prospect, the Sunset Mine, approximately 5,200 feet 

S 20° W of Prospect No. 14, was purchased by Mr. Layuza of New 

Orleans, La., from Mr. Marshall Bartlett in 1951. The vein has 

numerous prospect pits on it along a strike length of well over 2 , 0 0 0  

feet. During the last months of field work for the author, Mr. Layuza 

was sinking a shaft and planning to erect a mill on the property in 

order to recover values in gold, silver, and lead. According to 

Layuza (oral communication), the water table was struck at a depth 

of 100 feet. At the termination of field work, the shaft was about 

1 1 0  feet deep.

The quartz vein is normally about four feet wide, but pinches 

and swells from three to nearly 10 feet in width. It strikes generally 

N 50° W, and dips from 80° NE to vertical. Both walls are smooth 

and have from three to six inches of gouge. The vein is offset from 

two to five feet in several places by small faults. The country rock 

is Picacho andesite.

About 500 feet north of the shaft, a similar, but smaller 

vein can be followed along the strike for about a 1,000 feet. This 

vein is from two to three feet wide except where it cuts a felsite 

dike. There the vein is only one foot wide.

Coarsely crystalline, clear quartz and finer grained, milky

P rospect No. 17
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quartz constitute most of the vein material. The milky quartz con

tains small inclusions of clear quartz, but the reverse is not true.

In most places clear, but not the milky, quartz has been brecciated 

into angular fragments up to two inches in diameter in the longest 

dimension. Between the angular fragments of clear quartz are thin 

stringers or veinlets of very fine-grained quartz (probably equivalent 

to the milky quartz previously mentioned), colored red by inclusions 

of hematitic dust. This type of material also occurs in the vein as 

thin partings parallel to the walls. Undoubtedly, the clear quartz 

was the first type to form. In a specimen from the dump, small 

masses of granular, grayish dolomite about one inch in diameter with 

small inclusions of clear quartz were observed in the milky quartz.

Galena was the most abundant sulfide observed. It occurs 

as small crystals in short, narrow stringers and in irregularly- 

shaped pods up to two inches in diameter. A few isolated crystals 

of pyrite and some limonite pseudo morphs after pyrite were observed.

A few well-formed crystals of silver-bearing tetrahedrite, and blebs 

of chalcopyrite were observed. The quartz is stained with azurite, 

malachite, and chrysocolla. According to Layuza (oral communication), 

the vein contains wulfenite and gold; pyrite and chalcopyrite are more, 

and galena, less, common, at the bottom of the shaft than the near

surface portions of the vein. Sulfides are closely associated with the 

milky quartz, and only a few limonite pseudomorphs after pyrite were
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found associated with the clear quartz. Therefore, it is believed 

that the sulfides are younger than the clear quartz and contempora

neous with the milky quartz.

Prospect No. 18

About 1,000 feet east of the Sunset vein (Prospect No. 17), 

prospect pits and two vertical shafts were excavated into two quartz 

veins, called the East Wayne and West Wayne veins. The shafts, 

about 250 feet apart, are both on the East Wayne. This property 

was formerly known as the Mildred (Mildren on pL 1) Mine.

The East Wayne vein strikes N 25° W and dips 75° NE.

It consists of two one-foot thick quartz bands separated by 10 inches 

of highly altered, brick-red country rock, Picacho andesite. Much 

of the material is so highly altered that it cannot be recognized as 

country rock; however, angular fragments of similar, but somewhat 

less altered country rock are surrounded by the highly altered material. 

The central zone of altered wallrock contains angular fragments of 

quartz and one-half-inch thick stringers of caliche.

The West Wayne vein strikes N 20° W and dips 85° NE. It 

is from 1-1/2 to 2-1/2 feet thick. Locally it has small inclusions 

and patches of the highly altered red country rock, but does not have 

a continuous band of the m aterial as in the East Wayne vein.

Both veins are sim ilar mineralogically. The major constituent
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of the veins is clear, coarsely crystalline quartz that has been 

brecciated, especially along the edges of the vein. Brownish 

dolomite occurs in place of quartz for a short distance along a 

one-half-inch wide band of quartz between fractures in a larger 

quartz mass, and then cuts across the fracture. Thin (0.1 inch 

thick) seams of a red mixture of quartz, hematite, and dolomite 

surround some of the brecciated quartz fragments.

Sulfides observed in order of their abundance are galena, 

pyrite, and chalcocite. The sulfides occurred in small masses up 

to 1 - 1 / 2  inches in diameter; each individual mass contained only one 

sulfide. Malachite and azurite stains on quartz are common. The 

veins, undoubtedly, contain some values in gold and silver.

Between the brecciated quartz fragments are spongy masses 

of hematite and reddish-brown limonite; yellowish-brown limonite en

crustations are found on some specimens from the dump. Psilome- 

lane occurs as thin, botryoidal masses, one-half inch in diameter, 

attached to quartz.

Portions of the. veins contain, by volume, two percent vugs. 

Some of the vugs are coated with a mixture of hematite and limonite 

and were formed by the removal of sulfides. Most of the vugs are 

merely open spaces between the terminations of quartz crystals and 

usually are coated with a druse of very tiny crystals of quartz, or, 

rarely, of vanadinite.



99

About 2, 600 feet S 50° E of P r o je c t  No. 18, a short adit 

and an 80-fobt shaft constitute the workings of the Sungold Mine, 

owned by Mr, Alfred E. Turner, 332 E. Laguna, Tucson, Arizona,

The workings explore a 12- to 20-inch thick vein that strikes N 40° W 

and dips 73° NE. According to the owner (oral communication), water 

was encountered at the bottom o f  the shaft, Jn the nearby area are 

numerous smaller veins with the same general strike, most of which 

dip steeply southwest. The country rock is Picacho andesite.

The bulk of the vein material is fine grained clear quartz.

Quartz also occurs in the country rock near the vein as small roundish 

blobs and in short, discontinuous, crosscutting stringers. The speci

men examined on the sump and in the adit contained galena, pyrite, 

and a very small amount of chalcopyrite. Selected specimens contain 

a few percent lead, but less than one percent pyrite. The galena and 

pyrite are closely associated in the quartz. Both occur as well-developed 

crystals. Galena occurs in crystal aggregates up to one-half inch in 

diameter; pyrite and chalcopyrite occur as isolated crystals and as 

small aggregates up to one-fourth inch in diameter. Some aggregates 

contain both galena and pyrite. Galena, pyrite, and chalcopyrite oc

cur in crude bands parallel to the vein walls. Some blebs of 

chalcopyrite was not observed in contact with galena or pyrite. The

P rospect No. 19
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pyrite shows no signs of oxidization.

According to Turner (oral communication), some cerussite 

was found in the vein near the surface, and sphalerite was found at 

the bottom of the shaft at a depth of 80 feet. He mined about ten 

thousand dollars of native gold from one pocket, I examined some 

specimens from this pocket; the gold occurs as specks and small 

blebs in quartz. Some of the particles of gold were nearly one- 

half as large as a match head. According to Turner (oral communica

tion), gold is associated with both quartz and "rotten" limonite, but 

not especially with sulfides. The vein contains some values in silver.

This vein contained more vugs than most of the other veins 

examined. Some are open spaces originally in the vein; others are 

the result of leaching of a mineral (not pyrite). Both types of vugs 

are usually coated with reddish-brown limonite. Limonite also oc

curs in narrow, cross-cutting stringers and as coating on quartz and 

calcite. Calcite is scarce but occurs in narrow (up to one-fourth inch 

wide), cross-cutting stringers. The calcite probably is supergene, and 

was deposited in cracks formed by post-mineralization movement along 

the veins. Some of the quartz is coated with malachite and azurite. 

Dendrites of pyrolusite are fairly common.

The presence of small masses of quartz and chalcopyrite 

in the country rock near the vein, and the fact that in places the 

vein contains discontinuous "bands" of slightly altered country rock



101

suggest that the vein was formed largely by replacement. The gold 

may be of a different age or period of mineralization than the sulfides.

Prospect No. 20

About 8 ,000 feet S 45° W of the Picacho Trading Post a 

two-compartment shaft has been sunk on a vein in the Coon Can vol- 

canics. The mine was being reopened for sampling by Picacho Mines, 

Inc. at the time I began field work in the area. The mine-workings 

consist of a deep shaft and several extensive levels along the strike 

of the vein. A dump containing approximately 40,000 cubic feet of 

rock is next to the shaft. The quartz vein strikes about N 75° E 

and is nearly vertical. It is from two to five feet wide.

The vein is mostly clear quartz but contains some inter

mixed milky quartz. Only part of the clear variety is coarsely 

crystalline; most of the clear and all of the milky quartz is finely 

crystalline.

Portions of the vein have numerous fractures one-fourth 

to one-half inch apart that are parallel to the walls of the vein and 

a few cross-cutting fractures. The fractures have thin partings of 

hematite. Hematite and, less frequently, limonite occur as stains 

on quartz and encrustations and fillings in vugs. Vugs constitute 

several percent of some hand specimens from the dump but are 

entirely absent in other specimens. The vugs are the result of
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leaching of crystals.

A few small pieces of galena and chalcopyrite were seen 

in the dump material. Malachite and azurite stains and encrustations 

on quartz are common. According to Redhead (oral communication), 

gold is the most important metal in the vein.

Prospect No. 21

Approximately 7, 500 feet N 10° W of Sedimentary Hill (pL 3), 

a small prospect pit exposes a one-foot wide quartz vein that strikes 

due east and dips 60° north. Bedrock is Picacho andesite. A few 

hundred feet to the west, a northeasterly-striking felsite dike can be 

traced for a short distance.

The vein contains approximately 60 percent clear and 40 

percent milky quartz. The contacts between the two quartzes are 

sharp and distinct. In places the contacts are jagged; in other places 

they are scalloped, forming caries which in these specimens do not 

give a clue to the age relationships. A narrow band of clear quartz, 

however, cuts the milky variety, proving that at least some of the 

milky quartz was formed before the clear quartz. In most of the 

other localities in which there is evidence of an age relationship 

between the two quartzes, the clear quartz appears to be the older.

Locally the vein contains minor siderite in masses up to 

1 0  mm in diameter. Siderite was, observed only in the milky quartz
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and along the contacts between milky and clear quartz. Limonite 

occurs as stains and streaks along fractures and as psendomorphs 

after pyrite.

The vein material on the surface contains less than one 

percent copper in the form of chalcocite, which occurs in small 

blebs up to four mm in diameter. The blebs of chalcocite are sur

rounded by paper-thin zones of malachite.

Prospect No. 22

This property, known as the Steppe Mine, -is located about 

1,200 feet N 75° E of Sedimentary Hill and is owned by Mr. Cline 

Steppe, Steppe Produce Co., Phoenix, Arizona. The property has 

two quartz veins about 500 feet apart, in Picacho andesite. A two- 

compartment shaft has been sunk on each vein. The eastern vein 

has a dump containing about 36,000 cubic feet of rock; the western 

vein has a dump of about 80,000 cubic feet.

The eastern vein strikes generally N 15° W and dips very 

steeply to the NE. The vein is normally about 3-1/2 feet wide, but 

in places is as much as five feet wide. In places the vein consists 

of three-foot wide lenses of barren quartz along a fault.

The western vein strikes about N 25° W and has a variable 

dip to the NE. In some places it is a four-foot-wide band of quartz; 

in other places it consists of six to 1 0  quartz stringers one to three
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inches thick in a five-foot wide zone.

The mineralogy of the two veins is similar. The veins 

are about 90 percent clear, coarsely crystalline, and 10 percent 

somewhat milky, fine-grained quartz. The clear variety occurs as 

closely packed prism s up to three inches in length and one-half inch 

in diameter. The milky quartz occurs in narrow stringers and is 

believed to be later than the clear quartz. The vein contains shoots 

of nearly pure barite that extend the entire width of the vein.

The vein material has been slightly brecciated, and well- 

developed fractures parallel to the vein walls and a few cross-cutting 

fractures occur throughout the vein. The fractures are best developed 

in the milky quartz and barite. The fractures in the quartz are filled 

with reddish-brown limonite. The vein also contains stains and en

crustations of limonite, hematite, malachite, azurite, and chrysocolla, 

and dendrites of pyrolusite on quartz. Small needles of bright emerald 

green ’’malachite” occur along fractures. Along the edges of the vein 

and in some of the larger fractures are thin seams of caliche.

Sulfides observed were galena, a little pyrite, and a few 

specks of chalcocite. According to Redhead (oral communication), 

portions of the vein yield good assays in gold, silver, lead, and

copper,
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Prospect No. 23

This property, the Silver Queen Mine, is located north of 

the Comobabi Road about 4,700 feet east of the junction of that road 

with the old Tucson-Ajo Road. It is owned by Mr. Marshal Bartlett 

of Casa Grande and Sells, Arizona, The mine is marked by a vertical 

shaft with a headframe and a small dump of about 3, 000 cubic feet of 

rock. The vein is poorly exposed on the surface, but according to 

the owner (oral communication), it strikes N 75° W and is  nearly 

vertical. The quartz vein, approximately one foot wide, is in 

Picacho andesite.

According to the owner (oral communication), by careful 

sorting several small shipments of high-grade silver ore were made.

The vein is composed mostly of coarsely crystalline, clear 

quartz. It contains brownish dolomite in stringers up to one-fourth 

inch thick. Some of the stringers are parallel to the walls of the 

vein; some are perpendicular.

A few pinhead-sized specks of pyrite and some slightly 

larger specks of chalcopyrite were observed in the quartz. In one 

specimen tiny particles of ruby silver were seen along a small fracture 

in quartz. Other specimens, crushed and panned, yielded more particles 

of ruby silver.

Indian-red powdery hematite is abundant in much of the
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dump material* It partially fills small vugs formed by the leaching 

of crystals and also occurs as stains and encrustations on quartz. 

Yellowish-brown limonite has the same type of occurrence, but is 

less abundant than hematite. Stains on quartz are numerous.

Within the vein are slightly rounded, partially altered 

(kaolinized?) 1 - to 2-inch fragments of wall rock. Vugs are small 

and rather uncommon.
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THE TOPOGRAPHIC MAPS OF THE UNITED STATES

The United States Geological Survey is making a series of 
standard topographic maps to cover the United States. This 
work has been in progress since 1882, and the published maps 
cover more than 47 percent of the country, exclusive of outlying 
possessions.

The maps are published on sheets that measure about by 
20 inches. Under the general plan adopted the country is 
divided into quadrangles bounded by parallels of latitude and 
meridians of longitude. These quadrangles are mapped on 
different scales, the scale selected for each map being that which 
is best adapted to general use in the development of the country, 
and consequently, though the standard maps are of nearly uni
form size, the areas that they represent are of different sizes. 
On the lower margin of each map are printed graphic scales 
showing distances in feet, meters, miles, and kilometers. In 
addition, the scale of the map is shown by a fraction expressing 
a fixed ratio between linear measurements on the map and cor
responding distances on the ground. For example, the scale 

means that 1 unit on the map (such as 1 inch, 1 foot, or 1 
meter) represents 62,500 of the same units on the earth’s surface.

Although some areas are surveyed and some maps are com
piled and published on special scales for special purposes, the 
standard topographic surveys and the resulting maps .have for 
many years been of three types, differentiated as follows:

1. Surveys of areas in which there are problems of great
public importance—relating, for example, to mineral develop
ment, irrigation, or reclamation of swamp areas—are made with 
sufficient detail to be used in the publication of maps on a 
scale of (1 inch =  one-half mile) or (1 inch= 2 ,0 0 0  feet),
with a contour interval of 1 to 100 feet, according to the relief 
of the particular area mapped.

2. Surveys of areas in which there are problems of average 
public importance, such as most of the basin of the Mississippi 
and its tributaries, are made with sufficient detail to be used in 
the publication of maps on a scale of (1 inch =  nearly 1 
mile), with a contour interval of 10 to 100 feet.

3. Surveys of areas in which the problems are of minor 
public importance, such as much of the mountain or desert 
region of Arizona or New Mexico, and the high mountain area 
of the northwest, are made with sufficient detail to be used in 
the publication of maps on a scale of "555 (1 inch =  nearly 2 
miles) or — 5 (1 inch =  nearly 4 miles), with a contour interval 
of 20 to 250 feet.

The aerial camera is now being used in mapping. From the 
information recorded on the photographs, pla 11 imetric maps, 
which show only drainage and culture, have been made for some 
areas in the United States. By the use of stereoscopic plotting 
apparatus, aerial photographs are utilized also in the making of 
the regular topographic maps, which show relief as well as 
drainage and culture.

A topographic survey of Alaska has been in progress since' 
1898, and nearly 44 |)ercent of its area has now been mapped. 
About 15 percent of the Territory has been covered by maps 
on a scale of (1 inch =  nearly 8 miles). For most of the 
remainder of the area surveyed the maps published are on a 
scale of 55̂ 5 (1 inch =  nearly 4 miles). For some areas of par
ticular economic importance, covering about 4,300 square miles, 
the maps published are on a scale of ^  (1 inch =  nearly 1 mile) 
or larger. In addition to the area covered by topographic maps, 
about 11,300 square miles of southeastern Alaska has been 
covered by pla 11 i metric maps on scales of and

The Hawaiian Islands have been surveyed, and the resulting 
maps are published on a scale of

A survey of Puerto Rico is now in progress. The scale of 
the published maps is

The features shown on topographic maps may be arranged in 
three groups— (1) water, including seas, lakes, rivers, canals, 
swamps, and other bodies of water; (2) relief, including 
mountains, hills, valleys, and other features of the land surface; 
(3) culture (works of man), such as towns, cities, roads, rail
roads, and boundaries. The symbols used to represent these 
features are shown and explained below. Variations appear on 
some earlier maps, and additional features are represented on 
some special maps.

All the water features are represented in blue, the smaller 
streams and canals by single blue lines and the larger streams 
by double lines. The larger streams, lakes, and the sea are 
accentuated by blue water lining or blue tint. Intermittent 
streams—those whose beds are dry for a large part of the year— 
are shown by lines of blue dots and dashes.

Relief is shown by contour lines in brown, which on a few 
maps are supplemented by shading showing the effect of light 
thrown from the northwest across the area represented, for the 
purpose of giving the appearance of relief and thus aiding in 
the interpretation of the contour lines. A contour line repre
sents an imaginary line on the ground (a contour) every part 
of which is at the same altitude above sea level. Such a line 
could be drawn at any altitude, but in practice only the con
tours at certain regular intervals of altitude are shown. The 
datum or zero of altitude of the Geological Survey maps is mean 
sea level. The 20-foot contour would be the shore line if the 
sea should rise 20 feet above mean sea level. Contour lines 
show the shape of the hills, mountains, and valleys, as well as 
their altitude. Successive contour lines that are far apart on 
the map indicate a gentle slope, lines that are close together 
indicate a steep slope, and lines that run together indicate a 
cliff.

The manner in which contour lines express altitude, form, 
and grade is shown in the figure below.

The sketch represents a river valley that lies between two 
hills. In the foreground is the sea, with a bay that is partly 
enclosed by a hooked sand bar. On each side of the valley is 
a terrace into which small streams have cut narrow gullies. 
The hill on the right has a rounded summit and gently slop-
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ing spurs separated by ravines. The spurs are truncated at 
their lower ends by a sea cliff. The hill at the left terminates 
abruptly at the valley in a steep scarp, from which it slopes 
gradually away and forms an inclined tableland that is trav
ersed by a tew shallow gullies. On the map each of these 
features is represented, directly beneath its position in the 
sketch, by contour lines.

The contour interval, or the vertical distance in feet between 
one contour and the next, is stated at the bottom of each map. 
This interval differs according to the topography of the area 
mapped: in a flat country it may be as small as 1 foot; in a 
mountainous region it may be as great as 250 feet. In order 
that the contours may be read more easily certain contour lines, 
every fourth or fifth, are made heavier than the others and are 
accompanied by figures showing altitude. The heights of many 
points—such as road intersections, summits, surfaces of lakes, 
and benchmarks—are also given on the map in figures, which 
show altitudes to the nearest foot only. More precise figures 
for the altitudes of benchmarks are given in the Geological Sur
vey’s bulletins on spirit leveling. The geodetic coordinates of 
triangulation and transit-traverse stations are also published in 
bulletins.

lettering and the works of man are shown in black. Bound
aries, such as those of a State, county, city, land grant, town
ship, or reservation, are shown by continuous or broken lines of 
different kinds and weights. Public roads suitable for motor 
travel the greater part of the year are shown by solid double 
lines; poor public roads and private roads by dashed double 
lines; trails by dashed single lines. Additional public road 
classification if available is shown by red overprint.

Each quadrangle is designated by the name of a city, town, 
or prominent natural feature within it, and on the margins of 
the map are printed the names of adjoining quadrangles of 
which maps have been published. More than' 4,100 quad
rangles in the United States have been surveyed, and maps of 
them similar to the one on the other side of this sheet have 
been published.

Geologic maps of some of the areas shown on the topographic 
maps have been published in the form of folios. Each folio 
includes maps showing the topography, geology, underground 
structure, and mineral deposits of the area mapped, and several 
pages of descriptive text. The text explains the maps and 
describes the topographic and geologic features of the country 
and its mineral products. Two hundred twenty-five folios have 
been published.

Index maps of each State and of Alaska and Hawaii showing 
the areas covered by topographic maps and geologic folios pub
lished by the United States Geological Survey may be obtained 
free. Copies of the standard topographic maps may be obtained 
for 10 cents each; some special maps are sold at different prices. 
A discount of 40 percent is allowed on an order amounting to 
$5 or more at the retail price. The discount is allowed on an 
order for maps alone, either of one kind or in any assortment, 
or for maps together with geologic folios. The geologic folios 
are sold for 25 cents or more each, the price depending on the 
size of the folio. A circular describing the folios will be sent 
on request.

Applications for maps or folios should be accompanied by 
cash, draft, or money order (not postage stamps) and should be 
addressed to

THE DIRECTOR,
United States Geological Survey,

November 1937. Washington, D. C.
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THE TOPOGRAPHIC MAPS OF THE UNITED STATES

The United States Geological Survey is making a series of 
standard topographic maps to cover the United States. This 
work has been in progress since 1882, and the published maps 
cover more than 47 percent of the country, exclusive of outlying 
possessions.

The maps are published on sheets that measure about 16J by 
20 inches. Under the general plan adopted the country is 
divided into quadrangles bounded by parallels of latitude and 
meridians of longitude. These quadrangles are mapped on 
different scales, the scale selected for each map being that which 
is best adapted to general use in the development of the country, 
and consequently, though the standard maps are of nearly uni
form size, the areas that they represent are of different sizes. 
On the lower margin of each map are printed graphic scales 
showing distances in feet, meters, miles, and kilometers. In 
addition, the scale of the map is shown by a fraction expressing 
a fixed ratio between linear measurements on the map and cor
responding distances on the ground. For example, the scale 

means that 1 unit on the map (such as 1 inch, 1 foot, or 1 
meter) represents 02,500 of the same units on the earth’s surface.

Although some areas are surveyed and some maps are com
piled and published on special scales for special purposes, the 
standard topographic surveys and the resulting maps have for 
many years been of three types, differentiated as follows:

1. Surveys of areas in which there are problems of great 
public importance— relating, for example, to mineral develop
ment, irrigation, or reclamation of swamp areas—are made with 
sufficient detail to be used ?n the publication of maps on a 
scale of -55 (1 inch =  one-half mile) or -5* (1 inch =  2,000 feet), 
with a contour interval of 1 to 100 feet, according to the relief 
of the particular area mapped.

2. Surveys of areas in which there are problems of average 
public importance, such as most of the basin of the Mississippi 
and its tributaries, are made with sufficient detail to be used in 
the publication of maps on a scale of (1 inch =  nearly 1 
mile), with a contour interval of 10 to 100 feet.

3. Surveys of areas in which the problems are of minor 
public importance, such as much of the mountain or desert 
region of Arizona or New Mexico, and the high mountain area 
of the northwest, are made with sufficient detail to be used in 
the publication of maps on a scale of (1 inch =  nearly 2 
miles) or (1 inch =  nearly 4 miles), with a contour interval 
of 20 to 250 feet.

The aerial camera is now being used in mapping. From the 
information recorded on the photographs, planimetric maps, 
which show only drainage and culture, have been made for some 
areas in the United States. By the use of stereoscopic plotting 
apparatus, aerial photographs are utilized also in the making of 
the regular topographic maps, which show relief as well as 
drainage and culture.

A topographic survey of Alaska has been in progress since 
1898, and nearly 44 percent of its area has now been mapped. 
About 15 percent of the Territory has been covered by maps 
qii a scale of —5̂  (1 inch =  nearly 8 miles). For most of the 
remainder of the area surveyed the maps published are on a 
scale of (1 inch =  nearly 4 miles). For some areas of par
ticular economic importance, covering about 4,300 square miles, 
the maps published are on a scale of ^  (1 inch — nearly 1 mile) 
or larger. In addition to the area covered by topographic maps, 
about 11,300 square miles of southeastern Alaska has been 
covered by planimetric maps on scales o f a n d  5^5.

The Hawaiian Islands liave been surveyed, and the resulting 
maps are published on a scale of —55.

A survey of Puerto Pico is now in progress. The scale of 
the published maps is

The features shown on topographic maps may be arranged in 
three groups— (1) water, including seas, lakes, rivers, canals, 
swamps, and other bodies of water; (2) relief, including 
mountains, hills, valleys, and other features of the land surface; 
(3) culture (works of man), such as towns, cities, roads, rail
roads, and boundaries. The symbols used to represent these 
features are shown and explained below. Variations appear on 
some earlier maps, and additional features are represented on 
some special maps.

All the water features are represented in blue, the smaller 
streams and canals by single blue lines and the larger streams 
by double lines. The larger streams, lakes, and the sea are 
accentuated by blue water lining or blue tin t Intermittent 
streams— those whose beds are dry for a large part of the year— 
are shown by lines of blue dots and dashes.

Relief is shown by contour lines in brown, which on a few 
maps are supplemented by shading showing the effect of light 
thrown from the northwest across the area represented, for the 
purpose of giving the appearance of relief and thus aiding in 
the interpretation of the contour lines. A contour line repre
sents an imaginary line on the ground (a contour) every part 
of which is at the same altitude above sea level. Such a line 
could be drawn at any altitude, but in practice only the con
tours at certain regular intervals of altitude are shown. The 
datum or zero of altitude of the Geological Survey maps is mean 
sea level. The 20-foot contour would be the shore line if the 
sea should rise 20 feet above mean sea level. Contour lines 
show the shape of the hills, mountains, and valleys, as well as 
their altitude. Successive contour lines that are far apart on 
the map indicate a gentle slope, lines that are close together 
indicate a steep slope, and lines that run together indicate a 
cliff.

The manner in which contour lines express altitude, form, 
and grade is shown in the figure below.

The sketch represents a river valley that lies between two 
hills. In the foreground is the sea, with a bay that is partly 
enclosed by a hooked sand bar. On each side of the valley is 
a terrace into which small streams have cut narrow gullies. 
The hill on the right has a rounded summit and gently slop

ing spurs separated by ravines. The spurs are truncated at 
their lower ends by a sea cliff. The hill at the left terminates 
abruptly at the valley in a steep scarp, from which it slopes 
gradually away and forms an inclined tableland that is trav
ersed by a few shallow gullies. On the map each of these 
features is represented, directly beneath its position in the 
sketch, by contour lines.

The contour interval, or the vertical distance in feet between 
one contour and the next, is stated at the bottom of each map. 
This interval differs according to the topography of the area 
mapped: in a flat country it may he as small as 1 foot; in a 
mountainous region it may be as great as 250 feet. In order 
that the contours may be read more easily certain contour lines, 
every fourth or fifth, are made heavier than the others and are 
accompanied by figures showing altitude. The heights of many 
points—such as road intersections, summits, surfaces of lakes, 
and benchmarks— are also given on the map in figures, which 
show altitudes to the nearest foot only. More precise figures 
for the altitudes of benchmarks are given in the Geological Sur
vey’s bulletins on spirit leveling. The geodetic coordinates of 
triangulation and transit-traverse stations are also published in 
bulletins.

Lettering and the works of man are shown in black. Bound
aries, such as those of a State, county, city, land grant, town
ship, or reservation, are shown by continuous or broken lines of 
different kinds and weights. Public roads suitable for motor 
travel the greater part of the year are shown by solid double 
lines; poor public roads and private roads by dashed double 
lines; trails by dashed single lines. Additional public road 
classification if available is shown by red overprint.

Each quadrangle is designated by the name of a city, town, 
or prominent natural feature within it, and on the margins of 
the map are printed the names of adjoining quadrangles of 
which maps have been published. More than 4,100 quad
rangles in the United States have been surveyed, and maps of 
them similar to the one on the other side of this sheet have 
been published.

Geologic maps of some of the areas shown on the topographic 
maps have been published in the form of folios. Each folio 
includes maps showing the topography, geology, underground 
structure, and mineral deposits of the area mapped, and several 
pages of descriptive text. The text explains the maps and 
describes the topographic and geologic features of the country 
and its mineral products. Two hundred twenty-five folios have 
been published.

Index maps of each (State and of Alaska and Hawaii showing 
the areas covered by topographic maps and geologic folios pub
lished by the United States Geological Survey may be obtained 
free. Copies of the standard topographic maps may be obtained 
for 10 cents each; some special maps are sold at different prices. 
A discount of 40 percent is allowed on an order amounting to 
$5 or more at the retail price. The discount is allowed on an 
order for maps alone, either of one kind or in any assortment, 
or for maps together with geologic folios. The geologic folios 
are sold for 25 cents or more each, the price depending on the 
size of the folio. A circular describing the folios will be sent 
on request.

Applications for maps or folios should be accompanied by 
cash, draft, or money order (not postage stamps) and should be 
addressed to

TH E DIRECTOR,
United States Geological Survey,

November 1937. Washington, l). C.

S T A N D A R D  SY M B O L S

C U L T U R E  
{p r in te d  in  black)

NOTE:—Effective on amt after October 1, 1948. the price of standard topographic 
quadrangle maps will be 20 cents each, with a discount of 20 percent on orders 

 ̂ amounting to 810 or more at the retail rate.
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GEOLOGIC MAP OF WESTERN PART OF COBABI MINING DISTRICT, ARIZONA
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