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"OLOGIC AND TOPOGRAPHIC ATLAS OF UNITED STATES.

The Geological murvey is making a geologic map |
of the United States, which is being issued in parts,
called folics. Each folio includes a topographic
map and geologic maps of a small area of country, |
together with explanatory and descriptive texts,

THE TOPOGRAPHIC MAP.

The features represented on the topographic map
are of three distinet kinds: (1) inequalities of sur- |
face, called relief, as plains, plateaus, valleys, hills,
and mountains; (2) distribution of water, called
drainage, as streams, lakes, and swamps; (3) the
works of man, called eullure, as roads, railroads,
boundaries, villages, and cities.

Relief —All elevations are measured from mean
sea level. The heights of many points are accu-
rately determined, and those which are most
important are given on the map in figures. It is
desirable, however, to give the elevation of all parts
of the area mapped, to delineate the outline or form
of all slopes, and to indicate their grade or steep-
ness.  This is done by lines each of which is drawn
through points of equal elevation above mean sea |
1t='l.'t-|, the altitudinal interval |1-I||:'[-;-_:L-||.‘[n;*:1 h:.' the
space between lines being the same throughout |
each map. These lines are called confours, and the

uniform altitudinal space between each two con-
tours is called the esnfour inferval. Contours and
elevations are printed in brown.

Tim manner ill “'ili{,‘h CONLours ('H]}[‘("ﬁﬁ l‘lL’fTﬂti:]“,
form, and grade is shown in the following sketch
and corresponding contour map (fig. 1).

_—
[r—tnes

Fia. 1.—Ideal view and corresponding contour map.

The sketch represents a river valley between two |
hills. In the foreground is the sea, with a bay
which is partly closed by a hooked sand bar. On
each side of the valley is a terrace. From the |
terrace on the right a hill rises gradually, while
from that on the left the ground ascends steeply,

forming a precipice. Contrasted with this precipice |
is the gentle slope from its top toward the left. In |
the map each of these features is indicated, directly |
beneath its ]‘u}a-lit'lml in the sketch, h.:" contonrs. |
The following explanation may make clearer the
manner in which contours delineate elevation,
form, and grade:

1. A contour indicates a certain height above sea
level. 1In this illustration the contour interval is |
50 feet; therefore the contours are drawn at 50,
100, 150, and 200 feet, and so on, above mean sea
level. Along the contour at 250 feet lie all points |
of the surface that arve 250 feet above sea; along |
the contour at 200 feet, all points that are 200 feet |
above gea; and =0 on. In the space between any
two contours are found elevations above the lower
and below the higher contour. Thus the contour
at 150 feet falls just below the edge of the terrace,
while that at 200 feet lies above the terrace; there-
fore all points on the terrace are shown to be more |
than 150 but less than 200 feet above sea. The|
summit of the higher hill is staied to be 670 feet
above sea; accordingly the contour at 630 feet sur-
rounds it. In this illustration all the contours are
numbered, and those for 250 and 500 feet are
accentuated by being mude heavier. Usnally it
is not desirable to number all the contours, and
then the accentuating and numbering of certain |
of them—sny every fifth one—suflice, for the |
heights of others may be ascertained by counting
up or down from.a numbered contour.

2

2, Contours define the forms of slopes. Since

| contours are continuous horizontal lines, they wind

smoothly about smooth surfices, recede into all
reentrant angles of ravines, and project in passing
about prominences. These relations of contour

curves and angles to forms of the landscape can be |

traced in the map and sketch.
3. Contours show the approximate grade of any

| to the observer every characteristic feature of the | subsides the shore lines of the ocean are chawged.

landseape.
the investor or owner who desires to ascertain the
position and surroundings of property; save the
| engineer preliminary surveys in locating roads,
| railways, and irrigation reservoirs and ditches;
| provide educational material for schools and homes;
and be useful as a map for local reference.

slope. The altitudinal space between two contours |

is the same, whether they lie along a eliff or on a |
' gentle slope; but to rise a given height on a gentle |
slope one must go farther than on a steep sl:}[}v, and |

therefore contours are far apart on gentle slopes
and near together on steep ones.

For a flat or gently undulating country a small
contour interval is used; for a steep or mountain-
ous country a large interval is necessary. The

THE GEOLOGIC MAPS.

The maps representing the geology show, by

colors and conventional signs printed on the topo- |

graphic base map, the distribution of rock masses |

on the surfaice of the land, and the structure
sections show their underground relations, as far as
known and in such detail as the scale permits.

amallest interval used on the atlas sheets of the |

Geological Survey is 5 feet. This is serviceable for
regions like the Mississippi delta and the Dismal

3 - . . |
Swamp. In mapping great mountain masses, like

those in Colorado, the interval may be 250 feet.

| For intermediate relief contour intervals of 10, 20,

25, 50, and 100 feet are used.
Drainage.—Watercourses are indicated by blue

lines. If a stream flows the entire vear the line is

drawn unbroken, but if the channel is dry a part

of the year the line is broken or dotted. Where a |

stream sinks and reappears at the surface, the sup-
posed underground course i1z shown by a broken
blue line. Lakes, marshes, and other bodies of
water are also shown in blue, by appropriate con-
ventional signs.

Cultrure.—The works of man, such as roads, rail-
roads, and towns, together with boundaries of town-
ghips, counties, and States, are printed in black.

Seales.—The area of the United States (exeluding
Alaska and island possessions) is about 3,025,000

square miles. A map I't'}il'l':-wlllill_j.: this area, drawn |
to the scale of 1 mile to the inch, would cover |
i 9 1o : p |
3,025,000 square inches of paper, and to accom- |

modate the map the paper would need to measure

about 240 by 180 feet.  Each square mile of ground |
11 rll:rl{_‘l,'. “'l:'lll_ll[l llH_" ]'E‘I'I']"L"H-vl.’tll'[‘ll h“f H | ﬁlilla’l.n.'! ill'l’_"h Uf.
map surface, and one linear mile on the ground |

would be represented by a linear inch on the map.
This relation between distance in nature and cor-
responding distance on the map is called the seale
of the map. In this case’it is “1 mile to an inch.”

T]II_T HE'HIL‘ ey IH" l,'ﬁl'l'ﬂ‘#ﬂl"ll Ellz‘ﬁ h:\" i rl'!lﬂ[i(l'['l,;
of which the numerator is a length on the map |

and the denominator the corresponding length in
nature expressed in the same unit.  Thus, as there
are 63,360 inches in a mile, the seale “1 mile to
an i:l']l,"llj:I i#l".‘il}]'{"ﬁ.ﬂ("ll lI:I;I,." Ei.!‘.i‘.'i.l'

Three scales are used on the atlas sheets of the
Geologieal Burvey; the smallest is o, the inter-
mediate '!'z:..lnm and the ]:II'I*_:{'H[. -i-.'.f'---' These corre-
spond approximately to 4 miles, 2 miles, and 1
mile on the ground to an inch on the map. On the

H(‘HIU I'ﬂ:‘lﬂr a Bllllq'l.]‘l’. EI!I'II l}f. I]]EII} H'I,ll‘ﬁlt_"l_‘: TE'I’}H‘H{"I]IH |

about 1 square mile of earth surface; on the scale

s About 4 square miles; and on the scale g\,
about 16 sqjuare miles, At the bhottom of each

atlas sheet the scale is expressed in three ways—

. s ¥, |
by a graduated line representing miles and parts |
| of miles in English inches, by a similar line indi- |

cating distance in the metric system, and by a
fraction.

Atlas sheets and quadrangles—The map is being
published in atlas sheets of convenient size, which
represent areas hounded by parallels and meridians.
These areas are called quadrangles.  Each sheet on
the scale of &'
a degree of latitude by a degree of longitude; each
ts.'n.ll'r'rl
square degree; each sheet on the scale of i con-
taing one-sixteenth of a square degree. The areas

sheet on the scale of

' of the corresponding quadrangles are about 4000,

1000, and 250 square miles.

The atlas sheets, being only parts of one map |

of the United States, disregard political boundary
lines, such as those of States, counties, and town-
ghips. To each siheet, and to the quadrangle it

| represents, is given the name of some well-known

town or natural feature within its limits, and at the

sides and «corners of each sheet the names of adja- |

cent sheets, if published, are printed.

Uses of the tupographic map.—On the topographic |

map are delineated the relief, drainage, and culture

contains one square degree—i. e., |

contains one-fourth of a

KINDS OF ROCKS.

|

| Roeks are of many kinds. On the geologic map
they are distinguished as igneous, sedimentary, and
metamorphie.

Iyneous voeks.—These are rocks which have
cooled and consolidated from a state of fusion.
Through rocks of all ages molten material has
from time to time been forced upward in
fissures or channels of various shapes and sizes,
to or nearly to the surface.
the consolidation of the molten mass within these

Rocks formed by |

channels—that is, below the surfice—are called |

infrusive.  When the rock occupies a fissure with

approximately parallel walls the mass is called a

dike; when it fills a large and irregular conduit
the mass is termed a sfock. When the conduits for
molten magmas traverse stratified rocks they often
gend off branches ||:|1'.'L|11:1 to the bedding planes;
the rock masses filling such fissures are ealled
sills or sheets when comparatively thin, and feeco-
liths when occupying larger chambers produced by
the force propelling the magmas upward Within
rock inclosures molten material cools slowly, with
the result that intrusive rocks are generally of erys-
talline texture. When the channels reach the sur-
face the molten material poured out through them

mountains, Igneous rocks thus formed upon the

but are more fully erystalline in their inner por-
tions. The outer parts of lava flows are usually
more or less porous. Explosive action often accom-
panies voleanic eruptions, causing ejections of dust,
ash, and larger fragments.  These materials, when
consolidated, constitute breccias, agelomergtes, and
tuffs.  Voleanic ejecta may fall in bodies of water
or may be carried into lakes or seas and form
sedimentary rocks.

Sedimentary rocks.—These rocks are composed
of the materials of older rocks which have been
broken up and the fragments of which have heen
carried to a different place and deposited.

The chief agent of transportation of rock débris is
water in motion, including rain, streams, and the

in large part carried as solid particles, and the
(|f'|1{.u-.li11-t are then said to be mechanical. Buch
| are gravel, sand, and clay, which are later consoli-
dated into conglomerate, sandstone, and shale. In
smaller portion the materials are carried in solu-

| tion, and the deposits are then called organic if |
formed with the aid of life, or chemical if formed |

without the aid of life. The more important rocks

one of the deposits may be separately formed, or
the different materials may be intermingled in
many ways, producing a great variety of rocks.
Another transporting agent is air in motion, or
wind; and a third is ice in motion, or glaciers.
The most characteristic of the wind-borne or eolian
' deposits is loess, a fine-grained earth; the most char-

acteristic of' glacial deposits is till, a heterogencons |

mixture of bowlders and pebbles with elay or sand.

Sedimentary rocks are usually made up of layers

- or beds which can be easily separated. These layers

are called sfratz. Rocks deposited in layers are
said to be stratified. :

| The surface of the earth is not fixed, as it seems

| to be; it very slowly rises or sinks, with reference

It should guide the traveler; serve | Asa result of the rising of the surface, marine sedi-

mentary rocks may become part of the land, and
extensive land areas are in fact ocenpied by such
rocks.

Rocks exposed at the surface of the land are acted
upon by air, water, ice, animals, and 1‘.-11111-1:3. They
are gradually broken into fragments, and the more
soluble parts are leached out, leaving the less soluble
as a residual layer. Water washes residual mate-
rial down the slopes, and it is eventually carried
by rivers to the ocean or other bodies of standing
water. Usually its journey is not continuous, but
it is temporarily built into river bars and flood
plains, where it is called alluvivm. Aluvial depos-
its, glacial deposits (collectively known as drift),
and eolian deposits belong to the surficial class,
and the residual layer is commonly included with
them. Their upper parts, oceupied by the roots of
plants, constitute soils and subsoils, the soils being
usually distinguished by a notable admixture of
organic matter.

Metamorphie rocks—iIn the course of time, and
by a variety of processes, rocks may become greatly
changed in composition and in texture. When
the newly acquired characteristics are more pro-
nounced than the old ones such rocks are ealled
metamorphic.  In the process of metamorphism
the substances of which a rock is composed may
enter into new combinations, certain substances
may be lost, or new substances may be added.
There is often a complete gradation from the pri-
mary to the metamorphic form within a single
rock mass. Buch changes transform sandstone into
quartzite, limestone into marble, and modify other
rocks in various ways,

From time to time in geologic history igneous
and sedimentary rocks have heen deeply buried
and later have been raised to the surface. In this
process, through the agencies of pressure, move-
ment, and chemieal action, their original structure
may be entively lost and new structures appear.
Often there is developed a system of division planes

| along which the rocks split essily, and these planes
is called lava, and lavas often build up voleanic |

may cross the strata at any angle. This structure

Cis called eleavage. Sometimes erystals of mica or
surface are called extrusive. Lavas cool rapidly in |
the air, and acquire a glassy or, more often, a par- |
tially crystalline condition in their outer parts,

water of lakes and of the sea. The materials are |

of chemical and organic origin are limestone, chert, |
gypsum, salt, iron ore, peat, lignite, and coal. Any |

other folinceous minerals are developed with their
laminge approximately parallel; in such cases the
structure is said to be schistose, or characterized by
schistosily. j

As a rule, thesoldest rocks are most altered
and the younger formations have escaped meta-
morphism, but to this rule there are important
exceptions.

FORMATIONS.
For purposes of geologic mapping rocks of all

the kinds above described are divided into forma-
fions. A sedimentary formation containg between

its upper and lower limits either rocks of uniform

character or rocks more or less uniformly varied in

character, as, for example, a rapid alternation of

sghale and limestone, When the passage from one
kind of rocks to another is gradual it is sometimes
necessary to separate two contignons formations by
an arbitrary line, and in some cases the distinetion
depends almost entirely on the contained fossils,
An igneous formation is constituted of one or more
bodies either containing the same kind of igneous
rock or having the same mode of occurrence. A
metamorphic formation may consist of rock of uni-
form character or of several rocks having common
characteristics. |

When for scientific or economic reasons it is
desirable to recognize and mAp  one or more
specially developed parts of a varied formation,
such parts are called wmembers, or by some other
appropriate term, as lenfils,

AGER OF ROCKS.

Greologie time.—The time during which the rocks
were made is divided into several periods. Smaller
time divisions are called epochs, and still smaller

‘ones stages. The age of a rock is expressed by

| of the quadrangle represented. It should portray | to the sea, over wide expanses; and as it rises or |

naming the time interval in which it was formed,
when known.

The sedimentary formations deposited during a
period are grouped together into a system. The
principal divisions of a system are called series.
Any aggregate of formations less than a series is
called a group.

Continued on third page of cover.)
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DESCRIPTION

INTRODUCTION.

Location.—The Bradshaw Mountains quadran-
gle lies between parallels 34° and 34° 30" north
latitude and 112° 30° west
longitude, It measures approximately 34.5 miles
from north to south and 28.6 miles from east to
west, and covers 986 square miles. The quad-
rangle is in the southeastern part of Yavapai
County, Ariz., and includes a very small part of
Maricopa County in its extreme southeast corner;
a portion of the Prescott Forest Reserve oceupies
the western half—a mountainous region including
all the higher summits of the Bradshaw Range.
The city of Prescott is 2 miles north of the north-
west corner of the quadrangle, and Jerome, a min-
ing town, is 17 miles north of the northeast corner.
The only settlements at the time of the survey
were small mining camps and scattered ranches.
On the north the Prescott and Eastern Railroad
enters the quadrangle near Valverde Smelter and
terminates at Mayer station. The eastern third
of the quadrangle consists largely of low-lying
desert land and basaltic mesas,

Topography.—The Bradshaw Mountains form a
natural divide through the quadrangle from north
to =outh, culminating in Mount Union, which rises
7971 feet above tide. Several other peaks on the
west and northwest reach altitudes near 7000 feet,
and southward the higher summits range from 4000
to GOOO feet.  Across the Agua Fria Valley to the
southeast the New River Mountains rise to |!t~i,-_[hl;-s
of GOOO feet, but north of them the flat-topped
mesas and desert waste from Stoddard to Squaw
Creek average only 4000 feet, and the general
aspect of the country is relatively low and flat.
The lowest part of Agna Fria Canyon is here 1800
feet above sea level, making the maximum range
of relief within the area over G000 feet. Bigbug
Creek flows thongh a wide, flat lowland. in the
region about Mayer, where here and there salient
reefs of metamorphic quartzite project like black
combs, or walls, above the general surfaice. The
Bradshaw Mountains have bare, rocky surfices in
the wilder southern range, and wooded spurs in
the northern peaks, with gentle slopes and rounded
eminences, Characteristic phases of the topography
are shown in figs. 1 to 4 on the illustration sheet.

Diainage.—The principal streams are Agua
Fria River on the east, into which flow Turkey,
Poland,"nd Bighug erecks, which drain the east-
ern slopes of the mountains. The Hassayampa
and its branches drain the western slopes. The
valleys of these watercourses vary from open,
pine-clad basins in the high mountains to deep
gulches and box canyons in the slopes of the
ange.  Where the streams emerge into the open
desert country they usually sink away and their
courses arve dry, stony bottoms, which fill with
witer only after heavy showers in the mountains.
Such showers are common in summer, and the

meridinng 112° and

sudden rush of a mud flood iz sometimes a menace
to human life. Agua Fria River cuts a deep
trench in the basalt sheets of Black Mesa, pro-
ducing a table-land topography, in marked con-
trast to all the other topographic features of the
Bradshaw Mountains quadrangle.

General geologic structure—The higher peaks
near Prescott, which culminate in Mount Union,
are composed of gneissic granites and schists.
Such rocks, which have in general a north-
northeast trend, control the topographic forms and
weologie struetures of the Bradshaw Mountains,

The schists are variously hornblendie, quartzose,
argillaceous, or micaceous, and inelude many mem-
Here
and there intrusive quartz-diorite bodies oceur in
the high pine-clad mountain basing, and frequently
sulphide ores are found along their contacts; other
igneons rocks oceur as dikes or stocks,

The main Bradshaw Range, in the middle of the
southern half of the i.]ll:ldl'ﬂllgle, consists ].:l]‘gl_'i:r' of

bers of unguestionable sedimentary origin.

OF BRADSHAW MOUNTAINS QUADRANGLE.

By T. A. Jaggar, Jr.,

massive coarse granite which has split the schists
apart as a great intrusive wedge and, under the
wearing action of atmospheric erosion, stands in
high relief as a resistant rock.

The schists farther north, near Mayer, have
weathered to low relief, forming a wide- valley,
where the quartzite combs are traceable for many
miles by their prominence above the general level.

Agua Fria River skirts the edge of horizontal
hasalt flows interbedded with agelomerates, which
extend to the east I](":{{HHI the :|11:1|]1‘.'t|1g|¢, anl
similar voleanics, but of less basic character, lie
in the trough of the Hassayampa Valley and out-
Crop :t|ullg the western and southern boundaries of
the {|11:1{]i‘.lll§,:]{*. The lavas lie in the hollows of
an irregular topography carved in the old schists
and erystallines, and no HE'IHJ]]I'N'HI'}' rocks of inter-
mediate age are here present. ,

Lrecipilation and vegetation.—The rainfall, here
as elsewhere in Arizona, is much greater on the
higher lands than in the wide dry valleys that
separate  the mountain ranges. The Bradshaw
Range receives a higher precipitation than Pres-
cott, 2 miles to the north (altitude 5500 feet
above sea level), where the average annual rain-
fall for ten years has been 15.18 inches and the
average temperature is 58° F. At Phoenix, a eity
farther south in the Gila Valley, at an altitude of
1100 feet, the average temperature is 70°, and the
rainfall 7.21 inches, or less than one-half the above.
In the Bradshaw Mountains quadrangle the differ-
ence between the rainfall on the summit of Mount
Union and that of the Agua Fria Valley is prob-
ably as great as between these two eities. Heavy
thunder showers oceur over the mountains almost
daily during portions of July and August, and
the winter rainy season lasts four months, from
December to March inclusive, when the mountains
are frequently covered with snow.

The heaviest timber grows in the mountain basins
at altitudes of from 5000 to GO0 feet, and consists
largely of the yellow pine (Pinus ponderosa) and
its varieties.
worthy in the basins of Groom Creek, Crown
King, and Minnehaha, where the soil is in each
case of dioritic origin.  Along the upper Agua
Fria and its tributaries the river bottoms contain
mesquite, cottonwood, willow, alder, hackberry, and
aspen; the mountain spurs are frequently covered
with a close and impassable mat of shrubs
small trees, pin oak, nut pine, greasewood, and
Juniper; toward the southern half of the guad-
rangle the desert shrubs become more abundant,
including giant cactus, prickly pear, and other
cacti, ocotillo, acacia, yucea, and agave.

Population.—The population is that of a moun-
tainous mining district, with seattered camps inces-
santly changing., In 1901, when this survey was
made, there were about 1000 persons in the uad-
angle.  Crown King was reported in 1899 as
having a population of 500; MeCabe, 500; Mayer,
200. The chief occupations are prospecting and
mining; some fairming and ecattle raising are car-
ried on in the Agua Fria Valley.

Reports on the vegion.—In the reports of the Gov-
ernor of Arizona to the Secretary of the Interior,

Theze forests are especially  note-

and

beginning 1896, are references relating to the geol- |
The reports of the Territorial |

ogy of Arizona.
geologist, W. P. Blake, in these volumes, are val-
uable, and also the map and text on “The Min-
ing Region around Prescott, Arizona,” by J. F.
Blandy, published in Trans. Am. Inst. Min. Eng.,
vol. 11, 1883, p. 286.

Field work.—~The topographic map of the quad-
rangle was made in the autumn and winter of
1900-01. The geologic work was done in 1599
and 1901, under the general direction of Mr. S, F.
Emmons. Mr. Emmons made a reconnaissance of
the district in 1899; in the summer of 1901 the
authors completed the geological field work, using
the manuscript report of Mr. Emmons as a guide
to field operations. The petrography and economic

amld Charles Palache.

geology are by Mr. Palache; the general geology is
by Mr. Jaggar. Changes oceasioned by the open-

ing of mines since 1901 are not here considered.

DESCRIPTIVE GEOLOGY.
STRATIGRAPHY.

The Bradshaw Mountains include sedimentary,
Excluding the
recent alluvinm, the sediments are of pre-Cambrian
and presumably Algonkian age, no representa-
tives of the Paleozoic, Mesozoie, or Tert iary being
known. The metamorphie and sedimentary rocks
are here so intimately related that they are dis-
The igneous rocks inelude intru-
sives of uncertain age and effusives of probably
Tertiary age.

Bedimentary and Metamorphic Rocks.

metamorphie, and igneous rocks.

cussed together.

ALGONKIAN SYSTEM.

According to the present usage of American

geologists, formations that lie unconformably
beneath the Cambrian and consist chiefly of

sedimentary rocks are assigned to the Algonkian.
Owing to the fact that in some regions scattered
sediments found in rocks
otherwise chiefly igneous, there is some confu-

have been Archean
sion in the nomenclature of the ancient schists.
The schists of the Bradshaw Mountaing are con-
sidered by the anthors to be (1) pre-Cambrian
and (2) in great part sedimentary, for the follow-
ing reasons:

(1) The nearest Paleozoic section is exposed at
Jerome, 17 miles northeast of the northeastern
The rocks are there
flat-lving =andstones, shales, and limestones, and
ontal Paleo-
zoic and Mesozoic sediments which form the high
Arizona New
Mexico. The escarpment which marks the edge
of this platean district, 5 miles northeast of
Jerome, extends in a northwest direction across
Ninety miles north
of the Verde Valley ai this point is the Grand
Canyon of the Colorado River, where the whole

quarter of the quadrangle.

are outliers of the great mass of hori

platean region of northern and

the valley of Verde River.

plateau section is trenched throngh and the under-
lying schists are exposed. The Grand Canyon
section, as deseribed by Walcott (Jour. Geol., vol.
3, 1895, p. 312), shows metamorphic sandstones,
mica-schists, and granite dikes and veins at the
bottom of the canyon (Vishnu terrane, Algon-
kian).
northeast trend.
terranes carying scanty organic remains (Grand
Canyon series) referred by Walcott to the upper
Algonkian. Still higher, and separated from the
Grand Canyon series by a profound unconformity,

These have a_ vertical structure and north-
lﬁwuufhrnml:l_y.' ahove them are

occur sandstones (Tonto) of Cambrian age; above
these the Paleozoie section is continuous to the
surface of the 1!|;|lﬂ:l11.

The schists of the northern part of the DBrad-
ghaw Mountains are continuous, =0 far as known,
with certain schists invaded by granite and diorite
at Jerome. The latter have a similar northerly
trend, and underlie the Paleozoic rocks unconform-
ably at Jerome. The Wheeler Survey (U. 8. Geog,
Surv. W. One Hundredth Mer., vol. 3, 1875, pp.

207-208) determined these rocks to he Paleozoic, |
with the Tonto sandstone recognized at their base |

a few miles north of the present site of Jerome.
This correlation is the basis of the opinion expressed
here that these schists are pre-Cambrian. Fur-
thermore, the extension of this correlation under
the Paleozoic sediments of the platean to the
Grand Canyon leads to comparison with the
two Algonkian series of Walcott. On structural
and lithologic grounds the schists of the Brad-
shaw Mountains are believed to be the equivalents
of the lower or Vishnu series, as they have an
accordant strike and dip, contain granites and
indurated sandstones, and are schistose,

(2) The determination of the sedimentary ori-

gin of a great series of schists rests upon field and
laboratory evidence.  Field
what rock types in the series are most abun-

exploration  shows

dant, and microscopical work determines whether
those types contain waterworn sands and pebbles.
The type rock most widespread in the schist belts
of the Bradshaw Mountains is a sericitic phyllite
with occasional rounded quartz grains. From the
great abundance of this rock and of variations,
which are on the one hand true clay slates and
on the other sandstones and conglomerates, the
authors conclude that the schist series is in the
main sedimentary.  Confirmation of this conelu-
sion is found in the sequence at certain points
from coarse littoral
types across the strike, the finer rocks ocenrring in
greater abundance, as would be expected.
in those belts where the schists are hornblendic

sodiments to finer offsshore
ven

and otherwise highly metamorphosed (as along
Black Canyon, east of the southern Bradshaw
Range) the constant recurrence of quartzites in
the series points to a sedimentary origin for the
greater part of the rocks. This was recognized by
Prof. W. P. Blake, Territorial geologist of Arizona
(Report of the Governor of Arizona, 1806, p. 139),
who wrote that from the Tiger mine eastward “the
granite is suceeeded by slates, sandy and siliceons,
with traces of pebbly beds forming a part of an
extensive development of distinetly sedimentary
rocks which form great hills, and extend over
eastwardly to and beyond Humbug Creek.”

These schists are therefore considered pre-Cam-
brian and |ilt‘;1,'t‘|1'l.' H{'[“IIIE'II!;!I“{; henee I:|u-_1!.‘ are

assigned to the Algonkian. There may be uncon-

formities and faunlts within the series, and Archean
rocks may exist within the Bradshaw Mountains
NU

large masses of igneons or gneissic rocks older

guadrangle. strong evidence, however, of
than the schists has been found, and such uncon-
formities as are indicated (see pp. 2 and 7) sepia-
ate undifferentiated members of the Algonkian.
No formations have been discovered in any way
resembling the Grand Canyon series of Waleott.
Future exploration may show that some of the
granite masses are not intrugive into the schists,
but are rather the source of the pebbles in the
conglomerates,  Such granites should properly be
called Archean.
this region by the authors of this folio.

They have not been discovered in

YAVAFPAI BCHIST.

General character.—The most abundant rock in
the schist is an argillaceous phyllite varying to
slate, mica-schist, and chlorite-schist, but the for-
mation as mapped locally includes gneisses, granu-
lites, hornfels, and epidote- and hornblende-schists,

Within the schist areas are conglomerate and
sandstone bands and lenses, and zones of intense
metamorphism  where the rocks are amphibo-
litic and contain epidote, garnet, zoisite, tour-
maline, andalusite, and miea in various amounts.
These variations of the normal schist have been
mapped separately, and are discussed under sep-
arate headings.

The typical phyllite as developed in the great
hody of Yavapai schist which oceupies the north-
ern half of the center of the quadrangle is a finely
foliated, blue or silvery schist consisting r]1i:-||:.' of
quartz and the form of muscovite-mica known as
sericite;  The foliation is pronounced, but the sur-
fuces of the partings are not ||-l:|lil_", g0 that nowhere
are truly cleavable slates found. The rock seems
soft owing to the abundance of mica seales on all
its surfaces, but when studied with the microscope
it is found to consist largely of quartz in angular
graing, clogely interlocking, producing a structure
that may be termed mosaic-granular, the seri-
cite being woven in between the grains or forming
layers wrapped about individual graing. Oeea-
sionally single large rounded grains of quartz are
seen, their edges granulated and the mica plates
curving like flow structures about them. Grains



of plagioclage feldspar occur very sparsely mingled
with the quartz in most specimens, and caleite, epi-
dote, zoisite, pyrite, and magnetite are often found
in scattered grains. The present structure of these
rocks iz almost wholly the result of recrystalliza-
tion; there is reason to helieve, however, that the
larger rounded quartz grains have their original

form of water-rounded pebbles and that their |

oceurrence is positive evidence of the sedimentary
nature of the schists.

the thickness 6600 feet,
This derivation is confirmed |

by the oceurrence in the series of extensive lenses

. 5 : ) 4 o |
of quartzite which are conformable in attitude with |

the schist and differ from it in composition solely
in the much greater preponderance of quartz.

On the other hand, facies of the schist series
were noted which in general conform to the above
deseription, but show abundanee of feldspar, partly
in the mosaic groundmass, partly in relatively large
erystals with partly preserved erystal form. The
feldspar is both microcline and albite, and is suffi-
cient in amount and of such a form as to indicate
that the schists containing it were probably derived
from acid igneous rocks, such as granite-porphyry
or the like. The fact that such feldspathic facies
of the schists are rare strengthens the convietion
gained in the field that the great bulk of the phyl-
lite formation is of sedimentary origin.

The following section across the Yavapai forma- '.

tion illustrates the variety and nature of its constit-
uents.  In this section widths of surface exposure
are given, rather than thicknesses, because the
whole series varies in dip east or west of the ver-
tical and occurs in closely appressed folds, so that
actual thicknesses can rarely be determined.

Generalized section for 10 miles from west Lo east, from Mot
Dapis to Copper Mountain,
Wikdeh of axposurs
o wirike,
Bighug Creek:
Banded and argillaceois green
mica-slate, more or less fis-
gile; strike N. 33" E.; dip west
nearly vertieal................ 1.7 miles
Amphibolite ........cocuvnn.... 205 miile.
Massive banded green schist, in
part unralite-diabase, lamina-
tion wvertieal; trend north-
A R e e L Lty 2

1.1

miles.
tirapevine Creek:
Ledge of gneiss; trend north-
south; dip E. at an angle of 80
Green phyllites, ..

A Teet.
2.5 miles.

50 feet.

North of Mayer:
Ferruginous and siliceons schist
with white guartz veins and
hematite parallel to the band-

ing ; small veins of onyx marble
entting the schists............
Rapid alternations of wvarious
sehists — hornblendie, silvery,
ferruginons, siliceons:  trend

N. 15" E. vertical..............

Fisgile green phyllites; trend
N. ¥ E.;dip east at an angle
of 66" ; containing basie brec-
cins and eroptives and quartz-
ite ledges

Copper Mountain:

Hiliceous schist decomposed on
surface, greenish with copper
earbonates; trend N, 10° W.;
dip west at an angle of 677°;
gray rhyolite-porphyry dike. ..

Massive gray quartzs.....

1.3 miles,

1 mile.

nnile.

1.3 miles.
B0 feet.

T'hickness.—The changes of dip in this section
indicate an anticlinal strocture on the west, in the
vieinity of Grapevine Creek, and a synelinal stroe-
ture in the region west of Copper Mountain. If
these folds are projected southward along the strike
they match similar ones indicated north of Brady
Butte and in Cedar Canyon. Assuming that the
strata are essentially vertical, the approximate thick-
ness of the Yavapai formation above the conglom-
erate on Bear Creek may be estimated by taking
one-half’ the distance beteen the axes of two folds
of like kind (see section C-C on structure-section
sheet). Measured in this way the Yavapai schists
above the conglomerate-sandstone series have a
thickness of from 5000 to 7000 feet.

In structure section C-C the attitude of the con-
elomerate on either side of Brady Butte is hypo-
thetical. The schists between the granite and the

conglomerate may have a synclinal structure unless

the conglomerate represents the base of a formation
unconformable on other schists.  That sueh uneon-

formity exist= in the region is indieated by the fact |

that pebbles of schist and quartzite oceur within
the conglomerate.  The sequence is probably inter-
rupted by overthrust and normal faults, but the
structure is too complex for such faults to be in

evidence. Whatever the structure, one-half the

2

distance between
will give a very moderate minimum thickness to
the schist series. If the Ticonderoga Guleh and
Bueno outerops of conglomerate are considered as
representing the same band, and the granite belt
of Mount Union is disregarded, four conglomerate
belts appear, separated by nearly equal intervals of
about 21 miles,  One-half of this distance makes
To such an extent as the
dip departs from the vertical this figure would be
reduced, but the greater part of the schists are
essentially vertical. The estimate, while approxi-
mate only, is made on the best available data, and
is deemed worthy of record.

Conglomerate lenses.—Conglomerate beds oceur
in the Yavapai schist in widely secattered locali-
ties. They contain well-rounded pebbles in some
places, more angular ones in others, and are inter-
bedded with sands and grits.  Their ocenrrence
and association afford the strongest evidence of
the sedimentary origin of the greater part of the
schists. The conglomerate retains itz original
character where finer sediments are highly meta-
morphosed, as near the Senator mine; at another
place it oceurs in the midst of phyllitic rocks; at a
third |1'|:=|w: it appears to be basal and shows grada-
tions in coarseness from the base upward. The
transition to =andstones, slates, and limestone sue-
cessively across the strike is illustrated east of Battle
Flat.

Along the road from Battle Flat to Bear Creek
the conglomerate onterops in contact with granite;
it dips 8. 70° . at an angle of 55° and contains
pebbles of granite, schist, quartz, and quarizite.
Farther east, near the mouth of Peck Canyon,
vertical phyllites contain interbedded conglomer-
ate bands. The pebbles of the conglomerate are
wiaterworn i]'l.t'r_l I'I'I“]'I.{HH}I HII':I'I"."#, i“lll IIII."S_H" :t'-ﬁ"“l"
have sometimes been flattened and stretched by
the suecessive periods of pressure that folded the
beds, closed the folds, and so compressed the strata
as to produce the schistose structure found in the
Algonkian rocks. A short distance up Peck Can-
von there are limestone lenses.

The presence of pebbles of schist and quartzite
in the conglomerate shows that there were more
ancient rocks, probably of sedimentary origin,
from which some of the recognized conglomer-
ates were themselves derived by sedimentary pro-
cesses.  1his indicates that there are unrecognizable
unconformities within the Algonkian, and the gran-
ite pebbles may have been derived from Archean
granites which still exist but have not been differ-
entiated.

The conglomerate outcrops without conspicuons
relief in five localities, all of which are in the north-
west quarter of the guadrangle. These ounterops
are on Bear Creek (already mentioned), near Brady
Butte, at Bueno, in Ticonderoga Guleh at the Div-
idend mine, and at the head of Hassayampa Creek
in and near the Senator mine. East and west of
Brady Butte the conglomerate dips away from the
granite core, suggesting anticlinal structure, the
granite being everywhere apparently intrusive,
Such structure is further indicated at the north-
ernmost end of the granite of Brady Butte, where
the phyllite shows marked folds and an anticline
is exposed in the creek bed pitching to the north-
east. (See section C-C on structure-section sheet. )

The relation of the conglomerate to the sand-
stones and phyllites is indicated by the following
examples:  On both sides of the granite of Brady
Buttea wide series of slates and schists oceurs beyond
the conglomerate, suggesting that the latter is below
sediments, which become finer-grained in the higher
beds. In the outerops of conglomerate at the head
of Hassayampa Creek the pebbles are sometimes
angular and the bedding has been upturned to a
vertical position. The nearest metamorphic sand-
stones occnr south of Mount Tritle, and to the west
in the vicinity of the Blue Dick mine. On Ticon-
deroga Guleh the exposures are poor; at Bueno,
south of the conglomerate, is a contorted ferrugi-
nous quartzite, in part altered to jasper and iron
ore, and east and west of the conglomerate there
are phyllites and sandstones.  The structure of the
whole series is izoclinal. A syneline is indicated
in the southwest part of Hackberry Creek basin.

There is no evidence regarding the character of
the old land on which these ancient sediments were
deposited  except that afforded by the pebbles,
The thickness of the conglomerate-sandstone mem-

1

separate  conglomerate bands ! ber on Bear Creek is not less than 900 or 1000

feet. This series has apparently no definite upper
limit, but shows a gradual transition to phyllites
and bluish slates.

In all the specimens studied under the micro-
scope the clastie structure is distinet.  The rounded
or subangular grains consist chiefly of quartz, with
some feldspar, mostly orthoclase and microcline.
The grains and pebbles show evidence of mashing,
their long axes being parallel and the points of
the fragments often granulated. The cement-
ing matrix is granular quartz and sericitic miea,
with some small areas of micropegmatitic quartz-
orthoclase aggregates. Needles of tourmaline had
lh"\'i'll]l?l‘ll I]{‘t“‘{_'l"l] ‘III_" l]llil'l"t?.' ;j:]'ﬂillﬁ i!l one D‘I'F[ﬂ'i'
men.

In specimens from the Senator mine were peb-
bles of red jasper in which, as in the cementing
material, were cubes of pyrite.

QQuarizile lenses—Throughout the schist areas
and especially in the Hackberry basin oceur
upright ledges, resistant to erosion, composed of
metamorphic sandstone or of very siliceous schist
full of quartz veins and lenticles. A conspicuous
ledge exposing 300 feet of massive gray quartz
occurs at Stoddard and is prolonged southward
into the eminence of Copper Mountain.
out the Bigbug district these ledges trend from
north-south to northeast-southwest with the schists,
and they may be traced southward to the Crazy
basin, where they diverge about the northern end of
the Bradshaw Mountains granite mass, some of
the ledges there trending southwest-northeast, and
zsouth-southeast and north-northwest, on
U]!l]ﬂ.‘iitl! sides of the gl';mitv miass,

The quartzite ledges are more abundant in the
schist belts than the conglomerates, and as has been
shown above, their association with conglomerate
on the one hand and phyllite on the other goes far
to prove the sedimentary origin of the schists
Their microscopic structure is sometimes posi-
tively sedimentary, in other cases obscure. Some
of the ledges in the field, however, notably near
the Bueno iron ore and east of Battle Flat, are
unmistakable sandstones.  The ocenrrence of’ such
sandstone beds, moreover, in parts of the schist

Irr‘lll'l“lfll.l_‘_fll-

others

remote from the conglomerate gives evidence of
sedimentary origin in many places where the other
rocks are obscure or highly metamorphosed.

The question of the relation of the quartzite
lenses to the guartzite pebbles in the conglomer-
iate flr ];E‘E"' (:1"{‘.1']-: ;H I:H_}t {"I{_’E“'Ij" EillH"n'ﬁ'l"l‘Cli I]"'l.' illl}'
evidence yet found.
may be pre-conglomerate, 20 may zome of the
quartzites be members of an older series of Algon-
kian or pre-Algonkian rocks, separated from the
quartzite-bearing conglomerates by an unconform-
ity. Such unconformities, if they exist, have not
been recognized because of the close compression
of the whole schist series.

Just as some of the granites

The quartzite is typically a dense, fine-grained
rock of gray, bluish or greenish white color, often
distinetly laminated and eut in every direction by
minute veins of white quartz. It contains =0 much
iron, either in the form of films of shining specular
hematite or of rusty limonite that the name “iron
dike” is commonly applied by the miners to the
outerops.  Under the microscope the rock gener-
ally shows a uniformly fine grain with a distinctly
clastic character, the quartz grains of which it is
chiefly composed being often separated by films of
sericite or chlorite.  Hematite is disseminated in
gpecks and scales, and a very little feldspar could
be determined either in roundish grains like the
quartz or in larger oval areas.
banded iron ore occurring south of Bueno prob-
ably represents an altered form of this quartzite.
It is a quartz mosaic of fine, uniform grain with
small amounts of granular garnet and epidote, and
has a banded appearance produced by magnetite

The vuutnl‘tt‘ﬁ'

grains abundant in some layers and failing in
others.

A section of the schist containing quartzite in
Blue Bell Hill, south of Hackberry Creek basin,
from Cedar Canyon westward, is as follows:

Section in Blae Bell Hill, from Cedar Canyon westward,

Width of expasure
LTI FFLEN

At Cedar Canyvon, slaty schist, verti
cal, trending N.
Light-eolored slates and phyllites. . ..
Dark ferroginous quartzites, con-
torted; dip westerly at angles of

G mile

Width of exposurs

on surfacs,

from 75° to 80%; strike N. 40° E.;
white quartz veins.................
Upper part of this series forms a belt
of salient copper-stained silvery
siliceons phyllite or sericite-schist.
Pockets 1 foot to 8 feet in dinme
ter have been weathered out and
show malachite. Trend here is N,
43° K. ; dip west at an angle of 737,
Thers js o zone of these corrosion
cavities associated with quartz-mica
veins, At the Blue Bell mine thae
sericite-schist belt is bounded on
both sides by a guartzite ledge, and
the trend of the ore body (copper) is
N. 80° E., its thickness increazing
with depth. and averaging 25 to 30
feet, while its length is about 400

T mile

150 feet

Hornblende - sehist  amd  guartzite
ledges, white qunartz and  white
caleite velns, one of latter 1 foot

thick i il

As these rocks are nearly vertical, surface widths
are given, rather than thicknesses; closed folds
probably ocenr frequently.

The individual quartzite beds vary in thickness
from 5 to 50 feet. The section west from h[:i}‘l‘[‘
ig a characteristic one, ag follows:

Section west af Mager,

Widlth of exposnre

LTI TN

Green and red slate and mica-sehist. . .. G mile,
Reddigh-white gquartzite, vertieal and

trending N.28° B ...cc.cniaiinaiiinns 5 feet,
2T AW g e i
Two havd dike-like beds, cach S0 feet
thick, of hematitic quartzite, contain-
ing white quartz lenses and dipping

N. 65" W. at an angleof 18°., ... _.... 100 feet.

5 T ) IRk e e e R o e L0 mile.
Gray guartzite and green miea-sehist
in a ledge containing mueh white
1L o o P - S
Bilvery siliceous light-green mica-schist,
followed by amphibole-sehist  and
some black eruptive rocks within the

sehist serfes . ..oo00ven.

20 feet.

B+ feet.

The {|11:II'IJf.itl' within this succession between
Mayer and the eastern edge of Bighug Mesa illus-
trates the general character of the quartzite lenses.

The soecession shown in Black Canyon from
east to west, at the eastern face of the Bradshaw
Mountains, between the main range and Bumble-
hee, is as follows:

Seation in Bradshoaw Mowntains near Bumblehee,

Width of outerop
i marfaes,

Diorite of Bland Hill..................
sericitic and argillacecns schists, tremnd-
ing N. 15* W., and dipping west at

an angle of 47, . 1.2 miles.
Variable schists with nnmerons quartz-

ite ledges, trending north-south. .. .. 3 mile
Ferruginous guartzite with some am-

phibole and mwiecn-sehist, vertical, or

nearly so, with westerly dip......... .05 mile

Bradshaw greanite. ................ Faliin

Outerops of quartzite oceur throughout the Big-
bug district, near Bueno, west of Mount Tritle,
northeast of Cordes, and south of Silver Mountain,
in addition to the localities already mentioned.

Hornblende-schist phase of Yavapai formation.—
The highly metamorphic members of the Yavapai
schist, characterized by the development of horn-
blende and other distinetive minerals, are here
collectively deseribed under the above title. The
hornblende-schist phase varies in different places
in coarseness, schistosity, mineral composition, and
origin. The belts shown on the geologic map
oceur principally in contact with granite or quarta-
diorite bodies. Thus the western and eastern con-
tacts of the Groom Creek quartz-diorite body are
|alr5_'_;i=]_'l,' with hornblende-schists, A belt of such
schist extends south from Bighug Mesa, follows
the edge of the granite of Mount Union and of
the eruptives farther south, and occurs along the
borders of the large granite stock that forms the
main chain of the southern Bradshaw Mountains.

The width of the metamorphosed belts averages
1 mile, but it becomes greater in those places
where igneons bodies occur on opposite sides of a
single schist belt, as in Silver Mountain or Spruce
Mountain.

The topographic relief of these schists is great
and iz exceeded only by that of the Bradshaw
granite; thus the greater part of Spruce Mountain,
Mount Tritle, and portions of Tuscumbia Moun-
tain and Silver Mountain are formed of these
indurated and metamorphosed beds.

The transition from the metamorphosed belts to
the normal Yavapai schist can not be said to be
definite in all cazes, and the contacts of 2ehist with
granite or diorite do not always show pronounced




Thus the schists on the flanks of
the Mount Elliott and Brady Butte granite masses
do not show any marked amphibolitization.  This
can not, however, be used as an argument for the
Archean age of these granites, for the same granitic
masses farther south in each easeshow a hornblende-
schist belt on their flanks.  Moreover, the changes
wronght in the schist of the hornblendie belts are
probably not wholly due to contact action of intru-
sive plutonic magmas. There are many local oceur-
rences of highly metamorphic rock which are not
The case ecited below, of
the transition in the zone surrounding the great
sonthern Bradshaw granite stock, appears to be
a definite case of “contact metamorphism.” The
continuity of even this zone, however, is inter-
rupted in two places, and it is remarkable that the
long diorite belt bordering the granite of Bland
Hill, and parallel to the eastern contact of the
southern Bradshaw stock across DBlack Canyon,
has apparently exerted very little metamorphos-
ing action on the schist. Further exploration is
necessary before these problems in this complex
field can be solved.

A characteristic section of the hornblende-schist
phase iz shown on the west flank of Spruce Moun-
tain, where, east of the quartz-diorite of Groom
Creek basin, is a region of massive hornblendic
epidote hornfels characterized by foothill and ean-
yon topography, as distinet from the pine-clad
flat land of the quartz-diorite. Farther east, in
the vicinity of the Monte Cristo mine, are ore-
bearing quartz veins in a country rock of massive
black amphibolite changing to banded hornfels,
which strikes N. 25° E. and dips at high angles
to the west.

metamorphism,

near I_r__{lu'uus-: contacts,

Hornfels and hornblende-schists are
continuons to the diorite at the summit of the
mountain. Streaks of diorite and acid porphyry
dikes are common in many places throughout
these schists, and granite or pegmatite lenses occur
in the vicinity of granite contacts.

Along Crazy Basin Creek, northeast from Blanco
Springs, the succession of exposures parallel to and
near the granite contact is as follows:

Erposures along Crazy Basin Creek.

Mica-sehist with granite and pegmatite veins

Mica-sehist containing quartz and tourmaline, ent by gran-
ite veins and two small porphyry dikes.

Small dike of camptonite; trend N, 35° W,

Staunrolite, garnet, and miea-sehist.

Green sehist and breceia, containing quartz; dip north at
an angle of 70°; strike N, 82° E. (Hers the schist ehanges its
strike to the east to conform to the enrve of the great intru-
sive body of granite.)

Micn-schist; strike N. 657 E. ; dip northwest at an angle of 43°,

The change of dip in these schists conforms to a
stendy flexure, well illustrated in the eastern spur
of the conspicunous hill of metamorphic schists
which rises north of Crazy Basin Creek; on ascend-
ing the spur from southeast to northwest the strike
changes from east-west to northeast-southwest, and
the dip from relatively low angles (55°) where the
schists are buekled about the northern end of the
granite, to the more normal higher angles (658°);
in the same space the rock changes from staurolite-
schist, characteristic of the contact metamorphic
zone, to mica-schist,

Petrographically the hornblende-schist phase is
a complex of extremely varied rocks. It ineludes,
ag its principal members, (1) typical hornblende-
schists; (2) amphibolites; (3) mica-schist; and, as
subordinate members; (4) epidote-, zoisite-, gar-
net-, and tourmaline-schists; (5) hornfels; (6) ural-
itic diabase,

(1) The hordblende-schist includes highly lami-
nated rocks consisting principally of hornblende
and quartz.  The hornblende is green or greenish
blue in color and is generally in confused fibrons
ageregates; epidote and biotite almost invariably
accompany it in more or less abundance. The
guartz presents aggregates having mosaic or cata-
clastic structure, with oceasional grains of ill-defined
plagioclase feldspar. A typical ocenrrence of these
rocks is seen in the belt west of the granite of Tus-
cumbia Mountain, along the Crown King road.

(2) The amphibolites differ from the rocks above
deseribed chiefly in the absence of lamination and
the greater abundance of hornblende. They are
very massive and tough, and oceur as local phases
of the schist and as independent masses,

The original character of these two groups of
rocks is uncertain.  The schists may represent
the complete reerystallization of siliceons ferro-
magnesian limestones; they may equally well, and

Bradshaw Mountains.

the amphibolites more probably, be derived from
basic igneous rocks. The evidence is inconclusive.

(3) The miea-schists include coarsely erystalline
foliated muscovite- and biotite-schists. They are
highly quartzose rocks; the quartz oceurs in patches
with mosaie-granular structure or in isolated grains
wrapped about by the mica plates.  Accessory min-
erals are green hornblende, garnet, epidote, tourma-
line, and staurolite; magnetite is always present also.
These accessory minerals are locally so abundant
ag to dominate the normal constituents. The
chief oceurrence of these schists is in the zone sur-
rounding the great southern stock of Bradshaw
granite, from Silver Mountain on the sonthwest,
northeastward to Crazy basin, and thenee southward
along the eastern boundary of the granite, nearly
to the southern line of the quadrangle.  The schists
show a gradual change as one approaches the granite
across the strike.  From finely erystalline phyllites
one passes, by gradual increase in the degree of
erystallization, to fine and then coarse mica-schist;
near the granite staurolite, garnet, and tourmaline
appear abundantly, At the immediate contact
quartz veins containing andalusite are found and
pegmatite veins with abundant tourmaline become
extremely numerous.  The derivation of the mica-
schists from the phyllites of the Yavapai formation,
which are regarded as altered sediments in large
part, is held to be elearly demonstrable.

(4) Epidote-, zoisite-, garnet-, and tourmaline-
schists arve recognized as local members of the schist
in which one of the four minerals named is pre-
dominant. They are foliated and generally fine-
orained rocks, the mineralogical nature of which is
revealed only by microscopieal examination.

(5) Hornfels iz here used to include certain con-
tact rocks found loeally at the immediate bound-
ary of granite and schist. They are black or
gray, extremely dense and hard rocks of exceed-
ingly fine grain, in many cases hardly resolved by
high powers of the microscope. The strocture is
granular, but has poor definition—the feldspar
grains, hornblende-biotite seales, and magnetite
particles of which they are chiefly composed being
mingled in a confused aggregate. In a specimen
from near the Tiger mine the hornfels oceupies a
narrow, sharply defined zone at the contact and i=
marked by an abundant development of andalusite.
It is regarded as a local metamorphic phase of the
phyllites.

(6) The uralitic diabase comprises dense black
rocks showing little schistose structure and com-
posed of minute needles of green uralitic horn-
blende and indeterminable plagioclase feldspar
lathe. This rock, which is developed in two con-
siderable masses—north of the SBenator mine on
Hassayampa Creek, and east of the Crown King
mine—is regarded as undoubtedly derived from an
igneous rock, probably originally a diabase.

Name.~The county name, Yavapai, is applied
to the great body of schists of which the greater
part are clearly of sedimentary origin. Blake
(Report of the Governor of Arizona, 1899, p. 139)
was the first to deseribe these schists, and spoke of
them as a slate formation extensively developed in
Arizona, lithologieally resembling the Taconie
slates of Massachusetts.  He named them the
“Arizonian” slates.  Thiz name is not retained
becanse lack of correlation with other parts of
Arizona makes it necessary to adopt a name of
more limited geographie significance.

QUATERNARY SYSTEM.

The principal formation representing Quaternary
time in the quadrangle is the alluvium of the
modern streams.  Certain spring deposits may also
be conveniently discussed here, though there are
some reasons for correlating them with the Ter-
tiary voleanie agglomerates.

ONYX MARBLE.

There are two hot-gpring deposits in the quadran-
ele, the principal one being the onyx marl lé which
oceurs near Mayer. This deposit covers an oval
area about three-quarters of a mile long by less
than half a mile broad, to a depth which varies
from a fraction of a foot to upward of 25 feet.
The deposit consistz of a very compact limestone,
distinetly banded in layers that are horizontal,
inclined, or undulating.  The thickest
which may be as much as a foot thick, consisi
of fibrous aragonite, the fibers being faintly radial

hands,

and transverse to the banding. The main mass of
the material is, however, caleite, varying in color
from white or pale green to deep brown or red
where the small amount of iron earbonate con-
tained in it has been decomposed into iron oxide.

The onyx rests directly on the upturned edges
of vertical schists, and the lowest laver of the
onyx is generally a breceia of schist fragments and
other rock débris cemented by calcite (see fig. 5).
At several points, moreover, this breecia occurs in
vein-like masses passing downward into the schist.
These undoubtedly were the outlets of springs,
probably hot, which brought up the calcium car-
bonate in solution, and the precipitation of caleite
or aragonite from the hot waters flowing over the
surface first took place in the mantle of loose rock
covering the ground. Terrace-like masses were then
deposited with more or less regular banding, the
greater thickness of the deposit accumulating in
depressions of the surface.

The appearance of the onyx deposit strongly
suggests a recent formation formed on the present
surface after the lavas which must formerly have
covered this rezion had been removed by erosion.
Study of gimilar deposits elsewhere in the quadran-
gle throws doubt on this conelusion. On Agua
Fria Creek at its junction with Sycamore Creek, 10
miles southeast of Mayer, is a considerable extent
of magnesian travertine lying directly beneath the
basalt and on the gramite. It is a compact to
slightly porous, eryptocrystalline, dull-white rock
that is harder than limestone and frequently con-
tains bands of chert. It does not dissolve in cold
acid like limestone, but must be powdered and
heated before solution takes place; it is found to
contain both magnesinm and caleinm earbonates

besides small amounts of silica and alumina.
Althongh this travertine is elearly a spring

deposit, it merges horizontally by insensible gra-
dations into a voleanic agglomerate with caleareous
cement, and since the agglomerate is older than the
basalt the same age is naturally assigned to the
spring deposit. I the onyx is correlated with this
travertine, as seems natural from their similarity of
origin, it mwust be assumed that the onyx was
formed before the outpouring of the basalts which

undonbtedly at one time extended over the area |

between the eastern lavas and [ﬁghllg Mesa, and
that it has been revealed as now seen by the sub-
sequent removal of these lavas by erosion. There
is a further argument for the assumption that the
onyx has been at one time buried beneath a great
weight of lava in the compactness of its present
texture, which is quite unlike the porous texture of
ordinary surface hot-spring deposits of limestone.
The travertine as first formed may well have been
recrystallized to the compact onyx form under the
influence of the heated waters moving under great
pressure heneath the lava. Orit is possible that
both deposits, instead of having been deposited
before the basalt outburst, were formed beneath the
lava as they now oceur. It is, however, difficult
to understand how such slight and nonresistant
deposits as these could survive a period of erosion
capable of removing from wide areas several hun-
dred feet of hard basalt. The problem of the age
and origin of the onyx is therefore not yet satis-
factorily =solved.

ALLUVIUM.

The oldest surficial deposits in this region are
In some cases
these have been rearranged by recent washing, but

oravels, associated with the lavas.

all such deposits are here included under voleanie
agelomerate (see page G). The only Quaternary
deposits shown on the map are the larger allu-
vial bottom lands, most numerouns along the course
of Agua Fria and Bigbug ereeks.  Agua Fria Creek
flows through an open basin north of the quadran-
gle, and south of Valverde has deposited loam and
gravel to the depth of 30 feet along its botiom.
This deposit has been trenched by the stream
and sections with horizontal bedding are exposed.
South of this area the ereek flows across schist in
a canyon, from which it emerges at the edge of the
basaltic deserts east of Copper Mountain. Here
oceur alluvial deposits, which give place to another
canyon in the basalt farther down the stream.
Materials scoured out of this canyon form bot-
tom lands where the ereek emerges on the granite
east of Cordes. This process is repeated at Rich-
inbar, where the stream (here known as Agua Fria

River) enters a third eanyon in granite and basalt
At Goddard’s, where the river leaves the basalt,
another wide flood plain has been deposited, and
below this point another canyon has been cut in
schists. This is a continuation of Black Canyon,
which extends far to the north along the eastern
contact of the Bradshaw granite and schist, follow-
ing the course of the softer schists, which are bor-
dered on both sides by ernptives.

Bighug Creek, like Agna Fria Creck, shows evi-
dences of trenching in old alluvial gravels above
Mayer. are to be expected where
a stream emerges from high land into the flat, open
country, and the sudden mud floods from clond-
burstz on the mountaing promote the process of
acenmulation.

Such deposits

Igneous Rocks.
INTRUSIVES,

The intrusive rocks of the Bradshaw quadrangle
oceur as large stocks of irregular form with dimen-
sions measured usnally in miles, and as dikes fill-
ing fractures of elongate form, the width of which
is usnally measurable in feet.
notably that of the Crooks complex—intrusives of
different kinds are mingled together in an irregu-
lar banding which strongly rezembles the banding
seen in the schists, with the difference that the
T{IL'I{H e il]l ig]]{"l]ll.‘i -EITHI {'r}'H[H“i]H'. I"!{’ll"i“"tl:q'
the banding of the igneous rocks is transverse to

In some cnses—

that of the schists, as in Crooks Canyon.

BRADEHAW GRANITE.

Character—The Bradshaw granite is a coarse
plutonic rock which has in places a gneissic and
in places a coarse granular structure, and which
frequently shows zones where the rock becomes

would more properly be
The normal type is a coarse
biotite-granite with rare green hornblende. Petro-
graphic study of specimens from different parts of
the Bradshaw Mountains quadrangle indicates that
there are certain distinct primary variations, and

IIiEI]I} Hﬁ'lliﬁtﬂﬁl_}' 4'IT'H'I
called a mica-gneiss.

other secondary changes due probably to pressure,
which are more pronounced in some places than in
others,

The primary phases or varieties are of four
kinds: The normal granite, the eoarse pegma-
titic varieties, the transition to the Crooks com-
plex, and the transition to diorite. The last two
will be deseribed under their respective headings.
The normal granite occurs in the Mount Union
Range at Indian Creek and near Prescott, at Min-
nehaha, at Bland Hill, and in the granitic hills
north of Richinbar. Coarse-grained or pegmatitic
forms of granite are abundant in the southern
Bradshaw Mountains, in the mountains along the
southwest border of the guadrangle from Cellar
Spring gouthward, and in Tuscumbia Mountains.

Petrographic deseription.—The Bradshaw gran-
ite is normally a coarse granitic aggregate of
quartz, orthoclase, and microcline in about equal
amounts, with a little acid plagioclase (oligoclase),
biotite, and magnetite, and oceasionally some green
hornblende.  The more or less distinet gneissic
structure visible in most outerops of the rocks is
scarcely visible in the microscopic strueture, but
the influence of strains is clearly seen in the uni-
versal granulation or wavy extinetion of the quartz
and oceasionally of the feldspar. Alterations of
the latter to sericite or a mixture of sericite and
ealeite are widespread in all phases of the rock.
The dark constituents of the granite are small in
amount, the biotite being often bleached or alterad
to chlorite.
and orthite were noted in some slides.

Variations from this type, both structural and
mineralogical, are numerons. The mass of Tus-
cambia  Mountain consists of a granite much
coarser than the normal, and one large dike on

As rarer n'l}IJHtillli'lltH, !l]mlitl‘, Z1reon,

its northeastern ﬂlnpﬂ is rn:u‘spl}' pul'p]l}‘ ritic with
large, distinet Carlsbad twins of microeline in
pinkish groundmass of ordinary texture. Dis-
tinctly gneissic facies are also found, especially
toward the contacts with the schists and amphib-
olites into which it has been Peg-
matitic facies are extremely abundant in the great
southern stock, wurli:*u]:u‘l_}' along the eastern con-
tact, where extensive areas, practically all of peg-
matite, are found.
chiefly of a more basic character, and will be
described under the heading “ Diorite” (p. 4).

intruded.

Mi |'||~|11|ugi(1ﬂ variations are



The granite has the normal granitic structure
at the headwaters of Crooks Canyon at the south-
ern base of Mount Union, in the high monntain
east of Cordes, in the extreme northwest corner
of the quadrangle on Indian Creek, and at many
other places, A specimen (No. 358) from Crooks
Canyon was made the bagiz of a partial analysis
which resulted as follows:

Partial analysis of granite from Crooks Cangon.

Per cent.
I TaeRme L ortn s T4.62
L e e Pt T 1.06
1 S e S S e Y 3.90
Rk AR Sl e R .90

The molecular alkali-silica ratio caleulated from

these figures is 0,085, and corresponds to that of

liparose or toscanose, which are considered the
equivalent of granite. (See Iddings, Prof. Paper
U. 8. Geol. Burvey No. 18, 1903.)

Metamorphizm.—The secondary changes in the
Bradshaw granite were produced in connection
with pressure, which has developed the wavy
extinetion that is seen when the quartz and feld-
spar are viewed in polarized light and which has
caused sericitic zones or bands in places where the
rock has been sheared. These places are found
along the contacts with schist in the border zone
of the great southern Bradshaw stock and are also
numerous in the granitic phases of the Crooks
complex.

It is probable that the belts of schist indicated
on the map within the large southern stock are
more continnous than is there shown. Detailed
exploration would be necessary to determine this
point. The presence of such included bodies of
the schist a mile or more in length and of vary-
ing width indicates that as the granite magma
welled npward the schist isoclinals were probably
split and there was possibly some fusion or resorp-
tion of the masses broken apart. Geologists have
no accurate knowledge as yet of the dynamic con-
ditions which govern granitic intrusion. In such
a region as the Bradshaw Mountains the granites
represent only one manifestation of the metamor-
phosing agents which have produced such marked
mineral and chemical changes in the sediments.
The development of gneissic structure along the
borders of the granite indicates that the plutonie
rock itself was compressed either during its intru-
sion, when it was a very stiff’ or viscous mass, or at
some later period, after its solidification, when the
whole mountain range was subjected to regional
stresses, The data at hand are insufficient to
determine which of these conditions was domi-
nant in producing the gneissic strocture observed
in the granites of the Bradshaw Mountains.

1t should be further observed that some chemieal
changes probably took place within the granite
magma locally along its contact with schist, for
the transition to basie phases (diorite) is apparent
in gome places, though absent in others. Such a
change is evident along the western flank of Bland
Hill and on the eastern contact of the schist belt
north and south of that point. Without detailed
field studies it is not possible to account satisfac-
torily for this greater basicity of the granite along
certain contacts. There 18 no such border of dio-
rite around the great Bradshaw Mountains stock
or the granite masses of the northwest and west.
These granites and the Crooks complex, which is
largely a mixture of granite and diorite, in places
show local transitions to diorite. The Bland Hill
diorite zone may have been caused by any one of
the three following processes: (1) Endomorphie
differentiation in the granite, (2) a local change in
composition of the granite magma due to solution
of materials from the schist, (3) a later intrusion of
diorite along the contact of granite and schist while
the granite was still in a semi-fluid condition.

Age—With the exception of such metamorphic
eruptives as may be contained in the Yavapai schist,
the Bradshaw granite is the oldest intrusive rock
in the region. It is younger than the schists and
is intrusive into them, this being shown along the
contacts by lenses and dikes of granite in the
Yavapai formation, and by included bodies of
schist frequently found within the granite-gneiss.

Distribution—The Bradshaw granite is much
the most widespread cartographic unit in the
quadrangle, occupying at least one-half of the
area and extending beneath the lavas on either
side for an indefinite distance.

+

The granite forms the higher mountain summits,
ineluding the southern Bradshaw Range, the sonth-
western range, the Mount Union group of peaks,
Brady Butte and the heights south of it, Bland
Hill and the high hills east of Cordes, and part of
the mountains at the head of Yava Wash,

The largest stock of granite forms the main
southern range of the Bradshaw Mountains. The
rock is alternately pegmatitic, gneissic, and schis-
tose. The Yavapai schist to the north appears to
have been split apart and suffused with the fluids
which erystallized as granite; throughout the granite
are found schist belts and fragments that frequently
preserve their original trend.  The formation varies
from porphyritic granite-gneiss to a coarse, weath-
ered, reddish granite or a muscovite-pegmatite with
much white quartz and very large feldspars. On
the east slope of Horsethief Canyon the schist is
filled with granite intrusions which in the stream
beds both cut across the banding of the schist and
interpenetrate the laminze.

In the exposures on the Mount Union Range the
Bradshaw granite is much weathered and on the
corners and edges of the joint blocks has a char-
acteristic bright-red rusty stain which frequently
serves to distinguish this formation from quartz-
diorite. These two rocks are in contact east of
Walker on the road from Lynx Creek to Bighug
Creek. Few ore deposits have been found within
the Bradshaw formation, but they oceur along its
contacts with ineluded or peripheral schist.

Name,—The Bradshaw granite is named from
the mountains in which it is so conspicuously
displayed.

CROOKS COMPLEX.

General  character.—The Crooks complex is
closely associated with the Bradshaw granite,
but differs from it in that it is marked
alternations of diorite, aplite, gabbro, schist, and
granite. It is largely igneous and the trend of its
bands is often transverse to adjacent schists. The
complex merges into the Bradshaw granite south
of Mount Union, west of Minnehaha, and north
of Squaw Creek. Included schist is not abundant.
Ore bodies are almost wholly wanting in this for-
mation.

A characteristic section of the Crooks complex
may be seen on the southwestern spur of the high
peak west of Bueno, between Crooks Canyon and
Blind Indian Creek.

|1-J.'

Section af Crooks complex on peak west of Bueno.
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This complex is mapped as a single formation,
but is really a mixture of the diorite-granite and
schist units in bodies too small to be differentiated
on the folio map. Its distinctive feature is the
alternation of these units in bands. Small stocks
of diorite or granite undoubtedly occur at places
in the complex, ent by dikes of aplite and lampro-
phyre. Where brecciation has taken place the
matrix is granite and the pyroclastic fragments
are diorite or gabbro. The granite of the com-
plex is identieal with the Bradshaw granite, and
the diorite is identical with the diorite which is
described under the next heading as oceurring
elsewhere and which is independently mapped.
The petrographic description of the rocks there-
fore is omitted in this place because all the types
deseribed under the headings “Diorite” and “Brad-
shaw granite” occur in the Crooks complex. In
itz relation to the Yavapai schist the complex has
the same metamorphosing effect east of Crooks
Canyon as has the granite farther north. In
that region also it merges into both granite and

diorite on the north, and the same is true of a
banded igneonus complex having precizsely the same
characteristics which oceurs northwest of the New
River Mountains and passes into undifferentiated
granite on the north and diorite on the west.

Origin.—The origin of the banded structure of
the Crooks complex iz one of the many obscure
problems presented by the Bradshaw quadrangle.
The contacts between the separate acid and basic
bands appeared to be igneous in all cases observed,
and inclosed belts of schiste are numerous. The
banding may have been occasioned by contem-
poraneous intrusion, by segregation during intro-
sion, by intrusion of one magma into parallel fis-
sures in the already solidified material of the other,
or by the intrusion of parallel dikes originally
guided by thin schist belts. The breccias of basic
material in an acid matrix, contrasted with the
diorite dikes found elsewhere in granite, show that
contemporaneous intrusion or local segregation is
the most probable explanation of the phenomena
observed. In many places these phenomena
strongly suggest the alternation observed in com-
posite dikes, but on a much greater scale. The
inclugions of schist in the Crooks complex have
the same character as those found in the Bradshaw
eranite. The marked transverse character of the
banding of the complex in the Crooks Canyon dis-
trict shows that this igneous banding is there due
to a canse different from that which produced the
banding of the schists, though in other places it
conforms closely to the banding of adjacent schists.
The Crooks complex is in miniature an epitome of
many of the complex relations of granite, diorite,
and schist, shown on a larger scale on the geolog-
ical map.

Name.—The complex is named from Crooks
Canyon, in the northwestern part of the quadrangle,
where it is well displayed.

DICRITE.

The rocks indicated on the map as diorite com-
prise two groups of somewhat different character.
In the one the diorite may be regarded as a basic,
border phase of the Bradshaw granite and iz found
chiefly on the borders of large masses of that rock
along its contacts with the Yavapai schists. This
group ineludes quartz-diorites of coarse granitic
structure, similar to the granite in appearance but
darker colored owing to greater abundance of horn-
blende and mica and with more soda-lime feldspar.
Quartz is present in small amount and, as in the
granite, shows pronounced strain effects—a charac-
ter which serves to distinguish these diorites from
the younger quartz-diorite of similar composition.
The first group also includes phases in which
quartz iz practically absent—typical diorites with
abundant hornblende.

The most conspicuous area of these diorites is in
a belt extending south from Cordes to Gillette and
beyond, and lying between the granite of Cordes
Mountain and the schists to the west. Here the
rock is partly massive and partly schistose; south
of Bumblebee the diorite is seen clearly to grade
into the granite and contains oceasional bands of
schist and white or blue quartz veins, the par-
allel structure being sufficiently marked to give
a gneissic character to the formation.

North of Richinbar a nearly ecircular area of
{Illill'l?.-[]il}r;tl'r “']I{l_"ll iH IFUL]I]TI{‘.ll h}’ gl-ﬂ"{tﬂ on
three sides and may be in contact with schists on
the west, where the older rocks are concealed by
agelomerate, shows a gradual transition into the
granite, so that no sharp line can well be drawn
between them. Toward the granite quartz
increases, orthoclase increases relative to lime-soda
feldspar, and the bisilicates become less abundant.
The line drawn on the map is largely arbitrary
owing to the regularity of this gradation.

On the high mountain west of the head of Yava
Wash the diorite takes on a peculiar phase through
the alteration of its feldspar to zoisite, The con-
tact of the diorite with granite is here marked by
an extensive development of the same breceias,
showing resorption of the fragments, as described
in the Crooks complex.

The second group of dioritic rocks comprises
more basie forms than those described above, and
occurs chiefly as small stocks intruded in the
schists and not in general in evident connection
with granite bodies. They are dark, heavy horn-
blendic rocks free from quartz, the texture vary-

ing from massive granular to porphyritic. Such
stocks oceur on Mount Tritle, on Sproce Mountain
at the head of Bighug Creek, on Agua Fria Creek
northwest of Stoddard, and on Towers Mountain.

In most of the cases observed the diorite oceurs
either along a schist contact, indicating that it is the
product of differentiation of the granite along cool-
ing walls, or as an intrusion wholly within schists,
or as a member of the Crooks complex. The pos-
sibility is, however, not excluded that the basic
diorites of the stocks where connection with granite
is not evident may have an independent origin and
represent another period of intrusion, but evidence
was not available for satisfying the authors on this
point.

Ores sometimes ocenr within the diorite, which
forms the country rock of the quartz veins in the
Poland mine, and forms the west wall of the United
Verde ore body at Jerome, north of the Bradshaw
Mountains quadrangle.

The diorites of the western belt described above
as presenting distinet gradations into the Bradshaw
granite are coarse-grained rocks of granitic appear-
ance, but darker colored than the associated eranite.
A typieal oceurrence near Badger Spring, north of
Richinbar, is composed of abundant green horn-
blende and greenish white feldspar with inconspic-
uous quartz.  Under the microscope the somewhat
idiomorphic albite or albite-oligoclase is found (o
be largely altered to sericite, zoisite, and ealeite.
The hornblende is in anhedra, brown to dark
green where fresh, bordered in part by blue-
green fibrous hornblende, in part altered to chlo-
rite.  The little interstitial quartz is strained as
in the granite. Accessories are apatite, magnet-
ite, and epidote. This type may be termed a
quartz-diorite.

The diorites of the northwestern stocks are much
more basic rocks. At the Bland mine and the sum-
mit ledges of Mount Tritle they are heavy blue-
black rocks, fine to coarse grained, rarely with

porphyritic feldspar development. The horn-

blende is green to brown in color and sometimes

has a fibrous uralitic appearance, but no augite
cores were observed. The feldspar varies from
acid oligoelase to acid labradorite and is generally
fairly well preserved, epidote, zoisite, and caleite
being the ordinary alteration products. In one
porphyritic phase the very fresh idiomorphic
labradorite erystals were extraordinarily shattered,
with intricate penetrations along the cracks of the
felted green hornblende groundmass.

Quartz is absent and apatite and magnetite are
abundant.

A partial analysis of diorite-porphyry (No. 306)
gave the following result:

Partial analysis of diorite-porphyry.

Per oont.
T e LT e G168
B T R gl ol o virescns A S S, ol e 8.28
I A T e L 4.40
L I Py = o B Py e A o e R A e g 2.16

The alkali-silica ratio caleulated from these fig-
ureg is 0.090, and corresponds in general to that
of tonalose, an equivalent of diorite.

Gabbroid facies of this type are characterized
by more basic plagioclase and the presence of
angite more or less completely changed to uralite-
hornblende.

The diorite from Yava Wash mentioned above,
in which the plagioclase has been entirely altered
to zoisite, has the appearance of granite. Under
the mieroscope it is found to be a granular rock
composed of zoisite and pale-green actinolite. The
zoisite 18 a confused ageregate with definite bound-
aries representing the original feldspar; oceasion-
ally it occursalso in large erystals.  The hornblende
is glightly altered to chlorite. Interstitial quartz and
feldspar in small amount and a little lencoxene com-
plete the constituents. Owing to the unusual com-
pleteness and definiteness of the alteration the rock
was analyzed by Mr. George Steiger, with the fol-
lowing result:

Analysis aof diorite from Yova Wash.
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The mineral composition, ealenlated on the basis
of this analysis, was found to be:

Mineral compogition of altered diorite from Yava Wash,
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MONZONITE-PORPHYRY.

South of Bueno the greater part of the basin
within the mountaing known as Battle Flat is
occupied by a gray porphyritic rock, gneissic in
part, of peculiar petrographic character, which
appears  to intermediate to the older and
younger quartz-diorites, The basin-like charac-
ter of the area which this rock occupies suggests
that it iz related to the quartz-diorites, but its pro-
nounced gneissic structure allies it more directly
with the older rocks. It is traversed by dikes of
diorite and camptonite and is in contact on the
northwest and southwest with Yavapai schist, and
on the east with a fine-grained granite-porphyry
which merges into the Bradshaw granite.

Hand specimens of the rock show a rather uni-
form fine grain, the most conspicuous minerals
being needles of shining black hornblende, irreg-
ular grains of an unusnally bright blue, vitreous
quartz, and oceasional feldspars, The gneissie
banding is not distinet in small specimens and
is noticeable only in varieties containing rather
more hiotite than the average.

In thin section it appears porphyritic, with
numerous phenoerysts of bipyramidal quartz, shat-
tered, strained, and deeply embayed, hornblende
in sharp prisms, biotite crystals, and sparse ortho-
clase crystals vaguely bounded and erowded with
inclusions of mica. The groundmass is granular
and indistinetly gneissic, consisting of quartz and
oligoclase feldspar in about equal amounts, with
shreds of hornblende and mica. Over consider-
able areas the quartz-feldspar aggregate appears
to be embraced in vague outlines, as though large
feldspars had been recrystallized without wholly
losing their individuality, Magnetite and apa-
tite are present, and much secondary chlorite and
caleite.  The rock has the appearance of a horn-
blendic monzonite-porphyry much affected by
dynamic metamorphism.

The results of a chemieal analysis (by Mr. George
Steiger) are shown in the following table:
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The rock, as may be seen from this analysis with
over 2 per cent CO,, is far from fresh, and this was
expected from the appearance in thin section,
althongh so large an amount of calcite was not in
evidence. The calculation of the norm gives the
following result:

Mineral composition of monzonite-porphyry.
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This composition leads to the classification of the
rocks as tonalose.

The name monzonite-porphyry is employed not-
withstanding the somewhat low content of potassa
and consequently of orthoclase indicated by the
analysis, because of the recognition of orthoclase as
a constant and considerable constituent of the rock
in all the thin sections examined.

QUARTE-DIORITE.

The youngest plutonic igneous rock oceurring in
the quadrangle is quartz-diorite, which forms stocks
Bradshaw Mountains,

of considerable extent at Crown King, in the basin
of Groom Creek, at Walker, and near the head of
Bigbug Creek. The typical quartz-diorite is a
medinm-grained, light-gray rock of granitic appear-
ance, composed predominantly of snow-white tri-
elinie feldspar together with more or less interstitial
quartz and a variable amount of hornblende and
biotite, the latter sometimes wholly replacing the
hornblende. The rock is noticeably free from
banded or gneissic structures and, as shown by
microscopic study, its constituents are free from
evidence of unusual strains; and these characters
serve to distinguish it quite sharply from the older
Bradshaw granite and its quartz-diorite phases.
Its most marked characteristic as noted in the field,
however, is the way in which it weathers into sphe-
roidal forms, the bowlders of disintegration lying
loose on the surface amid the sandy soil into which
it finally passes. It moreover yields to the agen-
cies of erosion more readily than any of its neigh-
boring formations, so that its outerops always
occupy basins, generally thickly pine clad and
recognizable from a distance by the bowldery out-
crops.  This well-defined topographie character of
the quartz-diorite is especially well shown by the
Groom Creek area, which is the largest stock, and
by that surrounding Crown King.

The quartz-diorite is known to be the youngest
plutonic intrusive in the region because it was
observed at various points in igneous, intrusive
contact with Yavapai schists, both of normal type
and in the form of hornblende-schist, with Brad-
shaw granite, with diorite, and with members of
the Crooks complex.

The principal mines of the quadrangle occur
along its contacts, showing that mineralization of
the older rocks and infiltration of ore-bearing
solutions accompanied or followed the intrusion
of this latest magma.

The structure of the rock is medium to coarse
granular with a tendency toward idiomorphie
development of the dark constituents. Oligoclase
feldspar is the dominant constituent and is gener-
ally fresh and unaltered. Fresh green-hrown
hornblende and chloritized biotite are about
equally abundant, much subordinate to the plagi-
oclase. Small amounts of quartz, orthoelase, and
microcline are present in all slides as filling of
interspaces of other constituents. The accessory
minerals are titanite, which iz abundant in rela-
tively large, envelope-shaped crystals, apatite, and
zircon. The absence of the strain effects so com-
mon in the older granite and diorite is a notice-
able feature of this rock and emphasizes its younger
character as determined by field relations.

Two local variations of this rock were observed.
At the south base of Towers Mountain, on the
Crown King road, at the contact of the quarte-
diorite with the massive basic diorites that consti-
tute the summit of that peak, a contact brececia is
developed and the quartz-diorite takes on a mark-
edly porphyritic character. The large, sharply
idiomorphic feldspars are bytownite, and these
with biotite plates and green hornblende prisms
up to three-quarters of an inch long are embedded
in a groundmass of quartz-orthoclase micropeg-
matite with plagioclase microlites, rounded quartz
grains, and shreds of biotite and hornblende.
Titanite and apatite are abundant. In the nar-
row breccia zone are angular fragments of the nor-
mal quartz-diorite, of darker basic rocks, and of
this monzonitic porphyry in a dark-colored matrix
of minutely fragmental plagioclase, quartz, ortho-
clase, hornblende, and abundant magnetite. (See
fig. 6 on the illustration sheet).

The other variation is found in parts of the stock
at the head of Bigbug Creek. It is here an alkali
granite composed essentially of quartz and albite.
It is much more altered than the normal form, the
hornblende almost wholly replaced by epidote and
chlorite, singly and mixed with pyrite, and the
albite opaque from formation of sericite. A patite
and abundant zircon were noted.

Partial analyses were made of two phases of the
quartz~diorite, a typical specimen from Walker (No.
19), and a porphyritic phase from the foot of Tow-
ers Mountain (No. 120),

Lartial analyses of guartz-diorite.
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The figures show the rocks to be essentially iden-
tical in composition. The molecular ratios of com-
bined alkalies to siliea are 0.091 and 0.098—ratios
that correspond in general to that of yellowstonose,
an equivalent of gquartz-diorite.

BASIC DIKES.

Dark-colored dikes of basic composition oeccur
chiefly in association with the platonic igneous
rocks and congist of diorite, angite-diorite, diabase,
gabbro, and camptonite,

Composite dike—On the road leading north from
the Jersey Lily mine, at the west end of the Mount
Tritle Range, there oceurs in the Yavapai schist a
70-foot dike of olivine-gabbro trending north-south
with aplite on both sides. The gabbro weathers
to rough black spheres.  Such composite dikes are
not uncommon, but sometimes the medial member
is acid and the borders are basie.

Diorite  dikes,—Dikes of diorite and diorite-
porphyry were noted near Hassayampa Creek on
the Jersey Lily road, at Cash mine, on the divide
hetween Indian and Granite ereeks, and on Agua
Fria River above Little SBquaw Creek, near the
Mitchell ranch. Petrographically they resemble
the diorite of the stocks already described, being
dark basic rocks consisting of hornblende, andesine
to oligoclagse feldspar, with very little quartz,
abundant titanite and magnetite, and much second-
ary epidote, zoisite, and calcite.

Augite-diorite dikes. — Dikes of augite-diorite
were seen on lower Lynx Creek, northwest of
Stoddard, and at Henrietta mine, where they form
wall rocks. They are similar in appearance to the
diorites, differing from them chiefly in the presence
of augite in greater or less abundance in the place
of hornblende. Some of them are vesicular, the
vesicles being filled with caleite and epidote,

Diabase dikes.—Dikes of gray ophitic diabase
were found on the Jersey Lily road at Indian
Creek, at Blue Dick mine, at Blue Bell mine, on
the west side of Battle Flat, and on the divide
between Hackberry and Wolf creeks. The feld-
spar of these rocks is andesine, or more basic in
composition, and is largely altered to caleite and
gericite.  Grains of colorless or pink augite fill the
network of feldspar laths and are partly changed to
fibrous uralite, partly to chlorite and serpentine.
Some original brown hornblende is present, and in
the first-mentioned rock alone some olivine, much
serpentinized. Magnetite is abundant in all.

(Fabbro dikes—(Gabbro was found in but two
dikes, near together on the Jersey Lily road near
Hassayampa Creek. These are comse, black, poi-
kilitic rocks showing chiefly augite and biotite in
hand specimens.  In thin section these two miner-
als predominate, the former in partly idiomorphic
reddish crystals, altered in places to uralite. Oli-
vine, in large grains surrounded by serpentine and
magnetite derived from it, is but little less abundant
than augite. The sparse feldspar is basie labrador-
ite and is well preserved. Magnetite and apatite
are the chief accessories.

Hornblendite dikes,—Dike-like masses of a pecul-
iar hornblende rock were found on the hilltop
sonthwest of Battle Flat and on the summit ridge
west of Crooks Canyon. The rock is coarse gab-
broid in texture and consists almost wholly of a
pale-green or white amphibole between actinolite
and tremolite in composition. The amphibole is
in large individuals and has been altered in part
to pale-green chlorite, in part to a secondary horn-
blende in parallel growths on the ends of the older
crystals, paler in color and with slightly differ-
ing extinction angle. Dusty magnetite is present
throughout and secondary tale, chlorite, and limo-
nite are more or less abundant.

Camplonile dikes.—Dikes of camptonite oceur in
Battle Flat, at Creek mine, northwest of Goodwin,
and in a number of localities in the zone of stauro-
litic mica-schists east of Alexandra. At the Crooks
mine the camptonite dike follows the quartz vein
for some distance and the rock is almost wholly
altered to caleite and sericite. On the ridge west
of Crooks Canyon is a composite dike, the center
of which, 5 feet in width, is camptonite, with large
hornblende phenoerysts; the borders, 12 and 15 feet
wide, of a coarse diorite, the whole eutting mica-
granite.  The coarser form of the camptonite is a
rock of striking appearance, with black hornblende
and biotite erystals up to three-fourths inch across
and large fragments (apparent inclusions) of labra-

dorite, in a fine greenish-black erystalline ground-
mass,  Under the microscope the hornblende phe-
noerysts present a remarkable structure due to partial
resorption. They are broken up into a lozenge-
shaped network by separation of magnetite grains
along parallel lines, the centers of the lozenges being
occupied either by a fresh brown hornblende sub-
stance or by a fine granular feldspar aggregate,
apparently orthoclase, charged with magnetite dust.
The borders of the hornblendes are deeply embayed,
and there is sometimes a bordering zone either of
hornblende having eolor and extinetion different
from those of the main mass or of augite in par-
allel orientation with the hornblende.

The most abundant constituent of the ground-
mass ig biotite in hexagonal plates, although in
some forms hornblende exactly like the large erys-
tals also appears as a second generation. Colorless
aungite in rough erystals or anhedra is abundant.
The feldspar of the groundmass is lath shaped, and
almost wholly altered to sericite and caleite. It
appeared to consist about equally of orthoclase
and a soda-lime feldspar, probably andesine, and
was about equal in amonnt to the bisilicates.

A chemieal analysis of this rock was made which
confirmed the determination above given, but so
much alteration was revealed that it seemed unnec-
essary to reproduce the figures of the analysis.

ACID DIKES.

Dikes of siliceons porphyry occur secattered
throughout the Bradshaw Range, following in
general belts of schist. They cut all the other
intrusive bodies, and consist chiefly of rhyolite-,
syenite-, and monzonite-porphyry.  Their trend
varies, but is usually north-northeast, parallel
to the schistose or gneissic structure. They fre-
quently oceur in association with ore bodies,

The two most conspicuous dikes in the quad-
rangle are a thick one on the northwest flank of
the New River Mountaing and a very long one
which extends from Silver Mountain to Peck Can-
yon, more than 13 miles. The former is a con-
spicuous topographic feature forming a series of
steep foothills in a straight line trending N.
34° E.; the dike has an actual thickness of over
1000 feet, and owing to a northwesterly dip of
48° has a much greater width on the surface. The
rock i= a fine-grained white rhyolite-porphyry, fre-
quently quite flinty in texture. The second dike
mentioned is not topographically so conspicuons,
varies in thickness from 50 to 150 feet, and while
crossing varions formations maintains, at a dis-
tance of 2} miles, a striking parallelism to the
western eontact of schist and the larger southern
stock of Bradshaw granite. The dike rock here is
a coarser rhyolite-porphyry and parallel to it are
other dikes.

The rock of the great dike in the New River
Mountaing is dense and flinty looking, with
glassy sanidine phenocrysts in a microgranophyrie
gronndmass of quartz and feldspar. It differs
but little from the rhyolite flows of the same
region.

The rock of the long dike deseribed is typical of
a large number of smaller rhyolite-porphyry dikes
throunghout the quadrangle. It is a dull-white
porphyry, with quartz and feldspar phenoerysts
up to half an inch across rather abundantly scat-
tered through it. The quartz is bipyramidal and
deeply embayed; the feldspar is partly orthoclase
in Carlsbad twinning, partly plagioclase, too much
altered to sericite and caleite to be determinable,
Plates of muscovite of a peenliar shredded appear-
ance, filled with sagenitic webs of rutile, are spar-
ingl y present. The groundmass is a fine aggregate,
granophyric in part, of quartz, feldspar, and seri-
cite plates. Apatite and zircon were noted ocea-
sionally.

Similar dikes were found at the head of Lynx
Creek, in the Stoddard and Muodhole mines, in the
Whale tunnel at Middleton'’s, and in Rockwall
Giuleh.

Syenite- and monzonite-porphyry dikes were
found in Peck Canyon, on Lynx Creek, in Pine
Flat, south of Tucker's ranch, abundantly on the
Mayer road above Crown King, and west of Horse-
thief Guleh. They are gray rocks speckled with
snow-white feldspar and greenish chlorite patches.
The feldspar of the phenocrysts is chiefly oligo-
clase, often very fresh, and orthoclase. Quartz
was sparingly present in some sections. The



chlorite patches are psendomorphs after both bio-
tite and hornblende, both of which occur rarely
unaltered. The groundmass is generally miero-
granophyriec and consists of some quartz and
abundant feldspar, both orthoclase and plagioclase,
the latter largely sericitized, with greenish horn-
blende needles, plates of mica and chlorite, ocea-
sional bytownite grains, magnetite, and apatite.

RHAYOLITE-FORPHYRY.

Rhyolite-porphyry occurs in the form of black
or greenish porphyritic obsidian or pitchstone in
the vicinity of Prescott, a few miles outside of the
northwestern corner of the Bradshaw Mountains
quadrangle, and also in the New River Mountains,
in the extreme southeastern corner of the quad-
rangle and beyond its limits.  Very little is known
at present concerning these rocks. They show
flow structures and occur as fragments in great
abundance in the agglomerate and loose gravels
on the summit of Squaw Creek Mesa.

The pitchstones are black to green and purple
in color, porphyritic with small feldspars and ocea-
sional miea plates, and show pronounced flow lines.
In thin section the feldspars are seen to be plagio-
clase, apparently near albite in character, but so
altered to sericite that their exact determination is
difficult ; some erystals of doubtful orthoclase were
also geen.  Both muscovite and biotite are sparingly
present. The groundmass is partly a minutely
granular devitrified glass, partly granophyrie with
indistinet spherulitie structures, composed of quartz
and orthoclage.  Ineclusions of microlitic glassy lava
were noticed in one specimen.

The New River Mountains were approached
from the head of Little Squaw Creek and from
the head of Moore Gulch. From Squaw Creck
Mesa the section was examined to the higher
peaks of the New River Mountains. After cross-
ing a characteristic development of the Crooks
complex in the foothills, a remarkable dike or
band of white fine-grained rhyolite-porphyry was
crossed, which forms a conspicuous and continuous
topographic eminence for 5 miles along the base
of this mountain range. The mountains them-
selves appear to be largely made up of the dark-
colored pitchstone, and without doubt the pebbles
of this rock found so abundantly on SBquaw Creek
Mesa were derived from these mountains in
an early period of erosion. The thick dike-like
mass of white porphyry was found again in a
reconnaissance along Moore Guleh, and the drain-
age northwestward off the flanks of the New River
Mountains is much influenced by this extraordi-
nary geologic structure.  Fach outflowing stream
has trenched a deep canyon in the great white
dike, and several of them have developed subse-
quent branches and a rectangular drainage pattern
along the inner or southeastern contact of the dike.
It is of course conceivable that this so-called dike
map be a peripheral facies of the pitchstone, but it
does not appear so in the field. The outflowing
strenms have transported on their beds much coarse
material from the New River Mountains, and prac-
tically all of the fragments are of pitchstone.
There are some few exceptions to this rule in the
shape of small pebbles of a greenstone which
appears to be a weathered diorite. Time did not
permit extended exploration of the New River
Mountains and no determination was made of the
intrugive or effusive origin of the dark-colored
glassy rocks. The New River Mountains extend
some distance beyond the quadrangle and their
exploration must be left to future investigators.
The structure section shows only the relations
which were seen in the field, and here as else-
where more detailed work on larger-scale maps
will undoubtedly reveal greater complexity than
is recorded in this folio.

RELATIVE AGES OF INTRUSIVE ROCKS,

The oldest igneous rocks in this region are prob-
ably contained within the schist belt in the form
of certain uralite-diabases, such as oceur at the
western end of the Mount Tritle Range. The
Bradshaw granite and its diorite contact phase
are the oldest plutonic rocks; of these two the
diorite commonly erystallized first, becaunse it is
found along the contact zone and in breccias
oceurs as  fragments in a granitic matrix. The
Crooks complex is of the same age and related to
these. The monzonite-porphyry is of doubtful age.
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Quartz-diorite is the youngest rock which forms
large stocks, and it in turn is cut by some acid
dikes and very few basic ones. Exploration has
been insufficient to determine the age or structural
relations of the rhyolite-porphyry of the New
River Mountains. The acid dikes are in general
younger than the basic ones. Among the dikes
classified as basic there are a few of andesite,
notably west of Cedar Canyon and south of
Sheep Mountain, which represent conduits for the
younger lavas and therefore are younger than the
rhyolite-porphyries.

VOLCANIC ROCKS.
RHYOLITE TUFF.

The oldest voleanic ejections known within the
Bradshaw Mountains quadrangle are certain light-
colored, fine-grained, porous tuffy, consisting of
voleanic glass, The siliceous material is further
evidence of a period of rhyolite outpourings which
are not represented within this quadrangle by any
determined flows, unless the obsidians of the New
River Mountaing prove to be effusive. About the
Junetion of Banty Creek and Castle Creek there is
an area of acid tuff lying beneath andesite, with
some dacite (quartz-andesite). Near the mouth of
Copperopolis Creck diatomaceous earth occurs in
the tuffs. Between Banty Creek and Walker
Guleh, in a eliff 200 feet high, green tuff’ with
interbedded agglomerate is exposed, showing delta
structure built from the southwest, the frontal bed-
ding dipping to the northeast. Here a small over-
thrust fault is shown in the tuff. At Tollgate
east of French Creek a similar green tuff' occurs.
These are the only areas of tuff indicated on the
map, but rhyolitic ash oceurs elsewhere within the
voleanic agglomerate, notably near the junetions
of Ash Creek and Crooks Canyon with Milk Creek,
along the extreme western border of the quadran-
gle. There the voleanic gravels form an upper
series and white tuff beds 10 feet thick oceur below
showing a dip of 10° to the southwest and a strike
of N. 40° W. In another outerop white tuff’ bands
are seen interbedded with sands and gravels. The
microscope shows these to be a rhyolitic ash.

The tuff is well lithified, the cement largely
quartz or chalcedony. Both fragments and cement
are frequently colored green by a diffused ferrous
silicate, the color sometimes bright enongh to be
mistaken for a stain of copper carbonate.  Angular
fragments of quartz and of andesite and rhyolite
lavas could be identified.

VOLCANIC AGGLOMERATE.

All of the coarser fragmental materials contain-
ing voleanic ejecta and associated with the lavas are
classed as voleanic agglomerate. The greater part
of the agglomerate lies under lava, but on the east
there are agelomerates interbedded with basalt and
spread out on the surface of basalt plateaus. The
agglomerate varies with respect to the kind of frag-
ments it contains in different places, and in general
it may be subdivided into two areas, western and
eastern. In all cases observed the coarser agglom-
erates contain fragments of the older rocks, granite,
schist, diorite, ete., as well as vesicular bombs and
angular blocks of lava. In the western area, from
Milk Creek to French Creek, the voleanic frag-
ments consist of both andesite and basalt. In the
eastern area, extending from the northern to the
southern limits of the quadrangle, the lava blocks
are basaltic. This difference is shared by the
overlying lavas.

The western andesitic agglomerate has a pro-
nounced delta structure, as though built out from
mountain wash in basins, and its stratification and
cross-hedding show that much of the material has
been rearranged by water. It is partially lithified,
forming a distinet sandstone near Milk Creek,
where it weathers into “badland™ senlpturing.

At Cellar basin the wash was from the granite
mountains on either side, the delta frontal deposits
dipping northeast near Cellar Spring, and in the
opposite direction on the east side of the basin.
Here, at the foot of the high peak west of Tow-
ers Mountain, the delta form is clearly shown.
Farther north the agglomerate weathers to form
very remarkable pinnate spurs, making long, level-
topped, parallel ridges, separated by channels of
singular straightness, and each ridge is trenched
on either side by innumerable small, straight
gulches at right angles to the main channels.

| This topography is indicated on the map along

Slate, Ash, and Blind Indian ereeks and Crooks
Canyon. That the western agglomerate formerly
occupied a larger area than at present is indicated
along Cherry Creek, where patches of it are found
high up the monntain slope, but all between has
been eroded away. The agglomerate was prob-
ably onece continuous from Cellar basin to Sheep
Mountain.

The thickness of the western agglomerate is indi-
cated with some exaggeration in sections D=I) and
E~E on the structure-section sheet, showing a thin-
ning toward the south, where the greater volume of
agglomerate is partly replaced by lava flows. The
actual thickness in Cellar basin in places reaches
700 feet, and farther north the thickness is even
greater.  Beneath the andesites of Sheep Mountain
there is a maximum thickness of from 500 to GOO
feet of agglomerates, thinning in places to less than
100 feet. The thickness is controlled by a very
irregular granite topography beneath, the hollows
of which it filled.

The eastern basaltic agglomerates cover wide
desert areas east of Stoddard, outerop under the
basalts farther south, are interbedded with the
lavas in Black Mesa and Squaw Creek Mesa, and
in Squaw Creek Mesa cover their upper surfaces to
a considerable depth.

This eastern agglomerate, which also shows delta
structure, along Yava Wash consists of angular
fragments of diorite, quartz, granite, schist, and
basalt; between Bigbug Creek and Agua Fria
Creek it has the aspect of a fine-grained con-
glomerate at the base, is lithoidal, and the rounded
pebbles lie in a matrix of caleareous cement.  Sim-
ilar lithified breceias with angular fragments oceur
under the basalt sontheast of Mayer and under the
Onyx marble (see fig. 5 on the illustration sheet).

In Bquaw Creek Mesa pink and white tuffs as
well a8 coarse agglomerate are interbedded with
the basalts; and in sharp contrast with Black Mesa
and the mesas east of Agua Fria River, above the
upper surface of the highest flow are 300 to 400
feet of subangular washed gravels containing frag-
ments of pitchstone, granite, diorite, and light-
colored porphyries—materials derived from the
New River Mountains and their foothills.

The thickness of the eastern agglomerates is
indicated in sections A=A, C-C, D-D, E-E on the
structure-section sheet. These agglomerates rest
in the hollows of a very irregular granite topog-
raphy and vary in thickness in the region south of
Richinbar from 0 to 300 feet. In the northeast-
ern region they reach a maximum thickness of 400
feet, and the basalt flows lie among the agglomer-
ates with very irregular surfaces, frequently pre-
senting a chaotie, disordered arrangement, with
weird or grotesque topographic forms.

The most common type of agglomerate in the
quadrangle has suffered some rearrangement by
water, Bedding, delta structure, and heteroge-
neous pebbles oceur in nearly all the agglom-
erates associated with the wast eastern flows, as
in the Cellar basin deltas. The chaotic type is
found only in limited areas, and they suggest
by their rugged topography proximity to possible
conduits, as in the Sheep Mountain distriet in the
southwest and the Ash Creek distriet of the extreme
northeast. No actual eraters or cones have been
found, but the trachvdolerite stock of Little Ash
Creek may be the filling of a conduit. The regions
of active eruption were probably outside of the
quadrangle. All the structures observed can be
accounted for as the result of explosive eruption,
torrential rains, and oceasional lava flows, the last
becoming more numerous in the later stages of
igneous activity.

ANDESITE.

Augite-, hypersthene-, and hornblende-andesites,
with some dacite flows, oceur above the agglomer-
ate on Buckhorn and Castle ereeks and on Sheep
Mountain and the adjacent hilltops. Their topog-
raphy is rugged and tamultuous, strongly suggest-
ing their voleanic origin. These cappings are
outliers of a considerable area of andesite, which
extends beyond the quadrangle to the southwest.
South of Buckhorn Creek the lavas are horizontal,
overlying schist, which near Buckhorn Spring
rises about 200 feet above the ereek, and is there
t':l|:-pw] by andesite. The ancient schist mpﬂ;_{l‘:lph}'
falls away to the east more steeply than the present

topography, lower Buckhorn Creek flowing through
a basin filled with andesite and tuff. The summit
of Sheep Mountain is capped for 300 feet by mass-
ive, columnar, gray andesite, and on the north side
of the mountain a 30-foot dike of red andesite trend-
ing N. 30° W. cuts the lower lavas. Below are
other flows and pink, white, and red tuffs; the
bedding is irregular, showing wavy folds, but as
a whole it is horizontal, and rests on a very irregu-
lar granite topography. An andesite dike cuts the
lavas and breceias at White's ranch, and another,
remote from any known andesite flows, occurs not
far from the Hackberry Creek field of basalt, in a
small guleh west of Cedar Canyon. It is probable
that the larger conduits through which the andesite
flows were erupted lie outside of the quadrangle to
the southwest.

The andesitic lavas are dark green, gray, brown,
purplish red, and pink, and vary in texture from
glassy compact to erystalline, porous, and amygda-
loidal. They are generally porphyritie, and con-
tain phenocrysts of feldspar and one or more of
the bisilicates hornblende, hypersthene, and augite,
and in the dacites quartz as well. The feldspar
phenocrysts are sharply idiomorphic and vary
in composition from andesine to acid labradorite.
The microlites of the groundmass have about the
same range of composition. The hornblende
is often resorbed and surrounded by magnetite
wreaths; the augite is colorless to violet and some-
times serpentinized. Magnetite, zircon, and apatite
were noted as accessories, and hematite is a frequent
alteration product. The groundmass is glassy in
most varieties, containing feldspar and augite
microlites, and again it is hyalopilitic or holo-
crystalline. In a portion of a glassy flow near
Tollgate the weathered surface was covered with
spheroids and groups of spheroids which readily
broke out of the rock and had the appearance of
coarse spherulites.  In the fresh rock, however, and
in thin section no radial structure could be detected
in the spheroids, nor could they be differentiated
from the matrix by any peculiar structure.

The varieties of andesite observed, as determined
by dominant bisilicates, were as follows:

Varieties of andesite in the guadrangle.

Quartz-hornblende-andesite (dacite).
Quartz-biotite-andesite (dasite).
Biotite-andesite.
Biotite-hornblende-andesite,
Biotite-angite-andesite,
Hornblende-biotite-hypersthene-andesite.
Hornblende-augite-andesite.
Hypersthene-angite-andesite.
Augite-andesite.

The variety in mineralogical composition indi-
cated by this list is probably not accompanied by
a large range in chemical character. The bisili-
cates are subordinate to feldspar in amount, and
all the rocks are lighter in color and more feld-
gpathic than the normal basalts of the region. The
general chemical character is probably fairly well
indicated by the following partial analysis of a
hornblende-hypersthene-mica-andesite (No. 443),
selected as representing the average andesite type
of the region.

Partial analysizs of horndiende-kypersthene-mica-andesite,

Per oent,
T P o P e e R 64,21
T A r T R .29
E:‘l,” ...................................... 4.87
i I BRI T S S .91

The molecular alkali-zsilica ratio ealenlated from
this analysis is 0.090, which corresponds in gen-
eral to that found in yellowstonose or andesite.

BABALT.

Basalt oceurs as a large dike or conduit north of
Groom Creek basin, and, as a eapping with vertical
columng and horizontal structure, forms Bigbug
Mesa, the summit of Malpais Hill, and covers a
gmall area west of Goodwin’s ranch, at the western
horder of the quadrangle.  These are scattered rem-
nants where the basalt lies within the high moun-
tain area of granite and schist. The eastern third
of the quadrangle is covered by extensive hasalt
flows, the eroded edge of which produces a marked
mesa topography along lower Agua Fria River, and
an irregular voleanic topography in the higher and
more mountainous voleanic district of the northeast.

The rock is uniform, varying chiefly in its
porogity.  The upper portions of individual Hows
are sometimes scorinceous and amygdaloidal ; the



lower contactz of the lava are massive, black, and
fine grained; exceptionally the basalt is gray-
ish, approaching augite-andesite. It frequently
weathers on the surface to lumpy spheres, making
fields of black howlders of very somber and barren
aspect, known in the region as “malpais.”

The eonduit north of Groom Creek is a dike 150
feet thick that trends N. 60° W, and contains inclu-
sions of granite. The fissure filled by the basalt
crosses schists charged with granite and basie dikes;
apparently its length is not greater than from one-
half to three-fourths mile. The basalt is columnar,
with nearly horizontal, pentagonal columns pitch-
ing slightly to the north.

The basalt on Bighug Mesa has an average thick-
ness of 500 feet and its mass is inelined toward the
It consists of a number of flows progressively
thinner upward, the lowest having a thickness of
100 feet.  On the west side of Black Mesa there is
exposed 200 feet of basalt above 300 feet of agglom-
erate.  In Bquaw Creek Mesa there are four or five
flows of basalt, which have an aggregate thickness
of 400 feet on the western face of the cliffs and thin
out to less than 100 feet toward the east. The
thickness of the wide eastern basalt flows s very
variable; the upper surface is relatively horizontal,
but the bottom fits the hollows in the underlying
granite topography. Thus, near Richinbar the
granite reaches the level of the surface of the mesa
at zeveral points, while near Bumblebee, 2 miles to
the west, the contact of lava and granite lies 800
feet lower. On Malpais Hill, in the midst of the
large southern granite stock a flow of partly vesie-
ular basalt 350 feet thick occurs in upright col-
umns.  The contact of granite under basalt slopes
to the west.

There are a few small basalt flows in the ande-
sitic agelomerate of Ryland Guleh.  As the basalt
also oceurs throughout the western agglomerate, it
is clear that basalt began to flow before the andes-
ite period elosed.

The basalts are generally holoerystalline, porphy-
ritic, and ophitic.  The phenocrysts are chiefly oliv-
ine and augite, the latter fresh, the former changed
wholly or in part to the mineral called iddingsite.
Occasional  phenoerysts  of  lime-soda  feldspar
(bytownite) were also observed. The groundmass
is of feldspar laths (labradorite) with augite, oliv-
ine, and magnetite grains, either very finely gran-
ular or rarely as mierolites in a colorless glass. In
amygdaloidal varieties the cavities are often filled
with ealeite. A specimen from the divide between
Ash and Cienagas creeks consisted of fragments of
highly vesicular orange-red glass containing minute
porphyritic erystals of olivine and augite and black
trichites, the whole cemented with caleite.

A partial analysis of a typical basalt from near
Richinbar (No. 174) resulted as follows:

enst,

Partial enalysis of typical esall from near Richinbayr.

Pir et
1o el ot e b s Wyt 50.62
L A oy 9.76
1, (- 0 PR L O S LI .17
I oy L (g SRt g s T

The alkali-silica ratio caleulated from this analysis
is 0.068—a ratio that defines in general the rock
type hessose, an equivalent of basalt.

TRACHYDOLERITE.

A small, irregular, stock-like mass of rock, which
may be called trachydolerite, and which is very
different in character from the lavas above deseribed,
was found in the extreme northeast corner of the
quadrangle, on the headwaters of Little Ash Creek,
isolated amid the fields of basalt, into which it is
clearly intrusive. It is a very coarse-grained gran-
ular rock, with pronounced miarolitic texture, and
outerops in a low dome from which irregular arms
reach out into the surrounding basalts. It is one
of these arms alone which appears on the map, the
dome itself and the major portion of the stock lying
outside the quadrangle. It seems highly probable,
from the absence of similar rocks of effusive char-
acter in the neighborhood, that this intrusion did
not reach the surface. Furthermore, its border
facies present transition forms which approximate
the surrounding basalts in composition, and it
probably represents a locally differentiated facies
of the basalt intruded during the last stages of
voleanie activity.

The rock of this intrusive stock varies from a
dense, fine-grained, ash-gray type near the contact
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with the basalt to a very coarse granular, miaro-
litic rock of reddish-gray color at the center of the
mass. The constituents are mainly plagioclase
feldspar and augite, both of which minerals appear
in well-formed erystals on the miarolitic cavities.
The feldspar crystals are white and glassy, and of
a perfection and complexity of form very rare in
soda-lime feldspars, The erystals are complex
twins on the albite, Carlsbad, and Manebach laws
and show the common feldspar forms. The faces
are somewhat dulled by weathering, but are still suf-
ficiently perfect to give distinet readings on the
reflecting goniometer. The augite crystals are of
the common prismatic form, terminated by the neg-
ative unit pyramid. In some cavities the crystals
of both minerals are covered with a coating of a
white zeolite determined by chemieal tests to be
natrolite.

In thin section the rock is found to consist of
plagioclase feldspar, orthoclase, nepheline, angite,
wgirine, olivine, magnetite, and apatite, with a
strueture varying from coarse granular to ophitic.
The plagioclase constitutes more than half the mass
and is oligoclase (Ab,An, to Ab,An ), extremely
free from alteration.  Orthoclase is present in small
amounts in all slides examined and a very little
nepheline was found in a single section. Augite
is the dominant bisilicate, in imperfectly idio-
morphic prisms, greenish to pale violet in tint.
Many ecrystals are partially or wholly bordered
with bright grass-green wegirine, and oceasional
complete but small individuals of the latter min-
eral are also present. Olivine is variable in
amount, but never abundant, and is generally
largely serpentinized—the only mineral in the
rock which has suffered alteration. Magnetite
and apatite are hoth abundant and their sharply
bounded ecrystals are included in all other con-
stituents, most frequently in the feldspar.

The border facies of this rock where it is in con-
tact with basalt differs chiefly in the finer grain and
absence of pronounced miarolitic structure, in the
more basic character of the plagioclase, which is
labradorite (Ab, An,), in the absence of orthoclase,
nepheline, and wgirine, and the greater abundance
of olivine. In short, it is here of distinetly basaltic
character. The basic facies is limited to a zone
but a few feet in thickness at the one point where
its contact with the older basalt was clearly exposed,
and the contact was clearly defined by the differ-
ence in color and finer grain of the trachydolerite
intrusion.

Analyses of these rocks by Mr. George Steiger
are as follows:

Analysis of miarelitic trachydolerite from Little Ash Creek

(No. 172).
Per oent
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Analyzis of basaltic facies of trachydolerite from Little Ash
Creek (No. 155).

er oent.
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If, following the methods of the quantitative
classification, the norms of these two rocks be
calenlated the compositions given in the next table
are obtained. From these it i= evident that the typi-
eal trachydolerite is an akerose, while the basaltic
facies i an auvergnose,

The modes of these two rocks have not been
caleulated.  They would differ from the norm

chiefly in the ahsence of hypersthene and the cal-
culation of diopside as titaniferons augite.

Norms af trachydalerite,

N, 152 Mo, 155

OO ase. ... covsivncssrsnrsnrs 12.70 2.78
T e o o e e i e et 44.02 26.20
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RELATIVE AGES OF VOLCANIC ROCKS.

The rhyolite tuff’ is apparently the oldest of the
voleanie ejecta, as it occurs at the base of the old-
est agglomerate.  The presence of a rhyolite near
Prescott and of rhyolite-porphyry dikes and rhyo-
litic pitchstones with flow structures on the New
River Mountaing indieates that siliceous lavas are
not wanting, and it is probable that they are the
oldest lavas in the region.

Stratigraphically next above the rhyolite tuff' is
the andesitic agglomerate representing explosive
phases of an early eruption period, which was
brought to a close by outflows of andesitic lava.
The products of andesite eruptions at one time
covered the southwest
Mountains quadrangle, but that they did not extend
across the area is shown by the fact that such
lavas are not preserved under the basult on the
eastern side.

The initiation of the greater basaltic period
of voleanic activity followed the outpouring of
andesites, but some basalts accompanied the earlier
eruptions. The general sequence of lavas was
from acid to basic. The later basalts lapped far
up the eastern and northern slopes of the Brad-
shaw Mountains (see structure sections), burying
the southern range at least as high as Malpais
Hill (5500 feet), and the northern range to
heights over 7100 feet (the highest point of Big-
bug Mesa). This series of eruptions, as usual,
was initiated by explosive discharges, increased
erosion, and wash from the mountaing, and was
accompanied by boiling springs which deposited
carbonate of lime and magnesia. There is here
no evidence of the site of the original voleanoes
except in the case of the basaltic conduit north
of Groom Creck basin. The basalts came from
the northwest and northeasst and the andesites
from the southwest, and only the edges of deeply
eroded flows are contained in the Bradshaw Moun-
taing quadrangle.

ORIGIN AND RELATIONS OF THE ROCKS.

This area is that of a very ancient land which
has been deeply eroded to mature relief, buried
under lavas, and then eroded again, with possibly
some additional uplift in the mountains. The
only evidence of such local uplift is the tilt of
Squaw Creek and Bigbug mesas. Such evidence
is not conclusive because lavas may be laid down
on a slope.

Hections A=A, B-B, C—C on the structure-section
sheet show the region of maximum elevation at
Spruce Mountain and Mount Tritle, and the rela-
tively gentle slope and slight relief of the land
eastward. Section E-E shows the much lower land
of the southern border of the quadrangle, with more
pronounced relief.  Section D-D), from Cellar basin
east across the Bradshaw Mountains, shows the
maximum relief, with differences of elevation of
4100 feet. The sections indicate the relation of
profile to structure in the same way that the map
shows the relation of topography to geologic out-
lines.

ORIGIN OF SCHISTS.

It has been shown that about 7000 feet of schistose
sedimentary rocks—conglomerates, sandstone, and
slate—occur in the Bradshaw Mountains quadran-
gle.  These beds formerly were flat, but now lie in
isoclinal folds as the result of tight compression by
a horizontal foree which acted from northwest to
southeast. This compression has also produced
schistosity, which is usually parallel to the color
banding, or original bedding, but may lie in
planes transverse to that banding in the bends,
or axial regions, of folds. The conglomerate
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contains pebbles of granite, quartz, schist, and
quartzite; these pebbles were rounded by water
action, either on a sea beach or in a river bed,
originally. The sands lie in sequence between
conglomerate and slate, in some places suggest-
ing the original off-<shore succession of sedimen-
tary deposits.

Such a structure leads to the inguiry, Are any
remnants of the old shore still in existence? Can
the rocks be found from which the pebbles of the
conglomerate were derived? These pebbles resem-
ble the materials of the Bradshaw granite on the
one hand and some members of the schist series
on the other. On the west slope of Bear Creek,
near the junction of Tuscumbia Creek, the con-
glomerate rests against the granite at a sharp con-
tact between the two formations, and there is here
some appearance of an unconformity. At Brady
Butte, however, this same granite alternates with
schist in bands, and elsewhere the granite is
known to be intrusive. It is still more difficult
to detect any unconformity within the schists
themselves, so uniformly is the whole series
crumpled; the beds stand nearly vertical, and
original discordances are lost. It has already
been pointed out that a considerable thickness of
schist lies apparently beneath the conglomerate
east and west of Brady Butte (see section C-C).
This accords with the appearance of unconformity
farther south; and therefore there is a possibility
that the granite of Brady Butte and some of the
adjacent schists represent an older series of rocks
that lie unconformably beneath the conglomerate.
Other such unconformities may exist elsewhere
within the quadrangle.

RELATION OF SCHISTS TO INTRUSIVE STOCKS.

The theoretical questions of chief importance
concerning the igneous stocks are as follows: (1)
Were the granites and other rocks intruded into
schists? (2) What is the evidence of contact meta-
morphism? (3) What was the effect of cooling
walls (contaets) on the constitution of the magma?

(1) The evidence bearing on the question of
the intrusion of granites and other rocks into
schists is as follows:

The schists close to and in many places remote
from the contacts with the larger intrusive bodies
contain dikes and lenses of pegmatite, granite,
aplite, and diorite. Bodies of schist, large and
small, are inclosed in the large granite and dio-
rite stocks; at the morth end of Brady Butte
alternations of granite and schist in bands a few
feet wide indicate that the granite has there invaded
the schist in narrow dikes or lenses. Indirect
evidence of intrusion is furnished by the fact that
zones of indurated or metamorphic schist follow
granite contacts, and in the case of the large south-
ern stock of the Bradshaw Mountains the diverg-
ence of the schist banding east and west about the
northern end of the stock suggests the splitting
apart of the isoclinals by invasion of the granitic
magn.

The granite shows indirect evidence of its intru-
sion into the schist by inecreased basicity and by
the development of quartz-diorite along certain
contact zones,

The diorite, as a phase of the granite magma,
contains the same strained quartz as the granite,
shows other mineralogical evidences of magmatic
relationship, occurs chiefly in contact with schists,
and is subordinate in quantity to the granite,
This is all confirmatory of the hypothesis that
the granite contacts arve those of an intrusion
younger than the schist. The diorite north of
Richinbar is an example of a gradual merging of
granite into quartz-diorite, and schist is known to
be present under the basalt at Richinbar.

The Crooks complex, a banded igneous forma-
tion consisting of confused alternations of granite,
diorite, gabbro, schist, aplite, and plutonic breccias,
is one of the products of the period of granitic
intrusion. It is frequently associated with con-
tacts of granite and schist, and is in some places
merely a phase of the one or the other or a mix-
ture of the two, the diorite within it being proba=-
bly produced by local segregation of basic materials
within the granite where numerous schist inclu-
sions have induced all the conditions of a contact
zone. Thus the transition from normal phyllite
through its hornblendie facies to the Crooks com-
plex south of Lehmans Mill, in the southwestern



part of the quadrangle, is marked by no definite
boundaries in the field. In such places it is highly
probable that the banding of the igneous members
of the complex was induced by splitting apart
schists to form a series of close parallel dikes,
originally marked by various compositions in dif-
ferent epochs of the period of intrusion of the
magm: whole. The ounterop of Crooks
complex along Squaw Creek and some of those
east of Cellar basin show banding parallel to
Yavapai schist elose at hand; in the Crooks Can-
yon region, however, this banding is transverse to
and discordant with the trend of adjacent schists.
The Crooks complex as a whole is an intricate
manifestation of the intrusive nature of the granite
magma in its relation to the schists, and the areas
mapped as this formation may be considered exam-
ples on a scale too small to map of all the contact
features of granite, diorite, and schist shown else-
where on a larger scale.

(2) The evidence bearing upon the problem of
contact metamorphism is as follows: The schists
are shown on the map to develop a metamorphic
zone, bearing distinctive contact minerals, along
the borders of the great Bradshaw stock and along
portions of the contact of the elongate group of
igneons formations from Briggs to Mount Union,
including granite, Crooks complex, and diorite,
all three of which are believed to be manifestations
of the same magma. Included strips or belts of
schist within these igneous masses usually show
the same metamorphic character. Exceptionally
the schist is normal at the contact, and there are
many local oceurrences of amphibolite and other
forms of highly metamorphiec schist in places where
no plutonic masses are visible. The greater part of
the evidence, however, shows a connection between
induration or amphibolitization of the schists and
the proximity of the plutonic contacts. Horn-
blende is not always the dominant econtact min-
eral; in a case cited, in the Crazy basin (see p. 3),
at the northern contact of the Bradshaw stock,
the mica-schist at the contact is charged with
quartz and pegmatite veins carrying andalusite
and tourmaline; on receding from the contact
coarse mica-schist is found, and schists containing
staurolite, garnet, and tourmaline. The coarse-
ness of crystallization decreases on going farther,
until the fine-grained phyllites are reached. This
transition takes place in distances varying from
three-quarters of a mile to 1} miles. The change
is along the strike of the schists. In other places,
as between Mount Tritle and Spruce Mountain,
for instance, the schists are altered to great masses
of dense black or greenish hornfels or hornblende-
schists; possibly the original schist was here richer
in iron, lime, and magnesium than in the Crazy
basin section above cited. In both cases large
stocks of plutonic rock are close at hand. Tt is
worthy of note that four small stocks of diorite
ocenr within the hornblendie schists of the Mount
Tritle district, while only massive quartzose granite
oceurs in the Crazy basin district. This difference
suggests that possibly the relative basicity of the
adjacent plutonic eruptive affects the product of
metamorphism, if this metamorphism along con-
tact zones is to be considered the effect of contact
action of the intrusive rock on the schist invaded.

The above statement of the facts and of the
suggested explanations shows that there is here
illustrated one of the most profound and least
understood problems in metamorphic geology—
namely, the meaning of metamorphism and of
granitization. (See Termier, Les schistes eristal-
ling des Alpes occidentales: Compte Rendu IX
Congres Géologique International, Vienna, 1903.)
It is probable that metamorphism and the intru-
sion of granitic magmas are parts of a single
process and are mutually interdependent. That
they are refated in the Bradshaw Mountaing can
not be questioned.  What was the process of cause
and effect whereby the observed relation of contact
zone to granite stock came about is unknown at
present.  The eontact minerals may have been
produced by recrystallization, by erystallization
from heated vapors (pneumatolytic aection), by
direct importation of new material from the intru-
sive magma, by an exchange of material, or by
fluids which followed the contact after the intru-
sion of the granite had ceased. Geologists know
little of the physicial conditions which govern the
movements and mechanism of erystallization of
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granite prior to its solidification. Lastly, it is not
impossible that the granite itself developed in situ
from preexistent rocks by a process of solution
and digestion not at present understood. In any
case, the so-called intrusion of the granite magma
took place under conditions of temperature and
pressure unknown to the modern laboratory, and
probably saturation with water and other vapors
at profound depths in the earth’s erust. It is to
be hoped that future studies in detail of the con-
tact zones of the Bradshaw Mountains will throw
new light on these vexed questions.

(%) The cooling walls (contacts) may affect the
constitution of the magma by endomorphism. It has
been suggested above that diorites were especially
abundant in the hornblende-schist of the Mount
Tritle district, and might frequently have origi-
nated in the Crooks complex by differentiation of
the granite magma in those places where inclosed
belts of schist were numerous, It has been shown
that near Bland Hill a long belt of diorite appears
to be a contact facies of the granite, containg sim-
ilar minerals, and grades into the more acid rock.
It has also been shown that this gradation is not
general; there are exceptions quite as conspicuous
as the case cited. Iven at Bland Hill the diorite
has exerted no strong mctalrm:-rphur;ing action on
the adjacent schist; at Cordes it penetrates unmet-
amorphosed phyllite, and to the south extends
beyond the quadrangle as a contact phase of the
Crooks complex. The evidence, therefore, for an
endomorphic zone in the granite is not as com-
plete as that for the exomorphic zone in the schist.
It is quite certain, however, as stated above (1) that
the diorite, wherever found, is almost invariably in
contact with schist, and in these cases, if the dio-
rite is considered a phase of the granite, the ques-
tion arises, Why is the magma more basic along
certain contacts or within certain schists?

As no diorite zone has been continuously traced
around the Bradshaw stock or the western stocks,
it can not be supposed that internal differentiation
of the granite magma, due to its physieal condition
on the cooling walls of the fissure which it filled,
was the eanse of its variation to diorite, unless it is
supposed that the segregated diorite, wherever it is
absent, was all absorbed in the process of making a
metamorphic aureole in the schists. This seems
improbable, as the metamorphic zone about the
northern border of the Bradshaw stock ig, as
shown above, not basic, but highly siliceous; and
in the Mount Tritle region, where it is basie, dio-
rites are abundant. If the change in the magma
was not due to internal differentiation, what eould
the schists have added to the magma to produce
diorite? There may have been some actual absorp-
tion of basic material in those places where the
schists were already basie; in such a case the loca-
tion of the diorite would be due to the original
composition of the schists at those points. There
is no evidence to show that the schists were espe-
cially basic, or that they contained more ancient
metamorphic eruptives at the places where diorite
is now found. Therefore, we must consider that
the physical canse for the sporadie endomorphism
shown by the granites of the Bradshaw Mountains
is not satisfactorily explained.

AREAL GEOLAM:Y.

MOUNT UNION DISTRICT.

The Mount Union distriet comprises the high-
est mountains in the quadrangle, and includes the
area from Lynx Creek, in the northwest quarter
of the quadrangle, to Cellar basin, on the western
side, where the mountains fall away toward the
Hassayampa Valley. A belt of Bradshaw gran-
ite extends north-northeast and south-sonthwest
throngh Mount Elliott, Mount Davis, and Mount
Union. At Crooks Canyon the granite changes
gradually southward to alternations of granite,
diorite, gabbro, gneiss, schist, breccias of diorite
in a granite matrix, aplite, tourmaline-epidote-
gneiss, and other rocks. All of these, oceurring
in irregular bands, are classed together as the
Crooks complex, the igneous rocks in some places
appearing as dikes or lenses, elsewhere as irregu-
lar bands and minor stocks. The predominant
rocks in the complex are the granite and its dio-
rite phases.  The belt of granite and Crooks com-
plex, extended farther south under the voleanic
agglomerate of Cellar bagin, is suceeeded at Cherry
Creek by more uniform granite-gneiss, which

extends beyond the quadrangle on the west. Fast
of Cherry Creek the Crooks complex continues
southward under the andesitic lavas.

The northwest corner of the quadrangle is ocen-
pied by a belt of Yavapai schist and its horn-
blendic phase, invaded by stocks of quartz-diorite
and diorite, and bounded on both sides by Brad-
shaw granite. At least one-half of the schist is fine-
grained green-black hornfels and amphibolite, and
this portion of the formation is most invaded by
ernptives. A belt of conglomerate on the east
slope of Mount Tritle, associated with sandstones
and phyllites toward the south and west, suggests
that the body of schist was originally sedimentary.
The diorite which invades them probably repre-
sents ontlying intrusions of the Bradshaw granite
Between Groom and Granite creeks a
small basaltic conduit occurs as a dike; this is
unigue, bazalt elsewhere oceurring only as flows.
Strikingly accordant with the open contours of the
basin between Hassayampa and Groom creeks is
the large stock of quartz-diorite which erosion has
carved into a lowland, in contrast to the indorated
schists of Spruce Mountain and the Tritle Range.
Along the contacts of the quartz-diorite are many
mines and prospects.  In the field the contrast
between this formation and the rocks in contact
At Walker there is a smaller
stock of quartz-diorite, and some ore bodies occur
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with it is striking.

along its horder.

In the Mount Union district acid porphyry dikes
are more abundant in an eastern belt from Walker
to Mount Tritle, and basic ones in the extreme
northwest corner of the quadrangle.

Summarizing, the Mount Union distriet consists
of a belt of schists, which shows metamorphic
phases along the contact with Dradshaw granite
and diorite, and is further metamorphosed by the
intrugion of quartz-diorite.  Ore-bearing quartz
veins are found most abundantly along the con-
tacts of the quartz-diorite.

BIGEUG DISTRICT.

The Bigbug district includes the middle part of
the northern half of the guadrangle, from Bighug
Mesa to Copper Mountain, inclusive, and extends
south to Crazy basin. This region contains the
widest belt of Yavapai schist, and many quartzite
ledges; conglomerate oceurs within the schist east
and west of Brady Butte, at Bueno, and at Ticon-
deroga Guleh. East and west the schist belt is
bounded by Bradshaw granite, in great part con-
cealed by basalt on the eastern side, but elearly con-
tinuous from Yava Wash to the hills east of Cordes.
At Brady Butte a long stock of granite splits the
schists.  As in the Mount Union distriet, all the
gold mines and prospects of the Bighug distriet
center about a region of younger eruptive stocks of
quartz-diorite near Bigbug post-office and MeCabe.
Here again the schists are partly altered to amphib-
olite.  Diorite occurs near the head of Bighug
Creek, apparently as a contact phase of the granite.
Copper prospects occur, in association with silicified
schist and porphyry dikes, at Stoddard and in the
Crazy basin.  There is evidence that the basali for-
merly extended across the Bighug district, a thick
remnant of it existing high up the mountain
slopes in Bighug Mesa, and outliers oceur in Hack-
berry Creek basin, east of Bighng Mesa, at Valverde,
and at Stoddard. At Mayer a deposit of onyx mar-
ble, with its associated breceias of schist in a caleite
matrix, so resembles caleareous breecias which oeenr
under the basalt of Hackberry basin and elsewhere
that there is good reason to suppose this deposit
also lay under a thick basalt sheet. Schist, diorite,
and quartzite recur east of Brushy Wash.

CROWN KING DISTRICT.

The Crown King district includes the belt of
schist and eruptives from Silver Mountain to the
Crazy basin and from Bueno to Blanco Springs.
This belt includes the schists on the west szide of
the Bradshaw Mountains, where a large granite
stock splits apart the southern extension of the
schists of the Bigbug district. An elongate granite
body at Minnehaha on the one side and the Brad-
shaw Mountains stock on the other have inclosed
this schist and are in some sense associated with
its metamorphism, so that the greater part of it is
in¢luded in the hornblende-schist phase.  But on
Buckhorn Creek south of Silver Mountain mica-
schists and phyllites of the character of those in

the Bighug distriet occur, and north of Crown
King, at a distance from the granite, phyllite and
mica-schists replace the more metamorphic varieties
of the granite contact. A stock of guartz-diorite
forms an.open basin in the mountains west of Crown
King and determines, as in the northern districts,
the occurrence of ores about its periphery. The
Minnehaha granite area appears to have been rent
apart by this invasion of quartz-diorite, its north-
ern continnation extending from Towers Mountain
to Brady Butte. A belt of the hornblende-schist
phase of the Yavapai formation extends along the
eastern border of the Crooks complex from Bighug
Mesa to Towers Mountain, merging into normal
schists on the east. Toward the south also this
belt merges into Yavapai schists, in the valley
north of Minnehaha, where mica-schists oceur with
remarkably flat dip; at one point there is some
appearance of a northerly pitching anticline and a
dip of only 20°.  (See section D-1).) An elongate
stock of DBradshaw granite extends from Crown
King northeast and is separated by a belt of
amphibolite from the Bradshaw Mountains stock.
This narrow schist zone, like the one west of
Towers Mountain, has been worn down to form a
valley, with mountains of eruptive rock on either
side. At Battle Flat occurs a stock of monzonite-
porphyry which has produced a shallow basin
somewhat similar to those occasioned by the
quartz-diorite. A number of rhyolite-porphyry
dikes trending parallel to the schistosity traverse
the Crown King district, and one of these is remark-
ably continunouns for 13 miles.

SOUTHERN BRADSHAW RANGE.

The southern Bradshaw Range includes the
Bradshaw Mountains from Crazy basin  sonth-
wiard and the Black Canyon schist belt to the
east. The Bradshaw Mountains are formed of
granite and inclosed bodies of schist in strips
and blocks sometimes several miles long. The
granite retains a gneissic structure, which is espe-
cially conspicuous parallel to the eastern contact.
Wherever the contact is seen the schist is charged
with granite lenses, and the presence of much schist
in the granite indicates a process of intrusion
whereby the schists were gradually absorbed
rather than violently disrupted. Some copper
prospects occur along Black Canyon. The only
gold mines in this district are near Columbia,
where there is much included schist and large
porphyry dikes occur. The Black Canyon schist
belt is essentially vertical, with some inclina-
tion to the west; this tends to give erosion an
undermining effect on the granite and accounts in
part for the steeper eastward face of the mountain
spurs.  Ferruginous quartzites and amphibolite
oceur next to the granite; farther away on the east
is a sericite-schist belt which is in places siliceous
and salient. Within the deep canyons of the east-
flowing streams and at their junction with Black
Canyon the guleh slopes are steep and the ereep
of surficial =o0il frequently produces in the schists
a false dip by bending the laming from 15° to 40°,
g0 that the apparent dip is into the hill. Thus,
western slopes show easterly dip and eastern slopes
westerly dip. On the eastern side of this schist
belt diorite oceurs and merges by gradations into
Bradshaw granite farther east. This granite under-
lies the basalt and has its greatest exposure in the
region east of Cordes.  An outlier of basalt occurs
on one of the summits of the Bradshaw Range,
Malpais Hill.

Summarizing, the distincetive features of the
southern Bradshaw Range are a great stock of
gneissic granite with included schists, a belt of
amphibolite, quartzite, and sericite-schist to the
east, and beyond that granite with a diorite con-
tact phase. Ores of the precious metals occur
only where the included schists are abundant in
the granite.

SHEEF MOUNTAIN DISTRICT.

The Sheep Mountain distriet includes an area
of andesitic voleanie rocks in the southwest corner
of the quadrangle. Rhyolitic tuff’ and agglomerate
are the lower members in a series of unevenly bed-
ded lavas, with andesite flows capping them (see
section E-E), which extend beyond the limits of
the quadrangle to the southwest. The agglomer-
ate occurs in outlying patches to the north near
Donnelly ranch and Fenton’s ranch, and these



patches serve to connect the wide agglomerate
area of Cellar basin with the southern exposures,
showing that the voleanie gravels were once con-
tinnous through the intermediate space. Some
basalt flows oceur.  The series of ancient erystal-
line rocks which form the old land under the
lavas, from west to east, is as follows:
ite, Crooks complex, hornblende-schist, Yavapai
schist, granite.
with small schist bands which are often stained
with chrysocolla; this has given rise to copper
prospecting in this vicinity. The metamorphic
phase of the Yavapai formation has here the
aspect of heavy beds of hornblende- and miea-
schist with granite veins. A considerable area
mapped Yavapai schist occurs between Buekhorn
Creek and DPriggs, which consists in detail of
mica-schist, a breceia of blue quartz in the schist,
some gneiss bands, and hornblende-schist  with
dikes of tourmaline-granite, The eastern granite
is coarse, micaceons and pegmatitic, and repre-
sents the extension southward of the great stock,
which here emerges from beneath the lavas and
extends farther south the mountains east of
Castle Creek Hot Springs, beyond the guadrangle.
Summarizing, the Sheep Mountain distriet is
characterized by agglomerates and andesitic lava
flows, the latter overlying the former, and both
resting on a topography of granite and schist.
The schist has a northeast trend and represents
the =outhern extension of the Crown King belt.

Giran-

The western granite is gneissic,

AGUA FRIA VALLEY,

Agua Fria Creek enters the quadrangle at Val-
verde Smelter, flows southeast to Mitchell ranch,
then, as Aguna Fria River, its course is southwest
and south through the Richinbar basalt canyon to
Goddard’s, where it enters a canyon of schist
and follows a sinuous course southward beyvond
the quadrangle. The northern part of itz valley
in the Yavapai schist is a moderately deep gorge,
with fertile alluvial bottoms. The loam and gravel
are from 15 to 30 feet deep, and at the bend in the
gorge 2 miles south of Valverde the Agua Fria
has trenched the allavinm to a depth of 15 feet,
showing horizontal bedding, but the side streams
have only very slightly incised their beds into the
deposit; the result is to give the tributaries the
aspect of miniature hanging valleys. The schists
are like those of the Bigbug district and con-
gist of phyllites, gneiss, and amphibolite, with
quartzite ledges in prominent relief on the spurs
of the northeastern granite mountains.

Two miles below Stoddard Agua Fria Creek
enters agglomerate and basalt in an open, dry
desert country.
square miles of flat land and consists of angular
gravel made up of slate and quartz fragments,
appearing loose on the surface, but in stream
trenches seen to be lithified with a caleareons
cement.  This agelomerate underlies the basalt
flows on the northeast and overlies those basalts
which form the walls of Agua Fria Canyon to
the south. The first basaltic ecanyon is entered by
the creck at about the mouth of Yava Wash, and
is trenched to a depth of 200 feet, the basalt on the
upland weathering to fields of black rubble. At
the mouth of Sycamore Creek the stream flows
through a fertile bottom land. Under the basalts
are agglomerates composed of heavy basaltic bombs
in a dolomitiec matrix, and fields of white dolomitie
travertine containing chert appear on both banks of
the stream. These replace the agglomerate under
the basalt over a considerable area. The basaltie
fields of the northeast are interrupted by dikes and
probably by remnants of old craters, for their sky
line is rugged and differs from the flat plateau
farther south. A small stock of trachydolerite
intrusive in the basalt occurs on the headwaters
of Little Ash Creek in the northeast corner of the
quadrangle.  South of Sycamore Creek the Agua
Fria Hows throngh granite, passing along the foot
of conspicnous hills of this rock. The granite
rises from beneath basalts on the east and presents
a very varied topography under the basalt. A sec-
tion of the voleanic series at the junction of Indian
and Agua Fria erecks shows above the granite 75
feet of cemented arkose and agglomerate, 30 feet
of amygdaloidal lava, 20 feet of buff’ voleanic sand-
stone, and 150 feet of columnar basalt.  Dikes of
granite-porphyry ent the granite, which varies by
magmatic gradations to diorite and contains schist

Bradshaw Mountains,

The agglomerate covers many
L

toward the west. At Richinbar the river has
trenched deeply through the basalts and granite,
forming a canyon over 1000 feet deep, bounded
on either side by wide hasaltic mesas which slope
gently toward the southeast and vary in height
trom 3200 to 4000 feet above sea level. At Rich-
inbar a narrow belt of schist in granite oceurs
under the basalt, and ore-bearing veins have been
found there.

North of Richinbar quartz-diorite oceurs, appar-
ently as a facies of the Bradshaw granite, and the
same change in the granite is observed all along
its contact with the Black Canyon schist belt from
Cordes southward. On going south from Richin-
bar the granite becomes more dioritic and more
charged with schist inclusions, and this change
corresponds to a similar change observed at the
southern end of both the Brady Butte and Mount
Union granite belts.  Thus the transition to Crooks
complex is gradual, though it is indicated on the
map as a definite line, south of Bumblebee, east of
Black mesa, and on Squaw Creek. At Goddard's
the river emerges from the lavas, traverses a wide
alluvial tract, and then at its junction with Black
Canyon plunges again into a deep sinuous gorge
in the Yavapai formation, which it follows beyond
the quadrangle.

Summarizing, the Agna Fria Valley follows the
western boundary of agglomeratic and basaltic lavas,
sometimes trenching them and revealing the eastern
contact of Yavapai schist with a wide granite tract
which underlies the lavas. Along this contact the
granite hag given place to diorite, and toward the
south it changes to the Crooks complex. The
lavas from north to south change from disorderly
to horizontal. Their thickness varies greatly, as
they fill hollows in an uneven granite topography
beneath.

NEW RIVER MOUNTAINS,

The New River Mountains, in the extreme
southeast corner of the Bradshaw Mountains quad-
rangle, consist largely of rhyolite-porphyry. A
very large dike of white porphyry, over 1000 feet
thick, marks the boundary between this formation
and the Crooks complex. The latter, here consist-
ing of alternate diorite, white quartz, granite, aplite,
gabbro, and diorite breceia in bands trending north-
east, forms low foothills that are separated from the
mountaing by the gorge of Moore Guleh. This
gorge is remarkably straight, following the west
wall of the dike, and all of the northwest-flowing
streams from the mountaing cut deep canyons
through the dike, the resistant rock ecausing water-
fulls. Squaw Creek Mesa differs in structure from
the lavas farther north in that the basalts are cov-
ered with a deep agelomerate deposit, consisting of
subangular washed gravels from the New River
Mountaing. North of the New River Mountains,
along Squaw Creek, the Bradshaw granite rises to
within 300 feet of the surface of the basalt pla-
tenu. The New River Mountains extend beyond
the quadrangle, and have not been thoroughly
explored.

GEOLOGIC HISTORY.

The oldest rocks known in the Bradshaw
Mountains are the schists. The conglomerates
and sandstone within the schist series were orig-
inally deposited against preexistent land com-
posed also of schist, quartzite, and granite, but
no part of such basement is positively known.
The schists were in small part ancient voleanie
flows or intrusive sheets, now metamorphosed to
uralite-diabase.

The whole series in pre-Cambrian time was
involved in several periods of deformation and
erosion, whereby the original sedimentary struc-
tures were largely destroyed and a structure of
closely appressed folds was produced. The fold-
ing brought the bedding planes to a vertical or
nearly vertical position, with dips at high angles
east and west, and strikes northerly.

During this deformation, while the strata were
deeply buried in the earth’s crust, intrusive plu-
tonic magmas invaded them, These crystallized
as large stocks of granite, and smaller stocks and
zones of diorite, which are now found wedged
among the schists. The boundaries of the stocks
and their lenticular habit show that the schistose
parting planes were in an upright position at the
time of intrusion—i. e., that intrusion was guided by
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isoclinal structure already developed. There were
some aplite, camptonite, and other dikes which rep-
resent the last acid or basic segregations of these
magmas that filled shrinkage cracks in stocks and
schists alike. Portions of the plutonic magma
crystallized with a very irregular banding of
alternations of diorite-granite and intermediate
or extreme basic or acid rock types, and these
form the Crooks formation, which in different
places merges into granite or diorite. The origin
of the banded structure in this igneous complex is
obscure,

The schists in contact with granite or diorite
became more highly crystalline than elsewhere,
and developed an abundance of hornblende, epi-
dote, tourmaline, staurolite, mica, zoizite, and garnet.
Locally some change oceurred within the intrusive
magma also, the more basic or dioritic forms of the
granite being segregated along the contact zone, or
forming small stocks wholly within the schist.

Later stocks of quartz-diorite, marking appar-
ently a different period of eruptivity, filled fissures
in schists, diorite, and granite. These stocks are
smaller than the earlier ones of granite, and have
been less subject to strain or deformation since
their intrnsion. Ores of the precions metals were
developed in abundance as veins in the rocks adja-
cent to the contacts of this quartz-diorite.

The age of the plutonie intrusive rocks may be
inferred by analogy with the evidence for the age
of the schists,
Jerome and Grand Canyon sections similar in all
respects to the granites and diorites of the Brad-
shaw Mountains, and intrusive into partly sedimen-
tary schists which are considered identieal with
the Yavapai formation. These northern stocks
are definitely pre-Cambrian, the Tonto sandstone
(Cambrian) lving unconformably across their
eroded surface. They are alzso older than a still
lower series of rocks carryving a meager brachio-
pod, pteropod, and trilobite fauna (Grand Canyon
series), which on geographic and stratigraphic
grounds Walcott considers upper Algonkian in
age. The lower schist series (Vishnu—Yavapai)
then becomes lower Algonkian, and the intru-
sives represent an epoch or group of epochs
after or during the deformation of the lower
Algonkian strata and before their uplift and ero-
gion to receive the deposits of the upper Algonkian
on their surface.

Periods of uplift, erosion, and depression followed
and the beveled surface was formed on which Pale-
ozoic, Mesozoie, and Tertiary sediments were depos-
ited. Probably the rhyolite-porphyry dikes rose
throngh the schist and granite in early Tertiary
times and formed intrusive bodies in the overlying
sediments.

Erosion has removed all the flat-lying Paleozoic
sedimentary rocks from the Bradshaw Mountains
(if they at one time overlapped this range) and has
worn hil.l_"l{ t.]ll," l‘l'jl_'ill'ilt'l.ll."nl I_IIH.I IIIElrk}‘- t]l{"ir I,H.I_':_"‘l'!
to Verde River and to Tonto basin. The under-
Iying schists and erystalline rocks were also deeply
eroded, probably within Tertiary time, when great
continental movements took place that elevated the
whole Cordilleran distriet of North America.

These movements were accompanied by volcanic
eruption. The voleanoes ejected fragmental mate-
rial by explosive action and poured out rhyolites,
andesites, and basalts in turn; evidences of these
processes are found in the rhyolitic tuffs, agglomer-
ates, andesites, and basalts,

All the rocks have been further elevated and
subjected to the erosion of Quaternary times, and
this process is still going on.

There are stocks and lenses in the

ECONOMIC GEOLOGY.
MINERAL RESOURCES.

The mineral rezonrees of this quadrangle include
gold, silver, copper, and iron-ore deposits, building
and ornamental stones, and undeveloped bodies of
voleanie ash.

Gold, Silver, and Copper Deposits.
INTRODUCTION.

Historical sketeh. — Precious metals were dis-
covered in the Bradshaw Mountains quadrangle in
1563, when the |11:11'{1I’ cold deposits of Hassavampa
and Lynx ecrecks were first worked by a party of
pioneers under the leadership of Joseph Walker.
In the “rush” following this discovery productive

placers were found along most of the larger streams
of the area, and numerons gold- and silver-bearing
veins were located, especially in the northern part,
on Bigbug, Lynx, and Hassayampa creeks. The
remoteness of the district from lines of transporta-
tion and the fact that it was a stronghold of the
hostile Apache Indians caunsed mining develop-
ments to proceed slowly until a new impetus was
given to the industry by the discovery of rich sil-
ver deposits.

The Tiger mine, located in 1871, and the Tiptop
and Peck mines, opened in 1875, each produced a
million dollars or more during the first five vears
of their working. A period of active prospecting,
mill building, and development followed, during
which some old and many new productive veins
were exploited.  The I':ll}ill exhaustion of the silver
mines and the fall in the price of silver brounght
thiz period to a close by 1885, but the gold deposits
were by no means exhausted and with the comple-
tion of the transcontinental railroads to the south
and north, and of the connecting branch to 'res-
cott in 1888, came a new era of moderate produc-
tiveness, which continues to the present time.

Production.—No definite statement of the out-
put of precions metals from this region is possible,
but an estimate based on scattered contemporary
statistics and on the Mint reports gives an approx-
imate value of $9,500,000, about equally divided
between gold and silver,

At the time of survey (1901) but two or three
large mines were actually producing, and the out-
put of the district, chiefly gold, was probably
less than 3200,000. A number of other mines
recently active and of demonstrated value were
closed down by reason of litigation or other
adverse circumstances. The activity was limited
to prospecting and to the development of small
properties to the producing stage.

VEIN DEPOSITS.
CHARACTER OF ORE BODIES.

The fissures are generally well defined, the vein
filling being separated from the walls by clay
“gouge.” The vein material iz chiefly white
fuarts, with bhanded sironeture, which iz often very
prominent, the center of the vein not rarely show-
ing open vugs.  In most of the mines where devel-
opment allowed a satisfactory study of the ore
bodies the vein filling was found to consist of lens-
like bodies of irregular form, which on the edges
are composed wholly of quartz and increase in
metallic sulphides toward the thicker central parts.
These lenses sometimes overlap slightly, or are sep-
arated by barren stretches, which may be as long
as the diameter of the lens, where the vein is rep-
resented by a mere stringer of quartz or by the
line of “gouge” alone.

MINERALS OF THE VEINS.

The minerals composing the veins may be clas-
gified into ore and gangue minerals.  Oxidized
]IliT](‘!I"rl]H l}tl HL‘{‘HIHIJII'J' nature I}ml]ll{‘l'{l h}' Elltf'l'il-
tion of the original vein contents form a third
¢lags.  The ores comprise native gold and silver,
galena, argentite, pyrargyrite, chaleocite, chaleo-
pyrite, and tetrahedrite.  The metallic minerals
that not of themselves wvaluable but often
mechanically inclose free gold are pyrite, sphaler-
ite, ;lr-ecnnp:-,fr]tl-, hr;ul."tm!‘lilt‘, hnl'llitr-, _imllmr}l]ih*,
stibnite, magnetite, and pyrrhotite.  The
metallic gangue minerals are quartz, chaleedony,
siderite, dolomite, ealeite, barite, fluorite, epidote,
and hornblende; the two latter uncommon gangue
minerals are found in several quartz veins of the
region in considerable amount.

Of secondary minerals formed in the surface zone
of weathering the more important are cerargyrite,
anglesite, cerussite, limonite, hematite, pyrolusite,
gypsum, native copper, cuprite, chrysocolla, mala-
chite, azurite, brochantite, scorodite and wulfenite,
chlorite and kaolinite.
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COUNTRY ROCHS.

The ore deposits of the quadrangle are, with few
exceptions, fissure veins of simple structure.  The
veing are not confined to any one rock formation,
but oceur most abundantly in the schistose rocks
(Yavapai schists, amphibolites), particularly in por-
tions of these near the horders of the latest intru-
sive stocks of quartz-diorite; the Bradshaw granite
and its diorite facies contain some veins also, while



in the Minnehaha complex they are almost entirely
wanting. The veins were formed before the vol-
canic period represented in the quadrangle, and
henee are wholly abzent in the voleanic agglom-
erates, andesites, and basalts, which cover so large
a portion of the quadrangle.

AGE OF VEINS.

Little can be said definitely of the geologic age
of the period of vein formation; it was probably
post-Carboniferous, for in the region about Jerome,
immediately north of the quadrangle, similar veins
pass upward from the Algonkian erystalline com-
plex into the horizontal Carboniferous rocks. The
veins are certainly older than the lavas, which are
supposed to be Tertiary. A eclose association is
observable between the distribution of acid dike
rocks and of veins, which suggests that the forma-
tion of the fissures which both ocenpy was due to
similar forces acting at about the same period.

TRENDS AND OUTCROPS OF VEINS.

The trend of the fissures follows in general the
trend of the containing schists, which is predomi-
nantly from north-south to northeast-southwest.
A second system of fissures cutting across the
schistose structure with trends about at right
angles to the first, east-west or northwest-southeast,
is also slightly developed, but is nowhere dominant.
The dip of the veins, like that of the schist, is high,
often vertical, and rarely less than 70°; the direc-
tion of dip in the dominant fissure system is vari-
able, but oftener westward in the southern part of
the quadrangle and eastward in the northern part.

The veins are generally narrow, from G feet
down to a foot or less, and are not marked in
general by prominent ountcrops. In this respect
they present a marked contrast to the great quartzite
ledges which are widely distributed throughout the
schist series and in position, form, and character
suggest quartz veins. So far as known, no ore
deposits have ever been found in the quartzite,
although the rich Peck vein was in immediate
contact with one of these ledges,

CLASSIFICATION OF THE VEINS.

The veins may be classified, according to the
dominant values of their contents, into gold, sil-
ver, and copper deposits, and have been so indi-
cated on the map in most cases, but the distinetion
is not a sharp one, since all of these metals com-
monly oceur together, and their relative amounts
may vary widely in different portions of a single
deposit.

Gold deposits—Free gold is not common in
the veins of this region, the gold values being
largely contained in the associated sulphides,
chiefly pyrites, chalcopyrite, arsenopyrite, sphal-
erite, and galena. Nevertheless, in several of the
largest gold mines considerable bodies of ore very
rich in free gold have been discovered at depths
far beyond the limit of surface weathering, and in a
few gold veins upward to half the value of gold is
free. The gangue of these veins is generally quartz
with very little carhonate.

Silver deposits,—The typical silver veins of the
district are narrow veins carrying argentiferons
galena, argentite, pyrargyrite, and probably other
antimonial silver minerals in their deeper portions,
and cerargyrite and sulphate and earbonate of lead
at the surface.  The gangue is largely siderite, with
more or less quartz and caleite.  Several very rich
veins of this character were found in the quadran-
gle, but they have long been exhausted and aban-
doned, so that in the field at present little ean be
seen of their character. Silver is also present in
varying amounts in the veins classed as gold veins,
and in ores rich in galena frequently exceeds the
old in value.

Copper deposits.—No copper deposits of proved
extent and value are yet known in this district,
but several promising prospects were seen, and as
some of them are quite different in character from
the gold and silver veins they have been separately
indicated on the map.  Two types of copper depos-
its were recognized.  One consists of distinet veins,
carrying chalcocite, chalcopyrite, tetrahedrite, and
in some instances bournonite, with a gangue of
quartz, fluorite, and barite. The sulphide miner-
als are largely altered at the surfice to chrysocolla
and malachite. These veins carry silver values as
well as copper.
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The second type consists of impregnation zones
in schist; chaleopyrite, pyrite, and bornite, with
more or less quartz, replace chlorite-schist or

amphibolite, forming bodies of irregular and
indefinite outline. Small stringer veins carry-

ing the same minerals are also present in places,
but the formation as a whole appears to be a direct
replacement. The surface zones of such deposits
are siliceous schists pitted and copper-stained with
films of native copper and sometimes of ecuprite.
Small gold values are also found in these deposits.

DISTRIBUTION OF THE VEINS.

The important mines in the quadrangle are
in its northern and western portions, and occur
in groups associated in a striking manner with
the four intrusive stocks of quartz-diorite which
occupy the basing of Groom and Hassayampa
creeks, of Lynx Creek, of Bighug Creek and its
branches near MeCabe, and of Poland Creek near
Crown King. Brief descriptions of the veins in
these four areas will first be given and then the
less important outlying veins will he considered.

Groom Creek distriet.—The mines of this dis-
trict are prospects developing veins which carry
both gold and silver. The veins oceur in the
amphibolite and schist on either side of the
northern portion of the Groom Creek quartz-
diorite stock. They are narrow and highly min-
eralized, with native silver, galena, pyrite, and
sphalerite in a gangue of coarse white quartz and
calcite. Many of these veins are said to be very
rich in their upper portions, but they have not
been sufficiently developed to prove their perma-
nence in depth.

Hassayampa Creele district—The southern part
of the same stock of quartz-diorite is drained by
Hassayampa Creek. It is bordered to the south
and east by the amphibolites and basic diorite of
the Mount Tritle Range, and here are found sev-
eral important gold mines, of which the Senator
and Cash are the best developed. Bevond this
belt to the east, on the slopes of Mount Union, is
an aren of granite-gneizs, in which are found simi-
lar deposits, such as the Crook. These mines are
all on veins trending northeast to southwest and
their chief value is in gold. In the Senator a
fairly continuous vein of banded quartz, 3 to 6
feet wide, oceurs parallel to and near the contact
of hard, black, banded amphibolite and metamor-
phic conglomerate, some distance from the edge
of the quartz-diorite stock. The ore is chiefly
pyrite, galena, and sphalerite in coarse, white,
banded quartz. A large body of free gold with
pyrite was opened on the 500-foot level next to
the conglomerate wall rock. This is the oldest
gold mine in the area, having been worked with
many intermissions since 1870-1875. The Cash
mine is somewhat farther from the quartz-diorite.
The ore body in this mine is in the form of a series
of well-defined lenses that have a maximum thick-
ness of 2} feet and oceur in sericite-schist which
is at places black and graphitic. The ore is rich
in sulphides, chiefly galena, sphalerite, pyrite, and
chalcopyrite, contains some tetrahedrite in quartz,
and is characterized by comb and banded structure,
the center of the vein being generally open and
lined with beautiful erystals of all the vein min-
erals. A rich body of free gold ore was found in
this mine at a depth of 200 feet from the surface.

The Crook mine is very similar in character of
ore. The vein follows for some distance a black
dike of decomposed camptonite, and it is paralleled
on the west by a striking zone of breceiation with
sulphide cement, which has been opened by several
prospects.

In the diorite southwest of Mount Tritle is the
Blue Dick mine, which is on an east-west vein
and carries high silver values in an ore consist-
ing of arsenopyrite, tetrahedrite, galena, and pyrite.
The croppings are rich in horn silver.

Lynxz Creck, near Walker.—The veins of the
Lynx Creek basin oceur near the contact of
quartz-diorite with schist and granite-gneiss. The
only active mine is the Mudhole mine, which is
working two nearly parallel 6- to 8-foot veins in
granite-gneiss, inclosing between them a white
rhyolite-porphyry dike reduced in places to a
friction breccia that is cemented by a siliceous
matrix.

The quartzose vein matter is banded with a
granular admixture of galena, sphalerite, pyrite,

chalcopyrite, and arsenopyrite. The values are
about equally gold and silver.

In the Amulet mine rich silver values were
obtained from a contact-breccia zone that oceurs
between slate and granite and is cemented by
quartz and sulphides.

Much mining of a surface character has been
done in this basin on small veins carrying free
gold in the oxidized zone.

MeCabe  distriet.—Near the town of MecCabe
and along Bigbug Creek to the south are a large
number of veins, most of which are in schist and
amphibolite near the periphery of a small stock
of quartz-diorite; veins also occur in the quartz-
diorite and in the granite-gneiss of Mount Elliott,
to the west. With few exceptions the veins trend
with the schists, northeasterly. The MeCabe mine
shows the most development in this group. The
vein is a series of lenses which have a width up to
4 feet and are characterized by band and ribbon
structure, the metallic contents being largely con-
fined to the center of the vein. Open vugs lined
with large erystals of quartz and arsenopyrite are
common. Arsenopyrite with pyrite and chalco-
pyrite carry the values, which are largely gold
with some silver. Galena is sparingly present.

The Rebel vein is in quartz-diorite, which at
this point should be called rather an alkali granite.
It appears to be a zone of breceiation, the ore, which
is largely sphalerite, galena, and pyrite, occurring
with quartz and dolomite as the cementing matrix.
A similar zone of brecciation with quartz and ore
cement is found in the Great Belcher vein on Big-
bug Creek. Gold values largely predominate in
all of these veins.

Farther to the east and well within the main
body of the schists which oceupy the central part
of the quadrangle is a zone in which veins rich
in silver and copper with subordinate gold values
have been slightly developed. The Boggs and
Silver Belt mines are of this type, the former
containing a number of minerals, such as bournon-
iteand jamesonite, not found elsewhere in the region.
These mines are no longer active.

Crown King district.—The Crown King stock of
quartz-diorite is in contact west, south, and east
with granite and amphibolite and north with the
diorite of Towers Mountain. At and near the
southern and northern contacts are a number of
mines, of which the Tiger and Crown King are the
most important.

The Tiger mine was the first of the rich silver
mines to be developed and is the only one of them
that is still open, but it is no longer productive.
The vein, which passes from the quartz-diorite into
amphibolite with the northerly trend of the latter,
is from 7 to 10 feet wide, and in the upper portions,
where it was productive, consists of quartz with
argentiferous galena, argentite, free silver, and horn
silver. With depth the ore becomes low grade
and unprofitable under local conditions. It con-
sists of pyrite and galena with small values about
equally gold and silver. The ore bodies are said
to be larger than is commonly the case in the
district.

South of the Tiger mine, in the amphibolite, are
a number of prospects on gold-bearing veins sim-
ilar in character to the Crown King vein to the
north.

The Crown King mine, the most important gold
mine in the quadrangle, is situated on a well-
defined quartz vein in amphibolite with northerly
trend and a westerly dip of 60° to 70°. The vein
1 continuous; its width varies from a mere stringer
up to 8 feet and averages about 2 feet. The pro-
ductive part of the vein is an ore shoot several
hundred feet wide, with flat pitch to the north.
The ore is characterized by the usual sulphides;
pyrite and sphalerite are the most abundant, and
native gold is uniformly present, so that at least
half the gold value is free. At two points along
the ore shoot, at the surface and again about 500
feet down, ore very rich in free gold was found.

The Gladiator vein is probably a northerly exten-
sion of the Crown King vein and is of similar ¢har-
acter. A number of prospects on Towers Mountain
are of somewhat similar nature.

Southern Bradshaw Mountains.—The mines of
this region are found in the southern extension of
the great stock of Bradshaw granite, which is here
coarsely gneissic and containg many schist bands
or inclusions. At and near Tiptop the veins were

rich in silver. The Tiptop mine produced nearly
22,000,000 in silver between 1875 and 1883, It
was on a vein from 1 foot to 1} feet wide in gran-
ite-gneiss, and carried antimonial silver ores, with
native silver and horn silver at the surface. It was
worked to a depth of about 800 feet. Little or no
work is now being done in this vicinity.

Near Columbia are many narrow gold veins
which are worked in a small way for free gold
ores, no mines, =0 far as known, having been
carried beyond the oxidized zone.

Castle Creele distriod.—Copper-bearing veins are
rather numerons in the belt of schistose rocks near
Briggs, and several of them have been prospected.
The weinsg arve well defined and narrow and at
the surface brilliant with chrysocolla. Chalcocite
appears to be the principal sulphide mineral in
these veins.

Minnehala disiricl,—Near Minnehaha, along the
contact of the granite with the belt of Crooks
complex to the west, are several gold deposits, of
which the Fortune iz =aid to have been a large
producer. The Boaz mine is working a large vein
of pyritiferous quartz with low gold values.

Peck Canyon.—A group of rich silver veins, of
which the Peck vein may be considered the type,
was at one time actively worked in Peck Canyon.
The vein was hardly more than a stringer a few
inches wide, consisting at the surface of native
silver, horn silver, and antimonial silver and cop-
per minerals in a gangue of quartz and siderite.
In depth argentiferous galena became the principal
mineral, and the values rapidly decreased so that
work ceased at a depth of about 500 feet. The
vein lay next to a huge quartzite ledge with a foot
wall of slate.  About one million dollars in silver
seems to have been taken from this mine between
1875 and 1885. This and the numerous similar
mines near it which were more or less productive
for short periods are now wholly abandoned.

Western eopper belt.—From a point about a mile
north of Alexandra through the Blue Bell mine to
Copper Mountain, 12 miles to the northeast, the
schists of the Yavapai formation have a remarka-
bly uniform trend of N. 20° to 30° E. The schists
comprise phyllites, silvery sericite-schists, quartz-
schists, and chlorite-schists, with boldly cropping
quartzite ledges, At the three points mentioned
the schists are impregnated with copper ores and
have been more or less prospected, although no
mines have been as yet developed. The continu-
ity and linear character of this belt of schists, and
the similarity of the copper deposits at intervals
along it, indicate a widespread uniformity of con-
ditions as existing here and point to the probable
existence of a more or less continuous copper-
bearing zone. The nature of these deposits has
been already deseribed in general terms. The ore
bodies of the Stoddard mine at Copper Mountain,
of the Blue Bell mine, and in the Copper Buster
and other claims near Alexandra are impregnations
of chaleopyrite and pyrite in the schists, accom-
panied by more or less silicification. The Blue
Bell mine is the hest developed of these prospects,
and shows a zone of impregnation up to 30 feet
wide, which has been followed down to a depth of
300 feet, the width increasing with depth. Besides
copper the ore carries small gold values.

The Blue Bell mine was the only property in the
quadrangle which the geologists of the Survey did
not examine. The information concerning it is,
therefore, based on what could be seen at the sur-
face and on statements as to relations underground
which were not verified.

Fastern copper bell—A similar but even less
defined and less explored series of copper deposits
appears in the narrow belt of schist which follows
the eastern border of the main Bradshaw Mountains
eranitic stock. Near the northern end at Theising’s
¢laim and toward itz southern end at Soap Creek
are prospects similar in character to those just
deseribed.  The evidence is, however, far too
meager to permit of the assertion that the zone
will be found in any sense continuouns, but the
repetition of similar conditions is suggestive.

Eastern gold belt—A number of widely scattered
veins carrying gold values occur in the granite-
gneiss of the eastern portion of the quadrangle.
The Valencienne mine has produced some gold
in the past, and the Richinbar mine is a devel-
oped property on a vein in gneissic granite on the
edge of Agua Fria Canyon. The vein is well



defined and narrow, and composed of coarse quartz
containing pyrite, galena, and sphalerite; the values
are found chiefly in irregular vertical shoots. The
ore is free milling.

VALUE OF THE ORES.

It is difficult to give average values for the ores
produced in this region, both because of the lack |
of reliable data and because of the extreme vari- |
ability of the tenor and character of the ores. The
free-milling gold ores now heing worked prob-
ably average about twenty dollars gold and from 1
to 12 ounces silver to the ton: values of less than
twelve dollars per ton will rarely pay under pres-
ent conditions of working. An idea of the charac-
ter of some of the smelting ores produced iz given
by the average value of five shipments® of selected
ore from a mine now active, which vielded 3}
ounces of gold, 16} ounces of silver, and 4 per
cent of copper to the ton. Reliable data for the
value of the rich silver ores formerly worked are
not at hand. The ores appear to have run as
high as 200 ounces, and probably much more, to
the ton.

| in such detail as to determine itz limits or extent.
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It may be of very local development, but exami-
nation of the whole ridge indicates more or less
ferruginous schist for upward of 2 miles north
and south of the locality in which the richest
specimens were found.

Rocks similar to those above described were |
found along the road about 1} miles north of
White's ranch, near Minnehaha. Here 15 an out- |
crop of mica-schist that is rich in sharply erystal- |
lized garnet and eontains magnetite in considerable |
quantity. At the point seen, however, the iron |
oxide was not sufficiently abundant to warrant
calling the rock an ore of iron.

Building and Ornamental Stone.

Rhyolite tuff —Owing to the sparseness of the
population, little or no call has been made upon
the building-stone resources of the region and little
is known as to the character of the various rocks
as building stone. So far as known the only stone
quarried in the quadrangle for building purposes
is the green rhyolite tuff’ tound abundantly in the
valley of Castle Creek, which has been used in

. the construction of the hotel at Castle Creek Hot

PLATUERS.

Rich placer deposits formerly existed along most i
of the streams of the quadrangle, and it is esti- |
mated that not less than a million dollars was |
obtained by placer mining up to 1881. Most of |
this value was won from Lynx, Bigbug, and Has-
sayvampa creeks in the north and from Turkey
Creek, Black Canyon, and Castle Creek in the
south of the quadrangle. At the present time
the river placers are almost exhausted, but a little
work is still being done on Lynx Creek and
along Oak and Cherry creeks in the western
part of the quadrangle.

It has been found that some of the gravelly beds in
the western belt of voleanic agglomerate are aurif-
eroug, and just beyond the western boundary of the |
quadrangle, on Slate and Milk ereeks, some hydraulic |
washing iz being done on depositz belonging to this
formation. To what extent this auriferons charac- |
ter prevails in the large deposits of the formation |
within the quadrangle is not yet determined. At |
the time of survey a dredging plant was about to |
begin operations upon an alluvial deposit which |
caps a flat ridge near Mayer and in which a small |
cold content has been proved. The success of the |
experiment is not known, but even if profitable the .
amount of auriferous alluvium available for such |
operations appears to be very limited.

Iron Ores.

No iron ores of proved value are known in the |
quadrangle.  Iron ores of possible value were, how- |
ever, noted at one point. On the ridge at the head |
of Blind Indian Creek, about 2 miles southwest of |
Bueno, is a body of schist rich in magnetite.
This schist is mapped as part of the hornblendic
phase of the Yavapai schist; here the schist is
largely quartzitic, various bands containing more |
or less hornblende, epidote, tourmaline, and mag- |
netite. The last-named mineral is in some |al:r4;:ns!
s0 abundant that it makes from 50 to G0 per |
cent of the rock and, judging by the hand speci-
mens, might well be considered an iron ore. The |
schist is sharply banded and highly contorted.
Microscopical study shows it to have a small
amount of epidote and garnet in addition to the
predominant magnetite and quartz. The quartz
is in a fine mosaie of very uniform grain, and the
banded appearance is due to the crowding of certain
layers with magnetite crystals.

Time did not permit of the study of this deposit |

Bradshaw Mountains.

stones snitable for building stone.

| texture.

Springs, situated about 2 miles to the south of the

quadrangle. The quarry from which most of this

stone was taken was near the hotel, but a small

opening in  similar rock was made farther up the

creek, within this quadrangle. The stone was said |
to be soft and easily worked when quarried ; it hard- |
ens on exposure and gives a handsome appearance.

Nothing is known of its durability. Reference

has already been made to the onyx marble at

Mayer, which is, however, a decorative rather than

a building stone.

Limestone.—No deposits of limestone of economic |
importance oceur in the quadrangle with the excep-
tion of the onyx marble, described below. Thin
beds of impure gray limestone of lens-like charac-

| ter and but a few inches thick were noted in the

Yavapai schist in Peck Canyon; and at the june-
tion of Agua Fria River and Squaw Creek is |
a bed of magnesian travertine of considerable :
extent. Both of these deposits are believed to be
too impure to be available as sources of limestone
for building.

There are no limestones other than this, nor sand-
The younger
quartz-diorite, which is available in inexhaustible
quantities, would probably make a handsome build-
ing stone, but has not been so used.

Onyxr marble—Near Mayer, on the left bank
of Bigbug Creek, is a considerable deposit of onyx

- marble, small portions of which are of a quality

that renders it suitable for a decorative stone.

The deposit, which covers an owval area about
three-quarters of a mile long by less than half a
mile broad, is superficial and varies in thickness
from a thin layer on the crown of the hill to a
maximum of about 25 feet on the bank of the
creek. The geologic nature of this deposit has
been described above.  Many prospecting pits have
been sunk on it in all parts of the area, and a quarry |
was opened in one of the thicker portions, but very |
little has been shipped and no work was being
done when it was visited.

The onyx is extremely variable in color and
Most of it is white or pale green when
fresh, but weathering has produced variations of
color which give it most of its decorative value.
The structure is distinetly banded, the individual
bands varying in thickness from 8 inches to a frac-
tion of an inch. The broadest bands are coarsely
fibrous, are transverse to the bedding, and consist

of aragonite. Many large blocks cut in the quarry |

L afford sunitable material for working.

are almost wholly of material of this character. The | Canyon come together there iz found, interbedded

greater part of the onyx is in thin bands of wavy
cross section, not distinetly fibrous, and composed
of calcite. The caleite has been shown by analysis
to contain a small amount of ferrous carbonate, and
this tends to give the onyx a pale sea-green color
when fresh. Oxidation of the iron, however, sets
free either brown limonite or deep-red hematite,
and this powder remains suspended as a coloring
matter in the calcite, giving brilliant color con-
trasts against the white or green original material.
Pale-pink and salmon tones are also occasionally

- developed, and rarely the whole mass of the onyx
is in :1ltprn:1ting I:llruhs of black and white.

The more massive portions of the deposit are

' chiefly white, and while large blocks may be

obtained, the lack of color variety makes it less
decorative, The most valued variety is the green
with red and yellow banding, and large blocks of
thiz color are difficalt to obtain.

The chemical change by which the iron con-
tained in the carbonate has been set free without
breaking down the texture of the caleite as a whole
has been studied particularly by Merrill (Report
U. 8. Nat. Mus., 1893, pp. 539-385), whose analyses
of the unoxidized, green onyx and of the oxidized,
brown material are here reproduced.

Analyses af onye marble from Mayer.

1 11. III.

Gy e T e s 93.08 | 93.50 | 08,82
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Iand 1I. Onyx marble, green, Mayer, Ariz.
II1. Onyx marble, brown, Mayer, Ariz.

The oxidation process, as shown by these analy-
=eg, has been accompanied by little or no accession

original form. The process takes place from the

| surface, along flaws, which permit freer move-

ment of the oxidizing solutions, and along indi-
vidual bands which may be slightly less dense
than others. The illustrations in Merrill’s descrip-
tion cited above show this process admirably.

- Where complete oxidation of the iron has taken

place and the whole mass has been changed to red
or brown calcite it becomes quite opaque, and while
the stone then has a new and very unusual color
effect, it is not in demand by workers of this mate-
rial.  Probably it is the prevalence of these limo-

pieces of light-colored material, that has led to the
practical abandonment of this property.
Slate.—A large portion of the Yavapai schist

developed slaty cleavage; but so far as now
known, the phyllites are nowhere of such fine
and even grain nor possessed of sufficiently per-
fect cleavage to be properly designated slates, nor
have they been utilized as such anywhere in this
or neighboring areas.

Voleanic Ash.

No deposits of voleanic ash of proved value for

"any of the various nses to which this material may

be put are yet known in this region. Two local-
ities may, however, be mentioned which might
Near the
point on the western horder of the quadrangle
at which Ash Creek, Milk Creek, and Crooks

in the voleanic agglomerates and gravels, a bed of
pure white ash up to 10 feet in thickness. Some
layers of this bhed are fine grained, almost impal-
pable, and are found, when examined with the
microscope, to consist almost wholly of sharp angu-
lar fragments of glass, the few impurities consist-
ing of fragments of feldspar and iron oxides. The
extent of these beds of fine material is consider-
able, their outcrop extending for several hundred
yards along the bank of Milk Creek. A second
point where exploration for this class of material
might be rewarded is on Castle Creek at the point
where Copperopolis Creek enters it. Here a bed
of white ash about a foot thick is interbedded with
the coarse rhyolitic tufl’ which covers a large area
in this vicinity. The ash is largely composed, like
the previously described deposit, of voleanic glass,
but contains also diatom remains and some coarse
material, rock iragments and mica erystals among
others. It is, except for these latter, exceedingly
fine grained and is porous, adhering to the tongue
like some clays. If a portion of the bed could be
found free from coarse inclusions the material would
be adapted for use as an abrasive or otherwise.

Clays.

No clays sufficiently uniform and pure for eco-

| nomie purposes were discovered in this su rvey of

the quadrangle.
WATER SUPPLIES.

The only permanent stream in the quadrangle is
Agua Fria River, which thronghout the vear con-

tains a moderate amount of water. This water is

| utilized at one point, in the deep canyon below

Richinbar, for generating electricity as power for
the mines and mills on the brink of the canyon.
All the other streams are dry except during and
immediately after the heavy thunder showers of
the fall and winter. At most of the mines water

| for running the mine and mill is obtained from the
| mine itself or from springs, which are sparsely pres-
of iron oxide, and the caleite is still present in the |

ent in the higher, forest-clad portions of the region.

' In the southern half of the quadrangle desert con-
- ditions prevail and water is to be had only at widely

scattered points, chiefly from wells,
SOILs.

Beyond the small areas of alluvium along the
streams, the soils of the quadrangle are sparse and
poor. Areas underlain by the various members
of voleanic agglomerate are apt to develop fairly

" heavy soils which in seasons of good rainfall main-

| tain a growth of grass,

The most notable area of

| this sort is the northeast corner of the quad-
nitic bands, which make it difficult to obtain large

rangle, which is a good grazing ground. The
schists are for the most part very thinly soil cov-
ered, and generally the outerops of the vertieal

| strata are seen for miles almost wholly devoid of
' consists of phyllites with a more or less well- |

goil. The broad areas covered by hasalt are also
nearly devoid of soil. The basalt weathers into
spheroidal forms, large and small, which cover the
surface like a bed of coarse conglomerate; this is
the so-called “malpais™ of the local inhabitants.
A little =0il accumulates in the interstices of these
bowlders, and a sparse growth of grass springs up in
the rainy season, but soon withers. The quartz-
diorite and the granite weather to a sandy soil
which supports a good forest growth in the higher
northern mountains of the quadrangle; the former
has been mentioned as conspicuons for itz easy
weathering and the consequent basin or park-like
form of its outerops.

February, 1905.
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U. 5. GEOLOGICAL SURVEY ARIZONA
SUL S L e D BRADSHAW MOUNTAINS
DIRECTOR QUADRANGLE

Fig. 1.—SILVER MOUNTAIN LOOKING EAST FROM HILL AT COPPEROPOLIS.

: . : . ! Fia. 2 —-SHEEP MOUNTAIN, LOOKING SOUTHEAST FROM HILLTAT. COPPEROPOLIS.
Characteristic schist topography. At the left is horizontally bedded agglomerate and basalt flow.
The mountain consists of andesitic lavas and tuffs. In the distance at the left are basalt mesas, and on the extreme left is a mountain
spur of granite.

Fiz. 3.—BRADSHAW MOUNTAINS, LOOKING NORTHWEST FROM HILL SOUTH OF GODDARDS. Fig. 4.—AGUA FRIA CREEK NEAR JUNCTION OF ASH CREEK.

Mountains composed of Bradshaw granite; in the foreground, basaltic agglomerate with loose bowlders weathered out. Volcanic agglomerate at the left, and overlying basalt flow farming cliff in the center.

Fra. 5.—DETAIL OF ONYX MARBLE AND TRAVERTINE BREGCIA WITH SLATE FRAGMENTS, AT MAYER. Fio. 6.—DETAIL OF QUARTZ-DIORITE CONTACT BRECCIA, SOUTH SIDE OF TOWER MOUNTAIN.

In outcrop the marble overlies the breccia. Fragments of quaf[?-diﬂ-rl!tﬂ, diorite, and |nonzoni{c-po:ph}-ry in dark matrix.



As sedimentary deposits or strata accumulate the
younger rest on those that are older, and the rela-
tive ages of the deposits may be determined by
observing their positions. This relationship holds
except in regions of intense disturbance; in such
regions sometimes the beds have been reversed, and
it is often difficult to determine their relative ages
from their positions; then fossils, or the I‘Pl'l'ﬁiiil'lﬂ;
and imprints of plants and animals, indicate which |
of two or more formations ig the oldest.

Stratified rocks often contain the remains or
imprints of plants and animals which, at the time |
the strata were deposited, lived in the sea or w(!rv;
washed from the land into lakés or seas, or were |
buried surficial deposits on the land. Such |
rocks are ealled fossiliferous. By studying fossils |
it has been found that the life of each period of the
earth’s history was to a great extent different from |
that of other periods. Only the simpler kinds of |
marine life existed when the oldest fossiliferous
rocks were deposited. From time to time more
complex kinds developed, and as the simpler ones |
lived on in modified forms life became more varied. |
But during each period there lived peculiar forms, |
which did not exist in earlier times and have not |
existed since; these are characteristic fypes, and
they define the age of any bed of rock in which
they are found. Other types passed on from
period to period, and thus linked the systems
together, forming a chain of life from the time of |
the oldest fossiliferous rocks to the present. When |
two sedimentary formations are remote from each
other and it is impossible to observe their relative |
positions, the characteristic fossil types found in
them may determine which was deposited first. |
Fossil remains found in the strata of different areas, |
l:-mmwm, and continents afford the most important '
means for combining loeal histories into a general

earth history.

It is often difficult or impossible to determine the 1
age of an igneous formation, but the relative age
of such a formation can sometimes be ascertained
by observing whether an associated sedimentary
formation of known age is cut by the igneous
mass or is deposited upon it.

Similarly, the time at which metamorphic rocks
were formed from the original masses is sometimes
shown by their relations to adjacent formations
of known age; but the age recorded on the map is |
that of the original masses and not of their meta-
morphism.

Colors and patterns.—Each formation is shown
on the map by a distinctive combination of color
and pattern, and is labeled ]:ylu special letter |

symbol.
Symbols and colors asgigned to the rock systems,
Syatem, Borlas. | % ! Calor F;r;:h.!fllrmnry
|
- I!:.. = = . |_.__.____.._ .
] [ QJuaternary . . .! : ﬁ’t::":d}};.h‘r' o : ; Q | Brownish - vellow,
E Pliocene. . ..... ] | |
1 . L) Miomene . ...... |
E Tertiary,..... ' lJlIiT.:;:i:::m:... o I T | Yellow ocher.
L | | Eocene. ....... _
[Cretaseons. ... | coioiiserrmarruies | K | Olive-green. :
2 : 1 :
§ L Jurasgie . ... cenens i ina i eald ' Bloe-green.
=
= |
| Prifdale. oo EiEane i | Peacock-blue.
[ Permian. . ..... ||
Carboniferons. | 4 Pennsylvanian - C | Bloe.
1 Mississippian. . | | |
Dhabomian . o . i i s | O | Blue-gray. |
= | [
a ! |
o = Ll T TR O e e ! 5 | Blue-purple.
& |
Ordovielan. . ... .oc. oo b | 0] Red-purple,
{ Baratogan..... | |
Cambrian.....|{ Aeadian....... | €| Brick-red. |
L 3 t Georgian. ..... h- | |
Algonkinm . . .| uveoen et | & | Brownish-red. |

.!‘l.mlmuu.,....i...........,..,.... | Gray-brown. ‘
[
|

Patterns composed of parallel straight lines are
used to represent sedimentary formations deposited |
in the sea or in lakes. Patterns of dots and eireles |
represent alluvial, glacial, and eolian ﬂ:nnutmnﬂ.[
Patterns of triangles and rhombs are used for igne- |
ous formations, Metamorphic rocks of unknown |
origin are represented by short dashes irregularly |

its and are inseparably connected with them.

| erosion,

:glaci:il furrows, and peneplains.
of a stream terrace an alluvial plain is first built |
The shap- |
:mg of a marine or lacustrine plain is usnally a |
' double process, hills being worn away (degraded)

]

planes.  Suitable combination patterns are used
for m{!tzlmurphi{: formations known to be of sedi-
mentary or of igneous origin.

The patterns of each class are printed in various

colors.  With the patterns of parallel lines, colors |

are used to indicate age, a particular color being
assigned to each system. The symbols by which
formations are labeled consist each ot two or more

letters,

capital letter or monogram; otherwise the symbols
are composed of small letters.

new to old), with the color and symbol assigned to
ench system, arve given in the preceding table.
L
SURFACE FORMS,
Hills and valleys and all other surface forms have |
been produced by geologic processes.  For example,

' most valleys are the result of erosion by the streams
" that flow through them (see fig. 1), and the alluvial

plains bordering many streams were built up by

the streams; sea' cliffs are made by the eroding

| action of waves, and sand spits are built up by

waves, Topographic forms thus constitute part
of the record of the history of the earth.

Some forms are produced in the making of depos-
The
hooked spit, shown in fig. 1, is an illustration. To
this class belong beaches, alluvial plains, lava
streams, drumling (smooth oval hills composed

of till), and moraines (ridges of drift made at the

Other forms are produced by
origin, independent

edges of glaciers).
and these are, in
of the associated material.
illustration; it may be carved from any rock.
To this class belong abandoned river channels,
In the making

and afterwards partly eroded away.

and valleys being filled up (aggraded).
All parts of the land surface are subject to the
action of air, water, and ice, which slowly wear

them down, and streams carry the waste material

to the sea. As the process depends on the flow

' of water to the sea, it can not be carried below zea

level, and the sea is therefore called the base-level
of erosion. When a large tract is for a long time
undisturbed by uplift or subsidence it is degraded
nearly to base-level, and the even surface thus
produced is ealled a peneplain. If the tract is

afterwards uplifted the peneplain at the top is a |
record of the former relation of the tract to sea level. |

THE VARIOUS GEOLOGIC SHEETS.

Aveal geology map.—This map shows the areas | ;
; 1. | Fig. 8.—8ymbaols used in seetions to represent different kinds |

occupied by the various formations.  On the mar-
gin is a legend, which is the key to the map. To

ascertain the meaning of any colored pattern and |

its letter symbol the reader should look for that
color, pattern, and symbol in the legend, where he

will find the name and :lm*riptl{m of the for- |

mation, If it is desired to find any given forma-

tion, its name should be sought in the legend and |

its color and pattern noted, when the areas on the
map corresponding in color and pattern may be
traced out.

The legend is also a partial statement of* the |

geologic history. In it the formations are arranged
in columnar form, grouped primarily according to
origin—sedimentary, igneous, and crystalline
of unknown, origin—and within each group they

are placed in the order of age, so far as known, the |

youngest at the top.
Eeconomic geology map.—This map represents the

' distribution of useful minerals and rocks, showing
their relations to the topographic features and to

the geologic formations. The formations which
appear on the areal geology map are usually shown
on this map by fainter color patterns. The areal

| geology, thus printed, affords a subdued back-

ground upon which the areas of productive forma- |

tions may be emphasized by strong colors. A mine
symbol ig printed at each mine or quarry, accom-
panied by the name of the principal mineral
mined or stone quarried. For regions where there
are important mining industries or where artesian

If the age of a formation is known the |
symbol includes the system symbol, which is a |

The names of the
systems and recognized series, in proper order (from |

The sea cliftf is an |

Structure-seelion sheel.—This sheet exhibits I;|11-|

relations of the formations beneath the surface. In
cliffs, canyons, shafts, and other natural and artifi-
cinl cuttings, the relations of different beds to one
another may be seen.  Any cutting which exhibits
| those relations is called a section, and the same
term is applied to a diagram representing the rela-
tions. The arrangement of rocks in the earth is
the earth's structure, and a section exhibiting this
arrangement is calleda structure section.

The geologist is not limited, however, to the
natural and artificial cuttings for his information
concerning the earth’s structure.  Knowing the
| manner of formation of rocks, and having traced
| out the relations among the beds on the surface, he
| can infer their relative positions after they
| beneath the surface,

Enlvpth. Such a section exhibits what would be
| seen in the side of a entting many miles long and
| several thousand feet deep. - This is illustrated in
| the following figure: [

Fig. 2.—8keteh showing a vertical section at the front and n
Ial.nl;laumpl_- beyond.

The figure mprwmth a landseape which is eut
off sharply in the foreground on a vertical plane,
's0 as to show the undergronnd relations of the
rocks,  The kinds of rock are indicated by appro-
priate symbols of lines, dots, and dashes. These
symbols admit of much variation, but the following
are generally used in sections to represent the
commoner kinds of rock:

Laimpistaimis.

'-1:.11.. L e
p o By e o e

Banadstones and con-
glomerntes.

Shaly sandstones.

Maasive and bedded igneous roceks,

| Sehists,

of rocks.

of sandstones, forming the cliffs, and shales, consti-
tuting the slopes, as shown at the extreme left of
| the section.
ersed by several ridges, which are seen in the see-

stone that rises to the surface. The upturned edges
of this bed form the ridges, and the intermediate
valleys follow the outerops of limestone and calea-
reous shale.

Where the edges of the strata appear at the
surface their thickness can be measured and the
angles at which they dip below the surface ean be
observed. Thus their positions underground can
| be inferred. The direction that the intersection of
'a bed with a horizontal plane will take is called
| the strike. The inclination of the bed to the hori-
zontal plane, measured at right angles to the strike,
is called the dip. :

Strata are frequently curved in troughs and
arches, such as are seen in fig. 2.  The arches are
called anficlines and the troughs synelines.  But

ited beneath the sea in nearly flat sheets; that they
are now bent and folded is proof that forces have |
from time to time caused the earth’s surface to
wrinkle along certain zones. In places the strata
are broken across and the parts have slipped past

placed; if the rock .is schist the dashes may be | basins exist pecial maps are prepared, to show | each other. Such breaks are termed faulls, Two

arranged in wavy lines parallel to the structure

these additional economic features. '

| kinds of faults are shown in fig. 4.

piss |
and ean draw sections repre- |
senting the structure of the earth to a considerable |

The plateau in fig. 2 presents toward the lower |
land an escarpment, or front, which is made up |

The broad belt of lower land is trav- |

tion to correspond to the outerops of a bed of sand- |

the sandstones, shales, and limestones were depos- |

On the right ot the sketch, fig. 2, the section is
composed of schists which are traversed by masses
of igneous rock. The schists are much contorted
and their arrangement underground can not be

Fig. 4.—ldeal sections of strata, showing (a) normal foaulis
and (b) a threst faalt.

inferred. Hence that portion of the section delin-
eqtes what is probably true but is not known by
observation or well-founded inference.

The section in fig. 2 shows three sets of forma-
tions, distinguished by their underground relations.
The uppermost of these, seen at the left of the
gection, i= a set of sandstones and shales, which lie
in a horizontal position. These sedimentary strata
are now high above the sea, forming a' plateau, and
' their change of elevation shows that a portion

of the earth’s mass has been raised from a lower
to a higher level. The strata of this set are
| parallel, a relation which iz ealled con formable.

| The second set of formations consists of strata
"I.\'Ili[']:l ﬁ]l'm :[ﬂ'}ﬁ{’ﬂ -c'l]]ii t!'llllgllﬁ,

These strata were
onee continuoug, but the crestz of- the arches have
been removed by degradation. The like

| those of the first set, are conformable.

' The horizontal strata of the plateau rest upon
the upturned, eroded edges of the beds of the
second set at the left of the section. The overlying
deposits are, from their positions, evidently vounger
than the underlying formations, and the bending
and degradation of have
oceurred between the deposition of the older beds
and the accumulation of the younger. When
younger rocks thus rest upon an eroded surface
of older rocks the relation between the two is
an wuneon formable one, and their surface of contact
is an wncon formily.

The third set of formations consists of erystalline
schists and igneous rocks. At some period of their
history the schists were plicated by pressure and

But the
pressure and intrusion of igneous rocks ‘have not

Caffected the overlying strata of the second set.
Thus it is evident that a considerable interval

elapsed between the formation of the schists and

beds,

the older strata must

traversed. by t=m|1!iuln-3 of molten rock.

second set. During this interval the schists suf-
fered metamorphism; they were the scene of erup-
tive activity; and they were deeply eraded. The
contact between the second and third sets is another
unconformity; it marks a time interval between
two periods of rock formation.

The section and landscape in fig. 2 are ideal, but
 they illustrate relations which actually oceur.  The
| sections on the structure-section sheet are related to
the maps as the section in the figure is related to
the landscape. The profile of the surface in the
section corresponds to the actual slopes of the
| ground along the section line, and the depth from
the surfice of any mineral- |:rl'{b[|'l]lIIIL or water-
bearing stratum which appears in the section may
be measured by using the seale of the map.

Colwmnar secfion sheel.—This sheet contains a
coneise deseription of the sedimentary formations
which occur in the quadrangle. It presents a
summary of the facts relating to the character
of the rocks, the thickness of the formations, and
the order of accumulation of successive deposits.

The rocks are briefly described, and their char-
acters are indicated in the columnar diagram.
' The thicknesses of formations are given in figures

' which state the least and gn-'tl{-al, measurements,

' and the average thickness of each is shown in the
column, which is drawn to a seale—usually 1000
feet to 1 inch. The order of accumulation of the
sediments is shown in the colmnnar arrangement—
| the oldest formation at the bottom, the youngest at
the top.

The intervals of time which correspond to events
of uplift and degradation and constitute interrup-
| tions of deposition are indicated graphically and by

the word “unconformity.”

CHARLES D. WALCOTT,

Revizged January, 1904, ' y

the beginning of deposition of the strata of the -

Dirvecfoy. »~-
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18| Smartgvills. .. Ll ..t | Californiact L 25 I 81 Al LT e Minoje-Indiana . . . ... ... B0 |
19 | Stevenson .\, ... { ... Ala.-Ga.-Tenn.. . . .. .. .- 25 | 82 | Masontown-Uniontown. ... | Pennsylvania. . ........ 25
b 6T BT U R A W T T Tennesses . . . «iv'u oin s s 25 | | B3 | Mew York City ........ | New York-New Jersey . . . . 60 |
21 | Pikeville . . ... _... ... |, Tennessée . ... . o e 25 l ’ Rl R ek EAR L | Tk Ty - R S A i 25 |
22 | McMinnwville . . . ... .. .. Tenneesee .. . . . . 2w« 28 | s i [ e T e - P S e T e i South Dakota-Nebraska . . . 26 |
2B | omdnd = At o e e e Maryland-Virginia . . . . . .. 25 | | 86| Ellansburg ... % . vl L Washington. . . . ...... .. 26 |
4 2 | Three Forks. .. . .l vie) » Monfigisa.. . ALY, GG L B0 Y Bl R O P S R G g T e R L
B 1 Loutdin- Sl S it Tennessak o & .5 . e 25 | 89" | iScotte Bl Sl s i s Pbrashon SO a Al R | 25. |
.. 26 | Pocahontas ... ... .... Virginia-West Virginia . . . . 26 | 85| Porb@nlord o ¥ i hoie Lo O G R (s
27 | Morristown. ol v i TOONSESNE 5w v o s ' 26 | 90 | Granberry. . .. ... . ~ .+ .. | North Carclina-Tennesses . . I 25
'r 28 | Pledmont. .58 e ale i Waeast Virginia-Maryland . . . ‘ag 81 " Hartwilla . s a0 el Wororning. . fa b T G | a5
| 29 | Mevada City Special . . .. . . Galifarnin ;" L0 Sl E a0 50 92 | Gaines . .....%..:.... | Peonsylvania-Mew York . . . r 25
30 | Yellowstone MaticnalPark. . | Wyoming . . . . ..... ... Z5 9% | Elkland-Tioga - . .« v v+ & Pennsylvania. . . . Rl P T S
&l | PyramidPeak . . ..... .. California . . . . . .- sl 26 | 94 | Brownsville-Connellsville . . | Pennsylvania. .. . . ... .. | 25
B.C) a1 LA LA West Virginia-Virginia . . . . 25 TG TR e o e Tennesses .. ......... | 25
o 1= g o7 o [T R I S R et Tenmenaes .+, 00t 25 i) Bl |y e RN s e South Dakota ......... | 95
&4 | Buckhannon . ......... | West Virgimia . ........ 28 R = ) TR o R South Dakota' . . . +%2 .00, 25
A6 | Cadadaa. .o i L A A Alabammial ok b e 25 98 | Tishomingo.' - . .. . «x..'. . | Indlan Territory .. . .. . .. 25
-t 3 I O S e Colorado . . ... o AR 50 TR T | F e e B Sonth Baliota s | | 285
Sl Downieville . ittt s ] Oalformdea 5 m 25 100 | Alexandria . . i v e South Dakota .. .. ..... o5
28 | Butte Special ... .... .. ARt o e bt o 50 TOTAfISaE Ll o Osliforla ;s b dtoh | 25
R R g L LR SR N e Callforpdar s, o ot 25 DR b Tndiana s it e S Pennsylvania. . . . ...... 25
A0 Nartbarg 0 R LR T Tenmessee . ., oo v pe.n 25 1o R R A Idabo-Cregon . . ... .... 25
Tt BT T ¢ Pa G SO IR ¢l B |0 1 et T Lo TR 98 |Iv 104 | Silver Clty . . . - . o0 v Telalier = a e S vt en A Laden e e 25
42 | Nueges . ... .. o B oEpe L ™ 1 % o e Ao s b o 285 b B0 b e S Indiana-Illinois . . . ... ... 25
45 | Bidwell Bar: . . .. . a0 Caormiad, o T .28 106 | Mount Stuart . ........ Washington ... . .. ... .. 25
| Tazewell . .. 0 i Ve Virginia-West Virginia . . . . 25 107 | Newocastle . . . ........ Wyoming-South-Dakota . . . 25
= 1 R R e T 8 0 B e B A E S 25 08 S Bdgemenb. ik s wia e South Dakota-Nebraska . . . 26
465 Richmond .. ... .. . PR o AR R R 25 109 | Gottonwood Falls . . ... .. HEATTRER = s, S e R 26
AdTs | lemdon i, bl S e Keptacky . . o o %, 25 1E I T T 8 < o T e e o Pennsylvania. . . ....... 26
48 | Tenmile District Special . .". | Colorado . ........... 28 (B B PR T L] PR St T FoA bt O TSR R 25
48 RosebUg . s e v i ekt ) e R e R 25 2l 270 o R o g o T R B S 25
S05]. Holyalge' =200 o s Besibng Massachusetts-Connecticut . 50 I Bl o L St e Scuth.Dakota: |, it s 25 |
B | By Trosn oot iees i e N R e a5 TR Smat o oL - e South Dialkote § 4 e and . 25 |
B9k Absarolh. o)l ik Al S 1 AR 25 116 | Kittanning . . ..+ .. .3 1. | Pennsylvania.. ..% .. ... , a5
6% | Standingstone . .. ... ... | Tennessee . ... .. SRR 25 116 Behewillas. & . e o e s Morth Garolina-Tennessee . . 25
B4 | Taogomas wi o i Jidie g 1 Wanhtgbor 7« o0 e i 25 117 | Gasselton-Fargo. . ... ... Morth Dakota-Minnesota . . . 286 ;
B6 | Fort Benton . % .0 .., .. . e oy T T e SR el B 25 118 | Greeneville. . . . ... .. .. Tennessee-North Carolina . . 25 ;
66 | Little Belt Mountains. . . . . Blobtana = & & 5 il asr o 25 119 | Fayetteville . . ........ Arkansas-Missouri . ... .. 26
67 | Teolluride . . . v % js v 2 re P R o T Lo el SRR S Al 25 120 b Silwarkon 500 L0 e Golorsdoss e, Lo 25
- E B A o TR S e e e oo s D SR R S e 25 121 | Waymeeburg . « .. . . /0. . Pennsylvania ......... 26
B8 | Brastol Gl S8 S A e T Virginia-Tennesses . . . . . . 25 129 | Tahleguah . . .':. 20 v s Indian Territory-Arkansas . . 126
L R B 1 G S e GRlarAdns L i T e i 25 126 | Eldera Ridge . ... ..... Pennsylvania . . .+« 4 286
81 | Monterey. . ... ....... | Virginia-Wast Virginia . . .\ 25 124 | Mount Mitchell . . ... ... Morth Carolina-Tennesses . . a5
62 ;| Menominee Special . . . . . . Michigan . .. vw 8. Eaat 26 126 | Rural Valley . . . .« v s s v s Pennsylvania . ... ... .. 28
68 | Mother Lode District. . . . . Galtfornia: . . S R 50 126 | Bradshaw Mountsins ., . . . . BTN etk o s e 25
VEAMa i ] ) i S VAR e i A
* Order by number.
4 Payment must be made by money order or in cash,
t These folios are out of stock.
P {_‘.imﬁ_laﬁ showing the location of the area covered by any of the above folics, as well as information concerning topographic maps and other publications of the Geological Survey, may be had
on application'to the Director, United States Geological Survey, Washington, D. C.
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