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'GEOLOGIC ATLAS OF THE UNITED STATES.

The Geological Survey is making a geologic atlas of the
United States, which is being issued in parts, called folios.
Each folio includes topographic and geologic maps of a certain
area, together with descriptive text.

THE TOPOGRAPHIC MAP.

The features represented on the topographic map are of
three distinct kinds—(1) inequalities of surface, called relief,
as plains, plateaus, valleys, hills, and mountains; (2) distribu-
tion of water, called drainage, as streams, l:lkes| and swamps ;
(3) the works of man, called culture, as roads, railroads,
boundaries, villages, and cities. .

Relief.—All elevations are measured from mean sea level.
The heights of many points are urately determined, and
those of the most important ones 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 steepness. This is done
by lines each of which is drawn through points of equal eleva-
tion above mean sea level, the vertical interval represented by
each space between lines being the same throughout each map.
These lines are called confour lines or, more briefly, contours,
and the uniform vertical distance between each two contours is
called the contour interval. Contour lines and elevations are
printed in brown. The manner in which contour lings express
altitude, form, and grade is shown in figure 1.

F16URE 1.—-1deal view and corresponding contour map.

The sketch represents a river valley between two hills. In
the foreground is the sea, with a bay that is partly closed by
a hooked sand bar. On each side of the valley is a terrace.
The terrace on the right merges into a gentle hill slope; that
on the left is backed by a steep ascent to a cliff, or searp, which
contrasts with the gradual slope away from its crest. In the
map each of these features is indicated, directly beneath its
position in the sketch, by contour lines. The map does not
include the distant portion of the view. The following notes
may help to explain the use of contour lines:

1. A contour line represents a certain height above sea level.
In this illustration the contour interval is 50 feet; therefore
the contour lines are drawn at 50, 100, 150, and 200 feet, and
80 on, above mean sea level. Along the contour at 250 feet lie
all points of the surface that are 250 feet above the sea—that is,
this contour would be the shore line if the sea were to rise 250
feet ; along the contour at 200 feet are all points that are 200
feet above the sea; and so on. In the space between any two
contours are all points whose elevations are above the lower
and below the higher contour. Thus the contour at 150 feet
falls just below the edge of the terrace, and that at 200 feet lies

above the terrace; therefore all points on the terrace are shown

to be more than 150 but less than 200 feet above the sea.
The summit of the higher hill is marked 670 (feet above sea
level); accordingly the contour at 650 feet surrounds it. In
this illustration all the contour lines are numbered, and those
for 250 and 500 feet are accentuated by being made heavier.
Usually it is not desirable to number all the contour lines.
The accentuating and numbering of certain of them—say every
fifth one—suflices and the heights of the others may be ascer-
tained by counting up or down from these.

2. Contour lines show or express the forms of slopes. As
contours are continuous horizontal lines, they wind smoothly
about smooth surfaces, recede into all reentrant angles of
ravines, and project in -passing around spurs or prominences.
These relations of contour curves and angles to forms of the
landscape can be seen from the map and sketch. :

3. Contour lines S]’IOW the approximate grade of any slope.
The vertical interval between two centours is the same, whether
they lie along a cliff or on a gentle slope; but to attain a given
height on a gentle slope one must go farther than on a steep
slope, and therefore contours are far apart on gentle slopes
and near together on steep ones.

A small contour interval is necessary to express the relief of
a flat or gently undulating country; a steep or mountainous
country can, as a rule, be adequately represented on the same
scale by the use of a larger interval. The smallest interval
used on the atlas sheets of the Geological Survey is 5 feet.

This is in rvegions like the Mississippi Delta and the Dismal
Swamp. For great mountain masses, like those in Colorado,
the interval may be 250 feet and for less rugged country con-
tour intervals of 10; 20, 25, 50, and 100 feet are used.

Drainage—Watercourses are indicated by blue lines. For a
perennial stream the line is unbroken, but for an intermittent
stream it is broken or dotted. Where a stream sinks and
reappears the probable underground course is shown by a
broken blue line. Lakes, marshes, and other bodies of water
are represented by appropriate conventional signs in blue.

Culture—The symbols for the works of man and all letter-

ing are printed in black. .

Scales.—The area of the United States (exclusive of Alaska
and island possessions) is about 3,027,000 square miles. A
map of this area, drawn to the scale of 1 mile to the inch
would cover 3,027,000 square inches of paper and measure
about 240 by 180 feet. Xach square mile of ground surface
would be represented by a square inch of map surface, and a
Jinear mile on the ground by a linear inch on the map. The
scale may be expressed also by a fraction, of which the numer-
ator is a length on the map and the denominator the corre-
sponding length in nature expressed in the same unit. Thus,
as there are 63,360 inches in a mile, the scale “1 mile to the
inch” is expressed by the fraction .

Three scales are used on the atlas sheets of the Geological
Survey; they are s, sz, and g, corresponding approxi-
mately to 4 miles, 2 miles, and 1 mile on the ground to an
inch on the map. On the scale of iy a square inch of map
surface represents about 1 square mile of earth surface; on the
scale of gy, about 4 square miles; and on the scale of i ,
about 16 square miles. At the bottom of each atlas sheet the
scale is expressed in three ways—by a graduated line repre-
senting miles and parts of miles, by a similar line indicating
distance in the metric system, and by a fraction.

Atlas sheets and quadrangles—The map of the United States
is being published in atlps sheets of convenient size, which
represent areas bounded by parallels and meridians. These
areas are called quadrangles. Each sheet on the scale of gyam
represents one square degree—that is, a degree of latitude by a
degree of longitude; each sheet on the scale of ' represents
one-fourth of a square degree, and each sheet on the scale ot
seam one-gixteenth of a square degree. The areas of the corre-
sponding quadrangles are about 4000, 1000, and 250 square
miles, though they vary with the latitude.

The atlas sheets, being only parts of one map of the United
States, are not limited by political boundary lines, such as
those of States, counties, and townships. Many of the maps
represent areas lying in two or even three States. To each
sheet, 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 are printed the names of
adjacent guadrangles, if the maps are published.

THE GEOLOGIC MAPS.

The maps representing the geology show, by colors and
conventional signs printed on the topographic base map, the
distribution of rock masses on the surface of the land and, by
means of structure sections, their underground relations, so far
as known and in such detail as the scale permits.

KINDS OF ROCKS.

Rocks are of many kinds. On the geologic map they are
distinguished as igneous, sedimentary, and metamorphic.

Igneous rocks—Rocks that have cooled and consolidated
from a state of fusion are known as igneous. Molten material
has from time to time been forced upward in fissures or chan-
nels of various shapes and sizes through rocks of all ages to or
nearly to the surface. Rocks formed by the consolidation of
molten material, or magma, within these channels—that is,
below the surface—are called intrusive. Where the intrusive
rock occupies a fissure with approximately parallel walls it is
called a dike; where it fills a large and irregular conduit the
mass is termed a stock. Where molten magma traverses strat-
ified rocks it may be intruded along bedding planes; such
masses are called sills or sheels if comparatively thin, and lacco-
liths if they occupy larger chambers produced by the pressure
of the magma. Where inclosed by rock molten material cools
slowly, with the result that intrusive rocks are generally of
crystalline texture. Where the channels reach the surface
the molten material poured out through them is called lava,
and lavas often build up volcanic mountains. Igneous rocks
that have solidified at the surface are called extrusive or effusive.
Lavas generally cool more rapidly than intrusive rocks and
as a rule contain, especially in their superficial parts, more or
less volcanic glass, produced by rapid chilling. The outer parts
of lava flows also are usually porous, owing to the expansipn of
the gases originally present in the magma. Explosive action,
due to these gases, often accompanies volcanic eruptions,
causing ejections of dust, ash, lapilli, and larger fragments.
These materials, when consolidated, constitute breccias, agglom-
erates, and tuffs. N

Sedimentary rocks—Rocks composed of the transported
fragments or particles of older rocks that have undergone
disintegration, of volcanic ejecta deposited in lakes and seas, or

of materials deposited in such water bodies by chemical precipi-
tation are termed sedimentary.

The chief agent in the transportation of rock ébris is water
in motion, including rain, streams, and the water of lakes and
of the sea. The materials are in large part carried as solid
particles, and the deposits are then said to be mechanical.
Such are gravel, sand, and clay, which are later consolidated
into conglomerate, sandstone, and shale. Some of the mate-
rials are carried in solution, and deposits of these are called
organic if formed with the aid of life, or chemical if formed
without the aid of life. The more important rocks of chemical
and organic origin are limestone, chert, gypsum, salt, iron ore,
peat, lignite, and coal. Any one of the kinds of deposit named
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 characteristic of glacial deposits is till, a heterogeneous
mixture of bowlders and pebbles with clay or sand.

Sedimentary rocks are usually made up of layers or beds
which can be easily separated. These layers are called sirata,
and rocks deposited in such layers are said to be stratified.

The surface of the earth is not immovable; over wide regions
it very slowly rises or sinks, with reference to the sea, and
shore lines ave thereby changed.. As a result of upward:
movement marine sedimentary,rocks may become part of the
land, and most of our land areas are in fact occupied by rocks
originally deposited as sediments in the sea.

TRocks exposed at the surface of the land are acted on by air,
water, ice, animals, and p]ahts, especially the low organisms
known as bacteria. They gradually disintegrate and the more
soluble parts are leached out, the less soluble material being
left as a residual layer. . Water washes this material down
the slopes, and it is eventually carried by rivers to the.cean or
other bodies of water. Usually its journey is not continuous,
but it is temporarily built into river bars and flood plains,
where it forms alluvium. Alluvial deposits, 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, occupied by the roots of
Plants, constitute soils and subsoils, the soils being usually
distinguished by a notable admixture of organic matter.

Metamorphic rocks.—In. the course of time, and by various
processes, rocks may become greatly changed in composition
and in texture. If the new characteristics are more pro-
nounced than the old such rocks are called metamorphic. In
the process of metamorphism the constituents of a chemical
rock may enter into new combinations and certain substances
may be lost or new ones added. A complete gradation from
the primary to the metamorphic form may exist within a
single rock mass. Such changes transform sandstone into
quartzite and limestone into marble and modify other rocks
in various ways.

From time to time during geologic ages rocks that have
been deeply buried and have been subjected to enormous
pressures, to slow movement, and to igneous intrusion have
been afterward raised and later exposed by erosion. In such
rocks the original structures may have been lost entirely and
new ones substituted. A system of planes of division, along
which the rock splits most readily, may have been developed.
This structure is called cleavage and may cross the original
bedding planes at any angle. The rocks characterized by it
are slates. Crystals of mica or ofher minerals may have grown
in the rock in such a way as to produce a laminated or foliated
structure known as schistosily. 'The rocks characterized by this
structure are schists.

As a rule, the oldest rocks are most altered and the younger
formations have escaped metamorphism, but to this rule there
are many important exceptions, especially in regions of igneous
activity and complex structure.

FORMATIONS.

For purposes of geologic mapping rocks of all the kinds
above described are divided -into ¥ormations. A sedimentary
formation contains between its upper and lower limits either
rocks of uniform character or rocks more or less uniformly
varied in character, as, for example, an alternation of shale and
limestone. Where the passage from one kind of rocks to
another is gradual it may be necessary to separate two contigu-
ous formations by an arbitrary line, and in some cases the
distinction depends almost entirely on the contained fossils.
‘An igneous formation contains one or more bodies of one kind,

" of similar occurrence, or of like origin. A metamorphic for-

mation may consist of rock of uniform character or of several
rocks having common characteristics or origin.

‘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 members, or by come
other appropriate term, as lentils.

AGES OF ROCKS.

Geologic time—The time during which rocks were made is
divided into peripds. Smaller time divisions are called epochs,




and still smaller ones stages. The age of a rock is expressed
by the name of the time interval in which it was formed.

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

Inasmuch as sedimentary deposits accumulate successively
the younger rest on those that are older, and their relative
ages may be determined by observing their positions. In
many regions of intense disturhance, however, the beds have
been overturned by folding or superposed by faulting, so that
it may be difficult to determine their relative, ages from their
present positions; under such conditions. fossils, if present,
may indicate which of two or more formations is the oldest.

Many stratified rocks contain jfossils, the remains or
imprints of plants and animals which, at the time the strata
were deposited, lived in bodies of water or were washed into
them, or were buried in surficial deposits on the land. Such
rocks: are called 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 types,
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. Where
two sedimentary formations are remote from each other and it
is/impossible to observe their relative positions, the character-
istic fossil types found in them may determine which was
deposited first. Fossil remains in the strata of different areas,
provinces, and continents afford the most important means for
combining local histories into a general earth history.

It is many places difficult or impossible to determine the age
of an igneous formation, but the relative age of such a forma-
tion can in general 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
may be 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 that of their metamorphism.

Symbols, colors, and patterns—Each formation is shown on
the map by a distinetive combination of color and pattern and
is'labeled by a special letter symbol.

Patterns composed of parallel straight lines are used to
represent sedimentary formations deposited in the sea, in lakes,
or in-other bodies of standing water. Patterns of dots and
circles represent alluvial, glacial, and eolian formations. Pat-
terns of triangles and rhombs are used for igneous formations.
Metamorphic rocks of unknown origin are represented by
short dashes irregularly placed ; if the rock is schist the dashes
may be arranged in wavy lines parallel to the structure planes.
Suitable combination patterns are used for metamorphic forma-
tions known to be of sedimentary or of igneous origin. The
patterns of each class are printed in various calors. With the
patterns of parallel lines, colors are used to indicate age, a
particular color being assigned to each system.

The symbols consist each of two or more letters. If the age
of a formation is known the symbol includes the system sym-
bol, which is a capital letter or monogram; otherwise the
symbols are composed of small letters.

The names of the systems and of series that have been given
distinctive names, in order from youngest to oldest, with the
color and symbol assigned to each system, are given in the
subjoined table.

Symbols and colors assigned to the rock systems.

Sym-{ Color for sedi-

System. Series, bol. | mentary rocks.

o

Brownish yellow.

T | Yellow ocher.

! Olive-green.

Quaternary
Cenozoic
Tertiary .

Crety I
Mesozoic { Ji J | Bluegreen.
. Triasic | P blite.
(Permian
[ ¥ ¢ | Blue.
Mississippian.
l"nleozou Devonian -t D | Blusgmy,
| Briowaiai Red-purple.
{ Cambrian 2 | Brckred.
rownish red.
A | sray-urown.

SURFACE FORMS.

Hills, valleys, and all other surface forms have been produced
by geologic processes. For example, most valleys are the result
of erosion by thie streams that flow through them (see fig. 1),
and the alluvial plains bordering many streams were built up
by the streams; waves cut sea oliffs and, in cooperation with
currents, build up sand spits and bars. Topographic forms
thus constitute part of the record of the history of the earth.

Some forms are inseparably connecied with deposition. The
hooked spit shown in figure 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 edges of glaciers). Other forms are produced by erosion.

The sea cliff'is an illustration; it may be carved from any rock.
To this class belong abandoned river channels, glacial furrows,
and peneplains. In the making of a stream terrace an alluvial
plain is first built and afterward partly eroded away. The
shaping of a marine or lacustrine plain is usually a double
process, hills being worn away (degraded) 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 ow of water to the sea, it can not be carried below sea
level, and |.hc/sm is therefore called the base-level of erosion.
Lakes or large rivers may determine loca] base-levels for certain
regions. When a large tract is for a long time undisturbed by
uplift or subsidence it is degraded nearly to base-level, and the
fairly even surface thus produced is called a peneplain. 1f the
tract is afterward uplifted, the elevated peneplain becomes a
record of the former close-relation of the tract to base-level.

THE VARIOUS GEOLOGIC SHEETS,

Areal geology map.—The map showing the areas occupied
by the. various formations is called an areal geology map. On
the margin is a legend, which is the key to the map. To ascer-
tain the meaning of any color or 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 description of the
formation. If it is desired to find any particular formation, its
name should be sought in the legend and its color and pattern
noted; then the areas on the map corresponding in color and
pattern may be traced out. The legend is also a partial state-
ment of the geologic history. In it the names of 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.

Economic geology map.—The map representing the distribu-
tion of useful minerals and rocks and showing their relations
to the topographic features and to the geologic formations is
termed the economic geology map. The formations that appear
on the areal geology map are usually shown on this map by
fainter color patterns and the areas of productive formations
are emphasized by strong colors. A mine symbol shows the
location of each mine or quarry and is accompanied by the
name of the principal mineral mined or stone quarried. If
there are important mining industries or artesian basins in the
area special maps to show these additional economic features
are included in the folio.

Structure-section shéet.—In cliffs, canyons, shafts, and other
natural and artificial cuttings the relations of different beds to
one another may be seen. Any cutting that exhibits those
relations is called a section, and the same term is applied to a
diagram representing the relations.  The arrangement of rocks
in the earth is the earth’s structure, and a section exhibiting
this arrangement is called a structure section.

The geologist is not limited, however, to natural and arti-
ficial 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 pass beneath the
surface and can draw sections representing the structure to a
Such a section is illustrated in figure 2.

considerable depth.

Fraure 2.—Sketch showing a vertical section at the front and a landscape
beyond.

The figure represents a landscape which is cut off sharply
in the foreground on a vertical plane, so as to show the
underground relations of the rocks. The kinds of rock are
indicated by appropriate patterns of lines, dots, and dashes.
These patterns admit of much variation, but those shown in
figure 3 are used to represent the commoner kinds of rock.

Limestones.

i Sandstones and con- Shaly sandstones.

- glomerates

Schists. Massive and bedded igneous rocks.

FiGURE 3.—Symbols used in sections to represent different kinds of rocks.

The plateau shown at the left of figure 2 presents toward
the lower land an escarpment, or front, which is made up of

sandstones, forming the cliffs, and shales, constituting the
slopes. The broad belt of lower land s traversed by several
ridges, which are seen in the section to correspond to the out-
crops of a bed of sandstone that rises to the surface. The
upturned edges of this bed form the ridges, and the inter-
mediate valleys follow the outcrops of limestone and calcareous
shale.

Where the edges of the strata appear at the surface their
thickness can bo measured and the angles at which they dip
below the surface can be observed. Thus their positions
underground can be inferred. The direction of the intersec-
tion of a bed with a horizontal plane is called the strike. The
inclination of the bed to the horizontal piztnt}, measured at
right angles to the strike, is called the dip.

In many regions the strata are bent into troughs and arches,
such as are seen in figure 2. The arches are called anticlines
and the troughs synclines. As the sandstones, shales, and
limestones were deposited beneath the sea in nearly flat sheets,
the fact 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 each other. Such breaks are
termed faults. T'wo. kinds of faults are shown in figure 4.

F16URE 4.—Ideal sections of strata, showing (a) normal faults and (b) a
thrust or reverse fault.

At the right of figure 2 the section shows schists that are
traversed by igneous rocks. The schists are much contorted
and their arrangement underground can not he inferred.
Hence that portion of the. section delineates what is probably
true but is not known by observation or by well-founded
inference.

The section also shows. three sets of formations, distinguished
by their underground relations. The uppermost set, seen at
the left, is made up of sandstones and shales, which lie in a
horizontal position. These strata were laid down under water
but 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 uplifted. The strata of this set are parallel, a relation
which is called conformable.

The second set of formations consists of strata that have been
folded into arches and troughs. These strata were once con-
tinuous, but the crests of thc arches have been removed by
erosion. The beds, like those of the first set, are conformable.

The horizontal strata of the plateau rest upon the upturned,
croded edges of the beds of the second set shown at the left of
the section.  The overlying deposits are, from their position,
evidently younger than the underlying deposits, and the bend-
ing and eroding of the older beds must have occurred between
their deposition and the accumulation of the younger beds.
The younger rocks are wnconformable to the older, and the
surface of contact is an wnconformaty.

The third set of formations consists of crystalline schists and
igneous rocks. At some period of their history the schists
were folded or plicated by pressure and traversed by eruptions
of molten rock. But the pressure and intrusion of igneous
rocks have not affected the overlying strata of the second set.
Thus it is evident that a considerable interval elapsed between
the formation of the schists and the beginning of deposition of
the strata of the second set. During this interval the schists
were metamorphosed, they were disturbed by eruptive activity,
and they were deeply eroded. The contact between the second
and third sets js another unconformity; it marks a time
interval between two periods of rock formation,

The section and landscape in figure 2 are ideal, but they
illustrate actual relations. The sections on the structure-
section sheet are related to the maps as the section in the
figure is related to the landscape. The protile of the surface
in the section corresponds to the actual slopes of the ground
along the section line, and the depth from the surface of any
mineral-producing or water-bearing stratum that appears in
the section may be measured by using the scale of the map.

Columnar section.—The geologic maps are usually accom-
panied by a columnai section, which contains a concise
description of the sedimentary formations that 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 chuacters are
indicated in the columnar diagram. The thicknesses of for-
mations are given in figures that state the least and greatest
measurements, and the average thickness of each formation is
shown in the column, which is drawn to scale. The order of
accumulation of the sediments is shown in the columnar
arrangement—the oldest being at the bottom, the youngest at
the top.

The intervals of time that correspond to events of uplift and
degradation and constitute interruptions of deposition are
indicated graphically and by the word “ unconformity.”

GEORGE OTIS SMITH,,

May, 1909. Director.



DESCRIPTION

INTRODUCTION.
RELATIONS OF THE QUADRANGLE.

The Deming quadrangle is bounded by parallels 32° and
32° 30" and by meridians 107° 30" and 108° and thus includes
one-fourth of a square degree of the earth’s surface, an area, in
that latitude, of 1,008.69 square miles, It is in southwestern
New Mexico (see fig. 1), a few miles north of the international

FIGURE 1.—Index map of southwestern New Mexico and adjacent regions
in Arizona and Texas.
‘The location of the Deming quadrangle (No. 207) is shown by the darker rullng. Lighter ruling

shows other quadrangles described in folios : 129, Clifton; 166, El Paso; 109, Silver City.
boundary and is wholly within Luna County. The town of
Deming, from which it is named, is near the center of the
quadrangle.

The quadrangle forms a part of the great region of open
basins and short, detached, almost parallel mountain ranges,
called the Great Basin, that lies south and southwest of the
Rocky Mountain province and extends far southward into
Mexico. (See fig. 2.) The greater part of the quadrangle is

F16URE 2.—Relief map showing the mountain ranges in southwestern New
Mexico and the desert plains out of which they rise.

occupied by bolsons or desert plains, which form a part of the

wide belt of such plains that extend southwestward for many-

miles from the valley of Pecos River. Its surface is broken,
however, by Cooks Range and Florida Mountains, two of the
short mountain ranges that characterize the region, as well as
by several small groups of hills. The area is traversed by the
wide but shallow valley of Mimbres River.

A preliminary account of the survey of the quadrangle and
the surrounding region has been published.!

* Darton, N. H., Geology and underground waters of Luna County,
N. Mex.: U. 8. Geol. Survey Bull, 618, 1916.

OF THE DEMING

By N. H. Darton.

GENERAL GEOLOGY AND GEOGRAPHY OF SOUTHWESTERN
NEW MEXICO.
STRUCTURE.

The Rocky Mountains extend into northern New Mexico,
but the southern part of the State is characterized by detached
mountain ridges separated by wide desert bolsons. Many of
the ridges consist of uplifted Paleozoic strata lying on older
granites, but in some of them Mesozoic strata also are exposed,
and a large amount of voleanic material of several ages is
generally included. The strata are deformed to some extent.
Some of the ridges are fault blocks; others appear to be due
solely to flexure. The bolsons, some of which are 30 miles or
more wide, are former deep valleys, now filled with Tertiary
and Quaternary deposits, which in many places are more than
1,000 feet thick and form a nearly level desert floor. This floor
is deeply trenched by the Rio Grande, which flows through a
valley 400 feet deep near El Paso. In some areas lavas are
interbedded with the bolson deposits or have overflowed them.
The ridges rise abruptly from a few hundred to more than 5,000
feet above the bolsons and range in length from less than a
mile to 90 miles and in places reach a width of 15 miles. The
chief ridges of southwestern New Mexico shown in figure 2 are
the Mimbres Mountains, Caballos Mountains, Cooks Range,
Black Range, Burro Mountain, Mogollon Mountain, Florida
Mountains, Big Hatchet Mountains, Sierra Madre, and Pelon-
cillo Mountains.

STRATIGRAPHY.

Pre-Cambrian rocks.—Rocks of pre-Cambrian age are exposed
at but few places in southwestern New Mexico. They outcrop
in the Burro and Florida mountains, in Cooks, San Andres,
Caballos, San Cristobal, and Sierra Oscura ranges, and at a few

Paleozoic rocks.—The general relations of the Paleozoic rocks
are shown in figure 3.2 All the earlier Paleozoic rocks appear
to be absent from northern New Mexico, where the Pennsyl-
vanian beds lie on the pre-Cambrian rocks, but Mississippian
and older rocks are extensively developed in the southern and
southwestern parts of the State, as shown in figure 3. The
Cambrian is rep d by sandstone, which apg to extend
throughout the southern half of the State. At some places the
sandstone has yielded Upper Cambrian fossils, and glauconite
in disseminated grains is a ch istic feature in many beds.

Limestones of Ordovician age outcrop in all the larger ranges
in southwestern New Mexico, notably in Cooks Range, in the
Silver City region, in the Florida and Vietorio mountains and
other ridges near Deming, and in the Mimbres, Caballos, San
Andres, and Sacramento ranges. They appear also in the
Franklin Mountains, near El Paso. These limestones comprise
strata of late Beekmantown and of Richmond ages, but they
represent only portions of Ordovician time. Limestones of
Silurian age are exposed in the Mimbres Range, at Silver City,
in Cooks Range, in the Florida and Victorio mountains, and
in the Franklin, San Andres, and Sacramento mountains.

In central southwestern New Mexico the Devonian is repre-
sented by dark shale, to which the name Percha has been given.
The type locality is in the Lake Valley district. The southern-
most point at which the shale was noted is in Fluorite Ridge,
a few miles north of Deming. It is exposed in Cooks Range,
Mimbres, San Andres, and Caballos mountains, and about
Silver City, and it carries many distinctive species of fossils.

The D shale is ded by Mississippian li
that apparently underlies much of western New Mexico south
of the Ladrone Mountains but is absent from the Franklin
Mountains and from the Florida Mountains and other ranges
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FI6URE 8.—Generalized columnar sections showing the stratigraphy of the Paleozoic sedimentary rocks in southwestern New Mexico and the
correlation of the formations in the various localities.
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other places. Granite and gneiss are the principal rocks. In
the Franklin Mountains, north of El Paso, there are two pre-
Cambrian formations, the upper one a rhyolite porphyry more
than 1,500 feet thick and the lower one (Lanoria quartzite)
comprising about 1,800 feet of quartzite and some slate.

p.
inch=>500 feet.

of the rocks is indicated by the symbols used in the sections.

in the southern part. of Luna County. In the Mimbres Moun-
tains and in Cooks Range a formation of early Mississippian

*See also Darton, N. H., A comparison of Paleozoic sections in southern
New Mexico: U. 8. Geol. Survey Prof. Paper 108, pp. 81-55, 1917 (Prof.
Paper 108-C). - .



age, called the Lake Valley limestone, is extensively developed;
it is well represented at Silver City, in Fluorite Ridge, and in
San Andres and Sacramento mountains. The later Carbon-
iferous rocks are of widespread occurrence and great thickness
throughout New Mexico. They consist of limestones in the
lower part and of red beds, limestones, and sandstones in
the upper part, Limestone increases toward the south, and in
the Franklin Mountains no red beds appear. ILimestone also
predominates about Silver City, but in Cooks Range dark shale
is the principal rock. In central New Mexico the upper part
of the series is called the Manzano group and the lower part
the Magdalena group. The upper part is prominent in the
Florida Mountains, about Tres Hermanas Mountains, and in
some other ranges in southern New Mexico and lies uncon-
formably on limestones of Ordovician and Silurian ages.

Mesozoic rocks.—In Cooks Range and in the Florida Moun-
tains the rocks of known Pennsylvanian age are separated from
the known Cretaceous strata by a thin formation congisting
largely of conglomerate, which is of undetermined age but
which is here tentatively classified as Triassic (?).

Probably Cretaceous shales underlie many of the wide bol-
sons of southwestern New Mexico, but rocks of that age are not
extensively exposed. Sandstones of the Comanche series out-
crop in Cooks Range, in Fluorite Ridge, and near Silver City
and are in places overlain by Colorado shale. In the southern
part of the State impure limestones of Comanche age appear.

Cenozoic rocks.—In southwestern New Mexico the Tertiary
system is represented mostly by igneous rocks, partly frag-
mental and partly surface flows, but definite evidence as to
their exact age is lacking. Their outcrops are extensive, and
doubtless these materials underlie portions of the bolsons also.
The many flows included in this Tertiary succession present
a certain sequence in places, but the relative positions of some
of the sheets have not been determined and it is difficult to
distinguish between Tertiary and Quaternary eruptive rocks.

The principal Quaternary deposits are widespread sheets of
sand, gravel, and clay, which occupy most of the great desert
plains, In southwestern New Mexico the plain built of Qua-
ternary deposits extends from the Rio Grande to the Conti-
nental Divide and merges into all the larger valleys or bolsons.

CLIMATE,

The climate of the region is similar to that of the wide
district extending from western Texas to the eastern part of
southern California. The winters are mild, and although in
summer the temperature at midday is high, the air is so dry that
the heat is more endurable than the heat of the Eastern and
Central States. As the altitude of the greater part of the
bolson area ranges from 4,200 to 4,800 feet, the heat is much
less than in the lower lands of the Southwest. The rainfall is
small, averaging less than 10 inches a year in the lowlands and
reaching its maximum in July, August, and September. On
the mountains the precipitation is greater, as the higher lands
receive many snows and showers which do not extend over the
valleys. The region lies far south of the normal storm track
extending across the central United States, and in consequence
the weather is much more uniform than in districts farther
north., Nearly 800 days a year have sunshine for the greater
part of the day, and long cloudy periods and storms are rare.
The following figures of precipitation, temperature, and frost
are taken from publications of the Weather Bureau:

Precipitation, in inches, at Deming, N. Mex.
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1008, First killing frost Oct. 19} last, Mar. 19; 28 rainy days; 281 clear; 91 part cloudy; 44
cloudy; 1 foot snow.

1900, First killing frost Oct. 9; last, April 28; 28 rainy days; 280 clear; 107 part cloudy ; 28
cloudy ; 104 inches snow.

1910, First killlog frost Oct. 20; last, Mar. 80; 14 ralny days ; 188 clear ; 186 part cloudy; 9
cloudy ; no snow.

1911 First killing frost Oct. 22; last, Mar. 18; 40 rainy days; 167 clear; 120 part cloudy; 96
cloudy ; 5 inches snow.
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The mean monthly and annual temperatures of the Deming
region are much more uniform than the rainfall.  The hottest
month is June in some years and July or August in other
years. December is usually the coldest month.

Monthly and annual temperatures, in degrees Fahrenheit, at Deming,
N. Mew.

HIESEAR AR N aF
6.4 | 84.4 | 70,6 | 72.2 [ 72.6 | 708
58,6 [ 64.0 | 78.6 | 81.2 | T4.4 | 0.8
59.9 [ 70.8 | 78,0 | 80.8 | 78.5 | 76.2
o7.2 [ 65,8 | 76.1 | 76,7 | 78.6 | 7.7

April
ay
July.

H

Ll

5.0
0.5
6.0
0.1
5.0

Mean 1908-1011. -

VEGETATION.

The natural vegetation of the region is of the kind that
results from an arid climate. The bolsons bear scattered
shrubs and grasses, locally groves of serubby mesquite, and
more or less yucca. The mountains are mostly rocky slopes
that bear only a few small trees, sotol, and cacti of various
kinds. Near the springs and at some of the old ranches small
clumps of cottonwood are found, but along the dry arroyos the
yucea is the dominant growth. Yucea also grows extensively on
the sandy plains and at the foot of the ridges. In the Florida
Mountains and on Cooks Range there are scattered junipers
and some small pines. Grasses grow sparsely on parts of the
bolsons and afford scant pasturage for cattle, except in unusu-
ally dry periods, when it becomes very scarce.

SETTLEMENT.

The Deming quadrangle is thinly populated, and large areas
are not settled at all. The principal town is Deming, a city of
about 3,200 population. It has been in existence many years
and of late has shown considerable growth. Hondale and
Tola are small villages, and at Carne, Spalding, Tunis, and
Mountain View there are a few houses. Parma and Luxor are
only railroad sidings. Formerly the only inhabitants in the
country surrounding Deming lived at the widely separated
cattle ranches. The very few roads led straight across country
from one settlement to another. Recently a large number of
settlers have come into the region, taken up homestead claims,
and installed irrigation plants. The development of home-
steads has resulted in the clearing and fencing of an extensive
district, and accordingly many of the roads have been changed
to follow section lines. Most of the ranches are in the wide
plain south and southeast of Deming. Some are scattered
along the Mimbres Valley as far as Birchfield ranch, several
are near Spalding and east, north, and southeast of Red
Mountain, and a few are at other places. The quadrangle is
crossed by the main line of the Southern Pacific Co. and by
the Silver City branch of the Atchison, Topeka & Santa Fe
Railway. The Deming branch of the El Paso & Southwestern
Railroad also crosses part of it. Years ago a line was graded
from Deming southward through Columbus into Mexico, but
the rails were not laid. The grade remains and is utilized as
a public road. The old Butterfield trail crosses the northern
part of the quadrangle and was much used as an emigrant road
in earlier days. Fort Cummings, now abandoned and in
ruins, was then a military post with troops to convoy travelers
through the mountain pass on the west, where at times the
Apache Indians were a serious menace.

TOPOGRAPHY.
RELIEF.

General features.—The principal features of relief are the
ridges constituting the southern termination of Cooks Range
and the Florida and Little Florida mountains. These three
prominent ridges extend from north to south across the eastern
half of the quadrangle, and the Tres Hermanas Mountains, a
short distance south of the quadrangle, are apparently part of
the same range. The gap between Cooks Range and the
Little Florida Mountains is 6 miles wide. Red Mountain and
Black Mountain are two prominent isolated buttes rising out
of the bolson west of Deming, and there are a few other low
rocky mounds, among which the Burdick Hills, Snake Hills,
and White Hills are conspicuous. About 80 per cent of the
area is a plain, nearly level but sloping gently into the wide
central valleys and rising steeply at the base of the ridges.
The altitude of this plain is about 4,350 feet above sea level
near Deming and about 500 feet higher in the northwest
corner of the quadrangle. It slopes down to about 4,050 feet
in the southeast corner, which is the lowest point in the area.
The highest point is a summit of the Florida Mountains, at
Arco del Diablo, which is slightly higher than 7,400 feet above
sea level.

Mountains.—The southern half of Cooks Range extends
about 12 miles into the Deming quadrangle, and its higher
ridges are prominent topographic features. Cooks Peak, the
culminating summit of the range, with an altitude of 8,408

feet, lies 1} miles north of the margin of the quadrangle.
South of that peak the altitude decreases sharply to 7,200 feet
at latitude 82° 30’ and to 5,125 feet in the pass west of Fort
Cummings. South of that pass the range is continued by a
series of detached ridges and knobs, some of which rise to
5,500 feet, as far as the railroad northeast of Mirage siding,
where the altitude is-about 4,500 feet. Fluorite Ridge (alti-
tude 5,700 feet) and Massacre Peak (5,450 feet) are outlying
ridges.

The main ridge of Cooks Range is characterized by rugged
slopes and irregular summit knobs about Cooks Peak flanked
by a succession of cliffs rising in huge steps, a feature due to
the alternation of harder and softer beds‘of limestone lying
nearly horizontal. A part of the range, known as Sarten
Ridge, is characterized by high cliffs of sandstone facing north
and east and by long slopes in the opposite direction. This
ridge dies out 3 miles south-southwest of Fryingpan Spring.
Fluorite Ridge has rocky slopes of sandstone on the north
and east sides, porphyry ridges on the south side, and a high
limestone knob at the southeast corner. Goat Ridge lies a
short distance northwest of Fluorite Ridge. Volcanic rocks
in successive sheets and masses form a series of ridges and
knobs, several of them rising to an altitude of 5,500 feet, that
extends for some distance along the east side of Cooks Range
and south of Fort Cummings and reaches southeastward
beyond the end of Sarten Ridge.

The Florida Mountains form a high, rugged ridge, in
greater part single crested, which begins 9 miles southeast of
Deming and extends 9 miles farther south. Its higher sum-
mits exceed 7,000 feet in altitude, or nearly 8,000 feet above
the adjoining bolson. The highest peak, which is just above
the Arco del Diablo, has an altitude of about 7,400 feet. One
of the peaks near the south  end of the ridge rises to 7,200
feet, and Gym Peak is slightly higher than 7,000 feet. The
ridge is crossed by several gaps at altitudes of 6,000 to 6,400
feet, and a prominent outlying butte at the north end of the
mountain has an altitude of 5,600 feet. The greatest width of
the mountain, near Gym Peak, is nearly 6 miles, but its
average width is considerably less, The surface of the moun-
tain, which is one of the steepest and roughest in the South-
west, is practically all bare rock, presenting steep slopes, with
many precipices and pinnacles. Three kinds of topography
are represented—on the north, a rugged mass of voleanic
agglomerate weathered into crags and pinnacles (see Pl II);
on the south, precipitous cliffs and peaks of granite; and on
the southeast, the Gym Peak ridge mostly limestone, with long
rocky slopes due to steeply dipping strata. The Arco del
Diablo is an archway eroded through a high wall of agglom-
erate near the top of the highest part of the ridge. As shown
in Plates I and II on the illustration sheet the mountains rise
very abruptly out of the surrounding bolson plain.

The Little Florida Mountains lie north of the Florida
Mountains, from which they are separated by a low gap about
half a mile wide, filled with bolson deposits. The ridge is

-about 6 miles long, with south-southeastward trend, and has a

maximum width of slightly more than 2 miles: The sides are
steep, and the top is in part an:irregular plateau with knobs
and low ridges, the highest of which have an altitude of
slightly more than 5,600 ‘feet, or 1,400 feet above the plain.
The north end of the mountain consists of an outlying . butte
about 600 feet high, separated from the main ridge by a low
rocky gap.. The steep west face of the mountain consists of a
thick cap produced by a succession of sheets of igneous rock
lying on softer beds.. Some of 'the steps and irregularities at
the southern end are due to faulting. The east slope in places
consists : of coarse agglomerate,. mostly in steep cliffs deeply
cut by canyons.

Black Mountain rises abruptly from the bolson about 9 miles
due northwest of Deming, (See PL.IX.) It trends nearly
east and . west, its crest line gradually rising at the west end
to a small knob-like summit . 5,376 feet' above sea level .and
900 feet above-its: base. The dark:color of its thick cap of
basalt has given the mountain-its name. .

Red Mountain is a large conical butte, rising -abruptly out
of the bolson 10 miles southwest of Deming. Its: altitude of
5,418 feet is nearly the same as that of Black Mountain and it
rises to approximately the same height above' the surrounding
plain. Red Mountain is nearly bare of soil and consists
mostly of ledges of igneous rock, with long talus slopes of loose
slabs along its base.

The conical buttes rising out of the bolson 8 miles south of
Red Mountain are known as the Snake Hills. They are from
100 to 200 feet high, and in greater part their slopes are steep,
with limestone ledges and cliffs due to the alternation of hard
and soft beds. The higher knobs are formed of more resistant
cherty beds.

Bolsons.—The wide valleys or bolsons which constitute a
large part of the Deming quadrangle have a general rise from
southeast to northwest. Their altitude in the southeast corner
of the quadrangle is 4,000 to 4,100 feet, and they attain an
altitude of 4,800 feet 3 miles northwest of Spalding, an up-
grade of about 750 feet in 44 miles, or about 17 feet to the



mile—but the rate is considerably higher from Deming north-
ward. The bolson surface appears to be perfectly flat except
for some few low mounds of sand and shallow arroyos. Near
the mountains the bolson slope becomes much steeper or
gives place to long, stoping alluvial fans, which are especially
conspicuous about the Florida Mountains, (See Pl II.)

DRAINAGE.

The main stream in the Deming quadrangle is Mimbres
River, which has a surface flow only in times of exceptional
rainfall. Its freshet flow has not been known to reach beyond

the central part of T. 25 8., R. 7 W., where the channel .

spreads out widely in the desert bottom. Nearly every year
the water passes Spalding at times of heavy rainfall. Not
infrequently it extends to Deming and beyond, but its flow
period is very short and for the greater part of the year its
bed in the Deming quadrangle is dry sand. (See Pl VL)
An important affluent is San Vicente Arroyo, which joins the
Mimbres a mile south of Spalding and in time of flow brings
a large volume of water from the Silver City district. The
drainage of Cooks Range, Little Florida Mountains, and the
east side and north end of Florida Mountains belongs to the
main Mimbres system but rarely reaches the river channel.
A line from Red Mountain to White Hills and the center of
the west side of Florida Mountains approximately defines a
watershed, south of which the surface slopes into the valley of
Palomas Arroyo, whose channel crosses the southwest corner
of the quadrangle. This arroyo passes through the gap at the
south end of Florida Mountains and into the southern exten-
sion of the Mimbres valley near the international bouudary
line. This valley extends into a large inclosed basin in
Mexico,

DESCRIPTIVE GEOLOGY.
STRATIGRAPHY.
ROCK FORMATIONS.

The rocks of the Deming quadrangle are in part of sedi-
mentary and in part of igneous origin. The sedimentary
rocks range in age from Cambrian to Quaternary and include
strata known to belong to all the systems except the Triassic
and Jurassic, but the Silurian, Devonian, and Cretaceous
systems are only slightly represented. The Paleozoic and
Mesozoic strata consist of widespread sheets of limestone, shale,

] Thick.
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Basalt lava flow.
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rocks of Tertiary age, interbedded with more or less ordinary
detrital sediment, and in part of clay, sand, and gravel of
Quaternary age, filling the former deep valleys between the
mountain ranges and forming the extensive bolson deposits.
Probably considerable areas of the bolsons are also underlain
by Tertiary and Cretaceous rocks. The sequence, thickness,
and general character of the beds are shown in figure 4.

The igneous rocks are in part of pre-Cambrian and in part
of Cenozoic age. The pre-Cambrian rocks are granite and
associated small masses of other crystalline rocks, that form a
floor upon which the stratified rocks are deposited. The
Cenozoic igneous rocks are in part intrusive porphyry, and in
part latite, andesite, and rhyolite of Tertiary age, mostly in
effusive flows extensively interbedded with the pyroclastic
deposits, and basalt flows of Quaternary age. There are also
intrusive sheets, stocks, and dikes cutting the older rocks.

and is in places somewhat porphyritic. A normal pinkish
granite from south of The Park differs from the type only in
having a higher proportion of quartz and, perhaps, a more
pronounced red color. The red color of this, as well as of
most of the granite of the Florida Mountains, is due, in part,
to staining by hematite, which, as a product of the decompo-
sition of the mafic minerals, has spread into the cleavage cracks
of the feldspar and into the fracture planes of the quartz
crystals.

In the granite of Fluorite Ridge the albite and the ortho-
clase are in separate crystals, but the rock is closely similar
to that of the Florida Mountains in most of its features.
The granite of the Pony Hills is mostly of light pinkish-gray
color and of uniformly medium coarse texture, the crystals
averaging from 2 to 5 millimeters in diameter. Pink and
white unstriated feldspar, quartz, and biotite are the most

The whole complex of Tertiary igneous rocks and incl
beds is undoubtedly the product of a single epoch of great
voleanic activity.

SEDIMENTARY ROCKS.
PRE-CAMBRIAN ROCKS.

The sedimentary rocks of the quadrangle lie unconformably
upon a floor of pre-Cambrian crystalline rocks. The basal
contact of the sedimentary rocks is exposed in a number of
places in the quadrangle, and everywhere the underlying rock
is granite of a rather uniform type. The age of the granite is
not known, except that it is pre-Cambrian. Associated with it
are small masses of rock of syenitic or monzonitic character and
of granite porphyry. The granite is cut by a few hornblendic
dikes of unknown age. Some portions of the granite and asso-
ciated rocks are gneissic and possibly may be inclusions derived
from a complex of older rocks. The rocks associated with the
granite are not mapped separately.

GRANITE.

Distribution.—The granite is most prominently exposed in
the southern half and on the southwestern slope of the Florida
Mountains, where it occupies an area of more than 30 square
miles and forms peaks and ridges which rise 2,500 feet or more
above the adjoining bolson. It is also exposed on both the
southern and the northern slopes of Fluorite Ridge, on Goat
Ridge, and in the Pony Hills. It may be of wide extent
immediately beneath the bolson deposits.

Relations and age.—The granite is overlain unconformably
by the Bliss sandstone, of Upper Cambrian age. At the con-
tact the usual features of shore deposition are displayed—a
slightly irregular floor of granite overlain by coarse sediments
showing no evidence of metamorphism. At numerous places
the granite is in contact with other Paleozoic rocks, but these
contacts are faults. On the slope 2 miles south of Gym Peak
the granite is so intricately faulted that it appears to include
and to penetrate the upper part of the Gyym limestone, but the

is not phosed, the granite retains its coarse
grain up to the contact and shows evidence of crushing, and
the relations indicate a complex overthrust along several planes.
In the Pony Hills the granite may be overlain by the Sarten
sandstone, which would indicate a great overlap; but faulting
is more likely.

Character—The granite is chiefly a massive coarse-grained
pale-reddish to light greenish-gray rock, weathering into rugged
forms of brownish tint. There are some local variations in
character and composition, notably the development of band-
ing or gneissic structure in a few places. There are also small
included magses of darker rocks, mostly dioritic and por-
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F1GURE 4.—Generalized columnar section of the rocks of the Deming quad-
rangle, N. Mex.
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Petrography.'—Most of the granite is of uniform mineralogic
constitution, consisting essentially of quartz, feldspar, chlorite,
and iron oxides, but in general the granite in the Florida
Mountains contains a larger proportion of sodic feldspars than
that in Fluorite Ridge. The granite near and south of Capitol
Dome consists almost entirely of feldspar and quartz, the former
predominating. Microscopic examination shows the feldspar to
be a peculiar microperthitic intergrowth of orthoclase and albite
or oligoclase. The quartz crystals are somewhat deformed.
Ferromagnesian minerals, other than magnetite, are entirely
altered to aggregates of chloritic material mixed with magnetite
or hematite. The outlines indicate the former presence of mica,
which, however, was not abundant. Magnetite, apatite, and
zircon are accessories.

The light-colored granite of the Florida Mountains shows
some local variations from the type described, but the outerops
are of small extent. In one area, south of Capitol Dome,
the rock contains abundant quartz, microperthitically inter-
grown orthoclase and albite, and aggregates of green chlorite
and of yellowish secondary biotite and magnetite, which is
fairly abundant. Accessory minerals are zircon and apatite.
The rock is gray to drab in color, of rather fine texture,

i The petrographic descriptions in this folio were prepared by John
L. Rich.

ble minerals in the granite, with smaller amounts of
dark minerals.

Gheissic phases.—Portions of the granite on the slope south
of Capitol Dome are gneissic. At one place a fine-grained,
light-gray granitic or aplitic gneiss is composed almost entirely
of quartz and feldspar, with very subordinate ferromagnesian
minerals. Gneissic banding, revealed by the stringing out of
the dark constituents, is distinct. Microscopic examination of
the powdered rock shows abundant quartz, orthoclase, and
albite in about equal proportions, and subordinate biotite;
generally altered to chlorite. At another place not far distant
the granite is gray to drab and is notably granulated. The
microscope reveals a medium-grained, slightly porphyritic
texture, with perthite (orthoclase and albite) and quartz as
essential minerals. The quartz crystals are markedly granu-
lated, and fragments of them are pressed into the feldspars.
Ferromagnesian minerals are represented by secondary aggre-
gates of deep-green chlorite and yellow biotite. Accessory
minerals are apatite, magnetite, and considerable zircon.

The gneiss occurring in large fragments in the breccia on
the southern slope of Fluorite Ridge is a gray rock, consisting
of quartz, feldspar, and brown-green biotite, of typical granitic
character but having pronounced gneissic banding. The feld-
spar crystals, whose maximum length is 3 millimeters, are
mostly orthoclase and microcline, with subordinate albite.
The pink orthoclase in the gneiss gives it a pink to purplish
tint.

A somewhat similar gneissic granite occurs in places in the
Pony Hills. It is rather fine grained, of dull-gray color, and
has a well-defined banding.

A third notable variety of gneissic granite outcrops on the
lower slope of Fluorite Ridge half a mile southwest of Fluor
Camp and about 500 yards south of the breccia just described
It is of bright-red color and of medium-grained, evenly gran-
ular texture, with gneissic banding only slightly developed.
Individual crystals measure 8 millimeters in diameter. The
minerals visible are pink feldspar, quartz, and subordinate
altered ferromagnesian silicates. Under the microscope the
rock exhibits strong granulation, as most of the quartz is
crushed into small fragments. The feldspar is microcline
and albite in about equal proportions. Most of the microcline
is fresh, but the albite is considerably altered to sericite.
Another product of alteration is an iron stain that gives the
rock a red color. Green, strongly pleochroic chlorite is the
principal ferromagnesian mineral. Apatite’ is an abundant
accessory; magnetite is rare.

Although these three granitic gneisses exhibit differences in
color, texture, gheissic banding, and granulation of the com-
ponent minerals, they are closely similar in composition and
are doubtless all of the same age.

Part of the granite at the foot of Fluorite Ridge, southwest
of Fluor Camp, is notably porphyritic. It is of marked green
color and shows scattered phenocrysts of pink orthoclase, 2
centimeters in length and 1 centimeter in width, embedded in
a granular matrix composed essentially of abundaxit biotite and
quartz and of light-green sericitized albite in crystals, some of
which measure as much as 1 centimeter across. The micro-
scope shows also a subordinate amount of microcline in the
groundmass, in addition to the cloudy sericitized albite.
Accessory minerals are apatite, magnetite, and leucoxene,
probably derived from original ilmenite. The rock has been
crushed, for the quartz shows much granulation and undula-
tory extinction. There is a slight tendency toward gneissic
banding revealed by the arrangement of the mica flakes.

ROCKS ASSOCTATED WITH GRANITE.

Gray granite. — The granite of the Florida Mountains
includes some masses of rocks, of a character somewhat dif-
ferent from normal, which eutcrop on the slope west of Arco
del Diablo, in the pass east of The Park, and at other places in
the central and southern parts of the mountains. They are
either incl or local develop of the ordinary pinkish
granite, or possibly they are irregular dikes of post-Cambrian
intrusion.

The rock is moderately coarse grained, the crystals averaging
about a centimeter in diameter. Fresh specimens have a slaty




specimens unstriated feldspar and subordinate quartz, much of
blue to drab color and weather yellowish brown. In the hand
it interstitial, are the only minerals recognizable. Microscopic
examination of the powdered rock shows that the feldspar is
mainly anorthoclase, with a little orthoclase and some albite.
There is considerable variety in the amount of quartz in the
granite from different outerops. Rock from the slope west of
Arco del Diablo contains a moderate amount of quartz but
much less than a normal granite, and the rock from the pass
northeast of The Park contains none that could be detected
with the hand lens, although a little could be seen in the
powdered rock. A finer-grained, more siliceous phase at the
“Window Mountain” mine, southwest of Arco del Diablo,
differs from the coarser variety in containing a greater amount
of quartz and slightly more orthoclase, and in the size of its
component crystals, which do not average half the size of those
of the other. A closely similar rock is associated with the
granite just south of Capitol Dome. In it, as in the coarser
variety first described, anorthoclase and albite are the domi-
nent feldspars. This rock is in turn cut by a fine-grained
dike of altered diabase.

In these exceptional rocks the sodic feldspars, anorthoclase
and albite, are predominant, and orthoclase, although present
in small amounts, is distinctly subordinate. The quartz is
subordinate, indicating a transition to syenite. The color of
the rocks, blue-gray when fresh, greenish or brownish yellow
when weathered, distinguishes them from the typical granite,
which always has a pronounced pink or red cast.

Granite porphyry.—Some rocks cutting or included in the
granite of the Florida Mountains approach sodic granite por-
phyry in character, but as they are rocks of intermediate com-
position they are difficult to classify definitely. The more
siliceous types approach the sodic granite porphyries, and the
more mafic are related to the quartz monzonite porphyries.
All are moderately dark and have a general greenish-gray cast.
White feldspar phenocrysts, 15 millimeters across, lie in a
darker fine-grained groundmass. In some of the rocks of this
class, included in the granite along the southern slope of the
Florida Mountains, the porphyritic character is lacking. Micro-
scopic examination shows that the phenocrysts are prevailingly
albite, but at one locality, a quarter of a mile southeast of
Capitol Dome, part of the phenocrysts are perthitic inter-
growths of orthoclase, albite, and oligoclase in various pro-
portions, quartz, green hornblende, and subordinate biotite.
Quartz is everywhere present but in various amounts; in
general it is subordinate and interstitial. The dark silicates
are in inverse proportion to the amount of quartz. They
include augite, green hornblende, and biotite. Hornblende is
the most abundant and is evidently, at least in part, an altera-
tion product of the augite; for in some places cores of unaltered
augite surrounded by green hornblende still remain. Biotite
is the brown variety, with pleochroism from yellow to deep
brown, in places altered to green chlorite. Accessory minerals
include magnetite, ilmenite, apatite, titanite, and a little pyrite.

Hornblendic dikes.—The dark rock of the dikes cutting the
granite southwest of Capitol Dome is an amphibolite com-
posed mainly of hornblende and subordinate feldspar. The
rock associated with the granite and probably cut by it half a
mile southwest of Fluor Camp is of similar character. More
or less gneissic banding is developed at both places. The rock
southwest of Fluor Camp is almost black, and the banding is
brought out by white specks of feldspar. The texture varies,
but some crystals are as much as a centimeter across, and the
larger ones lie in definite bands. Under the microscope the
powdered rock shows green hornblende as well as feldspar
ranging from oligoclase to andesite.

The rock south of Capitol Dome is finer grained, and the
feldspar is albite. Quartz is also present in small amount. In
this vicinity the granite is cut by a dike or includes a mass of
porphyritic diorite containing white labradorite crystals meas-
uring 8 millimeters across, which contrast strongly with the
dense, dark-green to black, fine-grained groundmass. The
labradorite is considerably altered to sericite. The ground-
mass consists of laths of andesite-labradorite, between which is
packed an aggregate of secondary green hornblende, subordi-
nate biotite, perhaps also secondary, and chlorite. Magnetite
and ilmenite or leucoxene are abundant accessories.

CAMBRIAN SYSTEM.
UPPER CAMBRIAN SERIES.

BLISS SBANDSTONE.

Name and distribution.—Lying on the eroded surface of the
granite and forming the base of the Paleozoic strata is a sand-
stone that stratigraphically and lithologically so closely resem-
bles the Bliss sandstone of the El Paso quadrangle that the
name Bliss is here applied to it. It is exposed in thé Florida
Mountains for about a mile on the slope west of Capitol Dome,
for about half a mile in the cliffs east of The Park, and on the
slope north of Gym Peak. It outcrops also on the southeast-
ern slope of Fluorite Ridge, just west of Fluor Camp.

Character and thickness.—The formation consists of gray to
buff massive sandstone, partly quartzitic, in beds 30 to 40 feet
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thick, separated and overlain by beds of slabby sandstone and
of sandy shale containing much green glauconite in dissemi-
nated grains, a feature characteristic of later Cambrian rocks in
other places in the West. The upper beds contain a few limy
layers.

The exposed thickness is about 200 feet in the north end of
the Florida Mountains, about 160 feet on Fluorite Ridge, and
considerably less near Gym Peak.

Relations.—The basal contact is well exposed for nearly a
mile on the northwestern side of the Florida Mountains, where
the coarse sandstone lies on the slightly uneven eroded surface
of the granite. (See Pl. III.) The basal beds are arkosic and
pebbly. In the exposures west of Fluor Camp the basal
quartzite stands nearly vertical and appears to be separated
from the granite by a small fault.

At the top of the formation the sandstone grades into sandy
shale and slabby sandstone, which give place abruptly to the
El Paso limestone without discernible evidence of erosional
unconformity to represent the supposed interval between the
deposition of the two formations.

Age and correlation.—No fossils have been found in the
formation in the Deming quadrangle, but in the Franklin
Mountains near El Paso, the type locality, the Bliss sandstone
contains Upper Cambrian fossils, Its stratigraphic relations
and general character indicate that it is equivalent to the
“Shandon quartzite” of central New Mexico and to the basal
sandstone of the Silver City region.

ORDOVICIAN SYSTEM.

ROCK FORMATIONS.

In the Deming quadrangle the Ordovician system is repre-
sented by a thick deposit of limestone, the lower part of which
is of Beekmantown (Lower Ordovician) and the upper part of
Richmond (Upper Ordovician) age. A large part of Ordovi-
cian time, however, is not represented by deposits, the whole
of the Middle Ordovician and parts of the Upper and Lower
Ordovician being absent, so that there must be an unconform-
ity between the formations. On the basis of lithology, fossils,
and stratigraphic position the lower formation has been corre-
lated with the El Paso limestone of the El Paso quadrangle, and
the upper formation with the Montoya limestone of the same
quadrangle. In most places it is difficult to determine the upper
limit of the Montoya and to separate it from the Fusselman
limestone, of Silurian age, which overlies it nearly everywhere.
Therefore the Montoya and Fusselman limestones have not
been separated in this folio but are mapped together.

LOWER ORDOVICIAN SERIES,

EL PASO LIMESTONE.

General character—The El Paso limestone, 500 to 800 feet
thick, consists mainly of light-gray slabby limestone and
dolomitic limestone. It begins abruptly at the top of the Bliss
sandstone and ends abruptly at the base of the Montoya lime-
stone. Portions of the formation are slightly cherty, and some
beds contain considerable sand or clay. Pale reddish-brown
elongated blotches on the bedding planes are characteristic,
and the slabby bedding and light tint on weathering are also
distinctive of the formation.

Distribution and occurrence.—~The most extensive outcrops
are in several localities in the Florida Mountains and in the
Snake Hills. A smaller area is exposed in the southeastern
part of Fluorite Ridge.

The exposures in the Florida Mountains near Capitol Dome,
east of The Park, and north of Gym Peak show all the
beds. Small outcrops of the upper beds lie at the foot of the
western slopes of the two ridges west of The Park. The out-
crop west of Capitol Dome extends for more than a mile along
the lower slope of the mountain, rising steeply from the ledges
of Bliss sandstone to the dark massive limestone at the base of
the Montoya and in places to unconformable overlap by the
Lobo formation. At this locality the beds are about 800 feet
thick. The rock is gray limestone, in part dolomitic, and con-
tains a few layers or nodules of chert. Most of it is light gray,
in beds 2 to 6 inches thick, but about 140 feet of the basal
beds is more massive and much darker than the rest. The
exposures east of The Park—on the summit and on the west-
ward-facing slope—show about 700 feet of beds lying on Bliss
sandstone and capped by Montoya or Gym limestone. The
formation is exposed extensively on the northern slope of the
Gym Peak ridge and in outlying ridges on the north, where it
underlies the Montoya and is cut by several faults. Its thick-
ness appears to be fully 800 feet and possibly more, notably in
one long section of nearly vertical beds on the north side of the
draw about 1} miles due northwest of the peak. A small mass
lies just north of the road half a mile east of Byer Spring. On
the slope a mile southeast of the spring the formation includes
a thick mass of brown chalcedony, apparently due to local
replacement of some of the limestone, and other similar masses
appear along a fissure on the slope east of The Park.

The formation constitutes the central and eastern parts of
the Snake Hills, where the thickness exposed is not more than
700 feet. The lowest beds exposed at the east end of the

ridge are a typical light-gray slabby limestone, which extends
to the first knob west of the county road, where it gives place
abruptly to dark massive sandy limestone at the base of the
Montoya. The contact displays unconformity by planation,
with some slight channeling.

The formation also outcrops for nearly a mile in the knob
Jjust west of Fluor Camp, where it lies on or against Bliss
sandstone, and its nearly vertical beds are so crushed that a
thickness of only 400 feet is exposed in the eastern part of the
knob and somewhat less farther west.

Fossils and age.—Fossils are scarce in the formation, but a
few were found in each area of exposure. They were examined
by Ulrich and Kirk and most of them found to be a species of
Ophileta, of Beekmantown age. A few fossils were collected
from light-gray limestone near the top of the formation.
Those found at this horizon in the Snake Hills were identified
by Edwin Kirk as Dal lla of. D. pog is Hall and
Whitfield and Hormotoma sp. On the west slope of Gym
Peak were found Strophomena ? near S. nemea Hall and Whit-
field, Hormot sp., and Troch sp. The brachiopods
are close to forms described from the upper part of the
Pogonip limestone, of the Eureka and White Pine districts
in Nevada, and indicate late Beekmantown age. On the
evidence of these fossils and on its close similarity in lithologic
character and stratigraphic relations the formation is correlated
with the El Paso limestone of the type locality in the Franklin
Mountains, near El Paso. It also represents the lower part
of the Mimbres limestone, as it has been called by Gordon,
in the region north of the Deming quadrangle.

UPPER ORDOVICIAN SERIES.

MONTOYA LIMESTONE.

General character—The Montoya limestone in the Deming
quadrangle has the same general character as in the type local-
ity near El Paso. Its thickness in the quadrangle is nearly
everywhere 250 to 300 feet. Most of it is light gray. Several
beds contain a large amount of chert, which makes the rock
more resistant to weathering and hence more prominent in
outerop. Much of the chert is in thin layers alternating with
pure limestone. At the base of the formation is a dark-gray,
more massive member.

The formation overlies the El Paso limestone without notice-
able difference in attitude, but in places an abrupt change in
lithologic character and some other features indicate uncon-
formity. The upper limit of the formation, as exposed in the
quadrangle, is somewhat indefinite and is arbitrarily placed at
the top of the highest beds containing distinctive fossils. In
places the formation is overlain unconformably by the Gym .
limestone, at Capitol Dome by the Lobo formation, and in
other places by the Fusselman limestone. As the Fusselman
is thin and not very distinct, it is not separately mapped
in this folio.

Distribution and occurrence.—The formation outcrops exten-
sively about Gym Peak and in The Park in the Florida Moun-
tains, at the west end of the Snake Hills, and in the knob
south of Fluorite Ridge. A small mass is exposed on the
slope west of Capitol Dome.

The most extensive exposures are along the westward-facing
cliffs east of The Park and along the western and southern
slopes of Gym Peak and of the ridge next northeast of that
peak. The beds extend down the northern slope of Gym Peak
in an outerop 1§ miles long and appear again a mile southeast
of Byer Spring. The formation outcrops also on the western
sides of the two ridges west of The Park. The thickness of
the small mass on the slope west of Capitol Dome is 145 feet,
comprising 50 feet of dark massive limestone at the base,
overlain by 25 feet of cherty limestone and 30 feet of dark
sandy limestone, capped by 40 feet of cherty limestone.

The formation is extensively exposed in the high knobs and
ridges forming the western half of the Snake Hills and begin-
ning a short distance west of the main road. At the base is
dark impure massive limestone, abruptly separated from the
El Paso limestone by apparent erosional unconformity. This
is succeeded in order by cherty limestone, with alternate layers
of pure limestone, by 80 feet of massive sandy dark-gray lime-
stone forming low cliffs and grading into 35 feet of purer,
partly massive limestone weathering 'to a dirty olive, and by
60 feet of alternate thin layers of cherty limestone and purer
limestone containing fossils. At the top, capping the highest
butte on the ridge, is a thick mass of highly cherty rock.
Apparently all these beds—about 300 feet thick and forming
the whole height of the ridge—are Montoya limestone.

In the hill west of Fluor Camp the formation is prominent
on account of the conspicuous silica or chert beds that it con-
tains. Asin other exposures there is dark massive limestone at
the base, followed by cherty limestone, the chert mostly in thin
layers alternating with relatively pure limestone. Higher up is
purer slabby gray limestone containing many fossils and still
higher a thick body of highly cherty rock. At the top is 50
feet of massive limestone of unknown age, possibly Fusselman.
A short distance to the southeast are several small but promi-
nent ridges made up of thick beds of massive chert apparently



replacing a limestone, probably the Montoya, but as the chert
is nearly surrounded by porphyry and is cut by faults its
relations could not be determined.

Fossils and age.—In the medial beds of the Montoya lime-
stone between the cherty members fossils are particularly

abundant. The following species have been identified by
Ulrich and Kirk:
of. E. f
Dinorthis subquadrata. Leptaena unicostata.
Pleotorthis whitfieldi. Plectambonites sazea.

Hebertella occidentalis.
Dalmanella of. D. meeki. Zygospira recurvirostris.
Dalmanella near D. jugosa. Cyrtodonta sp.
P var. v 8p.
strophomena. of. 8. subtenta. Bumastus sp.
Rhynchonella anticostiensis

(argenturbica White).

Rhynchotrema capax.

In beds between the two chert series on the limestone knob
west of Fluor Camp Strophomena cf. 8. subtenta, Platysirophia
acutilirata var., Rhynchotrema perlamellosa, and Streptel
rusticum were obtained.

These species are characteristic of the Richmond fauna,
which is found in various parts of the Rocky Mountain region.
The formation is therefore of Richmond age throughout.

SILURIAN SYSTEM.
FUBSELMAN LIMESTONE.

Character and distribution.—The Fusselman limestone prob-
ably overlies the Montoya limestone in most areas in the
Deming quadrangle, but as it is not well characterized and is
difficult to separate, it is not separately mapped in this folio.
It has been identified in the Victorio Mountains a short dis-
tance to the west and in Cooks Range not far to the north, but
the evidence of its presence in the Deming quadrangle is less
satisfactory. About Gym Peak and near The Park the fossil-
iferous beds of Montoya limestone are overlain in most places
by dark-gray limestone, in part thin bedded, which contains
a few corals believed to be of Fusselman age. It is succeeded
by the Gym limestone, which lies on an irregular surface of
unconformity that cuts down into the Montoya limestone in
places but in general is difficult to locate precisely. On Fluor-
ite Ridge the upper cherty member of the Montoya is overlain
by or faulted against a massive gray limestone that may be
Fusselman but has more the character of the Lake Valley
limestone, and is so mapped.

Age and correlations.—In the Cooks Peak and Silver City
regions the Fusselman limestone is thin but it contains large
numbers of a distinctive Penfamerus, and in the Victorio
Mountains it contains an abundant and characteristic coral
fauna, which indicates that it is of upper Niagara age. On
the basis of its lithology and fossils the formation is, therefore,
correlated with the Fusselman limestone in the type locality in
the Franklin Mountains near El Paso.

DEVONIAN SYSTEM.
PERCHA SHALE.

Outerop and relations.—Black fissile shale, lithologically
like the Percha shale of the Silver City, Lake Valley, and
Cooks Peak districts, is exposed in a deep valley on the east
side of Cooks Range, at the northern margin of the quad-
rangle, and in two small areas north and northwest of Fluor
Camp. No fossils were obtained from this shale in the
Deming quadrangle, and the only evidence of its age is its
close similarity in material and stratigraphic position to the

fossiliferous Percha shale (late Devonian) in the type locality.

in Lake Valley district not far north. The thickness in Cooks
Range is about 150 feet, measured from porphyry below to
basal ledges of Lake Valley limestone above.

tion. In Fluorite Ridge the thickness of Percha shale is
about 150 feet, with the base cut off by a cross fault in the
western exposure, and by porphyry and a fault in the outcrops
north of Fluor Camp. In the Florida Mountains the Percha
shale and the Lake Valley limestone are lacking or overlapped,
for younger limestones appear to lie directly on the Montoya
limestone. There is a small showing of black shale along the
fault between' granite and limestone half a mile west of Gym
Peak, which is probably of the same age as the dark shale
apparently included in the Gym limestone a mile southeast of
that peak. This shale may be the Percha lifted by a fault.

CARBONIFEROUS SYSTEM.

GENERAL CHARACTER.

The Carboniferous system is rep d in the quadrangle
by parts of both the lower and the upper- Carboniferous beds,
separated by a very considerable hiatus. The rocks are chiefly
limestone, with some shale and conglomerate. The Missis-
sippian series is represented by the Lake Valley limestone, of
early Mississippian age, and the upper part of the Carbon-
iferous system by the Giym limestone. Possibly the Lobo
formation belongs in the late Carboniferous, though that for-
mation is regarded as Mesozoic, and because of its unconform-
able relations it is classified as Triassic (?). The higher
formations overlap southward, and in the Florida Mountains

Deming,

Apparently the
plane of porphyry intrusion is close to the. base of the forma-
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the Lake Valley limestone is absent and the younger limestone
lies directly on Montoya and El Paso limestones.

MISSISSIPPIAN SERIES.

LAKE VALLEY LIMESTONE.

Name and distribution.—The Lake Valley limestone was
named from Lake Valley, in the region on the north, where
the formation is conspicuously exposed. In the Deming quad-
rangle it consists chiefly of slabby to massive gray limestone,
which has a thickness of 500 feet in Cooks Range, but it thins
southward and is lacking in the Florida Mountains. The
formation occupies much of the central slopes of Cooks Range,
but the southerly dip in Sarten Ridge carries the beds below
the surface about a mile south of the northern margin of the
quadrangle. A small mass is exposed in the limestone knobs
at the southeast end of Fluorite Ridge.

Character—In Cooks Range the beds form a succession of
cliffs separated by steep slopes, the latter marking the outerop
of soft, calcareous shales. At the base is a massive bed of
light-gray limestone lying on Percha shale with :no noticeable
difference in dip. At the top are thick deposits of chert,
above which is probably the Gym limestone, capped in turn
by conglomerate of the Lobo formation. One measured sec-
tion, including 100 feet of the upper cllﬁ‘-makmg bed of
massive gray limestone, is as follows:

Section of upper part of Lake Valley limestone, Gym limestone (%), and
Lobo formation in Cooks Range.
.

Lobo formation: Feet.
with matrix.
BShale, red 50
Ci 10
Gym limestone (?):
Limestone, nodule bearing _......o.._..........._.. 5
e 20
Conglomerate, with some red jasper pebbles..._._...... 5
Lake Valley limestone: -
cherty ..... 8
‘ iy, with fossils 8
Conglomemts or breccia of white chert ._. - 10
Chert, white, with crinoid stems... 20

Limestone, gray, massive

There are no fossils to prove the presence of the Gym
limestone, and therefore all the beds may be Lake Valley.
The top of the lowest bed in the section is about 450 feet
above the Percha shale.

At the southeast end of Fluorite Ridge about 100 feet of the
formation outerops on the northern side of the first porphyry
knob and 300 feet on the southern side. It lies on Percha
shale at both places, as shown in figure 9 (p. 11), and is cut
off laterally by faults or igneous intrusives.

Fossils and age.—The formation is abundantly fossiliferous
at some localities. The following species, obtained from the
cliffs 4 miles northwest of Fort Cummings, were determined
by G. H. Girty:

Endothyra sp. Productus aff. P. burlingtonensis.

Rhombopora sp. Dielasma sp.
Leptaena rhomboidalis, Spirifer sp.
Schuchertella sp. Composita? sp.
Productus laevicostata. Bairdia sp.

In exposures at the southeast end of Fluorite Ridge half a
mile west by south of Fluor Camp were found Spirifer cen-
tronatus, Leptaena rhomboidalis, Pinnatopora sp., and several
species of Fenestella.

These fossils are regarded by Girty as characteristic of the
lower part of the Mississippian series. The upper part of
the series is not present in the Southwest.

LATER CARBONIFEROUS ROCKS.

GYM LIMESTONE.

Definition.—The Gym limestone is named from Gym Peak,
where the formation is extensively exposed. Its maximum
thickness in the quadrangle, in and southwest of Gym Peak,
is 1,000 feet.

Distribution and relations.— The formation occupies the
summits of the high ridges at and northwest of Gym Peak
and of the two ridges west of The Park, and it extends
down the southeastern slope of Gym Peak. Several small out-
lying masses are intricately faulted into the granite on the
lower slopes, 2 miles south of the peak. The formation
appears to be absent in Fluorite Ridge but apparently occurs
in Sarten Ridge.

In most places it lies on an uneven, eroded surface of the
Montoya limestone and possibly in places on the El Paso
limestone. In the Florida Mountains it is overlain only by
the bolson deposits of Quaternary age. In Sarten Ridge the
supposed Giym limestone rests on Lake Valley limestone and
is overlain by the Lobo formation.

Character and local features—The formation consists chiefly
of limestone, in great part massively bedded, of light-gray
color and showing a brecciated structure in many beds. On
and west of Grym Peak the lower part is dark and the upper part
much lighter colored, the change from one to the other being
abrupt. The thickness in this vicinity is about 700 feet. In
the canyon a mile southeast of Gym Peak, where ‘the beds dip
steeply southward, the limestone apparently in the middle of

the formation is overlain by 80 feet of dark-gray fissile shale,
which is traceable for about half a mile and reappears along
the fault on the trail a short distance west of Gym Peak.
This shale may be the Percha, lifted by a branch fault and
elsewhere overlapped by Grym limestone. This shale is over-
lain on the east by cherty beds of Gym limestone .containing
abundant Manzano fossils and is cut off on the west by the
great fault which crosses the mountains. Eastward the forma-
tion passes beneath the bolson deposits. In the outlier 2 miles

~ south of Gym Pesk the rock is light-colored massive limestone,

weathering dark gray and containing many fossils. In the
mags lying farther southwest the limestone is faulted against
the granite, and in one area it is separated by an irregular
deposit of gray quartzitic sandstone 12 feet thick, possibly
marking an overlap. A few rods east and northeast are several
large irregular masses of limestone, on and into which the
granite has been complexly faulted, as deseribed under the
heading “Structure” (pp. 9-11).

The supposed Grym limestone in Sarten Ridge, 4 miles
northwest of Fort Cummings, lies between the cherty limestone
supposed to mark the top of the Lake Valley and a 10-foot
bed of conglomerate underlying the red shale of the Lobo for~
mation. It consists of 20 feet of blue limestone closely similar
to that containing abundant Manzano fossils a few miles to the
northwest and is overlain by 5 feet of nodular limestone.
Beneath the blue limestone is 5 feet of conglomerate contain-
ing some red jasper pebbles, which probably marks the base of
the formation.

Possibly the upper part of the formation is exposed in Sarten
Ridge, in the draw just north of the sandstone quarry, a mile
south of Fryingpan Spring. A few rods northeast of the
quarry and just east of the road a small wedge of limestone
(almost certainly Gym limestone), lying on conglomerate, out-
crops along the great fault.

Fossils and age.—On the east side of the Florida Mountains
the lower beds have yielded only a few fossils, which are all
classed by G. H. Girty as probably of Manzano (late Carbon-
iferous) age. The fauna is well represented, however, in the
limestone above the dark-gray shale member southeast of the
peak, where the following species, determined by Girty, were
found: Chonetes platynotus?, Marginifera splendens?, Beller-
ophon crassus, Phymatifer n. sp.

From slightly higher beds a short distance farther southeast
the following forms were collected: Fusulinella sp., sponge
and _sponge spicules, Echmocrmua ornatus, Productus aff. P.

semireticulatus, Amb ia ? sp., Comp sp., Parallelodon
politus 2, Astartella  sp., Planglypla camw! Bellerophon
Crassus var. k 2, B ta, Pleurotomaria

texana, Pleurotomaria 3 sp., Murchis 4 sp., Discoheliz?
n. sp., Rhynchomphalus obtusispira, Sphaerodoma aff. 8. humilis,
Sphaerodoma aff. S. primigenia, Cyclonema sp., Glyptobasis?
sp., Orthonema socorroense 2, Orthonema sp., Pseudomelania ? 4
sp., Zygoplewra n. sp., Lozonema ? 2 sp., Bulimorpha inornata.

Echinocrinus cratis was also collected from the Gym lime-
stone near the Mahony mine.

In the small mass of limestone faulted into the granite on the
south side of the Florida Mountains the following species,
identified by Girty, were obtained, mostly as fragments:

Fusulinella ? sp. Pleurotomaria sp.
P aff. B. crassus.
‘Pugnax utah. Euomphalus aff. E. pernodosus.

Composita subtilita.
Astartella ? sp.

Meekospira sp.
Orthonema sp.

TRIASSIC (?) SYSTEM.
LOBO FORMATION.

Definition.—The Lobo formation consists of shale, conglom-
erate, and impure limestone. It is named from Lobo Draw on
the eastern slope of the Florida Mountains, where it is exten-
sively exposed. Its thickness at the type locality is 850 feet.

Distribution and relations.—The outcrop of the formation
extends about 5 miles in a general northwest direction across
the higher slopes of the northern third of the Florida Moun-
tains. Apparently the same formation appears again in the
northern and eastern faces of the high ridge of Sarten sand-
stone in Cooks Range and in small outcrops on Goat Ridge
and Fliorite Ridge. A small exposure is revealed by the
deep hollow near the south end of Sarten Ridge, just north of
the sandstone quarry.

At the north end of the Florida Mountains the formation
lies on the El Paso and Montoya limestones, but at Capitol
Dome it overlaps on granite. A few rods southeast of the base
of the dome it extends across a fault that brings the granite
against the El Paso limestone, showing that its deposition was
later than the faulting and subsequent planation. = The rela-
tions at this place are shown in figure 7 (p. 10). In the
Florida Mountains the formation is overlain by agglomerate
without any great discordance in dip, and in Sarten Ridge by
the Sarten sandstone, into which it may possibly grade.

Character—The formation consists largely of reddish and
gray shale and pinkish, impure limestone, but it includes much
conglomerate at its base. Southeast of Capitol Dome, where it



lies on granite, it contains some busal arkosic sandstone. A
section on the west slope of Capitol Dome is as follows:

Section of Lobo formation at Capitol Dome.

Feet,

Sandstone, soft, reddish, with a few thin conglomerutle
layers and some limy beds. 50
Conglomerate, light colored, with limestone pebbles 8
Sandstone, pink, soft, with conglomeratic streaks.. 80

Liwmestone, slabby, in beds 8 to 10 feet thick, separated by
buff and reddish shale with thin limestone layers 180
Shale, dark reddish ..._..o..ooo..ooooooooioo 20
Limestone, massive, impure, with pebbly streaks .. 10

Limestone conglomerate, coarse, with chert and quartzite
pebbles in a red sand matrix ... ... 20
818

Some of the limestone beds at this place resemble litho-
graphic stone but are harder and contain only 27 per cent of
calcium carbonate, the remainder consisting of 10 per cent
of magnesium carbonate and of material insoluble in acid.

In Cooks Range the formation is thinner and of somewhat
different character. The following section was measured at
the north end of Sarten Ridge, 4 miles northwest of Fort
Cummings:

Section of Lobo formation and gz;iderlymy beds at morth end of Sarten
ige.

Lobo formation:
Sandstone, snuff-colored
Conglomerate, with limy matrix
Shale, red ... -

Gym limestone:
Limestone, nodular, in red shale

Conglomemte, wlth red jasper pebbles...._..

The three beds at the base of the section doubtless represent
Gym limestone, for the nodular limestone contains Grym fossils
on the west side of the range.

Age.—~No fossils have been found in the Lobo formation, so
that its age is not determined. In the central part of Cooks
Range it lies unconformably on the Giym limestone, of late
Carboniferous age, and is separated from the overlying Sarten
(Lower Ci ) by an unconformity; hence its
age may be Permian, Triassic, or even earliest Cretaceous.
Because of its unconformable relations with both the overlying
and the underlying formations, however, the Lobo is tenta-
tively classified as Triassic (2).

sandst

CRETACEOUS SYSTEM.
The Cret system is ref d in the quadrangle by
a few hundred feet of sandstone and shale. The sandstone is
at the base and is of Comanche (Lower Cretaceous) age, and the
shale above is Upper Cretaceous.

COMANCHE SERIES (LOWER CRETACEOUS).
BARTEN SANDSTONE.

Name and distribution.—The Sarten sandstone is named
from Sarten Ridge, in the northern part of the quadrangl
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UPPER CRETACEOUS SERIES.

COLORADO SHALE.

Distribution and character.—Dark-gray shale of Colorado
age outcrops in two areas northwest of Fryingpan Spring. It
occupies the basin in'the southwest side of Cooks Range and
possibly underlies an area of considerable extent beneath the
agglomerate and bolson deposits between there and Goat Ridge.
The outerop farther west is narrow, but the outerop in the
bagin is nearly a square mile in extent. The thickness of
beds exposed is about 300 feet.

Most of the material is dark shale, but there are intercalated
beds of sandstone that breaks into thin slabs and some concre-
tions and thin beds of fine-grained dark blue-gray limestone,
which weathers to a dirty buff color. The uppermost shale is
darker than that below, and a slabby buff sandstone appears at
one place. The formation is separated from the underlying
Sarten sandstone by an abrupt change in the character of the
material but by no notable discordance of dip and no deposits
of coarse fragmental sediments. The hiatus at this horizon,
however, represents a large part of Cretaceous time.

Fossils and age—The formation contains numerous fossils
in the shallow basin 24 miles northwest of Fryingpan Spring.
Gryphaea newberry: Stanton, Inoceramus labiatus Schlotheim?,
Metacoceras sp., and Prionotropis sp., determined by T. W.
Stanton, belong to the Benton fauna. The little gryphaeas
weather out in large numbers and accumulate on the surface.
A limestone bed” in the middle of the exposure contains many
scattered cephalopods, which are difficult to obtain in good
condition.

TERTIARY SYSTEM.
AGGLOMERATE AND ASSOCIATED ROGKS.

General character and relaliom —The Tertiary system is
ted in the quadrangle by a great thickness of irregu-
larly stratified, nonfossiliferous deposits, chiefly of voleanic
origin and fragmental (pyroclastic) character, interbedded
with intrusive sheets and volcanic flows. The material here
described ists of aggl te, tuff, vol ash, flows of
voleanic mud, and some flow breccias. A characteristic expo-
sure of the well-bedded rock is shown in Plate IV. The
greater part of the finer material is wind borne, but portions
have been deposited or rearranged by water. Some beds of
sand, sandstone conglomerate, and gravel of ordinary sedi-
mentary origin are also included.

The thickness of the deposits is more than 2,000 feet. As
they are extensively exposed in nearly all of the mountain
ranges, it is probable that they underlie a large part of the
bolson area. They lie unconformably on various formations,
including the Colorado shale of middle Upper Cretaceous age,
and are believed to be of Tertiary age, although their lower
part may be late Cretaceous, and some of the top beds may
be Q ry. They are undoubted] and

Its maximum thickness in the area is 300 feet. It occupies
the greater part of Sarten Ridge and is extensively exposed in
Fluorite Ridge, Goat Ridge, Pony Hills, and along part of the
flank of the laccolith, 5 miles north of China Tank.

Character and relations.—The formation consists almost
wholly of light-gray massive sandstone, most of it quartzitic or
very hard. At the base there is more or less conglomerate

. containing some angular and subangular fragments. Some
beds are slabby, and a few contain a little calcium carbonate.

The formation lies nearly everywhere on the Lobo forma-
tion, with no notable discordance of dip and only slight
evidence of erosional unconformity. In the Pony Hills it lies
on or against pre-Cambrian granite, but this relation is prob-
ably due to faulting. Similar relations are suggested in ‘the
western part of Fluorite Ridge, where outcrops of the Sarten
and the granite are closely associated but not in contact. It is
overlain by the Colorado shale.

Fossils and age.—Some beds of the formation contain abun-
dant fossils, notably at a locality in the ridge about a mile
north of Fryingpan Spring, where a limy bed not far below
the middle of the formation yielded the following species,
determined by T. W. Stanton:

Cardita belviderensis Cragin. Ostrea sp.
Cardium kansasense Meek. Nucula sp.
Protocardia texana Conrad. Trigonia sp.
Protocardia quadrans Cragin. Lunatia sp.
Tapes belviderensis Cragin ? Cyprimeria sp.
Turritella ef. T. seriatum-gran- | Anchura sp.

ulata Roemer’

This fauna, which is nearly the same as that found in the
marginal beds of Comanche age in southern Kansas and near
Tucumeari, N. Mex., is regarded by Stanton as indicating that
the beds are of the age of the Washita group of the Comanche
series of Texas.

The following fossils, which were obtained at the west end
of Fluorite Ridge, at apparently about the same horizon as
those enumerated above, were also determined by Stanton:
Ostrea sp., Trigonia sp., Leplaaolm sp., Homomya sp., and
Turritella sp.

closely associated with the eruption of the voleanic rocks with
which they are so extensively interbedded.

The typical agglomerate is a massive rock, mostly very hard,
made up of angular masses of eruptive rocks—chiefly dark-
gray andesite and purplish latite— embedded in a gray or
purplish matrix of tuff or ash. Some of the rock has a crystal-
line matrix and is probably a flow breccia. Interbedded with
the stratified rocks are beds derived from voleanic mud and
thin sheets of lava- that flowed over loose fragmental material
and in places include considerable amounts of it. Accumu-
lations of tuff and irregular bodies of voleanic ash of con-
siderable thickness and extent, in part deposited by water,
are abundant. Some of the included beds of sandstone, shale,
gravel, and conglomerate formed of ordinary detrital materials
are difficult to’ distinguish from the bolson deposits.

Distribution.—The most extensive exposures of pyroclastic
rocks are on the north end of the Florida Mountains, the crest
and eastern side of the Little Florida Mountains, and the
eastern side and south end of Cooks Range. Smaller masses
are exposed about Fluorite and Goat ridges and on the south
side of Red Mountain. Ash and gravel lying beneath the
basalt of Black Mountain- are classed with the formation but
may be somewhat younger than the main body of agglomerate
in other areas.

Local features—The agglomerate forming the rugged peaks
and deeply dissected slopes of the north end of the Florida
Mountains exhibits the relations shown in the sections in
figure 3. Its greatest exposed thickness is about 1,600 feet, but
some of it has been removed by erosion, and doubtless some
higher beds underlie the bolson east of the mountains. It lies
unconformably on the Lobo formation but without notable
discordance in dip, which is at a low angle to the east and
northeast. Much of the agglomerate in the Florida Mountains
is a hard gray rock in massive beds 50 to 80 feet thick in
many places. (See P1 IIL) It consists mostly of large angular
fragments of andesite and other contemporaneous eruptive
rocks in a matrix of partly crystalline nature. Toward the
base at Capitol Dome there is an alternation of less massive
beds as follows:

rs

Bection of volcanic fragmental rocks at Capitol Dome.

TFeet.

Agglomerate, very massive, purplish gray. .. . 150

gray to reddish 4
Conglomerate, coarse; boulders 1 to 6 inches, mostly of
andesite but some of blue-gray Paleozoic limestone and

coarse reddish granite . 80

Sandstone, light dirty N

‘voleanic rocks. 12

Boulders, coarse; largely voleanic rocks, some blue lime-
stone and coarse reddish granite... 10

Agglomerate and tuff, massive, fine
angular fragments of andesite and other eruptive rocks. 50

Keratophyre, flow, slabby to massive, gray, fine grained,
with beds of andesite tuff in thicker and thinner layers,

some showing mud Cracks. .- oo oonoionmcoimcneanaas 40
Agglomerate, with rounded to subangular masses of andes-

ite, bedded 28
Keratophyre, flow, gray, slabby, fine grained.............. 8
Conglomerate, coarse, with rounded boulders of andesite,

‘Paleozoio limestone, granite, and other rocks (base)...... 20

The basal bed lies on 50 feet of soft reddish sandstone of
the Lobo formation (see Pl III), and although there is some
evidence of erosion at the contact there is no great difference in
direction or rate of dip. In places the middle and upper parts
of the series contain finer-grained beds, such as the body of
fine-grained light-colored tuff that has been quarried for build-
ing stone on the east end of a spur 2 miles northeast of Arco del
Diablo. The agglomerate in the faulted block 1} miles south-
east of Arco del Diablo, is capped by a sheet of considerably
leached andesite and contains masses of epidote.

The agglomerate in the Little Florida Mountains has the
relations shown in figure 8 (p. 10). Part of it underlies the
great sheet of felsitic rhyolite, but the greater part lies above
that sheet and dips gently eastward down the eastern slope of
the range. Presumably this body is at a higher horizon than
the agglomerate in the Florida Mountuins, but the relations of
the two could not be ascertained, because of the covering of
bolson deposits in the intervening gap, under which there may
be a fault. The agglomerate above the rhyolite is a massive
deposit of dark-reddish, coarse, angular to subangular frag-
ments, some of them 4 feet in diameter. This rock gives a
rugged topography to the top and the western slope of the
mountain, notably in the deep canyon just north of Black
Rock. The coarse deposit thins greatly at the low pass across
the range toward its north end. Possibly it gives place to
finer sediments, for voleanic ash is exposed in slopes just east
of the northern ridge of the mountain. The deposits exposed
underlying the main igneous flow are mostly tuff and volcanic
ash, considerably silicified in places.

A thick succession of agglomerates, ash beds, and eruptive
sheets is exposed in the south end of Cooks Range. It is cut
off on the west by the great fault and on the east it passes
beneath the bolson deposits. Besides igneous materials the
series includes sandstone and sand, and some of the fragmental
material of igneous origin or nature has been deposited by
water. Some brecciated mud flows are included, probably the
edges of the larger eruptive sheets or small separate extrusions.
The beds are all uplifted to moderately high angles, so that the
general order of succession is exhibited from southwest to
northeast. It begins with a thick series of agglomerates and
ash, with included sandstone, the latter heing prominent in
two high buttes 3 miles northwest of Mirage siding, in which
the rock is a red quartzite. In the next series of ridges to the
north tuff is overlain by several sheets of andesite and latite,
then follow quartz basalt and hornblende-mica rhyolite, inter-
bedded in gray agglomerate and ash beds. The succession is
irregular, but some of the beds of fragmental rocks and igne-
ous sheets outcrop continuously for 5 to 6 miles along the
strike. The thicknesses differ greatly, however, especially the
dimensions of bodies of voleanic ash, which thicken and thin in
short distances.

Volcanic fragmental rocks of various kinds are extensively
exposed about the foot of Fluorite Ridge, Goat Ridge, and
the southern slope of Cooks Range west of Sarten Ridge.
There is some agglomerate and many beds of ash and of sand-
stone, the latter composed of grains mostly of voleanic rocks.

The material under the basalt cap of Black Mountain is
largely waterlaid and therefore stratified, but it consists mainly
of voleanic ash with some coarser tuff. In all, about 400 feet
of these materials is exposed above the level of the bolson at
the south end of the mountain. The beds and overlying basalt
cap dip east.

The exposure of agglomerate at the foot of the southern
slope of Red Mountain is only a few rods long and a few
yards wide. The material is a typical agglomerate, with angu-
lar fragments largely of dark purplish gray hornblende andes-
ite and with matrix of finer material of the same general
character. A low mound of bluish-gray agglomerate that rises
above the bolson on the southern margin of the quadrangle
about 5 miles southwest of Iola is cut by dikes of various
kinds, one of latite and another of quartz porphyry 10 feet
thick.

Age—The agglomerates and associated rocks have yielded
no fossils. According to the relations shown here and in
adjoining areas they were accumulated during Tertiary time
and probably in the later part of that period, for the agglom-



erate appears to be later than the porphyry intrusions, although
no porphyry masses or boulders have been observed in the
agglomerate. The deposition may possibly have begun at a
somewhat earlier epoch in the Tertiary and may have con-
tinued into the Quaternary, for the relatively young basalts lie
on voleanic ash.

QUATERNARY SYSTEM.
BOLSON DEPOSITS,

In the Deming quadrangle thick deposits of sand, gravel,
and clay of Quaternary age, washed from the mountains,
underlie the wide bolsons. Accumulations of recent alluvium
along the lower flats can not be separated from the older
deposits. Some portions of the alluvium consist of loose sand,
which blows from place to place and gives rise to local sand
dunes, a feature mainly confined to the vicinity of Mimbres
River near Deming. More or less talus accumulating on the
slopes of hills and mountains is of Quaternary age, but its
limits are too indefinite for representation on the geologic map.

The deposits in the great bolsons between the mountains
are not very deeply incised by the present streams, but their
thickness and character are known at certain localities from
well borings, a few of which have reached bedrock. A deep
hole bored in Deming in 1887 penetrated rock at 963 to
980 feet, having passed through a succession of clay, sand,
“cement,” and gravel in alternate deposits 5 to 18 feet thick.

A representative record north of the river in sec. 30,
T. 238, R. 7 W., is as follows:

Record of boring in SW. } sec. 30, T. 23 8., R. 7 W.

Loam and elay _____...____
Gravel....
Clay
Gravel, with much water._.
Sand tightly packed.

Bmd, tightly packed

Snnd compact.
a

Gravel and sand, water._.__.
Clay
Gravel, coarse. .
Gravel, water ___

soft

IGNEOUS ROCKS.
By N. H. DARTON and J. L. Rica.!
GENERAL CHARACTER.

The younger igneous rocks comprise porphyries of several
sorts, an extensive series of latites and andesites, rhyolites and
felsitic rhyolites, and basalt. = The porphyry forms laccoliths
and sills cutting strata as late as Upper Cretaceous and is
believed to be of early Tertiary age. The latites, andesites,
and rhyolites are mainly flows included in a thick deposit of
agglomerate and other fragmental deposits regarded as of later
Tertiary age. Keratophyre and quartz keratophyre occur in
dikes and thin sheets, but their position in the sequence is not
known. The relative position of the felsitic rhyolite also is
not apparent. The basalt occurs as lava flows on the Quater-
nary sediments and also in dikes.

EARLIER TERTIARY IGNEOUS ROCKS.
GRANITE PORPHYRY AND QUARTZ MONZONITE PORPHYRY.

Distribution and character—Sodic granite porphyry grading
into quartz monzonite porphyry forms a large part of the
western side of Cooks Range, at the north margin of the quad-
rangle, and a large mass about 3 miles long constitutes the
greater part of Fluorite Ridge. The rock is intrusive and
occurs chiefly in large laccolithic bodies. It cuts beds ranging
in age from Cambrian to Upper Cretaceous, and probably it
cuts also the lower part of the agglomerate. It is, however,
older than the great igneous flows in the agglomerate series.
Several dikes and sills form offshoots of the larger masses.
Some small masses of rock of similar character but apparently
of greater age cut the granite of the Florida Mountains.

The rock in Fluorite Ridge, which may be regarded as
typical of the more sodic phase, is medium to light gray and of
pronounced porphyritic aspect. The phenocrysts recognizable
with the unaided eye are colorless and white feldspars, com-
monly striated, and hornblende, biotite, and quartz, the feld-
spars being the most conspicuous and giving the rock its typical
mottled appearance. Some of them are as much as a centimeter
in size, with an average of about 5 millimeters. Quartz is
i i The ground is dark gray and felsitic.

Petroymphy —TUnder the microscope the feldspar pheno-
crysts are found to be mainly albite, generally much altered to
sericite. Hornblende and brown biotite are distinctly sub-
ordinate in amount. In some outcrops biotite predominates
over horpblende; in others the hornblende is more abundant;
and in places both are greatly altered, the biotite more so than
the hornblende, which is partly changed to chlorite and mag-
netite. The biotite shows alteration by development of zoisite
and epidote between the laminae in such a way that the mica
which remains is bent about the grains of zoisite and epidote,
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around whose margins are rims of abundant grains of magnet-
ite. Within the biotite areas titanite is also abundant. In
some specimens the hornblende is only slightly or not at
all altered, but in all specimens the biotite is consider-
ably changed. Quartz phenocrysts are moderately abundant.
Many have irregular outlines indicating secondary growth.
The groundmass consists principally of orthoclase and quartz,
with some plagioclase and a little augite in minute rods.
The quartz is abundant but interstitial. Accessory minerals
are apatite and rather abundant magnetite scattered in specks
through the groundmass.

A rock from the south slope of Fluorite Ridge marks the
transition to the quartz monzonites. It contains abundant
good-sized phenocrysts of quartz and considerable biotite.
The feldspar phenocrysts are mainly andesine, but many of
them grade to albite in the outer zone.

Variations from the typical porphyry are also found in dikes
and sills extending from the larger masses. The variations
take the form either of a reduction in the amount of quartz,
accompanied by an increase in the proportion of hornblende—
which oceurs characteristically in many places as long crystals
crossed or gathered in rosettes—or of a change to the more
calcic feldsy oligoclase and and which mark the
transition to typical quartz monzonite porphyry.

LATER TERTIARY IGNEOUS ROCKS.
GENERAL RELATIONS.

14d it

A thick series of agglomerate and other frag

Augite-bearing . quartz latite predominates in- Cooks Range
and occurs 3 miles southwest of 76 Ranch. Quartz latite with
little or no augite forms the mass 3 miles northwest of Fort
Cummings, a small intermediate flow a mile northeast of
‘Wilson Ranch, a small mass 14 miles southwest of Fort Cum-
mings, the outcrops 7 miles west and southwest of Iola, and
perhaps others. :

Petrography.—The quartz latite is generally light pink to
purplish, moderately compact, and somewhat porphyritic.
Phenocrysts of feldspar and altered hornblende, although not
conspicuous, make up about one-third of the rock and are
embedded in a felsitic groundmass. Under the microscope the
rock is seen to be made up of a fine, partly crystalline ground-
mass containing phenocrysts of andesine-labradorite, dark red-
brown hornblende, with scattered large biotite crystals. Some
varieties contain considerable augite. Flow structure is indi-
cated by a pronounced tendency toward a linear arrangement
of the phenocrysts. The feldspars are almost wholly unaltered
and generally are zonal, with the rims full of minute inclu-
sions. The hornblende is so much altered, probably by mag-
matic agencies, that in most specimens only cores of the
unaltered mineral, bordered by zones of hematite, remain.
The augite is generally less altered than the hornblende, but in
places it is almost wholly changed to a chloritic aggregate.
Accessory minerals are magnetite and apatite, some of- the
apatite being pleochroic. The groundmass is finely crystalline
and contams abundant minute laths of feldspm‘ and, in most
more or less quartz. The quartz in the groundmass

with extensive intercalated flows of erupted rocks of several
sorts and at several horizons, occupies a large part of the quad-
rangle. The largest outerops of agglomerate are in the south-
ern end of Cooks Range, in the Little Florida Mountains, and
in the north end of the Florida Mountains. Smaller masses
outerop about Fluorite Ridge and in some of the other rocky
areas rising above the bolsons and probably extensive deposits
underlie the bolson deposits, which- are described on page 6.
Dikes of several sorts cut the agglomerate and some of the flows.

In the south end of Cooks Range the thickness exposed is
more than 2,000 feet, allowance being made for some duplica-
tion by faulting. From two to six thick sheets of eruptive
rock are included, some of great extent and others small, so far
as can be judged from outerops.  The largest flows, which are
near the middle of the series, are latite. Those below are
andesite and those above are andesite, quartz basalt, and
rhyolite. In the Little Florida Mountains the agglomerate
includes a thick sheet of felsitic or vitreous rhyolite containing
local intrusions of keratophyre. The great mass of agglom-
erate at the north end of the Florida Mountains consists largely
of fragmental material, with thin local sheets of keratophyre.
The total thickness in these mountains appears to be from
1,700 to 1,800 feet.

The mutual relations of these three large masses are not
known, but the one in the Little Florida Mountains appears to
be higher stratigraphically than that in the Florida Mountains
and probably is equivalent to at least a part of the series in
Cooks Range.

QUARTZ LATITE.

Relations and character—Quartz latite occurs as extensive
and thick flows, interbedded at several horizons among the
agglomerates and other pyroclastic deposits, and as dikes that
cut the agglomerate. In general the rock is compact, pink to
purplish, coarse grained, and porphyritic. Some varieties are
dark gray and vesicular; others are of lighter color and
include more or less tuff. Two general types are recognized—
hornblende-quartz latite and hornblende-augite-quartz latite—

* differing somewhat in color, texture, and degree of alteration

as well as in mineral composition. The varieties can not well
be separated in the field, for they occur in the same body—in

. some places as alternate flows making up the thick sheet.

Some of the latite is similar to the andesite but differs from it
in being much coarser grained and in containing a large
amount of potassic feldspar, the latter distinction being observ-
able only, with the microscope.

Distribution.—The largest masses of latite are two thick
sheets, separated by an irregular thickness of agglomerate, ash,
and other detrital material, that form the crest and part of the
slopes of the high ridge at the south end of Cooks Range,
southwest of Florida station. Each sheet is probably made up
of several flows, but there is no definite evidence as to their
structure. Another thick mass, probably at the same horizon,
is embedded in the agglomerate 4 miles northwest of Fort
Cummi Smaller detached ps rise out of the bolson
near the southwest corner of the quadrangle and are probably
parts of a large flow and possibly also of some dikes, but their
structural relations are not exposed. In the outcrop 2 miles
north of Mirage a dike of hornblende-augite-quartz latite cuts
the agglomerate. In the ridges south of Fort Cummings and
in a small outcrop west of Florida station the rhyolite is
overlain by a thin sheet of brown rock, which appears to be
hornblende-augite-quartz latite. This is the highest horizon
at which quartz latite has been observed in the quadrangle.

is difficult to dlstmgulsh in most of the thin sections. Deter-
minations of silica in two specimens by Chase Palmer in the
laboratory of the United States Geological Survey gave 64.75
and 60.94 per cent, which indicate the presence of free silica.
The first of the samples was from the upper part of the large
flow north of Wilson Ranch; the second from a thin flow 2§
miles southwest of Florida station. An index of refraction
much lower than that of Canada balsam characterizes the
groundmass. Gas cavities are commonly filled with chal-
cedony, opal, and zeolites, of which thomsonite is one of the
commonest.

In some of the hornblende latite the feldspar and horn-
blende phenocrysts are embedded in a finely crystalline matrix,
mostly orthoclase but containing scattered small plagioclase
rods.

A hornblende-augite-quartz latite of a peculiar copper-green
color is found in the upper part of the main flow 4 miles west
of Florida station and in the basal part of the second flow a
mile northeast of Wilson Ranch. Its distinctive color is due
to alteration of part of the augite to rather unusual fibrous
aggregates of chlorite and an undetermined mineral, probably
one of the amphiboles, which is characterized by strong pleo-
chroism from greenish yellow for the slowest ray to brilliant
bluish green for the fastest and by a high double refraction—
about 0.025.

The latite in the southwestern part of the quadrangle is
mostly nonaugitic and consists essentially of a felsitic matrix
composed chiefly of orthoclase and containing scattered pheno-
crysts of andesine with some hornblende and a little biotite.
The rock in the large mass west of Jola is dense and has few
phenocrysts, particularly of mafic minerals. That exposed 3
miles southwest of 76 Ranch is hornblende-augite-quartz latite
containing anhedrons of augite. At another place the rock is
dark red to maroon, slightly vesicular, and somewhat porphy-
ritic, with phenocrysts of hornblende and colorless feldspar.
All these rocks differ from the quartz latite of the south
end of Cooks Range in having less hornblende.

ANDESITE.

Character and relations.—The andesite of the Deming
quadrangle includes varieties containing abundant augite as
well as those with little or none of that mineral. It differs
from latite only in having a groundmass composed principally
of albite instead of orthoclase. It is not, therefore, typical
andesite, being richer in soda than the normal type of that
rock. Some of the andesites and latites are not easily distin-~
guished in the field, especially where they are much weathered,
but most of the andesite is much finer grained than the latite.

The andesite occurs chiefly in sheets interbedded in the
agglomerate and tuff. Although some of the sheets are higher
stratigraphically than the latites and some are lower, they all
belong to the same general period of eruption. A number of
andesite dikes cut Paleozoic strata and granite, latite, and
agglomerate.

Distribution.—The largest sheet of andesite is in the foot-
hills of Cooks Range, 4 miles northwest of Fort Cummings.
It is 200 to 300 feet thick and lies somewhat below the latite.
Several thin sheets of andesite are interbedded in the tuff 4
miles west and southwest of Florida station at a horizon some-
what above that of the upper long sheet of latite. ~The lowest
is 80 feet thick and extends southeast nearly" to the railroad;
the others are thinner and their outcrops are short. A small
sheet or stock of andesite inclosed in the aggl te lies a
short distance below the base of the thick latite sheet 3 miles




northeast of Mirage siding and forms a small knob a few
hundred yards west of the railroad. An eastward-trending
20-foot dike of andesite cuts the latite of the main sheet a mile
northwest of this locality, and other dikes of andesite, with
little or no augite, cut the agglomerate 2 miles northeast of
Mirage. One of the dikes, or a sheet from it, extends to the
railroad and is exposed in a 100-foot cut, where it contains a
little augite. Large dikes of andesite outcrop in Massacre
Peak (see P1. VIII), in the small ridge half a mile west, and in
the high ridge north of Puma Spring. They cut the agglom-
erate, and the mass in Massacre Peak is a stock. The dikes in
the ridge next west and south trend northwest or at right
angles to the larger masses. A dike of very mafic character
cuts the granite 2} miles northeast of China Tank. Other
dikes cut the granite just south of Capitol Dome in the
Florida Mountains, A thin sheet of andesite occurs in the
agglomerate at Capitol Dome, and another caps the small
knob of agglomerate in the faulted block a mile southeast of
Arco del Diablo. A small outcrop on the slope west of Little
Florida Mountains is apparently overlain by rhyolite. The
andesite in the Florida and Little Florida Mountains containg
little or no augite. Fragments of andesite occur in the agglom-
erate at many places.

Petrography.—The andesites of the area are of medium-dark
color, with inclination toward purple tones. All are fine-
grained and compact, and none are vesicular, though fluidal
texture is commonly revealed by thin sections. Phenocrysts
of oligoclase-andesine or andesine and brown hornblende, with
a few good-sized crystals of biotite, are embedded in a finely
and in places imperfectly crystalline groundmass of feldspar
ranging from albite to oligoclase. The hornblende phenocrysts
are commonly altered to chlorite, and in most specimens there
is considerable calcite. The andesite contains more or less
augite in some localities ; in others none is recognizable though
it may once have been present in small amounts. Accessory
minerals are magnetite, titanite, and apatite.

The andesite occurring in dikes shows no special character-
istics but is finer grained and darker than that of the sheets.
Some of it contains augite. A dike of andesite of highly mafic
character cuts the granite 24 miles northeast of China Tank.
It is a dark dense rock containing small phenocrysts of horn-
blende and augite, The groundmass is made up mostly of
minute rods of andesine-labradorite. Secondary calcite is
abundant. The andesite of the dikes cutting the granite of
the Florida Mountains is dense, dark, finely crystalline, and
porphyritic.

QUARTZ BASALT.

Character and distribution.—In the region south and south-
west of Fort Cummings the igneous sheet next above the
latite consists of dark coarse-grained, distinetly porphyritic
rock, having white phenocrysts of striated feldspar in a purp-
lish-gray aphanitic groundmass. Its composition ranges from
that of quartz basalt to that of olivine-bearing andesite, but it is
all of the same general appearance and quite unlike the igneous
rocks above and beneath it. Parts of the rock now contain
no olivine, but apparently its absence is due to alteration, for
in some specimens there are outlines of an altered mineral
which appear to indicate its former presence.

The largest exposures are in the center and on the eastern
slope of the large dome-shaped uplift half a mile south of
Fort Cummings, where the sheet has been bared by the
removal of the overlying rhyolite and tuff. It is also exposed
along the bages of the ridges, 2 and 3 miles south of the fort,
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somie speci the olivine, pletely altered to an aggregate
of what appears to be serpentine and limonite, is moderately
abundant; in others it is represented only by outlines which
resemble it.  Augité forms small phenocrysts as well as rods
and anhedrons in the groundmass, which is fine grained and is
composed of small pl lase laths, augite rods, and magnetite
specks, in a matrix of poorly crystalline feldspar, some of
which, probably orthoclase, has a blocky habit. Accessory
minerals are apatite, magnetite, and zircon. The rocks from
different outcrops differ somewhat either in having more or less
olivine or else in having more or less orthoclase in the matrix.
Therefore they range from olivine-bearing latite to basalt,
although in the character of their feldspar they show a closer
relation to the more sodic rocks.

Quartz, in xenocrysts measuring 1.1 millimeters across, is
common, some sections showing ten or more fragments of it,
though two of the sections examined did not include any.
The grains are bordered by a reaction rim of augite, and most
of them have the irregular outline indicative of resorption by
the magma.

In all these rocks the majority of the feldspar phenocrysts
are bordered by rims of inclusion and many of them show
indistinet boundaries against the groundmass, as if the pheno-
crysts had continued to grow after the groundmass had begun
to crystallize. Areas having outlines suggesting hornblende
and now filled with aggregates of augite crystals indicate that
the hornblende was resorbed by the magma and recrystallized
as augite.

KERATOPHYRE.

Distribution and relations.—Keratophyre occurs in sheets
and dikes in numerous places in the quadrangle. The largest
mags outcrops for a short distance along the foot of the western
slope of the Little Florida Mountains. (See section b, fig. 8,
p. 10.) Its relations are not well exposed, but it appears to
cut or to be faulted against the obsidian and tuff that underlie
the main sheet of felsitic rhyolite. A thick dike, characterized
by thin, nearly vertical plates of reddish rock, cuts the rhyolite,
obsidian, and tuff in the southeast corner of the same range.
Thin sheets, too small to be mapped, are interbedded in the
lower part of the pyroclastic deposits at and near Capitol
Dome. A large vertical southwestward-trending dike, 20 to 30
feet thick in places and nearly a mile long, cuts the agglom-
erate 4 miles northwest of China Tank and outcrops as a long,
It has two short branches near its middle. A
similar dike with nearly the same thickness and trend crosses
the bolson slope a mile farther south. A small dike cuts the
El Paso limestone half a mile north of Capitol Dome, and
similar dikes cut the granite south of the dome. A small dike
of quartz keratophyre traverses the granite west of Capitol
Dome. A short distance south of Arco del Diablo a large dike
of keratophyre, 15 to 25 feet thick, extends from the bottom
of the mountain nearly to the top, cutting the granite for a
thousand feet or more. As it is less resistant than the granite,
its course is marked by a deep ravine in the slope, in which
the relations are clearly exposed in places. Along the contacts
much epidote is developed in nodules arranged parallel to the
granite.

Character—The rock in general is fine grained and dark
gray; it has no quartz and few mafic minerals and is highly
sodie. It is app ly intermediate in ition I
hornblende andesite and the felsitic rhyohte and the quartz
keratophyre west of Capitol Dome. Its texture is generally
felsitic but with a tendency toward the development of small

where the outcrop is repeated by faulting, and of a
widespread sheet cap some of the ridges on either side of the
main road, east and north of Massacre Peak. An interrupted
outerop also extends along the slope south and southeast of
that peak, on the west side of the structural dome. The south-
westernmost exposure is a quarter of a mile northwest of
Puma Spring.

The sheet is at least 200 feet thick in the dome south of
Fort Cummings, but it thins toward the west and is probably
discontinuous in places along its western outcrop. In.the
center of the dome gouth of the fort the lowest rock looks very
coarse grained, whereas the main body appears to be only
moderately coarse; both have the same mineralogic composi-
tion. The sheet is overlain by tuff and agglomerate contain-
ing a thin sheet of andesite and extending up to the base of
the thick rhyolite sheet capping the main ridge. This relation
is general throughout the area south and southwest of the
fort, but the thickness of the intervening body of pyroclastic
rocks ranges from 40 to 150 feet. Beneath the quartz basalt
sheet there is also some agglomerate between it and the main
latite body. This is well shown in the outcrop 2 miles west of
the fort, where 40 feet of ash intervenes between the two
sheets,

Petrography.—The quartz basalt has a rough surface and is
almost black. It contains moderately abundant phenoct’ysts
of andesine-labradorite. Mica and hor d ysts in
fair abundance are indicated by typlwl outlines filled with
secondary minerals, but the original minerals are gone. In

feld ysts, ly less than half a millimeter
long Some-masses have light-greenish tinge due to grains of
epidote.

Petrography.—The microscope teveals a well-developed por-
phyritic fabric, though individual crystals are everywhere
small. The groundmass is microfelsitic and contains abundant
small phenocrysts of feldspar ranging fiom albite to oligoclase.
Most of the original ferromagnesian minerals are replaoed by
calcite or epidote, which are abundant

similar rock appears on the western side of the Little Florida
Mountains and there is a small outcrop of it near the north
end of that range. Other exposures are fouid near the south-
west corner of the quadrangle and in a small knoll 4 miles
west of Black Mountain. A small sheet caps the hill of
agglomerate east of Fluor Camp, and another mass appears in
a low knoll half a mile southeast of the cap. A small wedge
of the rock occurs in the prominent knob half a mile northeast
of Massacre Peak.

The sheet south and west of Fort Cummings lies on tuff 20
to 150 feet thick and beneath a flow of quartz basalt. In most
places it consists of two flows, the lower one light colored and
coarse grained, the upper one pinkish and fine grained. At
one place on the ridge, 14 miles south of the fort, the two are
separated by a bed of voleanic ash 15 feet thick. No overly-
ing beds are exposed except near the fort, where there is a much
younger basalt.

Character.—The rhyolite presents some diversity in appear-
ance though but little in composition. In texture it ranges
from compact and semivitreous to dense and porphyritic with
prominent phenocrysts of quartz, feldspar, and mica and in
color from white, in the more vesicular varieties, through vari-
ous shades of gray and pink, the pink inclining to purple
tones. In mineral composition it is uniform, consisting of a
glassy axiolitie, partly devitrified groundmass, in which are
phenocrysts of quartz, sanidine, plagioclase, biotite, and gener-
ally brown hornblende. Biotite is everywhere present, but
hornblende is moderately abundant in some places and absent
in others.

Petrography.—The dense porphyritic rock of the large
sheet 1} miles southwest of Fort Cummings is representative
of the rhyolite as a whole. It is pinkish and to the unaided
eye shows small phenocrysts of quartz, feldspar, hornblende,
and biotite in a pink felsitic groundmass. The biotite flakes
have a characteristic coppery brown color. Quartz pheno-
crysts are abundant and commonly have corroded outlines,
although some single crystals which in part have well-rounded
outlines are'also angular in part. Fragments of quartz crystals
are partly resorbed and iated with other fragments not so
affected. These conditions indicate fracturing, probably by
flow movement in the cooling lava at the surface or during
eruption, subsequent to the corrosion by the magma.

The feldspars are sanidine and plagioclase in about equal
proportions. The plagioclase differs somewhat in composition,
but in general, as indicated by the index of refraction, it is
sodic andesine, approaching oligoclase. The feldspar pheno-
crysts, like those of quartz, are both resorbed and fractured,
the plagioclage in particular showing marked corrosion. Horn-
blende is conspicuous, though nowhere abundant. Biotite
phenocrysts are more abundant than those of hornblende.

The groundmass is strikingly axiolitic, and it seems almost
certain that the axiolites have been formed by devitrification
around flattened or collapsed gas cavities, as they have ina
similar rhyolite from the Silver City quadrangle, on the north-
west. There is considerable glass remaining, more in some
specimens than in others. The index of refraction of the
groundmass as a whole is almost exactly the same as that of
the sanidine. The ratio between groundmass and pheno-
crysts averages about 3 to 1. Accessory minerals are titanite,
in crystals nearly 0.5 millimeter in length, and magnetite.

Other specimens of rhyolite range in color from white
through varying shades of gray and pink, and in texture from
moderately vesicular to compact and almost glassy. A few
specimens contain abundant fragments of pumice, most of
which was doubtless showered into the lava during its eruption.
In mineralogic composition there is variety in the propor-

‘tions of the feldspar phenocrysts, plagioclase, and sanidine.

In some of the rocks plagioclase is slightly in excess, in others
sanidine predominates slightly. Some of the masses contain
no hornblende, in others it is abundant. The proportion of
glass in the groundmass differs; a black obsidian from the west
base of the Little Florida Mountains is almost wholly glass.
Its relations are shown in figure 8, b (p. 10).

Y
The epidote, to which most of the greenish color is due, is
irregularly disseminated. Magnetite, apatite, and titanite are
accessory minerals.

The dike of quartz keratophyre traversing the granite west
of Capitol Dome has orthoclase phenocrysts 5 millimeters long
rather sparsely distributed in a microgranular groundmass of
quartz and albite, with a few grains of magnetite. The pheno-
crysts are apparently of local devel t, for some speci
contain none.

RHYOLITE.

Distribution and relations.—Rhyolite occurs at many places
in the quadrangle, but the largest exposures are in a widely
extended sheet or succession of lava sheets lying not far
above the sheet of quartz basalt west and south of Fort
Cummings. Originally the sheet was much more extensive,
but much of it has been removed by erosion, especially in the
wide dome above Massacre Peak. The easterly dip carries it
beneath the bolson southeast of the fort, and it may extend
underground in that direction for some distance. ‘A dike of a

FELSITIC RHYOLITE.

Distribution.—Felsitic ‘rhyolite, or dacite, of varying com-
position, closely related to the biotite-hornblende rhyolite,
outcrops at several localities in the quadrangle. Some of it
is in irregular masses, formed perhaps in the necks of old
volcanoes, as in Red Mountain and in the White Hills. In
the Little Florida Mountains there is a widespread sheet of
this rock. It also occurs in dikes, one of which cuts the
agglomerate on the Florida Mountains east of Capitol
Dome. A long dike crosses the Florida Mountains south of
Arco del Diablo, cutting the Lobo formation, agglomerate, and
granite. Several masses of unknown structure rise out of the
bolson southwest of Tola and northeast of Spalding, and another
small mass separates rhyolite from latite in a hill 6 miles west
of Tola.

Character.—The felsitic rhyolite is fine grained and mostly
white, though in places it is brownish red, gray, or light
purplish gray. Its composition ranges from nearly that of



normal rhyolite in one direction to that of quartz keratophyre
in the other, but the differences can not be recognized in the
field, and owing to their small size the crystals are difficult to
determine with certainty under the microscope. There is prob-
ably a gradation through all stages from rocks high in potash
to those high in soda.

A characteristic of the rock is its spherulitic structure, which
is perfectly developed in some places. A chalky appearance
and texture is a further peculiarity at most places, Part of
the large sheet in the Little Florida Mountains is vitreous and
contains some fragmental material in its lower part; near the
central part of the mountains it is much silicified. A large
part of it is pale brownish pink.

Petrography.—The felsitic rhyolite in Red Mountain and the
White Hills is almost pure white, of uniform felsitic texture,
and almost entirely free from phenocrysts. The microscope
shows orthoclase and abundant quartz in micropegmatitic
intergrowth. Spherulites of feldspar and perhaps some quartz
are recognizable but are not so prominent as in many of the
other masses. Ferromagnesian minerals are represented only
by scattered specks of iron oxide, mostly hematite, and a very
little biotite. Zircon is a moderately abundant accessory.

Other occurrences of the rhyolite differ in minor respects
from the one above described, but although the color ranges
from white to dark gray or pink, there is little diversity in
texture. A little biotite and minute rods of bluish amphibole
are izable in thin In the massive rock at the
base of the main flow at the middle of the west side of
the Little Florida Mountains the rhyolite is vitreous, reddish
brown, and somewhat banded. It contains much secondary
quartz, due to silicification. The orthoclase is radial, and there
is some blue amphibole. Some of the rock at the north end of
the mountain is similar but also includes fragmental matter.

Obsidian.—At the west base of the Little Florida Mountains
there is a thin sheet of black obsidian lying between ash and
agglomerate and overlying rhyolite for some distance. It is
8 to 20 feet thick and its outcrop is repeated by faulting, as
shown in figure 8, b (p. 10).

RHYOLITE PORPHYRY.

Distribution and character—Dikes of rhyolite porphyry,
doubtless closely related genetically to the rhyolites, traverse
the granite west of Arco del Diablo and 2 miles south of Gym
Peak and form a small group of knolls 4 miles southwest of
Tola. All are closely similar, not differing greatly from the
felsitic rhyolite in appearance and ranging in color from almost
pure white to light pink. They have a dense felsitic ground-
mass, through which are scattered small phenoerysts of quartz
and clear colorless feldspar.

Petrography.—Under the microscope the rhyolite porphyry
18 seen-to consist of phenocrysts of quartz, sanidine, and albite
in a microgranular to micropegmatitic groundmass of quartz
and orthoclase, with perhaps a little albite. Most of the
quartz phenocrysts are nearly idiomorphic, but some are
rounded and pitted considerably by corrosion by the magma.
Sanidine is less abundant than quartz. Albite phenocrysts
are few and are generally partly sericitized.

The rock of the dike cutting the granite 2 miles south of
Gym Peak, in the south end of the Florida Mountains, exhibits
a peculiar feature in that each phenocryst, whether of quartz
or feldspar, is surrounded by a band 0.5 millimeter wide,
which appears darker and denser than the rest of the ground-
mass. This darker band is generally bordered in turn by a
narrow ring of white, which serves to set off the whole sharply
against the greenish-gray groundmass. A clouded condition
of the feldspars, as well as the whole appearance of the rock,
suggests secondary action by vapors or solutions as the prob-
able cause of the peculiar alteration.

QUATERNARY IGNEOUS ROCKS.
BASALT.

Distribution and relations.—The youngest voleanic rocks of
the quadrangle are flows and dikes of basalt. The rock is
fine grained, black, and exceptionally hard. Some of the rock
in the flows contains gas cavities, but that of the dikes is
coarser and dense. ’

The flows lie on and perhaps are also interbedded with the
bolson deposits. A thick sheet caps Black Mountain (see PL
IX) and dips beneath the bolson at its east end. A smaller
mass, probably connected underground with the other, rises
out of the bolson 2 miles northwest. An irregular flow under-
lies the area about Fort Cummings and rises in low ridges
east and west of the fort. A long, thin dike cuts granite,
porphyry, and sandstone in Fluorite Ridge, and a small one
cuts across the southwest end of Black Mountain. Another
cuts limestones and associated rocks 5 miles northwest of
Fryingpan Spring, and two branched -dikes, 20 feet thick,
cut tuff 1} miles south of Massacre Peak. A small mass,
probably a flow, lies in the valley 6 miles southwest of Tola.

Petrography.—The basalt in the flows is of nearly uniform
appearance, That of Black Mountain is completely crystal-
lized and contains phenocrysts of feldspar and red olivine.

Deming.
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Crystals of olivine 1.5 millimeters long are the largest seen
under the microscope. They are generally clear in the center
but are changed around the borders and along the cracks to
yellowish-red iddingsite. Laths of calcic labradorite, between

FLORIDA MOUNTAINS.

The Florida Mountains consist mainly of granite and

which are packed small anhedrons of augite, olivine, and
magnetite, make up the remainder of the rock. The gas cav-
ities are partly filled with calcite.

The basalt of the other flows differs from that above de-
scribed only in minor particulars. The flow at Fort Cummings
is in part highly vesicular, and the cavities are filled with
zeolites, some being lined with thomsonite, others with
heulandite, and others have a layer of thomsonite between an
outer coating of heulandite and a central filling of heulandite
in radial aggregates.

The basalt of the dikes is coarser and of more uniform
texture than that of the flows. The dike cutting the agglom-
erate at the west end of Black Mountain is instructive because
it is but little weathered and because it exhibits the beginning
of an alteration which has progressed so far in the other basalts
as partly to obscure their original nature. The rock is almost
black, thoroughly crystallized, and contains a small number
of phenocrysts of lath-shaped feldspar and irregular crystals
of olivine. The microscope shows crystals of feldspar 2 milli-

w Capitol Dome.
om ¥

aggl te, the latter constituting the high rugged ridge at
the north end of the range. Paleozoic limestone also occurs
in several areas, one large mass occupying the crest for a
short distance east of The Park.

In general the range has a monoclinal structure with an
easterly dip. It may form the eastern limb of- an-anticline
with its axis beneath the bolson on the west or may be
bounded on that side by a fault. The strata are tilted in
several directions but are not folded to any great extent. At
Capitol Dome the strata dip to the east and the underly-
ing granite outcrops along the lower part of the western slope.
(See Pl IIL) This easterly dip also predominates in the
strata near The Park. At Gym Peak, as shown in section ¢,
figure 5, the strata are slightly arched and in the faulted
blocks on_ the west are some shallow synclines. Near its
north end the range is crossed by a profound fault trending
nearly east, and the Paleozoic strata of The Park and the
Gym Peak area are cut off on the south by another great fault.
The salient structural features of the range are shown in the
sections in figure 5.

° 500

10000 Feet.

FI1GURE 5.—Structure sections across Florida Mountains. .
&, Through Capitol Dome; b, through Arco del Diablo; ¢, through Gym Peak; d, along the length of the range through South Peak and east of Arco del Diablo. g, Pre-Cambrian

granite; €b, Bliss sandstone; Osp, El Paso limestone

; Om, Montoya limestone; Cg, Gym limestone; Cgs, black shale member (pussibly Percha); i, Lobo formation; Tag.

Tertiary agglomerate; Tk, keratophyre dike; Ti, felsitic rhyolite ; Trp, rhyolite porphyry dikes; Qbs, bolson deposits.

meters long and irregular crystals of olivine a millimeter across
in a matrix of smaller feldspar laths, small olivine and augite
anhedrons, and magnetite grains. The olivine crystals are
altered along the borders and along cracks to a peculiar
aggregate of secondary minerals of a general light-green color,
including an almost colorless fibrous to lamellar mineral with
high double refraction, probably tale. This mineral appar-
ently grades into a light-green to medium dark green variety,
similar in other respects to the colorless mineral. Secondary
brown biotite is also common in the aggregates. The augite
is almost unaltered. Most of the other basalts now contain

. no fresh olivine, as it is wholly altered to the felted green and

brown aggregate above described. In some specimens calcite
is abundant.

The basalt of the dikes is evidently of nearly the same com-
position as that of the flows, but it differs from it in texture
and in mode of alteration. The olivine in the flows has been
altered to iddingsite, that in the dikes to the tale-biotite aggre-
gate just described.

STRUCTURE.

GENERAL FEATURES.

In the Deming quadrangle the rocks outcrop in isolated
ridges and hills so widely separated by bolsons that the general
structure can not be determined. None of the structural
features indicate flexures or dislocations of more than local
extent; hence the structure and resulting distribution of the
rocks beneath the bolsons can be only surmised.

The relations in the Florida Mountains suggest the eastern
limb of an anticline, but that the Snake Hills are the western
limb of the same flexure is purely conjectural. Sarten Ridge
and the ridges west of it define a roughly circular synclinal
basin rising on the south into the anticline of Fluorite and
Goat Ridges. A great fault extends diagonally across Cooks
Range, with a drop of several thousand feet on its east side, but
there are no other large strike faults. Possibly the lowlands
now occupied by the bolsons are downfaulted blocks, but there
is mno evidence to that effect, and in general it seems more
likgly that the depressions are chiefly due to erosion of the
softer rocks of the younger formations, especially the soft
shales and sandstones of late Cretaceous and early Tertiary age.
On account of this lack of knowledge no attempt has been
made in the sections on the structure-section sheet to show
the structure elsewhere than in the ridges.

Faults are numerous, the larger ones crossing the range from
east to west. The largest, which passes along the southern
side of The Park and a short distance south of Gym Peak,
dips 40° to 70° 8, and has a throw of 2,000 feet along part of
its length, where the granite is thrust upon the upper beds of
the Gym limestone. The slope of this plane is well exposed
in the large spur south of The Park, where it dips 40° S.
This fault branches in The Park, but along the northern
branch the uplift is on the northeastern side, bringing up the
granite and leaving a relatively depressed wedge-shaped block
of Gym limestone and underlying strata between the branches.
The block on the northeast is tilted- eastward at a moderately
steep angle and half a mile west of Gym Peak is cut off by
another fault, which has a vertical uplift of 2,000 feet and
extends south to the main fault. It also branches just north-
west of Gym Peak, one branch extending northeast and the
other curving north; in both the upthrow is on the east.
Montoya limestone abuts against Bliss sandstone on the eastern
branch 1} miles northeast of Gym Peak, and Gym limestone
abuts against granite on the western branch, east of the zinc
mine. Apparently this fault branches again farther north, a
western banch bringing upturned Montoya limestone in con-
tact with granite and the other branch cutting off the El Paso
limestone in the spur half a mile southwest of Byer Spring.
The tilted block east of The Park is cut off on the north by
a large fault that lifts the granite against the El Paso limestone
on the main divide, as shown in section d, figure 5. The
block is also crossed by several small step faults of 40 to 200
feet throw, trending nearly east and well exposed in-the cliff
east of The Park but lost in the area of Gym limestone farther
east. In the ridge extending northwest from The Park a
fault trending northeast drops the Gym limestone to the level
of the El Paso limestone, and another brings the El Paso
limestone and the granite together a short distance southeast of
Byer Spring. A mile farther southeast the plane of this fault
appears to have a low dip to the east, as the granite-limestone
contact slopes down the south side of the hill nearly to the
northeast fault. .

On the slope 2 miles south of Gym Peak the granite and
some outlying masses of Gym limestone are so intricately
faulted together that wedges of the limestone are partly
included in the granite, and a tongue of granite projects
through the limestone at one place. The relations suggest
igneous intrusion, but the granite is evidently a wedge carried
westward between two fault planes into the limestone mass,,



which is underlain and overlain by granite on planes dipping
gently eastward. (See fig. 6.) The limestone near the contact
is shattered and 1 d and includes frag of the gran-
ite but is not at all metamorphosed, and the coarse red granite
shows no textural change. A short distance southwest two
other masses of limestone are overthrust on the granite; one of
them has a sandstone member at the base. Possibly there is

here a local overlap of Gym limestone on the granite, a relation
the interp

ion of structure. .
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F1aURE 6.—Section through faulted blocks of Gym limestone in granite
? miles south of Gym Peak.

&, Pre-Cambrian granite; Cg, Gym limestone. The limestone masses are apparently wedge-
shaped bodies between gently dipping thrust faults. b, Detailed sketch of part of section a
showing the much-fractured limestone inclosing & mass of granite.

The fault near the north end of the range trends nearly
east and has a vertical displacement of at least 2,000 feet, drop-
ping the agglomerate on the north side so that it abuts against
rocks from the Lobo formation to granite. (See section d,
fig. 5.) Southeast of Arco del Diablo another prominent east-
erly fault, shown in the same section, cuts the Lobo formation
and agglomerate; its vertical throw is 400 feet. A similar but
smaller fault crosses the range a mile south of Capitol Dome.
Just south of Capitol Dome a northeast fault, with a vertical
throw of more than 1,500 feet, lifts the granite to the base of
the Lobo formation. The fault plane dips 45° NW. and for
part of its course is occupied by a dike of rhyolite porphyry 20
feet thick. In places the strata are upturned along the fault
and dip to the north. The fault is shown in figure 7.

Capitol Dome.
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F16URE 7.—Detailed section through Capitol Dome, showing relation of
Lobo formation to pre-Lobo fault.
&1, Pre-Cambrian granite; €5, Bliss ssudstone; Osp, El Paso limestone; Om, Montoya limestone ;
I, Lobo formation, unconformable on older formations which had been previously feulted ;
Tag, Tertiary agglomerate; Ty, rhyolite porphyry dike.

The movement occurred long before Lobo time, for south of
the fault the Lobo formation lies on the eroded surface of the
granite. The plane of erosion crosses the fault and extends
across the edges of the Montoya and El Paso limestones to the
west and north. These relations indicate that during or after
the faulting there was a great amount of erosion, which
removed from the uplift side of the fault the sandstone and
limestone which overlie the granite just north, and doubtless
more or less of the granite also, for the granite plane beneath
the Lobo formation may be much lower in the granite mass
than the granite plane beneath the Bliss sandstone. Algo at
the time of faulting the area may have been overlain by more
or less Gym limestone. This last formation remains exten-
sively a few miles south but is absent in the overlap north of
Capitol Dome, in which the Lobo formation lies on the eroded
surface of the middle members of the Montoya limestone and
still farther north extends lower on the El Paso strata.

LITTLE FLORIDA MOUNTAINS.

The Little Florida Mountains consist of a thick sheet of
felsitic or vitreous rhyolite included in the great agglomerate
series. Apparently the horizon is somewhat above that of the
agglomerate exposed in the Florida Mountains, as the latter
range lies slightly west of the line of strike of the rocks in the
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FIGURE 8.—Sections across Little Florida Mountains, showing rhyolite
lava flows interbedded in the Tertiary agglomerate and the repetition
. of beds by step fanlting in southern part of range.
8, Section across center of range; b, section across southern part of range. Teg, Tertlary
agglomerate; Tro, rhyolite obsldian; Tir, felsitic rhyolite lava; Tk, Intrusive keratophyre;
Qbs, bolson deposits.

Little Florida Mountains. There may, however, be a fault
between the two ranges. The felsitic rhyolite appears to be
mainly the product of one outtlow or of a succession of out-
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flows without intervening deposits, and probably it ends by
thinning out not far beyond the terminations of the ridge.
Some other igneous masses are exposed in places on the west
slope. The structure of the Little Florida Mountains is
shown in figure 8. The upper section shows the relations
along the greater part of the ridge, and the lower shows cer-
tain local features of the faulted portion farther south.

All the rocks dip to the east at low angles, which are mostly
less than 10°. 1In the northern part of the area the direction
of dip is from 10° to 20° to the north of east; farther south it
is due east. This dip carries the main sheet of felsitic rhyolite
far under the agglomerate to the east; hence its thickness and
extent in that direction are not known. The thickness in the
middle of the mountain, as shown in section a, figure 8, is
about 600 feet, and it gradually diminishes both to the north
and to the south. In the gap which crosses the ridge near the
north end the thickness is less than 150 feet, but it increases
again to double that amount in the knob on the northwest.
Near the center of the mountain the underlying deposits of
voleanic ash and other fragmental materials extend about half-
way up the western slope, but the altitude of the contact dimin-
ishes both to the north and to the south.

The relations shown in the western part of section b, figure
8, are due to two or more faults, which appear to extend for
some distance along the western slope of the southern half of
therange. At this place and farther south the rhyolite sheet is
underlain by a flow of obsidian 8 to 20 feet thick, which in
turn lies on a bed of compact, coarse voleanic ash of greenish

Sarten Ridge consists of a wide exposure of Sarten sand-
stone dipping south of west and finally passing beneath bolson
deposits at the south end of the ridge. The great fault passes
along the foot of the eastern side of the ridge and brings the
agglomerate against the Sarten sandstone, the Lobo formation,
and the Lake Valley limestone in turn from south to north.
At Fryingpan Spring the Sarten sandstone, with strike nearly
south and very low dip to the west, abuts against agglomerate
striking northwest and dipping northeast, in most places less
than 20°. The vertical displacement is probably more than
2,000 feet, but the precise amount is not determinable. Half
a mile south of Fryingpan Spring a deep canyon in Sarten
Ridge cuts through the sandstone and reveals the underlying
Lobo formation in a small area. A few rods southeast of that
place a small mass of limestone appears along the fault, prob-
ably a wedge slightly more uplifted than the Sarten Ridge
block. It appears to be Gym limestone, but no fossils were
obtained on which to base precise correlation. The beds are
nearly horizontal and lie on conglomerate, of which the top
outerops a few yards east of the road.

The southern extension "of Cooks Range, east of Sarten
Ridge, consists of the great agglomerate series and its included
igneous masses, the latter mostly in sheets. There is pre-
sented an alternation of strata and interbedded lava flows,
mostly in regular succession from southwest to northeast, for
the dip is generally to the east and northeast at a moderate
angle. Several faults break the succession in places and the
whole is cut off diagonally on the west side by the great fault

tint. The faults cause the repetition of this ch istic suc-
cession in two prominent steps on the slope. The obsidian
appears again at the edge of the bolson in the base of a small
knoll consisting of keratophyre, which is in a local sheet or
dike probably faulted into its present formation. A short dis-
tance southeast of section b the blocks shown in that section
are displaced by a southwest fault. As the downthrow is on
the east side, the outcrops on that side offset to the southwest.
The blocks east of this transverse fault slope down to the
south, and this structure, together with the thinning of the
igneous sheet, forms the southern termination of the ridge.
The easternmost of the longitudinal faults continues to be a
conspicuous feature to the end of the mountain. Near the
southeastern termination of the slopes is a low spur, caused by a
dike of keratophyre that cuts agglomerate and underlying vol-
canic ash for a short distance. The rock is reddish and is
jointed in vertical plates, which strike a few degrees east of north.

Just west of the gap which crosses the northern part of the
Little Florida Mountains a long narrow outcrop of the felsitic
rhyolite extends from the main felsite sheet some distance
into the bolson on the west. It is probably a dike or feeder of
the sheet, by which it reached the surface at the time of its
eruption. In the western slope, half a mile south of this dike
or feeder, the strata under the main igneous sheet are traversed
by a small dike of hornblende-biotite rhyolite which appears
to have disturbed the beds considerably and to have caused
greatly increased silicification in them. There are several
small outcrops of .rhyolite, felsitic rhyolite, and andesite in the
bolson a short distance west of the foot of the Little Florida
Mountains, but they afford no evidence of their relations or
underground extent.

COOKS RANGE.

In the extension southward of Cooks Range into the Dem-
ing quadrangle two very distinet structural areas are separated
by the great fault that extends along the east side of Sarten
Ridge. On the west are Cretaceous and underlying strata
penetrated by porphyry; on the east is the great agglomerate
series with its included masses of Tertiary and Quaternary
igneous rocks. These two areas will be described separately.
The ridges west of the great fault are the direct extension
southward of the Cooks Peak uplift; and the southeastern edge
of the porphyry laccolith of that peak extends a few rods across
the northern line of the quadrangle. Some of the structural
relations of this area are shown in section A—A on the structure-
section sheet. The most conspicuous feature in this area is
the great crescentic ridge of Sarten sandstone, known as
Sarten Ridge, which culminates in a sharp peak on the north-
ern margin of the quadrangle. The sandstone ridge extends
still farther to the west and then to the southwest along the
southeastern side of an outlying laccolith of porphyry and
finally sinks beneath the agglomerate. In Sarten Ridge the
sandstone is underlain by the Lobo formation and the Gym
and Lake Valley limestones, which outerop along the northern
and eastern slopes of that ridge until finally cut off by the
great fault north of Fryingpan Spring. A small amount of
the Percha shale in this area is cut by the porphyry of the
main Cooks Peak laccolith. There is a large intruded mass of
the porphyry on the southern slope of the high sandstone
ridge and some small dikes and sills of it farther east in Sarten
Ridge. At two places the Sarten sandstone is exposed beneath
the Colorado shale, and doubtless it underlies an area of con-
siderable extent in the syncline west of Sarten Ridge, but
it is mostly covered by agglomerate and later deposits.

ding along the east foot of Sarten Ridge. To the east the

agglomerate passes beneath the bolson deposits, and these also
form an irregular border along its southern and southwestern
portions. About Fort Cummings some later basalts lie on the
margin of the series. The lower members of the agglomerate
series exposed present a thick succession of deposits of frag-
mental voleanic matetials, with a few small dikes of various
rocks. Interbedded brown quartzites constituting the two
prominent knobs 3 miles north-northwest of Mirage are excep-
tional features, for apparently they do not contain igneous
material. Higher in the series several other strata of sedi-
mentary origin, sandstone, shale, and conglomerate, inter-
bedded with the agglomerate, dip nearly 4° due east. In the
steep, high ridge northeast and east of Wilson Ranch the
first great sheet of latite appears, lying in the agglomerates,
with which it dips 10° NE. Above this sheet a thick suc-
cession of flows and local deposits of agglomerate, tuff, and
ash all dip northeast at low angles. North of the Wilson
Ranch, however, an anticline or dome is indicated by westerly
and southwesterly dips, mainly in an area limited on the east
by a crescentic fault that cuts off the beds irregularly. The
sedimentary and fragmental rocks thicken and thin from place
to place and include thin flows of andesite, which thicken to
the east and south, notably in the foothills southwest of
Florida station. A widespread sheet of quartz basalt varying
in part to olivine andesite is an important member of the
series west of Florida station, and not far above it is a wide-
spread sheet of light-colored rhyolite, which outcrops exten-
sively in the high ridges south of Fort Cummings. There
are two flows of the rhyolite separated by a deposit of vol-
canic ash, which in most places is 100 feet thick. Two faults
cut the rocks in the ridges south of Fort Cummings, repeating
the succession of rocks from quartz basalt to rhyolite along
two zones of outcrop. The individual relations of these faults
are shown in section B-B on the structure-section sheet.

Northwest of Fort Cummirgs the igneous rocks occur in thick
masses in the agglomerate and seem to thin out and disappear
to the northwest. Here the beds generally dip eastward and
northeastward at different angles, but on the curved outcrops 3
miles northwest of the fort they dip southeastward. On the
west this area of igneous rocks is cut off diagonally by the great
fault and on the east it disappears beneath bolson deposits.

South of Fort Cummings the rhyolite and underlying rocks
lie in an oval dome, whose axis trends southeastward. The
rhyolite is removed from the crest of the dome and the
quartz basalt is revealed. It extends down to the bolson to
the southeast.

"In the area about Puma Spring and for several miles to the
north there is a low dome lying between the faults. One of
its most notable effects is the outcrop of the sheet of rhyolite
in the high ridge west of the spring, where the dip is to the
southwest at a moderate angle. This sheet appears to be at
the same horizon as the rhyolite in the other areas, 2 miles
northeast, and is similarly underlain by ash and quartz basalt.
Northward toward Massacre Peak and the main road the dome
is nearly flat and the sheets of igneous rock pitch down to the
north. At the fault half a mile northeast of Massacre Peak
the rocks dip steeply eastward, notably the wedge of rhyolite
forming the 5,050-foot peak, which dips 25° ENE.

FLUORITE RIDGE.

Fluorite Ridge consists of a thick central mass of porphyry
5o intruded as to cause an irregular, dome-shaped uplift elon-
gated to the northwest. The beds on the southern and eastern



sides of the dome stand nearly vertical, but those on the north-
ern and western sides have more moderate dips. The plane
of intrusion is low in the Paleozoic strata at the southeast
end of the uplift, but it rises rapidly north and west to the
base of the Sarten sandstone. Along part of the southwestern
slope of the ridge, where the porphyry extends down to the
edge of the bolson, the structural relations are not revealed.
At the south end of the ridge two faults cause considerable
complexity of structure. (See fig. 9.) The ecrystalline rocks
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F1GURE 9.—Seoction across the eastern part of Fluorite Ridge.

& Pre-Cambrian gravite and dorite; €b, Bliss sandstone; Oep, EI Paso limestone; 0Sfm, Mon-
toya and probably Fusselman limestones; Dp, Percha shale; Clv, Lake Valley limestone ;
Ks, Sarten sandstone; Tag, Tertiary agglomerate ; Tgp, granite porphyry; Qbs, bolson depos™
it8; Qb, basalt dike.

exposed on the lower slopes southwest of Fluor Camp are red
granite and diorite, both of them in part gneissic and the
granite in places porphyritic. A slight vertical fault on the
north side of the granite at one point brings it in contact with
beds as high as the middle of the Bliss sandstone. In some
places at the contact of the granite and Bliss sandstone there
are limy shales, in others reddish quartzitic sandstone which
extends in conspicuous ledges along the slope of the ridge for
half a mile. At one place they are offset to the north by a
cross fault. The sedimentary beds dip steeply north and pre-
sent a succession above the Bliss sandstone of El Paso lime-
stone, Montoya limestone and cherty beds, probable Fusselman
limestone, Percha shale, and the lower part of the Lake Valley
limestone. Some of them are greatly squeezed, notably the
El Paso limestone, which presents a thickness of only 400 feet
at the east end of the ridge ‘and somewhat less on the west
side. The cherty members of the Montoya limestone are very
conspicuous in the high knob at the southeast corner of the
ridge. There is lack of evidence as to the age of the lime-
stone north of the Montoya ledges, and possibly the succession
is interrupted by one or two faults running west near the
north end of this limestone knob.

The plane of porphyry intrusion descends considerably
southward across the beds in the saddle at the north end of
this knob, but in the slopes just east and west of the saddle
the Percha shale appears, and where the plane of porphyry
intrusion rises still higher to the northeast, several hundred
feet of the lower part of Lake Valley limestone are exposed.
Farther east and north are several great masses of white silica
rock, mostly surrounded by porphyry. Its character indicates
that it is limestone replaced by silica. One of these masses
extends ag a foothill ridge for some distance north of Fluor
Camp, where at one place it is 90 feet thick. A small out-
lying knob of it rises above the agglomerate a quarter of a
mile east of the camp. The age of this silica rock is not
known, and it may be either the Lake Valley or the Montoya
limestone—probably the Montoya, as shown on the map.

A fault of considerable magnitude, with downthrow on the
east, extends along the east end of Fluorite Ridge and cuts off
the granite and sedimentary beds west of Fluor Camp so that
they all abut against the porphyry on the east. Possibly,
however, the porphyry was intruded since the faulting. There
are some indications that a branch of the fault extends northeast
just beyond Fluor Camp and passes east of the silica ridge, and
if so it may be a continuation of the great fault north of the
bolson deposits, that passes through Fryingpan Spring. The
slickensided plane of this fault is exposed in some of the
fluorite workings just west of the camp, but whether it cuts the
agglomerate or only separates it from the porphyry is not
known. The agglomerate appears all around the flanks of
Fluorite Ridge, but the exposures are so obscure that the rela-
tions to the porphyry are not exhibited; in places they are
undoubtedly separated by faults. No fragments of granite
porphyry similar to that in the intrusive mass were observed
in the agglomerate, a fact which suggests that the porphyry
may be younger than the agglomerate, or at least of the por-
tion of it in this vicinity. A mass of breccia of considerable
size lies on the southern slope of Fluorite Ridge, just west of
the limestone knob that constitutes the southeast end of the
ridge. This breccia consists mainly of large masses as well as
abundant smaller fragments of gneiss, apparently brought up
by the porphyry as a friction breccia, or by explosive eruption,
from the pre-Cambrian rocks, which are not far beneath.

The structure of the central part of Fluorite Ridge, as shown
in section B-B on the structure-section sheet, is very different
from that of the east end. There is a long slope of porphyry
down to the bolson on the southern side, and the Sarten sand-
stone dips steeply on the northern side, forming a dip slope
from the top of the ridge, where it presents a high cliff facing
south, east, and west. On the eastern side of this high central
ridge there is probably a cross fault continuous with the fault
crossing the road 2 miles farther north. At one point in the
cliff at the summit of Fluorite Ridge the sandstone is under-
lain by a small amount of conglomerate of the Lobo formation,

which lies on the porphyry. (See PL VIL) West of the
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high central ridge the plane of porphyry intrusion descends to
the point where the Sarten sandstone arches over the igneous
body in an anticline that pitches into a shallow cross syncline
in the gap across the west end of the ridge. 'West of this place
the porphyry rises again, creating a low ridge whose crest and
northern slope are composed of porphyry. Large masses of
agglomerate project above the bolson along the base of this
portion of the ridge, especially on'its northern side. Contacts
of the porphyry and sedimentary rocks are exposed in several
places in this area, notably near the central peak, where long
projections of igneous rock extend into and across the strata
and cause considerable alteration of all the rocks.

The Sarten sandstone of the central peak of Fluorite Ridge
dips north, as before stated, and is probably cut off on the east
by a fault that crosses the ridge and trends northward
through the Pony Hills. The sandstone extends some dis-
tance north from the foot of the ridge in a line of low cliffs
facing east and marking this fault, which is traceable through
Pony Hills and beyond the old Butterfield road. Near that
road granite appears on the east side of the fault, also farther
west in the midst of the Pony Hills, and it also extends along
the ridge just north of China Tank.

PONY HILLS.

The Pony Hills, the small group of low hills in the center
of the structural basin lying between Sarten Ridge and Fluor-
ite Ridge, consist of outcrops of Sarten sandstone and of gran-
ite, but the relations of the rocks are obscured considerably,
especially on the west, where they are mostly covered by
gravel and sand of the bolson d The most I
feature is a cliff of Sarten sandstone which extends south from
the old Butterfield road and which is nearly continuous south-
ward with a low spur of the Fluorite Ridge. Low hills of

i granite, d from the dst by a fault, rise

fust east of this sandstone area. (See fig. 10.)
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F1aURE 10.—Section across Pony Hills, showing supposed block faulting.
gr, Pre-Cambrian granite; Ks, Sarten sandstone; Qbs, bolson deposits.

In the rolling hills west of the main body of sandstone there
are outerops of schistose granite, in one place penetrated by a
dike of diorite. These rocks are in contact with sandstone,
and, although possibly there is regular overlap along an old
shore line, the relations are probably due to faulting of
several small blocks. The lowest sandstone exposed is coarse
but not more so than some of the beds at higher horizons,
Much of the contact of the larger mass of sandstone and of
the smaller masses to the west is covered by sand and gravel.
The sandstone in the two knolls northeast of the road is
typical Sarten, but its relations to the granite are not revealed.

GOAT RIDGE.

Goat Ridge rises about 500 feet above the bolson and is on
the prolongation of the strike of the anticline of Fluorite
Ridge. Itisan elongated dome, whose axis trends northwest
and brings up the Sarten sandstone. The slopes and crest
consist of rocky ledges of sandstone and quartzite which have

" been eroded through along the western slope and in the south

end of the ridge and expose the underlying Lobo formation
nearly if not quite to its base. At the foot of the ridge more
or less agglomerate is exposed, which at the north end is cut
by a dike.of k phyre extending north rd beyond the
main road which passes east of the ridge.

SNAKE HILLS.

The Snake Hills, sometimes called the Rattlesnake Hills,
consist of a ridge of limestone which crops out across the south-
ern part of T. 24 S, R. 10 W. Its length is about 2§ miles,
and the knobs of the high summits are mostly from 150 to
200 feet above the plain. The east half consists of the El
Paso limestone, dipping 5°-8° W. and thus exposing about
700 feet of beds. The west half consists of the overlying
Montoya limestone, which first dips west and then is flexed
in a low dome, deeply eroded in its center and almost flat
along the west side of the ridge. The cherty beds of the
Montoya limestone form the domi pographic features,
giving rise to the high central buttes. The structure is shown
in figure 11.
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F1aure 11.—Section across Snake Hills.
Osp, El Paso limestone; Om, Montoya limestone (including , limestone with chert in large bodies ;
b, limestone with chert mostly In thin alternating layers; c, massive dark sandy lmestone;
4, cherty limestone; e, dark massive limestone with unconformity at base); Qbs, bolson
deposits.

The succession of rocks in the Montoya comprises a dark
massive limestone at base, next a lower chert member, then

a medial member of dark massive limestone presenting low

cliffs, and at the top a highly cherty member capping the
highest knob and extending down the west end of the ridge.
This rock appears again in a small outcrop rising out of the
bolson a few rods northeast of the west end of the ridge. The
basal contact of the massive lower member of the Montoya
limestotie on the EI Paso limestone shows evidence of uncon-
formity by erosion or channeling but no notable discordance
in dip.
RED MOUNTAIN.

Red Mountain consists of a large mass of nearly white fel-
sitic rhyolite rising abruptly out of the bolson 10 miles south-
west of Deming. Much of the rock is closely jointed so that
it weathers into nearly vertical plates and slabs mostly trend-
ing north. At its northeast end the mass appears to dip to the
northwest but presents no other suggestion of structure and no
evidence as to its thickness. At the base of the slope on the
south a small exposure of dark bluish-gray agglomerate, pre-
sumably underlying the rhyolite, consists of fragments, all
angular, of andesite or latite. At other points the rhyolite or
its talus extends down to the edge of the bolson deposits. It
is probable that the igneous mass of Red Mountain was
extruded in a highly viscous condition, so that it piled up
thickly without extending far beyond its present area. The
time of its extrusion and its subsequent history are not known,
but if it is of the same age as the other masses of similar rock
it was once covered by agglomerate.

BLACK MOUNTAIN.

Black Mountain, which rises high above the bolson 8 miles
northwest of Deming, consists of a sheet of basalt about 250
feet thick, capping a mass of volcanic ash and sand. (See
Pl IX.) Apparently the basalt sheet is the remnant of a
flow or series of flows which originally had considerably
greater extent. At the west end of the mountain the base
of the basalt is about 500 feet above the bolson, and the
long slope below shows deposits of sand and voleanic ash and
tuff, largely covered by talus of the black rock from the
cliffs above. The sheet dips to the epst at a low angle,
which carries it beneath the surface at the east end of the
mountain. How much farther it extends underground and
its former extent to the west are not known. A small outly-
ing mass separated by erosion caps a knob on the south-central
slope of the mountain. A small area of similar rock appears
in two low buttes 2 miles northwest of Black Mountain,
and the two masses may be connected underground. The
basalt of Black Mountain is mostly dense and massive, but
portions are somewhat cellular, and in a few places, especially
near the basal contact, the cellular stracture is so highly devel-
oped that the rock is a scoria or pumice. The basal contact
appears to be a smooth plain, so far as can be inferred from
widely scattered exposures. The underlying beds of frag-
mental materials dip east at about the same angle as the over-
lying igneous sheet. The principal component is sand, more
or less mixed with volcanic material in the form of ash and
pumice, - Some portions contain cross-bedded pebbly streaks.
Low down the southwest corner of the mountain igneous rocks
cutting these sediments are exposed. One mass is a sheet of
dark-gray obsidian glass or perlite 4 or 5 feet thick. It hasa
circular outerop and presents low cliffs to the south and west
and is apparently connected with a vertical dike on the est.
In the center of this area is a small intrusive body of a light-
colored biotite rhyolite, with pronounced cleavage into slabs.
A few rods southwest of this locality a small knob about 50
feet high, separated from the foot of Black Mountain by a low
saddle, consists of a vertical dike of basalt 15 to 20 feet wide,
cutting the agglomerate along a northerly course. Possibly
this was a feeder for the main outflow of the basalt of Black
Mountain, but the surface connection has been removed by
erosion.

BURDICK HILLS.

The Burdick Hills are a series of outlying knolls at the edge
of a higher level or step in the plains of bolson deposits south
of the valley of Palomas Arroyo. These hills are made up
largely of small masses of various igneous rocks, which show
but little of their relations to one another. There is an eastern
or outer rim of hornblende latite, some dikes and probable
stocks of felsitic rhyolite and quartz porphyry, and some
small showings of hornblende-biotite rhyolite. No contacts
are clearly exposed except in the larger area in the southeast
corner of T. 26 8., R. 11 W., where the agglomerate appears,
cut by dikes of rhyolite and quartz porphyry. At one point
farther west there is a small showing of black basalt similar to
that which appears in Black Mountain.

MIDWAY BUTTE.

Midway Butte is a knob of felsitic rhyolite rising out of the
bolson 3 miles south-southeast of Midway. -A short distance
to the southwest is another very small knob of the same rock.
The knobs appear to be stocks, but no details of their structure
or relations are revealed.



GEOLOGIC HISTORY.
GENERAL SEDIMENTARY RECORD.

The rocks of the Deming quadrangle afford a partial record
of geologic events in the region from pre-Cambrian time to the
present. The sedimentary rocks consist of limestone, sand-
stone, shale, sand, loam, and gravel, all presenting more or
less variety in composition and appearance. The principal
materials of which they are composed were originally gravel,
sand, or mud derived from the waste of older rocks, or chemi-
cal precipitates from salty waters. The composition, appear-
ance, and relations of the strata indicate in some measure the

_ conditions under which they were deposited. Sandstone that
is ripple-marked by water and cross-bedded by -currents and
shale that is cracked by drying on mud flats indicate deposits
in shallow water; pure limestone indicates open seas and
scarcity of land-derived sediment. The fossils in the strata
may belong to species known to inhabit waters that are fresh,
brackish, or salt, warm or cold, muddy or clear.

The character of the adjacent land may be indicated by the
sediments derived from its waste. The quartz sand and peb-
bles in coarse sandst and congl tes had their source
in older rocks, but much of them has been repeatedly redis-
tributed by streams and concentrated by wave action -on
beaches. Red shale, such as that of the Lobo formation,
results as a rule from the revival of erosion on a land surface
long exposed to rock decay and oxidation and hence covered
by deep residual soil. Limestone, on the other hand, if
deposited near the shore, indicates that the land was low and
that the streams were too sluggish to carry off coarse material,
the sea receiving only fine sediment and matter in solution.

The . older formations exposed about Deming were laid
down in seas that covered a large part of the west-central
United States, for many of the formations are continuous
throughout a vast area. The land surfaces were probably
large islands of an archipelago coextensive in a general way
with the present Rocky Mountain province, but the peripheral
shores are not even approximately determined for any one
epoch, and the relations of land and sea varied greatly from
time to time. The strata brought to view by the uplifts in
southwestern New Mexico record many local variations in the
geography and topography of the ancient land.

PALEOZOIC ERA.
CAMBRIAN PERIOD.

One of the notable events of early Paleozoic time in North
America was the wide expansion of an interior sea over the
west-central region. The submergence reached the Rocky
Mountain province in the Cambrian period, and for a time a
large part of the province remained as land rising above the
waters. Its rocks were granites, gneisses, and in some areas
limestones, sandstones, and quartzites of Algonkian age. From
these ancient crystalline rocks streams and waves gathered and
concentrated sand and pebbles, which were deposited as a wide-
spread sheet of sandstone on sea beaches, partly in shallow
waters offshore and partly in estuaries. Sediments containing
this local material abut against the irregular surface of the
crystalline rocks which formed the shore. Subsequently, the
altitude being reduced by erosion and the area possibly
lessened by submergence, the land yielded the finer-grained
mud now represented by the shale in the upper portion of
the Cambrian in some areas. In southern New Mexico and
the adjoining regions on the east and the west the surface of
the crystalline rocks was finally buried beneath the sediments.

ORDOVICIAN AND SILURIAN PERIODS.

Southern New Mexico was submerged by the sea during
parts of Ordovician and Silurian time, and thick deposits of
calcium carbonate were laid down, forming limestones that are
now prominent members of the stratigraphic series. Several
widespread uplifts of the region during this long period of
time caused protracted interruption of sedimentation, and
doubtless also the resulting land surfaces were more or less
extensively reduced by erosion. The older formations were
not deformed, however, and the erosion of the land progressed
in guch a way as to produce no marked irregularities in the
floor on which the succeeding formation was deposited. To
what extent the interruptions in the rock succession were due
to the cessation of deposition and to what extent to the removal
of gediments is not known, but presumably the former was the
principal agency.

DEVONIAN PERIOD.

In parts of the Southwest the Devonian is represented by
extensive deposits of limestone, but in southern New Mexico
only black shale appears and it represents but a small part of
later Devonian time. This meager record is probably due to
the fact that during a large part of the period the region was
covered by an extensive but shallow sea or that the land was
80 low as to leave no noticeable evidence of erosion. On the
other hand, it is possible that the sea was so deep and the area
so far from shore that it did not receive -appreciable -deposits.
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‘Whether it remained land or sea or alternated from one con-
dition to the other, the region shows no evidence of having
undergone any considerable general uplift or depression until
early Carboniferous. time, when there was an extended subsi-
dence, which deeply submerged a large part of the Rocky
Mountain province.

CARBONIFEROUS PERIOD.

Under the marine conditions of early Carboniferous time
calcareous sediments, now represented by several hundred feet
of nearly pure limestone, known as the Lake Valley lime-
stone, were laid down in southern New Mexico and adjoining
regions. As no coarse deposits of this age occur, it is‘probable
that no crystalline rocks were then exposed above water in the
immediate region.

In-later Carboniferous time several widespread oscillations
of land and sea alternately submerged the region and pro-
duced shore and land conditions which continued for various
lengths of time and affected somewhat different areas during
different parts of ‘the period. Apparently the entire Rocky
Mountain province was under water at times, when calcium
carbonate, red mud, sand, and gravel were deposited in a
widespread mantle. In the Deming region the earlier sedi-
ments of the Pennsylvanian series are absent, but the later por-
tion of the Carboniferous period is represented by limestones,
which are thick in the Florida Mountains and lie on an irreg-
ular surface that was developed by subaerial erosion. There
is uncertainty as to the representation of latest deposits of the
Carboniferous period, for the age of the Lobo formation is not
indicated by any evidence at present available, and it is tenta-
tively classified as Triassic (?). That before the deposition of
the Lobo there was uplift accompanied by more or less tilting
and that great erosion ensued is shown by the fault at Capitol
Dome, where an uplifted block was planed off 1,000 feet or
more before Lobo deposition.

MESOZOIC ERA.

As the Triassic and Jurassic systems are not known to be
represented in southern New Mexico, it is probable that the
area was a land surface for a long time during the early part
of the Mesozoic era. Because of the unconformable relations
of the Lobo formation to both the overlying and underlying
rocks, however, that formation is tentatively classified as Tri-
assic (?), but it may represent late Carboniferous or even early
Cretaceous time. It is not unlikely that some deposits were
laid down in the Triassic or Jurassic period, even if they were
only the products of streams or lakes and were removed by
erosion prior to the Cretaceous period.. Aside from some
widespread planation there was at this time no notable defor-
mation of ‘preceding formations and apparently no develop-
ment of irregularities of land surface that persisted. During
the Cretaceous period a great series of deposits of several
kinds, but generally uniform throughout wide areas, was
accumulated in a large part of the western United States.
Probably, however, some portions of the central part of the
Rocky Mountains were not submerged at the time or were
land surfaces during parts of it. In the southern part of the
general area there were open seas in the earlier part of the
period in which extensive deposits of calcium carbonate were
laid down. The Cretaceous sediments began with such as are
characteristic of shallow seas and estuaries along a coastal
plain, passig into sediments from marine waters and chang-
ing toward the end to fresh-water sands and clays with marsh
vegetation. In the Deming region a thick body of nearly
pure sand was deposited in Comanche time, mainly on the
surface of the Lobo formation but possibly overlapping on
granite in the Pony Hills region. It is now the Sarten sand-
stone, and, although that formation does not outcrop in the
southern part of the quadrangle and in adjoining regions on
the east and the west, it probably was deposited over a wide
area. The later Comanche deposits and also the Dakota sand-
stone appear to be absent, as the Sarten sandstone is succeeded
by the Colorado shale but without notable evidence of uncon-
formity to represent the long period of time between them.
The shale is a product of marine deposition, which was of
great extent in the Rocky Mountains and adjoining provinces.
In the Deming region only a small thickness of the shale
appears, and, although later rocks of the Cretaceous period
were probably deposited, they are buried under the agglom-
erate or the bolson deposits.

CENOZOIC ERA.

TERTIARY PERIOD.

The great accumulation of agglomerate, which occupies so
large a part of southwestern New Mexico, is believed to have
taken place chiefly during Tertiary time, although some of the
deposits may be of Quaternary age, and some may be as old as
Cretaceous. The Tertiary was a period of great igneous activ-
ity, for at times thick sheets of lavas of various kinds were
extruded and a vast amount of fragmental voleanic material
was ejected. The location of the vents or volcanoes is not
known, but- undoubtedly they were largely -local -and are

represented in part by the stocks and dikes now visible.
There were also intrusions of igneous rocks among the sedi-
mentary strata, mainly the porphyries, which welled up as
great laccoliths in Cooks Range and Fluorite Ridge, as well as
in the Tres Hermanas Mountains south of the quadrangle.
Water was an important agency of deposition during the
accumulation of the agglomerate, for there are intercalated beds
of sand, conglomerate, and ash which were laid by water.
The great mass of the agglomerate, however, was erupted,
largely, no doubt, as mud flows and showers of coarse ash and
rock fragments. At intervals surface lavas of several kinds
were extruded, first andesite and latite and then quartz basalt
and rhyolite. The felsitic rhyolite and keratophyre were also
extruded, but their relations to the other sheets are not known.
After this epoch there was extensive tilting and faulting of the
region, and probahly much of the present configuration was out-
lined. The depressions, filled later with bolson deposits, were
then excavated and the country was rougher than at present.

QUATERNARY PERIOD.

In Quaternary time the wide depressions received a thick
filling of gravel, sand, and clay, borne mainly by streams,
which built up the great plain or series of wide bolsons now
extending from the Rio Grande to the Continental Divide.
The material came from the mountains and ridges; some of it
was brought from afar; and, as much of it is fine grained and
its thickness is great, a long time was required for its deposi-
tion. At times there were outflows of basalt on the surface.
Erosion has since cut trenches in the bolson deposits. The
canyons and draws in the mountains and ridges are now being
cut deeper; the alluvial fans on the mountain slopes receive
more or less detritus from time to time; and freshets spread a
thin mantle of sand or silt on parts of the bolsons during the
occasional freshet overflows.

ECONOMIC GEOLOGY.

Several minerals of commercial value occur in the Deming
quadrangle and some of them have been worked to a moderate
extent. Fluorite from mines north of Deming has been the
principal product, and small amounts of lead, copper, and
silver ores have been mined in the Florida Mountains. Lime-
stone has been quarried for burning lime, a small amount of
loam has been burned into brick, the sandstone of Sarten
Ridge has been quarried for building stone, and caliche has
been utilized for road metal.

FLUORITE.

d detailed

The following stat ts are d from a
account of the fluorite deposits by E. F. Burchard.!

From the southeast end of Fluorite Ridge there was mined
in 1909 to 1911 about 9,000 tons of the mineral fluorite.
Fluorite consists of calcium fluoride and a small amount of
impurities and is in considerable demand in the manufacture
of open-hearth steel and for several other purposes. The
fluorite occurs in steep-dipping veins, mostly in the porphyry,
and ordinarily it is of exceptionally good quality. The veins
range in thickness from a few inches to 12 feet or more, but
their general range in the workings is from 2 to 5 feet. They
extend along planes of fracture of the rock, some of which are
slightly faulted. One set of veins strikes N. 17° E. to N. 27°
E. and another set N. 6° E. fo N. 18° W., but others strike at
different angles between N. 17° E. and N. 18° W. There are
three principal areas, one at Fluor Camp, a second a quarter
of a mile or more to the northeast, and the third about a mile
to the northwest. In 1912 a fourth mine was opened ‘still
farther west, and a vein was uncovered in the bolson nearly a
mile east of the camp.

The opening at the camp is in porphyry near the fault plane
which passes along the east side of the limestone ridge and
separates the Ordovician limestones from an extension of the
main porphyry mass. In the largest pits the vein has been
worked to a depth of 80 feet and for a distance of about 100
feet along its north-northeast course. The vein dips 65°-
70° SE. and is from 4 to 12 feet thick. Other veins have
been opened at other points in the immediate vicinity.

At the openings northeast of the camp the fluorite vein
appears to be along a fault plane, with agglomerate on the
east side and chert on the west side. The deepest workings
are 75 feet deep. The vein is 1 to 8 feet thick; its course is
8. 10° W., and it stands nearly vertical. There are several
minor twists in it and some slickensides and other indications
of faulting. :

In the locality a mile northwest of the camp two veins
of fluorite have been opened but not worked. They are in
the porphyry not far below the overlying sandstone and
stand nearly vertical. One vein is 1 foot to 4 feet thick and
another averages about 1 foot, but the mineral is not all pure.

Analyses made by the Colorado Fuel & Iron Co. of carload
lots of fluorite from Fluorite Ridge show a content of 88.3 to

* Darton, N. H., and Burchard, E. F., Fluorspar near Deming, N. Mox.:
U. 8. Geol. Survey Bull. 470, pp. 583-545, 1011.




.nearly 94 per cent of CaF,, the average being 92 per cent.
The principal impurity, silica, ranges from 3.84 to 9.85 per
cent, iron oxide and alumina from 0.68 to 1.12 per cent, and
caleium carbonate from 0.48 to 1.12 per cent, the latter per-
centage being in the fluorite that contained 94 per cent CaF,.
Compared with fluorite from Colorado, Kentucky, Illinois, and
other places the Fluorite Ridge mineral averaged much higher,
notwithstanding the fact that it had not been washed. The
total production during the two and a half years that the
mines were in operation was about 9,000 tons.

LEAD AND SILVER.

Many mining claims have been located in the Florida Moun-
tains, but only a few of them have developed valuable mineral
deposits, principally silver-bearing lead ore in the limestone.
Several smull mines have been developed, which from time to
time have produced sufficient ore for shipment, but in 1913
only one silver mine was in operation. It is known as the
Silver Cave and is in the limestone high on the southeastern
slope of Gym Peak. This mine is reported to have yielded
ore to the value of $60,000 in 1905. The workings consist of
a tunnel and several small stopes. The ore is silver-bearing
galena, which occurs as a replacement of the limestone.

ZINC.

At the Mahoney mine, just west of Gym Peak, a number of
pits and a long drift in the limestone follow a series of small
irregular masses of oxidized zinc ore. It is reported that con-
siderable blende was found at this place in 1914.. Zinc ore
has also been mined in small quantity from the limestone
on the western slope of Capitol Dome.

COPPER.

Some small leads of copper ore have been worked in the
granite along the western slope of the Florida Mountains and
small shipments have been made from two localities. The ore
is chalcopyrite and other copper sulphides, which impregnate
the granite in part along joints and in zones of shattered rock.
The bodies, so far as known, are small and irregular. One
mine, abandoned long ago, is a short distance south of Capitol
Dome. Here there is a vein trending N. 62° E. and dipping
80° SE. Two tunnels were run; one is 280 feet long, the
other, 120 feet distant and lower on the slope, is 420 feet long.
A 100-foot shaft, 40 feet above the upper tunnel, connects with
the lower tunnel by an incline.!

BUILDING STONE.

Many of the rocks in the ridges about Deming are suitable
for building stone, and some of them would be of iderabl
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., SAND AND GRAVEL.

Sand and gravel for building occur at many places in the
bolsons and the valleys leading into them. A small amount
is dug in the vicinity of Deming for use in building, but the
demand is small.

SURFACE WATER.

Streams.—The streams in the Deming quadrangle flow only
during times of freshet, and then the flow is of short duration.

Frequently after rainy periods the water of the Mimbres
flows as far as Spalding. Its main branch, the San Vicente
Arroyo, also is subject to frequent local floods, in which the
water flows as far as the mouth of the arroyo. Streams flow-
ing out of Cooks Range are occasionally filled with water by &
succession of heavy storms and especially by cloudbursts, but
the flow is short-lived and rarely reaches the Mimbres. The
same is true of Palomas Arroyo, which has a large watershed
in the bolsons. Ordinarily, however, the flood waters even of
a cloudburst sink into the porous soil. Often in the spring or
early summer Mimbres River has a flood of such volume that
the water is 10 to 15 feet deep and overflows the lower land
adjoining its channel. This condition may last a few days,
and it may recur two or three times in a season. Some years
its maximum flow does not extend far beyond Deming, but
occasionally it extends into the valley east of the Florida
Mountains as far as T. 25 8., R. 7 W., where it widens out
into a shallow lake. From December, 1904, to May, 1905,
and from January to April, 1906, the Mimbres flowed nearly
to the Mexico boundary line, the only times in 18 years. In
recent geologic times, however, it flowed through this valley
and out into the Palomas Lakes and other basins in Mexico.
At no distant time also it flowed through the wide bolson
west of the Florida Mountains and found an outlet through
the low pass between that range and the Tres Hermanas
Mountains.

In April, 1908, a gaging station was established on Mimbres
River just below the Rio Mimbres dam site, in sec. 7, T. 20 8.,
R. 10 W, about 6 miles northeast of Faywood Springs and
about 10 miles northeast of Faywood station on the Silver
City branch of the Atchison, Topeka & Santa Fe Railway.

Gage-height records and discharge measurements have been
obtained since 1908. The channel at the station shifts fre-
quently, so that numerous ts are y to
obtain reliable results. Sufficient measurements have not been
obtained to permit more than approximate estimates of flow
for periods between measurements and at high stages. The
following table, showing the monthly run-off in acre-feet, has
been piled from United States Geological Survey Water-

value for that purpose if they were nearer to market. The
granite and various other igneous rocks would dress and
polish satisfactorily and there are sandstones of several varieties.
Some of the limestone could be used for gray marble. The
only developments are two quarries, one in the Sarten sand-
stone, on the main road a mile south of Fryingpan Spring, and
the other in the tuff of the Florida Mountains, 2 miles northeast
of Arco del Diablo. The sandstone is nearly white and is
easily worked in blocks of good dimensions. The quarry was
opened to supply material for the county house at Deming.
The quarry in tuff is small but has exposed a large amount
of excellent gray freestone in massive beds. Its color is light,
and although it shows some slight mottling by dark-gray

fragments its general effect is good. .

LIMESTONE.

Limestone suitable for burning for lime or for the manufac-
ture of Portland cement is abundant in the limestone areas of
the Florida Mountains, in Fluorite Ridge, and in the Snake
Hills. Much of the El Paso, Gym, and Lake Valley lime-
stones and parts of the Montoya limestone that contain no
chert are sufficiently pure for those purposes, but there is at
present no use for them.

BRICK CLAY,

Parts of the bolson deposits are loamy mixtures of clay
and fine sand suitable for making common brick, of which a
small number have been produced, but the material has been
used principally for making the larger, unburned bricks
known as adobe, which are extensively employed in buildings
in Deming and at ranches in the surrounding country.

ROAD METAL.

Rocks of several sorts suitable for road metal are available
in endless supply in the various ridges, but so far they have
not been utilized. Caliche, a - mixture of sand and calcium
carbonate that lies a short distance below the surface at many
places, has been used for surfacing the main road north of
Deming and has given excellent results, which should encour-
age the same treatment of other roads.

1G@ordon, C. H., The ore deposits of New Mexico: U. 8. Geol. Survey
Prof. Paper 68, pp. 289-200, 1810,
Deming.

Supply Papers 268, 288, and 328:

Monthly run-off in acre-feet of Mimbres River near Faywood, N. Mex.

Month. 1008 1909 | 1910 | 1912 | 1018 l 1914

NorE.—Owing to the shifting character of the stream bed and the few discharge measure-
ments no estimates of flow were made for 1911 Gage out of order May 11-16 and 24-80, July
20-95, and Aug. 12-15, 1014

The maximum daily flow from 1908 to 1913 was in August,
1908, when on two days the flow was estimated at 910 to 1,000
second-feet, respectively. Probably this record was exceeded
in the great flood of July 18 to 24, 1914, but unfortunately
the flow was not then determined, owing to a mishap to the
gage. There was also a notable flood from Dec. 22 to 25,
1914, with flows of 1,420, 1,270, 970, and 580 second-feet.
It must be remembered that these values for floods are only
roughly approximate and are subject to considerable error.
The mean flows for 1909, 1910, and 1913 are 6.4, 4.5, and
8.6 second-feet respectively. Other notable flows? were 61
second-feet for 14 days in October, 1908; 93 second-feet, July
18, 1909; 108 second-feet, August 14 and 15, 1909; 196
second-feet, August 10, 1910. The ordinary flow is between
1 and 8 second-feet, but the smallness of the flow is due to
the fact that much of the water is drawn off for irrigation
above the gaging station. Accordingly, most of the figures
given above represent flood conditions, and the total amount
of normal flow is not indicated.

Springs.—Few springs of notably large volume occur in
the Deming quadrangle, and even seeps or incipient springs
are not common in the rocks of the ridges. The largest spring
is on the Butterfield road just west of Fort Cummings. It was
cleaned out hy the Government when the fort was established
and made into a curbed well 15 feet in diameter and protected

2 Second Bienn. Rept. Territorial Engineer to Governor of New Mexico,
1908-1910, Santa Fe, 1911, .

by a roofed house. (See Pl V.) Now the water is piped to
Florida station for use on the railroad. This spring is largely’
due to a rock dam of rhyolite, which here crosses the small
arroyo and forces the water that is flowing through the
bolson deposits to rise to the surface. Its original source
underground is not known, and it may either come out of
sedimentary deposits covered by basalt or rise from the agglom-
erate, which doubtless- lies below. Fryingpan Spring rises
along the great fault 2§ miles west by south of Fort Cum-
mings. It affords a small flow which runs down the draw a
short distance and supplies cattle on the adjoining range.
Puma Spring rises from the agglomerate a mile northwest of
Wilson Ranch. It has been dug out as a small well and is not
in use at present. Several small seeps and springs on the
slopes of the Florida Mountains are important watering places
for goats and cattle. Byer Spring, 3 miles southeast of Arco
del Diablo, is the most notable of these, but its volume is
very small. A small spring rises from the granite in the east
side of The Park and is used for watering a flock of goats.
Several small springs have been found by digging pits in the
granite and agglomerate.

UNDERGROUND WATER.

A preliminary report on the underground water of Luna
County and also a more detsiled description of the wells have
already been published.®

GENERAL CONDITIONS.

The sediments underlying the wide bolsons include sheets of
sand and gravel containing a large amount of water. The
water-bearing beds lie at depths of 25 to 75 feet. The height
to which the water rises differs considerably in different wells.
The volume of water differs from place to place, but its aggre-
gate amount is great, and there are extensive districts in which
it is available in' large supply for wells of moderate depth.
Numerous wells have been sunk, and the underground condi-
tions have been determined in many parts of the area, but in
some districts the water resources have not been ascertained.
Much of the water so far developed is now being pumped at
low cost for the profitable irrigation of many acres. There is
a popular belief that the water is a wide extension of the under-
flow from Mimbres River, but, although that stream originally
had much to do with the deposition of the water-bearing mate-
rials, it does not furnish much of the water. One of the most
important areas of underground water is about Deming and in
the wide bolson extending south from that place on the west
side of the Florida Mountains. In this area a large volume of
water near the surface is utilized for irrigation.

EXTENT.

By far the largest volume of water in the Deming quadrangle
underlies the broad bolson extending from Deming southward
on the west side of the Florida Mountains, Most of the wells
in T.24 8, Rs. 8 and 9 W.; T. 25 8, R.9 W.,; and T. 26
S., Rs. 9 and 10 W.; and in the valley of Palomas Arroyo
find a large supply of water at depths of 50 to 200 feet,
which rises within 20 to 50 feet of the surface. The limit
of the district in which this favorable condition” exists is of
great practical importance, for the land outside of the area
underlain by an adequate water supply is.of no value for
agriculture. Unfortunately, the underground conditions in the
bolson deposits are difficult to trace without records of many
wells, and where these are lacking the limits of water-bearing
strata can riot be known with precision. The Florida Moun-
tains and other ridges determine these limits in places, but the
form of their slopes under the bolson deposits is not known.
Doubtless also there are many small underground ridges of
rock which approach so near the surface ‘as to. cut off the circu-
lation of the underflow. Such underground ridges occur about
Tola. Probably a large part of the area shown on the under-
ground water map as “water conditions not determined” is
barren of serviceable underground supplies, and in most parts
of the areas in which the water surface lies more than 50
feet below the surface the strata do not contain water in
large volume. The broad valley or sink of the Mimbres east
of the Florida Mountains appears not to contain satisfactory
water supplies at moderate depths, for some test borings have
either found quicksand with little or no-water or water that is
saline. The conditions also appear to be unfavorable in the
southwestern corner of the quadrangle and on the slopes
adjoining Cooks Range. There is considerable water from
100 to 300 feet below the surface in the valley and lower slopes
north and east of Florida, but its volume has not been tested.

SOURCES.

A large amount of the water contained in sand and gravel
under the bolsons is derived from local rainfall. This amounts
to about 10 inches.a year, and although much of the water
evaporates much passes underground. Mimbres River brings
a certain amount of water into the region, and the flow which

* Darton, N. H., Underground water of Luna County, N. Mex.: U.8.
Geol. Survey Water-Supply Paper 845, pp. 26-40, 1915; Geology and under-
ground water of Luna County, N. Mex.: U. 8. Geol. Survey Bull. 818, 1916.



it gathers from the mountains has been passing underground
for a long time and adding to the bulk of water in the coarser
beds underlying the wide bolsons about and south of Deming.
It is very difficult to estimate the amount of water that passes
underground in a year on the bolsons as a whole, for a large
amount of rain water is lost by evaporation, particularly in the
deeper portions of the bolsons, where extensive accumulations
of run-off water are prevented from passing underground by
thick deposits of relatively impervious clay. Capillary action,
which is especially strong in soils and subsoils in arid regions,
greatly depletes the water absorbed by the soil from rainfall,
for by this agency it is returned to the surface, where it is
lost by evaporation. The extent of this action is well illus-
trated in the region by the accumulation of caliche, which
is calcium carbonate brought up by capillary movement of
the underground water and deposited in the soil. For these
reasons it is impossible to estimate the proportion of the rain-
fall that passes underground.

The principal sources of supply of underground water are
the underflows of Mimbres River and San Vicente Arroyo,
which bring water from the mountains north and west, Mim-
bres River above Spalding receives the run-off from a catch-
ment area of about 600 square miles of mountains and hills
with an annual rainfall of 12 to 20 inches. That there is
great loss by evaporation and other causes is proved by the
surface flow gaged since 1908, at the dam site 10 miles above
Spalding, which shows only about 4,000 to 30,000 acre-feet a
year, the average being near 10,000 acre-feet. The additional
underflow at that place may be estimated at not more than
2,000 acre-feet a year. As this water is not now held by a
dam, much of it passes down in floods, and where these over-
flow on the lowland adjoining the channel a fairly large pro-
portion is lost by evaporation. When it is held by the dam
it will not be free to pass underground until it has done duty
in irrigation, which will greatly increase the loss by evapora-
tion and correspondingly diminish the volume of underflow.
On the assumption, however, that all of the estimated 12,000
acre-feet passes underground and extends under the fourteen
townships contiguous to the line of its southward flow to
Palomas Lake along a course west of the Florida Mountains,
the increment to the underground water in the area would be
less than half an inch a year.

VOLUME.

The deposits that underlie the bolsons differ greatly in their
capacity to hold water, not only from bed to bed but in the
same bed from place to place. There are many strata of sand,
most of them from 5 to 15 feet thick, separated by clay or
other fine-grained materials. A few wells are reported to have
penetrated more than 50 feet of sand in the aggregate, but
generally the thickness is less than this, and some of the sand
is fine grained and mixed with more or less clay, The strata
reported in a few representative wells, as shown in the follow-
ing table, illustrate the variations in thickness and position of
the water-bearing beds:

Water-bearing sands in Deming quadrangle.

Location. Deo);eh Depths, '};‘i‘éﬂ
well. ness.
T,288., R.7TW.: | Fest. Feet, Feet,
NW. 3 sec. 12..| 200 | 102, 280-258, 208-268, 280-284, 285-293. 54
NW. 3sec.10..| 147 | 70-78, 102-108, 180-147. 31
SW. 3 sec. 21_.| 105 | 74-87, 89-117, 177-105. )
SW. 1 sec 25..] 90 | 16-19, 50-60, 80-90, 28
NE. } sec. 26..( 92 | 20-28, 48-47, 77-90. 20
SW. £ sec. 80..| 101 | 22-24, 20-85, 64-101. '3
NW.3sec. 80..| 90 | 28-28, 82-88, 65-71, 75-77, 82-86. 28
NE.  sec. 84..| 98 | 51-53, 63-64, 78-81, 85-84, 7
T.288, R 8W.:
SW.  sec. 12..| 105 | 65-72, 80-81, 88-85, 88-92, 98-105. 21
SW. } sec. 18..| 200 | 51-59, 110-151, 197-200. 4
SE. §sec. 19..| 72 | 8044, 58-70, 81
NW. 4 sec.28..| 115 | 45-50, 56-60, 66-80, 88-92, 27
NW.isec. 52..0 95 | 25-88, 50-60, 78-90, 40
NE. § sec. 26..] 92 | 26-40, 52-62, 74-02. m
E. centersec.2i| 108 | 20-28, 43-65, 7275, 87-96. 87
NE. § sec. 28..| 143 | 84-60, 66-88, 112-118, 136143, 56
SW. §sec. 82..| 156 | 20-45, 80-104, 140-156. 56
NW. §sec. 82..] 120 | 78-84, 116-120. 15
NE. ¢ sec. 85..| 78 | 15-28, 63-78. 284
T2, ROW.: | g
NE. § sec. 18_. 67-70, 85-86, 103-105, 159-162, 185-191, 199
201, 210-212. 65
SW.  sec. 25_.| 148 | 44-62, 66-78, 85-100, 122185, 58
SW. 1 sec. 25.. 150 | 42-88, 88-98. 86
SE. 1 sec. 26... 164 | 40-38, 74-80, 86-90, 145-160. 4
Center sec. 26 143 | 45-62, 104-120, 180-140. 4
NE. § sec. 26..| 160 | 40-50, 78-80, 88-90, 145-160. 84
SE. 1 sec. 27| 160 | 47-55, 85-105, 125120, 140-145, 150-158. 4
BW. 1 sec. 27_.] 112 | 65-75, 90-95. 15
NE. § sec. 20| 154 | 61-68, 75-00, 102-108, 115-125, 148-154. 4
NW. 3sec. 80_.| 208 | 65-88, 109-112, 160-200. 81
NW.}sec 81| 120 | 65-96, 105-114. 40
T. 248, R TW.: . . i
NW.isec.1..| 140 | 48-54, 66-70, 75-80, 82-86, 87-01, 92-108,
107-140. 0
NE. § sec, 11| 180 | 49-64, 75-82, 93-99, 128-180, 85
NW.isec 11| 166 | 46-78, 77-85, 87-08, 93-110, 113128, . 56
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Water-bearing sands in Deming quadrangle—Continued.

which, however, is probably in excess of the financial means
of settlers now on the ground, the total yearly pumping of
water for irrigation will be 8,400,000,000 gallons, or 25,788

Location, b il B Depths. e
well. ness.
T. 248, R TW.: | Feet. Feet. Feet.
NE. # sec. 12| 128 | 49-58, 66-68, 70-78, 90-91, 94-107, 121-128, | 40
NW.iseo. 12| 106 | 48-58, 55-57, 60-64, 74-79, 94-99. 21
SW.  sec. 12..| 122 | 48-58, 68-73, 83-08, 94-97, 102-122. 48
NW. tsec.18..) 122 | 86-67, 7173, 74-81, 84-90, 91-99, 108-122. 48
Sec. 26 ._______| 160 | 76-78, 86-99, 110-114, 115-119, 121-180, 180~
144, 48
T. 248, R. 8 W.
NW.isec. 2. 06 17-81, 44-52, 88-96. 80
NW.iseo. 5. 114 | 54-65, 104-114, 2
NW.¢sec. 6. 150 | 50-70, 85-110, 122-147, 70
NW. isec.7_..| 150 | 46-100. 54t
SE. 3sec.20___| 510 | 50-62, 485-508, 85
NW.2sec. 21| 510 | 82-88, 60-65, 265-270, 510-825, 502-505. 28
NW. isec. 80..| 161 | 45-50; at intervals, 67-96. 20
T. 248, R. OW.:
SE.  sec. 4. 80 | 52-80. 28
SE. $sec. 8.___| 188 | 56-84, 68-74, 115-120, 28
SW. tsec. 12_.| 128 | 55-61, 66-78, 111-117. 2%
SE. :sec, 12.| 115 | 56-65, 78-86, 98-102, 108-118, 2
NE. }sec. 18| 128 | 58-68, 78-86, 105-114, 118-125. 8¢
SW. sec, 18__| 115 | 60-82, 108-115. 35
NW. §sec. 18| 150 | 67-71, 80-85, 145-150. 14
SE. :sec. 14| 85 | 50-62, 78-85. 19
NW.isec. 14| 145 { 48-38, 65-12, 102-112, 125-120, 188-188, 81
SW. § seo. 15 100 | 59-62, 93-100. 10
NW. § see. 21 177 | 68-70, 83-88, 165-177. 24
SW. § sec. 21| 158 | 56-68, 124-184, 152-168. 28
NE. § sec. 23_.| 70 | 52-70, 2
SE.isec.28.| 80 | 45-74, 20
SE. tsec.24__.| 110 | 46-51, 65-60, 85-89, 94-98, 103-108, 22
NE. § sec. 25_.| 145 | 50-60, 85-67, 71-74, 77-79, 108-108. 4
NW.#sec.28_.| 208 | 53-75, 180-182, 158-162, 180-182. 58
T.248., R. 10 W.:
NE. § sec. 12..| 185 | 64-90, 108106, 118-118, 127-180. 85
SE. tsec. 18_..] 208 | 85-87, 118-118, 145-148, 196-208. a7
T.248, R 11 W.:
NW.isec.21..] 105 | 95-105. 10
N. §sec. 84| 800 | 78-80. 2
T.258,R. 8 W.:
NW.jsec.18..| 85 | 52-56, 62-88. 28
T.258., R.9W.:
SW. : sec. 6...| 214 | 50-00, 110-148, 183-210, 100
SW. £ sec. 10..| 150 | 50-75, 102112, 185-145. 45
NE. § sec. 20..] 148 | 52-00; at intervals, 108142, 85
NE. § sec. 22..| 110 | 45-54, 74-84, 100-110, 20
NE. i sec. 20| 162 | 55-18, 97-112, 185-152, 50
NW.isec. 85| 140 | 45-55, 75-82, 17
T.258., R 10W.:
SW. i sec. 18__| 275 | 175-275. 100()
T.28., R 11 W.:
SW. ¢ sec. 18._| 191 | 60-65, 182-191. 14
T. 268, R0 W.:
NW. tsec. 8. 80 | 40-80. 40
SE. tsec.8....| 116 | 84-85, 52-80, 107116, 18
BW. ¢ sec. 8. 150 | 73-80, 142-150. 15
NW. sec. 18..| 155 | 45-75, 110-120, 145-155. 50
NW. 3sec. 84.., 80 | 80-85, 40-48, 54-56, 60-85, 75-80. | %

@Not including first stratum.

It has been shown in preceding statements that the water-
bearing beds differ greatly in thickness, texture, and continuity
from place to place, that it is therefore difficult to determine
accurately the amount of water stored, and that only an approx-
imate estimate can be presented as to the annual increment of
water. Apparently in most parts of the Deming region 40
feet is near the average for the aggregate thickness of the water-
bearing beds in the first 150 or 200 feet below the surface.

If these 40 feet of sand contain 20 per cent of their volume
of water, which is a fair average, the amount of water in a
given area would be near 8 cubic feet per square foot, equiva~
lent to 60 gallons, or approximately 2,614,000 gallons to the
acre, or 8 acre-feet. .This is much more than the amount
obtainable, because it is impossible to pump out all the water,
the proportion available depending on the texture of the sand
and some other minor factors.

The area under which there are 40 feet of water-bearing beds
containing a fair volume of water is about 500 square miles
and, with this volume at 8 cubic feet to the square foot, the
underground water supply is 2,560,000 acre-feet. There is
besides this area of 500 square miles a region of large extent
containing a moderate volume of water, some of which can be
utilized for irrigation.

It is impossible to make an accurate estimate of the time
required for the accumulation of this amount of water, or, in
other words, to replenish the supply if it were pumped out.
The Mimbres underflow of 12,000 acre-feet estimated as pass-
ing into the 14 townships in the line of its travel southward
would amount to an annual increment of less than half an
inch for that area. Thus many years would be required to fill
the voids in the 40 feet of water-bearing beds under the area.

DEPLETION OF WATER SUPPLY.
In 1913 about 200 pumps had been or were being installed
in the Deming-Columbus region. Their average capacity

may be estimated at 700 gallons a minute for about 400
hours a year. If the number of pumps be placed at 500,

feet. This would be equal to water 2 feet deep on 20
square miles, and, with duty of water at 2 acre-feet a season, 20
square miles to 500 ranches is equivalent to an average of only
about 25 acres under ditch to each quarter-section homestead,
As the 500 homesteads would ordinarily occupy 125 square
miles the 25,788 acre-feet would be drawn from that area,
where it would represent about one-third acre-foot of water or
less than 4 per cent of the 8 acre-feet supply as estimated
above. It would probably also be somewhat near the annual
increment from rainfall and the underflow of the Mimbres. -

Of course, 20 square miles under cultivation is a small
proportion of the 125 square miles or 500 homesteads under
consideration, nearly all of which could be irrigated by plants
pumping 700 gallons a minute. Eventually the proportion of
the land utilized will increase—it must do so for profitable
operation—and the resulting draft on the underground supply
will increase proportionately. If one-half of the area were
irrigated the draft would be 12 per cent instead of 4 per cent,
which would cause serious diminution in the total supply in
some areas. If the annual increment of rainfall and underflow
is estimated at 3 inches this quantity is sufficient to provide
water for the irrigation of only about one-eighth of the region
underlain by the thicker deposits of water-bearing materials,
provided 2 acre-feet are used for the season’s wetting.

An important condition affecting the amount of the water
that can be pumped from a given area is the rate of lateral
flow of the underground water. Influx starts when the pump
begins to lower the water in the well, and it continues from a
constantly widening area, more or less completely replacing
the local depletion. In places where several heavy pumping
plants are in close proximity, all drawing water at the same
time, there will be a limit to the amount of water immediately
available, and doubtless a scarcity of water would result at most
localities. At many places the principal supply comes from a
relatively thin, deeply buried stratum, which vigorous pump-
ing soon drains largely near the pump. A most important
factor in underground flow is the relatively slow adjustment of
water level, for the rate of movement in fairly coarse sand aver-
ages only about 1 mile a year or less than 15 feet in 24 hours.

UNDERFLOW.

Gradient.—The word underflow implies a movement of the
water down a grade. The gradient and the porosity of mate-
rials are the principal factors bearing on the rate of flow. The
gradient in the Deming quadrangle, represented by blue con-
tour lines on the underground-water map, is based on numer-
ous accurate determinations of elevations of the underground-
water surface and on approximate data at many wells at or
near points of known elevation. In order to determine the
altitudes south of Deming a special level line was run over the
old Grade Road to the international boundary line.

At Spalding the underground water is 30 feet below the
surface, and the altitude is 4,698 feet above sea level; at Dem-
ing the water is 50 feet below the surface, and the altitude is
4,290 feet; and at the southern margin of the quadrangle the
water is 21 feet below the surface, and the altitude is about
4,110 feet. The distance from Spalding to Deming is 17
miles, and the downgrade of the water plane between the two
places is about 24 feet to the mile. The distance from Dem-
ing to the southern margin of the'quadrangle on the Grade
Road being 19 miles, the declivity in that distance is at the
rate of nearly 9.2 feet to the mile. At Iola the water surface
is 46 feet below the surface, or 4,154 feet above sea level, a
grade of slightly more than 7} feet to the mile from Deming.
At Florida Lake the water rises very nearly to the surface.
There are some peculiar deflections of the lines of water level
due to special local causes, notably in the area of increased
depth just south of Jola and in the apparent close relation to
topography near the Florida Mountains. The general rise of
the water surface toward the mountains is due to a small
underflow moving down the slope of the alluvial fan. The
extension of the 4,100-foot line far to the north up the main
Mimbres Valley east of the Florida Mountains indicates that
the water lies somewhat lower in the bolson on that side than
on the west side of these mountains. However, as the sedi-
ments on the east side are too fine to hold a large volume of
water, the position of the water is not of economic importance.

Rate of flow.—The rate of movement of underground water
in the region has not been tested at any point, and it can
only be inferred in a general way from measurements in other
regions. It decreases somewhat with the depth, for with
increased depth in a region of low gradient there is propor-
tionately diminished grade. The water-bearing materials exca-
vated at different wells indicate that the degree of porosity
varies greatly. The rate of movement has been found to be as
much as 100 feet a day in coarse materials containing as high
as 85 per cent of water, but in the average sand the rate is
much less. Slichter and Wolfft found the underflow of

18lichter, C. 8., and Wolff, H. C., The underflow of the South Platte
Valley: U. 8. Geol. Survey Water-Supply Paper 184, pp. 9-10, 1906.




Platte River at Ogallala, Nebr., had an average rate of 6.4
feet in 24 hours, or a mile in 825 days. At a depth of 16 to
22 feet the velocity averaged 12.8 feet a day, and at 55 and
85 feet it was 2.55 feet. The declivity of the valley is about
8.3 feet to the mile. Slichter found that the underflow of
Arkansas River at Garden, Kans., averaged 8 feet a day or
amile in 660 days, the declivity being 7% feet to the mile.
Much of the water is from the side slopes, part of which are
loose sand imbibing 60 per cent of the rainfall. In the
Mesilla Valley, N. Mex., the underflow of the Rio Grande, the
declivity being 4.6 feet to the mile, was found to have very
slow movement, and at the canyon of the Rio Grande, just
above El Paso, the movement of the underflow 10 to 20 feet
belov‘f the bed of the river was less than 3 feet a day.!

DEEP BORINGS AND WELLS.

At several places in Luna County deep borings have been
made in the hope of finding artesian flows, but they have not

been successful. The results, however, have thrown interest- -

ing light on the deeper underground conditions.

The most important test of the deeper underground water
in Luna County was made 6 miles southeast of Deming in
1907. The town of Deming contributed $4,000 to the expenses
of the test. The bore hole is 2,000 feet south by east of the
center of sec. 20, T. 24 8., R. 8 W. The total depth is 1,665
feet, with a 12-inch casing down 1,200 feet. Water at 520
feet rose within 17 feet of the surface, and when the boring
was finished a 25-horsepower pump raising 800 gallons a
minute did not lower the water materially, Very little water
was found below 520 feet, and there were many thick bodies of
reddish clay all the way down.

The Burdick well, in the SE. } SW. } sec. 29, T. 23 S,
R. 8 W., was sunk to a depth of 710 feet to test for artesian
water. A flow was found, but it lasted only for a short time,
and now the water level is 24 feet below the surface. No
record of the boring was obtained, but it is stated that there
were many strata of sand—some with considerable water,
others containing very little. In 1887 Mr. Burdick had a well
sunk to a depth of 980 feet in the western part of Deming,
but the result was unsatisfactory, for, although the water
rose much higher than in shallow wells of the region it
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failed to reach the surface. The well is not located on the
underground water map. The boring began with 8-inch pipe
and ended with 6-inch. According to a report of the driller,
F. E. Hickox, “bedrock ” was entered at 963 feet and pene-
trated for 17 feet. Water was found at 60 feet and then at
intervals'of 20 to 40 feet for a considerable depth. At 773
feet it rose within 28 feet of the surface, at 836 within 21 feet,
at 886 within 19 feet, and at 912 feet within 9 feet of the sur-
face, where it stood for a year and then dropped back to 16}
feet. The materials penetrated were clay, sand, “cement,”
and gravel in beds 5 to 18 feet thick.

A deep boring in the 8. § sec. 6, 14 miles northeast of
Hondale, found water at 202 feet and no further supply except
4 very slight one at 550 feet.

Several years ago a deep well was sunk at Lenark, on the
Southern Pacific Railroad, about 80 miles east of Deming to
a depth of 950 feet.2 The water rises within 484 feet of the
surface and pumps 35 gallons a minute.

There are about 250 wells in the Deming quadrangle, most
of them less than 200 feet deep and yielding satisfactory sup-
plies of water. Many have been sunk within the last five
years and considerable well drilling is still in progress. Wells
are most numerous south and east of Deming, especially in
Tps. 24 and 25 8., R. 9 W, T. 24 8., R. 8 W, and the south
half of T. 23 S, Rs. 8 and 9 W. There are also groups of
wells about Hondale and Iola. Their distribution, depth, and
the depth to water surface in them are shown on the under-
ground-water map. Some facts regarding the sand strata in
the wells are given on page 14. Lists of wells are given in
the report on the geology and underground water of Luna
County previously cited.

QUALITY.

Most of the underground water in the Deming region is of
excellent quality, containing only a small amount of mineral
matter. As most of the wells are deep and penetrate impervi-
ous loam and clay the water is safe from contamination unless
the well is so badly constructed as to permit ingress of surface
drainage. Most of the water pumped for domestic use and
irrigation in the many wells in the country around and south
of Deming is very pure and is suitable for irrigation.

The following analysis of water from the 85-foot well of the
Southern Pacific Co. at Deming was furnished by the chief
engineer of that system. The sample, collected April 4, 1897,
was analyzed by the company.

Analysis of water from the 85.foot well of the Southern Pacific Co. at
Deming, N. Mex.
[Parts per million.]

Total solids® 224
Silica (8i0,) 28
Oxides of iron and aluminuw (Al,0,+Fe,0 1
Caleium (C8) «-veeveeneemmoecoeeee - 38
M (Mg) 8
Sodium and potassium (Na+K).- 27

Carbonate radicle ¢ (CO,)........
1} radicle (SO,)
Chlorine (C1).

This water is entirely acceptable for domestic use and for
irrigation and is fair for use in boilers, being noncorrosive,
low in foaming constituents, and capable of causing the for-
mation of only a moderate amount of scale.

An analysis of the water from the first stratum of the well
of W. P. Birchfield was made by the Dearborn Chemical Co.
with the following results:

Analysis of water from well of W. P. Birchfield in sec. 2, T.25 8., R.7 W.,
18 miles southeast of Deming, N. Mew.

[Parts per million.]

Silica (810,).
A1,0, and Fe,Op oo
(Mg)
Sodium (N&) - ocm e oo
Potassium (K).
Carbonate radicle (CO,)
radiele (80,)
Chlorine (Cl) .
Nitrate (NO,) 8
Organic and volatile matter.
Total solids -
Suspended 8o

The water recently obtained at somewhat greater depth is
considerably less saline, but no analysis of it is available. This
well is in the great valley east of the Florida Mountains, where
the beds contain a large amount of soluble mineral matter.
On the west side of the mountains the well waters are nearly
all of exceptional purity.

April, 1914.

8lichter, C. 8., Observations on the ground waters of Rio Grande
valley: U. 8. Geol. Survey Water-Supply Paper 141, p. 18, 1905.
Deming.

*Darton, N. H., Geology and underground water of Luna County,
N. Mex.: U. 8. Geol. Burvey Bull. 818, p. 51, 1916, *

® Less than 18 grains per U. 8. gallon.
4Ci and radicles not
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PLATE |.-SOUTH END OF FLORIDA MOUNTAINS, SHOWING THEIR ABRUPT RISE OUT OF THE WIDE, FLAT BOLSON. PLATE IL.~WEST SIDE OF CENTRAL PART OF FLORIDA MOUNTAINS.
High point in the center of the view is South Peak. All the visible part of the mountains is composed of pre-Cambrian granite. The small dark ridge View looking east from a point near the grade road. The south part of the mountains is composed chiefly of pre-Cambrian granite, the north part
at the foot of the mountains at the right consists of basalt. The bolson deposits in the foreground contain water at moderate depth, the water of Tertiary agglomerate. The peak at the left of the middle is Arco del Diablo.

rising in most wells nearly to the surface.

PLATE 1I.—CAPITOL DOME AT NORTHWEST END OF FLORIDA MOUNTAINS. PLaTe IV.—TERTIARY AGGLOMERATE ON OUTLYING KNOB AT NORTH END OF FLORIDA MOUNTAINS.
View looking northeast. The dome and the crest of the ridge in the background are capped by Tertiary agglomerate (Tag), with Lobo formation (TRI) just View looking northwest. The stratification of the agglomerate is nearly horizontal.
beneath. The low knob at the left is composed of pre-Cambrian granite (gr), which is overlain by Bliss sandstone (€b), EI Paso limestone (Oep), and
Montoyo limestone (Om). To the right of the small valley in the center of the view the rock is granite.

PLATE V.—SPRING AT FORT CUMMINGS. PLATE VI.-DRY BED OF MIMBRES RIVER EAST OF SPALDING.
View looking northeast. The water flowing through the bolson deposits is brought to the surface here by the rhyolite ledge in the foregroynd, which View looking northeast. The shallow depression in the bolson surface in the foreground is the river bed. Cooks Range in the distance
crosses the valley. Near the ranch houses in the distance at the right are the remains of the old fort. The hills beyond consist of basalt. Cooks Peak at the right.

PLATE Vil CONTACT OF GRANITE PORPHYRY AND CONGLOMERATE OF LOBO FORMATION PLATE VIIL.—MASSACRE PEAK, ON COOKS RANGE. PLATE IX.~BLACK MOUNTAIN.
SOUTH SLOPE OF FLUORITE RIDGE 1 MILE WEST OF FLUOR CAMP. View looking southwest. The peak is capped with andesite. The View looking northwest. Top of mountain is formed by basalt flow, which overlies volcanic ash and tuff on slope. A small mass
View lookmg norlh The conglomerate lies on an irregular surface of the porphyry. The contact is indicated Butterfield trail crosses the mountain through the pass in the of rhyolite, felsite, and obsidian is exposed in the knoll at the left, at the base of the mountain.

by the hammer head. foreground, which is composed of agglomerate.
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Name ot tolio.

Livingston
Ringgold
Placerville . . . . .......
Kingston .
Sacramento .
Chattanooga
Pikes Peak
Sewanee . . .. ........
Anthracite-Crested Butte . .
Harpers Ferry
Jackson

Estillville
Fredericksburg . . .
Staunton . . .. ...
Lassen Peak
Knoxville

Marysville
Smartsville
Stevenson
Cleveland

Pikeville .» . . .. ..., ..
McMinnville
Nomini .
Three Forks
Loudon
Pocahontas
Morristown
Piedmont

Nevada City Special
Yellowstone National Park .
Pyramid Peak . . . .
Franklin

Briceville
Buckhannon
Gadsden
Pueblo .
Downieville
Butte Special . . . .
Truckee

Nueces
Bidwell Bar
Tazewell
Boise . . .
Richmond
London . ............
Tenmile District Special . . .

Standingstone . . . .
Tacoma
Fort Benton. ... ...... i
Little Belt Mountains . \
Telluride
Elmoro
Bristol
LaPlata............1
Monterey .
Menominee Special . . . . . .
Mother Lode District
Uvalde
Tintic Special . . . .
Colfax

Danville
Walsenburg
Huntington
Washington
Spanish Peaks
Charleston
Coos Bay
Goalgate
Maynardville
Austin

Price.t ‘

Montana
Georgia-Tennessee . . . . . .
California.
Tennessee
Galifornia
Tennessee
Colorado . . .. ........
Tennessee
Colorado
Va.-Md.-W.Va
California
Ky.-Va.-Tenn
Virginia-Maryland o
Virginia-West Virginia . . . .
California
Tennessee-North Garolina . .
California,
Galifornia
Ala.-Ga.-Tenn ..
Tennessee . . . . .......
Tennessee . . .. .......
Tennessee . . . . .
Maryland-Virginia,
Montana . . . ...
Tennessee . . . . . ‘e
Virginia-West Virginia. . . .
Tennessee . . . . .......
West Virginia-Maryland . . .
California
Wyoming
Galifornia -
West Virginia-Virginia. . . . |
Tennessee . . .. .......
West Virginia
Alabama
Colorado .
California,
Montana
California
Tennessee
California,
Texas
Galifornia .
Virginia-West Virginia . . . .
Idaho
Kentucky
Kentucky
Golorado .
Oregon . .
Massachusetts-Connecticut .
California
Wyoming. . . ......... |
Tennessee
Washington
Montana
Montana .
Colorado .
Colorado ‘e
Virginia-Tennessee. . . . . .
Colorado
Virginia-West Virginia . . . .
Michigan
California
Texas
Utah .
California
[llinois-Indiana
Golorado .

Colorado . . . ...
West Virginia . . . ... ...
Oregon
Oklahoma (Ind. T.)
Tennessee . . . . .
Texas .ea
West Virginia . . .
Georgia-Alabama .
Oklahoma (Ind. T.) . .
Virginia-North Carolin:
Illinois-Indiana . . . .

P 1
P y

New York Gity . . . | New Yo

Ditney | Indiana

Qelrichs | South Dakota-Nebraska . . .

Ellensburg . . . . .. Washington

Camp Clarke Nebraska

Scotts Bluff Nebraska ..

Port Orford . . . . Oregon . . ...........

Granberry North Carolina-Tennessee . .

Hartville Wyoming |

Gaines . . Pennsylvania-New York. . .

Elkland-Tioga . . . Pennsylvania

Br ille-G 1 P ja . .

Columbia . . . . ... Tennessee . . . .

Olivet . South Dakota . .

Parker . ... ... South Dakota . . .

Tishomingo Oklahoma (Ind. T.) .

Mitchell ... ......... South Dakota . .

Alexandria South Dakota . .

SanLuis . ........... California

Indiana . . Pennsylvania

Nampa - - . . ... Idaho-Oregon . .

Silver Gity . . . e

* Order by number.

Gents. l

oo

[LECRORONCRSRC YO RO RO

aoouaaunoaa

§190
§191
192
§193
194
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| 198
| 199
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+ Payment must be made by money order or in cash.

1 These folios are out of stock.

@ The texts and economic-geology maps of the Placerville, Sacramento. and Jackson folios.
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Name of folio.

Patoka . . ...........
Mount Stuart
Newcastle
Edgemont
Gottonwood Falls . . . .
Latrobe
Globe . . . .
Bisbee (reprint). . . .. ...
Huron ......... .
DeSmet............
Kittanning . . . .. ......
Asheville . . ... ...
Casselton-Fargo
Greeneville
Fayetteville
Silverton . . .. ... ...,
Waynesburg .
Tahlequah
Elders Ridge
Mount Mitchell
Rural Valley
Bradshaw Mountains .
Sundance
Aladdin .
Clifton . .
Rico
Needle Mountains
Muscogee
Ebensburg
Beaver .
Nepesta, .
St. Marys
Dover
Redding
Snogqualmie
Milwaukee Special . .
Bald Mountain-Dayton
Cloud Peak-Fort McKinney .
Nantahala .
Amity
Lancaster-Mineral Point
Rogersville
Pisgah
Joplin District (reprint) .
Penobscot Bay . . . .
Devils Tower
Roan Mountain
Patuxent
Ouray
Winslow
Ann Arbor (reprint) .
Elk Point .
Passaic
Rockland
Independence
Accident-Grantsville .
Franklin Furnace . . .
Philadelphia
Santa Cruz
Belle Fourche . . . ... ...
Aberdeen-Redfield . .
El Paso
Trenton
Jamestown-Tower . . .
Watkins Glen-Catatonk . . .
Mercersburg-Chambersburg .
Engineer Mountain . . . . . .
Warren. . ...........
Laramie-Sherman . .
Johnstown .
Birmingham .
Sewickley ..
Burgettstown-Carnegie . . .
Foxburg-Clarion
Pawpaw-Hancock . .
Claysville
Bismarck
Choptank
Llano-Burnet . . . .
Kenova .
Murphysboro-Herrin . . . . .
Apishapa .
Ellijay
Tallula-Springfield .
Barnesboro-Patton . .
Niagara
Raritan
Eastport . .
San Francisco
Van Horn
Belleville-Breese
Philipsburg
Golumbus
Gastle Rock
Silver Gity . . . . . .
Galena-Elizabeth . .
Minneapolis-St. Paul . .
Eureka Springs-Harrison . .
Colorado Springs . . .
Tolchester
Detroit . .
Leavenworth-Smithville .
Deming

Price.t

Indiana-Illinois
Washington .. ........
Wyoming-South Dakota . . .
South Dakota-Nebraska .
Kansas . A 4
Pennsylvania . . . .

Arizona

South Dakota . . . .
South Dakota. . . . .
Pennsylvania .
North Carolina-Tennessee . .
North Dakota-Minnesota . .
‘Tennessee-North Garolina. .
Arkansas-Missouri
Golorado
Pennsylvania . . . .
Oklahoma (Ind. T.) .
Pennsylvania ..
North Garolina-Tennessee. .
Pennsylvania
Arizona. . . ... .. ..
Wyoming-South Dakota, . . .
Wyo.-S. Dak.-Mont
Arizona
Colorado
Golorado ... ...
Oklahoma (Ind. T.) .
Pennsylvania . . . .
Pennsylvania . . ..
Golorado A
Maryland-Virginia .
Del.-Md.-N. J
California

Washington
Wisconsin

North Garolina-Tennessee . . |
Pennsylvania . . .......
Wisconsin-lowa-Illinois . . .
Pennsylvania . ........
N. Carolina-S. Garolina . . .
Missouri-Kansas . .
Maine . .......
Wyoming . ..... .
Tennessee-North Carolina
Md.-D. C
Colorado . . .. ...
Ark.-Okla. (Ind. T.) .
Michigan. . .. ........
S. Dak.-Nebr.-lowa . . ...
New Jersey-New York
Maine
Kansas
Md.-Pa.-W. Va. . . .
New Jersey
Pa.-N. J.-Del . . . .
California

South Dakota . . . .
Texas ........ ..
New Jersey-Pennsylvania . .
North Dakota . . . ......
New York . . .........
Pennsylvania . . .. -
Golorado . . .. ........
Pennsylvania-New York
Wyoming . ..........
Pennsylvania . .
Alabama
Pennsylvania
Pennsylvania
Pennsylvania . . . .
Md.-W. Va.-Pa .
Pennsylvania . . . . -
North Dakota . .. ......
Maryland
Texas . .......
Ky.-W. Va.-Ohio . .
Ilinois . . . ....
Colorado .

Illinois
Pennsylvania . . . .
New York
New Jersey . . . .
Maine
Galifornia
Texas
Illinois
Montana .

Minnesota
Arkansas-Missouri
Colorado

Missouri-Kansas . .
New Mexico
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| Octavo editions of these folios may be had at same price.
9 Octavo editions only of these folios are in stock.

§ These folios are also published in octavo form at 50 cents each, except No. 193,
which is 75 cents.





