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FOREWORD

This paper is one of several prepared for the Field Division
of Education of the National Park Service during the CTA period
of 193%-%4. TIts purpose was to provide preliminary information
for the preparation of geological exhibits at museums in South-
western National Parks and Monuments and to serve as the first
step in the compilation of a general manual for travelers to
the region who should be interested in the broad general outlines
of Southwestiern geology. :

Inasmuch as this paper was one of the last to be prepared by
the author during the work period, as well as the jurposes for
which it was intended, it is to be regarded es ouly the briefest
summation of the outstanding features of Southwestern Geology.
It is essentially a compilation of published data in convenient
form in the preparation of which there was necessarily
considerable selection of data. Opinions may easily vary as to
what constitute the major features of the geology of a region
so varied and e:tensive as the Southwest.

Despite its limitations this paper may well serve as a
simple introduction to the area in guestion. Although prepared
primarily for use in the museum laboratories and by field officers
of the National Park Service, so many recuests for copies have
been received that it hac seemed worthwhile to make the paper
more generally available by producing it in this mimeographed
form. A special effort was made to compile an extensive and
significant bibliography which should be of value.

In order to save time and expense in mimeograpning, foot-
notes have been reduced to a minimum ang most citations are in-
cluded in the text in parentheses. Statements made are documented
for the most psrt but in some cases may represent a synthesis

of existing opiaions.

Credit is due the California State Emergency Relief
Administration for providing the workers who have made the
mimeographing of this paper possible.
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Introduction

This report has been preparcd under the direction of the
museun staff of the Field Division of Education of the
National Park Service at Berkeley. . Its immediate purpose is to
bring together a more or less generalized body of information
on the geology and paleontology -of the Southwestern United
Stetes. This information has been compiled from the literature
as the initial step in the preparation of a proposed guidebook
of this region.  Since the geology is to constitute only &
chapter in this guidebook along with others on the geography,
ethnology, biology and anthropology, introductory remarks on
the location and general character of the region have purposely
been omitted. The material herein contained is mainly in the
form of extracts from various publications dealing with the
geology and paleontology of this region. The original intention
was to present the results in two parts; the first, consisting of
a resume of the geological history of the Southwest as a whole;
and, second, a discussion of selected local areas, especially
the national parks and monuments within the region, which
illustrate particularly well the various phases of the history
and the geological processes at work here. However, due to
the briof time available, it has besen impossible to complete
oeven the first portion of that which was originally intended.
Many important ovents have not been touched upon and many of
those only mentioned nced further elaboration.







DESCRIPTIVE GEQLOGY
Introduction

, The geologic formations so well displayed in the
labyrinths of deep canyons, the cliffed and terraced mesas,
and in barren rocky Jjumbles of the mountainous areac of the
Scutihwest, prssent a rasord of geologle history remarkable
in ite completeness and leztent with intriguing events. In
this region of Nor+h Amorica oll five of the great eras which
have been rucognized in geclogic time are representod, ranging
from the oldest ¥mown Archeozoic rocks through to those of the
Conozoic. Although o complute section of the rocks cannot bo
seen in any one loeality, by tracing the rocks acrose the
country five grzat terrunes are reccgunized. %he older rep-
resenting the firet two eras of geoliogic time, the Archeozcic
ané Proterosoic, are shrouded in mystery, for sthey are of such.
great antiquity that it is excesdingly difficult to pilsce
together the fragmentary record. We do know that a tromendous
length of time is representod by these formations; 1t has been
estimated that the Archeozoic and Proterozoic represcent three-
fourths of all of grologic times When we recall that by the
latost mothod of dotormining the age of the oldest rocks of the
garth, by means of the radiocactive minerals, an approximate
figure of twe billion yeers has peen arrived at, the time
allotted to the first two eras is almost beyond comprehension.

Overlying these pre-Cambrian rocks are between 15,000 and
20,000 feat of sandstones, shales, limestones and volcanic
rocks which represznt the Paleozouic, Mgsozolc and Cenozoic cras.
Thescs rocks contain a varied rccord of many invasions of the
sca over this region, 2ach travsgrescion bringing with it its
chaerczctoristic fannas which lived ena dicd, often leaving its
shelly or bony material as unmistakable evidence of its
existence. In other places we sce evidence of the o0ld sea-
shores resulting from the advance and retreat of the waters
caused by slow undulating movements of the land up and down.
Or again we find eovidences of azncisnt sand dunes, testifying
to times of distinet aridity; or of the flood plain deposits
of wide rivers and streams which meandsred their way across
land surfaccs that were free from mountalins and rough
topogravhy which cre so familisr & portv of the scene todays.

In these land-laid denosits, usually referred to as red beds
because of their frequent red color, duec to the complete



oxidation of minute amounts of dissemirzted  iron, are occasionally
found the skulls and skeletons of queer animals which have long been
extinet, or great petrified logs or thick beds of coal which have

long been extinct, or great petrified logs or thick beds of coal
which present undeniable evidence of the existence of great forests
during times when the climate was more equable and moist. At other
times, especially in the late Cenozoic era, subterranean fires, eating
their way through the superincumbent masses of sediments, burst forth
on the surface to build up great heaps of volcanic ash and lava flows,
forming volcanic cones or piling up to build thick sheets of lava.

Thus, if we but take time to perceive the secrets contained in
these vast piles of rocks, we are rewarded by the revelation of a
story of unsurpassed interest, a story which as yet is far from
complete, and perhaps for thet reason all the more intergsting.
Many now unknown animals and plants remain to be discovered to give
us not only 2 fuller knowledge of the fauna and fiora of these past
times, but also to give more indication of the physical conditions
prevailing at the time.

The First Great Era
{Archeozoic Era)

This is the oldest group of rocks that the geologist has been
able to recognize. It is a complex of a great many different kinds
of rocks which have been metamorphosed by great heat and pressure,
being folded and squeezed by no% one, but several periods of mountain
building, until it is almost impossible to determine the relations of
the original units to one another. It is very probable that two or
more eras are represented in this complex; however, until a great
deal more. detailed work has been done on these rocks we can only con-
sider it as a single great group which represents perhaps over half
of all of gsologic time. '

This group of rocks is presumably world wide in its distribution;
however, over the greater portion of the continents it is deeply
buried beneath younger deposits. The areas where these rocks are
exposed are of two sorts, the first over rather large areas of the
continents which represent the nuclei of the continents, being areas
which have remained essentimlly land areas throughout the remainder
of geologic time and have therefore been undergoing erosion rather
than sedimentation. The second sort of exposures are the cores of
mountain ranges or areas of great uplift where the erosion has been
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able to strip off the overlying cover to great depths. The
latter is the type of exposure of these ancient rocks in the
Southwest. The most notable outcrop of Archean rocks in the
Southwest is that of the inner gorge of the Grand Canyon
where they have been called the Vishnu Schists. The exposure
of these rocks here is the result of the deep trench made

by the Colorado River in ite journey across that great
uplifted area known as the Colorado Plateau. They are
revealed in the bottom of the canyon for much of the

distance from the mouth of Marble Canyon to the Grand Wash
Cliffs, and their outcrop extends far southward along these
cliffs and the Cottonwood and Aquarius cliffs and the Juniper

Mountains.

014 quartzites appear also at various points, notably in
the Mazatzal Mountains and in the Verde Valley, as well a&s
along the exis of the Defiance Uplift, about 75 miles north-
east of Holbrook. A large area of pre-Cambrian crystalline
rocks has been mapped in south-central Yavapai County and
these rocks have been called the Yavapal schists, while in
the Globe-Ray region they have been called the Pinal schists.

‘These rocks are also represented in the Buckskin Mountains of

northern Yuma County, Arizona.

In New Mexlco these rocks are bared in the southern
prologation of the Rocky Mountains, in Sandia, Manzano,
Nacimiento, Burro, Mimbres, Cooks, Lamitar, Ladrones,
Oscura, San Andres, Magdalena, Fre Gristobal, and Sierra
Caballo uplifts, in the region between Ojo Caliente and
Brazos Pesk, and in small areas in the west front of the
Sacramento Mountains, in the Hatchet Mountains, in the hills
east of Socorro, in the Klondike Hills, in the ridge northwest
of Silver City, in Lone Mountain, and near Hanover, as well
as in the Zuni Mountains and the Hills of Pedernal. 1In
southern Nevada, Archeozoic rocks constitute a large part of
the Eldorado Range, and in Southern California are known in
the Inyo Mountains and in the Bristol Mountains near Cadiz.

Throughout the Southwest the Archeozoic rocks are a crystal-
line complex which include granites of considerable variety,
quartz diorites, gneisses of various kinds, and schists, in large
rart representing metemorphosed sedimentary rocks but in part
derived from intrusive and ext%rwsive igneous rocks of considerable

range in character.



The Archeozoic rocks have as yet yielded no definite fossil
remains, although it is genecrally belieoved that life existed on
the oarth at that tiie, being madc up of primitive forms mostly
microsecopic in size. However, if substuntial remains had been left
these would have been largely destroyed by the intense deformation
of the rocks.

The Second Greal Zra
(Proturozoic)

The second great terranc of rocks recognized by the geologist
Tepresents perhaps a quartor of all geologic time. This long
interval of earth history has been designated the Proterozoic era,
or Algonkian. Although these rocks have a much more limited distri- .
bution in the Southmest than the Archeozoic rocks, they constitute
a thick series of sandstoncs, conglamerates, shales and limestones
or dolomitass, with included igneous rocks. Thesc rocks are
excellently exposed in the Grand Canyon region of Northern Arizona
and in Southern Nevada where they have beon called the Grand Canyon
scries. In Contral Arizona about a thousand fect of sandstone,
conglomerats, shalc and limestonc arc known to overlie the Archeozoic
rocks of that region, and are in turn overlain by the Cambrian. This
greup of rocks has beoen referred to as the Apache group and is
bclievad to have been formmed contemporanecusly with the Grand Canyon
series.

The line of contact between the Archeozoic and Protsrozoic
rocks is extromely interssting. The Archeozoic beds of both the
Grand Canvon region and Central Arizona arvc gencrally only slightly
distuxbed frow their normal horizontal position. The line of contact
with the Archeozoie rocks is an almost plane surface. During the
interval betisen the formation of the Archeozoic and Protcrozoic rocks
there must have been time enough for corcsion to completely wear down
the groestv nountains which were duilt during the Archeozcic to form a
nearly level peneplaincd surface at an elovation near sca level. Only
the groas Tolds and distortions of the archeozoic rocks below this
plained off surfacc, roprescenting the roots of these old mountains,
ranain to tostify their onc-tiiic majesty.

The Algonkian rocks of tho Grand Canyon were studied by
Falcott in 1882~3, and he recognized in them two divisions which were
termed the Unkar (lowoer) and Chuar (uppoer) groups.

These two groups have a total thickness of nesarly 12,000 feet,
and may be suen in the dopths of the Grand Canyon at various points
between Tapcats Crcck and Nunkowcap Valley, the largest area being
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in the bend of the canyon nesr the mouth of the Little Colorado
River and in Bright Angel and Shinumo Valleys. Smaller exposures
occur in Hindu and Ottoman amphitheater., Vishnu Creek; West
Vishnu Creek, Phantom Creek and opposite Havasupai Point.

These rocks consist largely of brilliant red shale and
sandstone, with conglomerates formed mostly of pcbbles, and
gray limestones, bel ieved to have been formed mainly by lime-
secreting plants. There are also igneous members, especiolly in
the upper part where they attain a thickness of 800 feet, consist-
ing largely of amygdular basalts. These evidently represent the
surface flows of lavas. The lower strata are invaded by sills
of diabase, and in some of the limestone the action of this
hot igneous material on the limestone produced asbestos deposits
which have been prospectede :

The upper group of the Grand Canyon series which has been
named the Chusr, appears only in the Chuar, Kwagunt, and
Nunkoweap /alleys and thelr vicinity. It consists principally
of dark brown or gray sandy shale, with beds of brown or reddish-
brown sandstone and limestones. ‘

WJalcott found fossils in the Chuar rocks which suggested
early Combrian age for the group. However, it was believed that
the great break (engular unconformity) between the Chuar
succession and the overlying Tonto sandstone (Upper Cambrian)
was -indicative of a much greater age, so the group is classed
as Algonkian.

In “entral Arizona, the Algonkian is believed to be
represented by about 1000 feet of sandstone, conglomerate,
shale, and limestone which, as was mentioned before, belongs to
the Apache group. Especially the lower portion of this group
has been intruded by sills of diabase. This group is exposed
in the Globe-Ray district, at the Roosevelt Dam, and in the
Sierra Ancha. In most of the area the fommations compnsing
the Amche group lie nearly horizontal, but locully they are
tilted by flextures which also involve later deposits. The
Apache Group has been classed as Cambrian by Ransome on the
basis of lithology. Walcott, Lee, and Darton, however, regard
this series to be the same as the Grand Canyon serics, with
the exception of the uppermost member, the Troy Guartzite, which
seems to be Middle or Upper Cumbrian. The group as thus
restricted comprises the WMescal limestone, Dripping spring



quartzite, Barnes conglomerate, Pionecer shale, and the Scanlan
conglomerate. During recent years there is an increasing tendency

to consider the group thus restricted as equivalent to the Unkar.

group. Both the Apache group and the Unkar group are charactoristically
associated with intrusive disbase, largely in the form of sills, and

the principal asbestos deposits of Arizona arse found st the contacts of
this diabase-with calrsrenusmenmbers of the groups.

In interpreting the physical conditions of this region during
Algonkian time wo are somewhal haundicepped in not having, except in &
few cases, fossil organisms present in the rocks. The limsstones, and
probably « large part of the shales and quartzites, were deposited in
shallow marine water, but part of the sandy shale znd sandstone is
bright red and its bedding plaues ure so sxtensively marked by mud
cracks as to imply deposition on a low flood plain or delta surface,
where exposures botween flood swusons allowed the muds to dry and
crack. Some of the sands are cross-bedded and ripple-marked, boaring
witness to current action. The rogion was apparently one of a great
delta plain over which subagrial and submarine deposition slternated.
The great thicknesses of such scdiments obviously formed near sea
level, proves that the region subsided slowly during the period of
deposition. The beds dip gently, but are no more altered than the
Cambrian rocks above; yot they zre for the most part destitute of
fossils or other cvidences of lifs. Some of the limy beds, however,
have hemispheric or nodular structurss with a fine concentric
lamination that closely resemble tho doposit made by the modern
lime-secreting algae. Thess algae deposits are among the oldest of
all known fossils, and it is significant that thev represent one of
the lowest types of lifc. Isolated spicules of silicous sponges, which
once lived in the sea, have also been reported from the upper part of
the Grand Canyon system.

The line of junctursc betwcen the deposits of the second great
era, the Algonkian, and the third great eora, the Paleozoie, represents
a second great unconfommity. This is oxcellently displayed in the
Grand Canyon, where below tho unconformity lie the older, Algonkian
formations, in a series of gre«t fault blocks; gbove it lie the nearly
horizontal Cambrisn beds with significont fossils. If the sroded parts
of these greut fault blocks could be restored they would form a range
of mountains excoeding two miles in height. In its lower course the
Grand Canyon cuts across a hulf-dozen of these great wedges thuat bear
Wwitness to a system of block mountaing of impressive magnitute formed
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here after the deposition of the Grand Canyon system and before
that of the Combrian, The lost interval represented by the
unconformity was sufficient to allow for the complete destruction
of the ranges by the ¥edious process of erosior, aon interval whose
duration was undoubtedly some tens of millicns eof years long.

The Third Great Era of Geologic Time
' {Paleozoic Era)

, In general, it may be said that the Third great era is marked
in the Southwest by the graducl submergence of an extensive land-
area and the gradusl encroachment of a great sea from the south.
This submergence was not uniformly developed through the entire
area, and it was marked by many fluctuations, at times the sea

being almost completely withdrawn. Howsver, with ench new incursicn
the sea seems to have extended farther and farther over the remain-
ing portions of the 0ld pre-Cambrian lands until finally, before

the close of the Paleozoic, the entire southwest was inundated.

This progressive overlep is especially well shown in New Mexico,
where, in the southern part of the state, the older Faleozoic rocks
are represented, However, as these are traced ncrthward, they thin
and gradually disappear, in general the formations of each success-
ively younger period extending farther and forther tc the north,

In the ncrthern part of the state the veunger Faleozoic rocks rest
directly upon the old Pre~Cambrian rocks, the intervening formations

being lacking.

The floor of c¢ld pre-Combrian rocks upon which the sea
encroached was not worn down by erosion to & plain, It was an
unduleting surface, containing a number of reother persistent ridges.
One of these o0ld ridges of crystalline rocks is known in the Zuni
Mountains region and is believed to have extended into Northeastern
Arizona and accounts for the omly outcrop of pre~Cambrian rocks in
that general region. Here the Supai red beds of Permian age rest
directly upon the pre-Cambrian crystalline rocks.,

Peleozoic time was extremely long, enduring something like
340,000,000 years, 4 study of this great terrane the world over
has revexled at least seven usually distinct divisicns which are
called periods, The events of this ers ore o varied that it seems
best to take them up by periods.



Cambrian Period

A large part of Arizcna is occuried by rccks of Cambrien age,
mostly belonging to the late Cambrian. It is well represented 4n
the Tonto group exposed in the lower part of the Grand Janyon by
about a thousand feet of beds. The formations constituting this
group are well exposed from Marble Canyon to the lower end of the
Grand Canyon and in a wide area of plateau country to the west and
south. The upper formations of this group thin out in the Juniper
Mountains south of Seligman, but the lower sandstone is conspicuous
in the Jerome region and is believed to be rerresented in the Tonto
Basin.

In the Grand Canyon region and along the western and southern
margin of the Arizona Plateau, the lower sandstone lies on the
smooth surface of the pre-Cambrian granite and schist. From. Tapeats
Creek, at intervals, to Marble Canyon, it lies mcross the planed-
off edges of the tilted Grand Canyon series; however, in places,
ridges of the older rocks, several hundred feet high, project through
the sandstone into the shale which overlies it. In the Grand Canyon
region these overlying shales are of a greenish color and contain thin-
bedded sandstones and snuff-colored dolomite. They are in turn
overlain by thin-bedded limestone and massive dolomite.

In the Clifton-Morenci district the basal Paleozoic strata have
been called the Coronado quartzite, consisting chiefly of brown, pink,
and maroon-colored quartzite which is conglcmeritec at the base and
varying in thickness from 100 to 250 feet. This formation caps
Coronado Mountain and ether summits.of Coronado Ridge. Rather scarce
fossils are indicative of Cambrian age.

In gouthern Arizona in the Tombstone and Bishee regions, the
Cambrian is believed to be represented by the Bolsa quartzite, which
consists of about 430 feet of pebbly conglomerate and quartzite. No
fossils have been found, but from its character and stratigraphic
rosition it is believed to represent a portien c¢f the Upper Cambrian.
Overlying the Bolsa quertzite in this region is a limestone succession
~ralled the Abrigo limestone which contains fossils of Upper Cambrian
age.

The Cambrian of New Mexico is represented by the Bliss sandstone of
Uprper Cambrian age. It is a prominent feature of the Franklin Mountains
of Texns snd New Mexico and other ranges of south~central and Southwestern

-
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Now Mexico. It thins out just north of the San Andres Mountains
and is believed not to oxtend north of latitude 33 degroes 30
minutes in the western part of the state. It is exposed in the
Hatchet Mountains, Florida lMountains, Cooks Range, Mimbres
Mountains, and Silver City region.

The formation consists most generally of a brownish or
grayish sandstone, often with beds of conglomerate at the base.
In some places work borings are abundant and the beds freguently
contain Brgchiopod shells.

Cambrian rocks are also knmown fram Southern Colorado, in the
San Juan Mounteins, in Southwestern Utah, Southern and testern
Nevada and from the Invo Range of Southern California. Southern
California, Eastern Califoraia, Nevada and ‘festern Utah are located
along an ancient seaway which extended from Southoru California
northward through Zastern Alaska where it connected mith the
Arctic. This lowland %rough wmhieh now constitutes the Rocky
Mountain region, and into which the ssas often spread during the
Paleozoic and Mesozoic eras, is generally roferrsd to as tho
Cordilleran geosyncline. In the conter and duepest portion ot
this trough, wacre the seas first entorsd the trou«h it was
gradually sumerged below sca lovel, the most camplete record of
sedimentation being represented. A branch from this westorn
seaway seclis to have oxtended castward across Northorn Mexico and
Southern Arizona and New Mexico into Texas and Oklahoma, Theo
lower Cambrian seas ssem to have been largely restricted to the
southern portion of the Cordilleran geosyncline and lying between,
but not extending beyond, the 111th and 118th meridians. The
extent of the passasge connscting with the Pacific is unknown, but
it was probably an unobstructed mide channel affording free
ingress for the ocean waters and feunse. The broadest known portion
of the sea was across Jestern Utah and ovada intc California, whors
the lower Cambrian beds have been found in localities 300 to 350
miles apart.

In early middle Cambrian ti © the sca widened somsvhat and in
upper Cambrian it spread to tho eastward into the Colorado region
to connect with the Mississippian sea on the North and across
Arizona, New Mexico and Texas to join it on the south,

In the absence of all traces of land plants znd terrzstrial
animal life in Czmbrian rocks, the eriteria for the determination
of climatic conditions ars limited to the terrigenous sedirents and



the eharacter of the marine life. With the incursion of the marine
lower Cambrian sea, warm conditions are indicated by the presence

of calcarsous beds containing brachiopods and trilobites associated
with the coral-like Archaeocyathinae of world-wide distribution, a
type which, lirxe modern corals, probably requires a temperature

above 68 degrees. There is also an almost total absence of red
sandstones and shales throughout the Cambrian series of strata. 1In
the Cordilleran region a cold period appears to be indicated in the
barren arenaceous limestone between the highly fossiliferous upper
Olenelius beds of the lower Cambrian and the fossilifercous limsstones
fear the base of the middle Cambrian. The great change of the faunas
at this horizon is very marked. The sbundant and varied marine
faunas during middle Cambrian tire point to temperate waters and
climate throughout the Cordilleran province from Nevada to the Aretic
. "cean, .eand the same is true of the late upper €ambrian, although the
latter epoch was one of shifting strandlines and changing conditions
of sedimentation.

The Cembrian ‘sea: swarmed with a great variety of invertebrate
animels, representing nearly all of the great ph la of the animal
kingdom, except the vVertebrates. The dominant forms were Trilobites,
swinmming and groveling crustaceans of predaceous and scavenging
habits, which became so numerous and varied as to mske up fully /0%
of the known fauna. They were the most highly developed forms of
their day, however small, generally ranging between 1 and 3 or 4 inches
in length. Next in importance to the trilobites came the brachiopods.

Thirine the Anwvlyv an”d ms . e ] L
uring the zarly and middlc cpochs of tho Cambrian these wors mostly

very small, primitive types but in places very numcrous. In late
Cambrian more progressive types arc found with thicker, mors calcar-
eous shells. The irchaeocyathidae played the role of reef-forming
corals in early Cambrian scas and were almost confined to that epoch.
Their biologic relationships arc problematical. The conc or cup-
shaped hard parts ranged up to cleven inehes in longth. The calcargous
algae were small but abundant during Cambrian time, sometimes building
gmall reefs.

Even though it is now established that a great variety of animals
must have existed in the Proterozoie, the suddon appearance of
abundant fossils in the Cambrian is remarkable. Tha Proterozoic
fossils are chiefly those of lowly, lime-secreting algas, with only
very rare representatives of three animal phyla, the proterozoa, the
sponges, and worms; but the Cambrian strata of North America alone
have yielded at least 1200 different kinds of animals including
reprosentatives of foraminifers, sponges, coclentorates,

10
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worms, brachiopods, gestropods, echinoderms, and arthropods.

The difference implies that some great change had taken place in
the organization of animals during the interval between the
Proterozoic and Cambrian. This undoubtedly involved the use of
external armor in the form of shells of chitin or calcium
carbonate. The presence of such specialized forms as the
trilobites, and representatives of the molluscan phylum would
surely indicate that life had existed on the earth long before
the Cambrian and that probably far more than half the drama of
evolution had been enacted before Cambrlan time.

Ordovician Period

In New Mexico, strata of Ordovician age appear rather
extensively in the mountains and ridges in the southeastern part
of the state. These strata comprise the lower Ordovician E1
Paso limestone and the upper COrdovician Montoya limestone. As
traced to the north, these formations thin out near latitude
34 degrees. The El Paso limestone appears to grade down into
the Bliss sandstone (Cambrian), but it is separated from the
Montoya limestone by a break in sedimentation, representing
part of Ordovician time, and the Montoya limestone is limited
above by a break representing an interval of unknown duration.

In the Franklin Mountains, the El Paso limestone consists
of about 1000 feet of magnesian gray limestone. The surface
of many layers is covered by thin reticullating brown deposits
of silica, and most of the rocks weather to a pale gray tint--
two features which are distinctive of this formation throughout
Southwestern New Mexico. This formation may also be seen
along the east front of the San Andres Mountains (300 feet),
in the west face of the Sacramento Mountains, southeast of
Aleamogordo (250 feet), in the west face of the Sierra Caballo
(300-400 feet), in the lake Valley district and the Mimbres
Mountains (about 200 feet), in the €ooks Range (600 feet),
about Silver City and Hanover in the Florida Mountains (800
feet) in the Klondike Hills and Victorio Mountains (640 feet),
in the Hatchett Mountains (500 feet), in the Snake Hills, and
in a small outecrop in the Peloncillo Mountains, north of
Granite Gap.

Fossils are not numerous in the El1 Paso limestone, and
most of those obtained came from the medial and upper beds. A
small coiled shell, Ophileta is the most common. The fossils from
this formatjon were regarded by Ulrich and Kirk as correlative of
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the late Beckmantown time and at some localities as perhaps also
Chazy time. The liontoya limestone, of latest Ordovieian (Richmond)
age, underiies the portion of New Moxico south of latitude 33

- degrees, and may extend farther north bencath overiapping formations.
The thickness rangzs from 200 to 300 foet, comsisting of two parts,

& lower member of dark-colored massive limestone, in places sandy,
and an upper member of slabby beds, with many thin layers of chert.
The usual outcrop is a dark cliff in the mountainside. The fommation
is oxposed slong the cast slops of the Franklin Mountains, the Cooks
Range in the Snake Hills, in the Klondiks Hills, in the Silver City
region, in the Sierrs Csballo and Finbres Mountains, at Lake Valley,
prominent slong tho sastoard facing escarpment of San Andres
Mountains, the southern Oscurs Mountains, in the Sacramento Mountains
and the Hatchet Mountains. Fossils oceur throughout the IMNontoya
limestone &t nearly all gxposurcs, consisting largsly of Brachiopods
7ith somo corals.

It is gensrally believod thut the Ordovici:n baeds of Naw Mexico
cxtend wastiard and underlic a large part of Bastern Now Mexico.
In tho Morenei aistrict Ordovieian streta have bzen idsntified and
rererred to as the Longfeilow limsstonc. It consists of about
400 feot of liwcstons, more or luss dolomitic, being more silicoous
in the lower thun in the upper beds. It forms bluffs along the
San Francisco River above Clifon and occurs in faulted bloeks at
the foot of Copper King Mountains, cast and south of Yorenci, and
north of Gold Cresk, on the slope toward Saglc Creck. Ths lower
portion of the Longfellow liuuestone contains fossils of Cambrian
age while the upper portion contains a number of lover Ordovician
(Beckmantown) forms. The formation probably reprasents sedimentation,
extending from late Cambrian into carly Ordovician time, although
there may be an unrecogrized bresk in this ssquence.

Ordovician Rocks are belisved to be represented in the Goodsprings
dolomite o Southern Nevada. Fossil evidencs, obtained about 10,000
to 12,000 fewet below the top -of this formation, is believed to in-
dicate Early Crdovieian Age. Tho lowsr portion of this formation is
beliecved to be Cambrian, and the upper portion Silurisn and Degvonian.

Ordovician strata have also been racognized in the Inyo Mountains
north of Gwens Lake, California.

from the distribution of the Crdovician roecks in the southwest,
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it is inferred that during early Ordovician time the waters from
the Pacific COcean spread into the Cordilleran geosyncline across
Southern California, most of Hevada, Western Utah, and northward.
Also an eastwardly extending embayment allowed the seas to trans-
gress across Northern Mexico and extend into Southeastern Arizona
and Southern New Mexico. The seas were somewhat restricted in
this region during the middle Ordovician, but during the upper
Ordovician they had almost the same distribution in the southwest
as during lower Ordovician time.

Fro~ the distribution and character of the faunas of Ordovician
time, and from the wide distribution of limestones and dolomites it
seems quite clear that this was a time of warm climate, lacking
marked climatic zones., Limestones and dolomites containing forms
believed restricted to warm seas are known far to the north within
the Arctic Circle. '

Silurign Period

The rocks representing the Silurian period are extremely re-
stricted in their distribution in the southwest. A small portion
of Silurian time is represented by the Fusselman, which is con-
fined to the part of New Mexico south of Latitude 33 degrees. It
is represented in the Franklin Mountains by 1000 feet of strata,
and 1s of considerable topographic prominence. In the Cooks Range,

‘near Lake Valley, it is about 200 feet thick, in the Sacramento

Mountains 100 to 130 fewt, near Silver City 40 feet, in the Hatchet
and Victorio Mountains 100 feet or more, and in the San Andres
Mountains it ranges from 220 to 120 feet, but thins out rapidly a
short distance north of latitude 33 degrees.

The formation overlies the Montoya limestone (Ordovician) un-
conformably showing that this region was subject to erosion follow-
ing the Upper Ordovician.

Fossils are rare in the Fusselman limestone, the mopst common
form being a brachiopod, Pentamerus; but many corals occur in
places, notably in the knoll on the south side of Mine Hill, in
the Vietorio Mountalns,

No strata of Silurian age have been found in Arizona and this
period appears to be represented here mainly by erosion, this region,
at that time constituting a land area. It is not unlikely that the
Fusselman limestone may extend into the extreme eastern part of
Arizona, but is covered by desert fill and volcanic rocks,
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Devonian Period

The Devonian system is represented in Southern New ilexico
by @ widespread deposit of black shale named the Percha shale,
from Percha Creck near Kingston., It represents a portion of
later Devonian time, and, although accordant in attitude with
the overlying and underlying formations, it is separated from
thom by breaks of sedimentation, It is absent in the Franklin
Mountuins and apparcntly also in the Permian overlap in the
Florida aand Victorio Mountains., It atbtains a thickness of neariy
500 feet in part of the Silver City region, but is less than half
as thick in the Cooks Range and Sierra Caballo, and the Mimbres
and Hatchet Mountains, 160 feet at Lake Valley, and about 100
feet in the San Andres and Sacramento Mounteains. It thins out
in the northern part of the San Andres Mountains, but probably
is represented by some red shale overlying Montoya stirata in the
southern part of the Ascura Mountains, It is absent in the
Magdalena Mountains and other ranges in central and northern
New Mexico, In most places the lower beds are fissile shales, and
the upper beds of gray shale contain layers of slabby and nodular
limestone,

Limestones of later Devonian age have been found et many
places in Arizona., They have not boen recognized in the south-
western corncr of the state wost of longitude 112 degrecs, but
may be present in the succession of more or less metamorphosed

3 v * o 3 =1 e - ral 1
limestones in that region. They have been found on Canyon Crosk,

Gila County. Beds of this age ars absent in the northeastern
part of Arizona, where in the Defiance uplift region, at least,
the Permian rocks lie directly against the Pre~Cambrian, but
their absence herc may be due to removal by erosion in early or
middle Carboniferous time.

Remnants of Devonian strata have been found at several places
in the Grand Canyon, where thc formation is known as Temple Butte
limestone from its occurrence in Temple Butte, a plateau remnant
lying betweon Chuar Valley and the Colorado River, a short dis~
tance below the mouth of the Litile Colorado River. At Kanab
Creek thevy consist of purple and cream limestone and sandstone,
passing upward into gray calciferous sandstone, lying on a very
irrezular surface of the Mauv limestone (Cambrian). In the Grand
Canyon, east of the Kiabab plateau, the Temple Butte limestone
is in places entirely absent, either through erosion or non-
deposition, so that the Redwall limestone (Mississippian) rests
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directly on the massive calciferous strata of the upper Tonto
(Cambrian)., It rarely has a thickness of more than 100 feet.
Noble recognized many occurrences of remnants of Devonian strata,
mostly occupying channels in the eroded upper surface of the Mauv
limestone. There is & good deal of variation in the character of
the beds from place to place, the beds being in lenticular layers,
commonly wedging out in less than 100 feet with many local uncon-
formities. The prevailing color of the Temple Butte limestone is
purplish or purplish-gray, while some beds are yellowish or green,
and others are white or cream. Cross bedding and a peculiay gnarled
structure are common. :

In the vicinity of Clifton and Morenci the Devonian is rep-
resented by shale and limestone which has been called the Morenci
formation. ° These formations are believed to represent the west-
ward continuation of the Percha shale of New Mexico. The Morenci
formation consists of about 100 feet of dark fissile shale under-
lain in most places by 75 feet of fine-grained impure limestone.
The best exposures are about Morenci, on the San Francisco River,
above -Clifton, near Garfield Gulch, in slopes north of Coronado
Mountain, and at the head of the south fork of Sardine Creek. The
formation is accordant in attitude with the inclosing limestones
of Ordivician age below and Mississippien age above, although
separated by unconformities represcnting long periods of time.

In central and southern Arizona the Devonian rocks are known
as the Martin limestone, named from Mount Martin near Bisbee. The
formation is exposed in the Escabrosa ricgu in the Bisbee region,
and in the line of ridges cxtending from Mt. Rielly to Gold Hill.
They consist largely of dark gray, compact limestone in moderately
massive beds, with somo slabby and shaly members particularly in
the lower part. The thickness is 300 to 350 feet. In the Jerome
area these rocks rest upon the Cambrian Tapeats sandstone and con-
sist .of thin-bedded, light yellow and gray limestones, some of
which are quite sandy. The total thickness here is about 500
feet. Limestones of Devonian age occur at various places in the
Empire Mountains, in the Santa Rita Mountains near Helvetia and
southwest of Greaterville, and on the eastern slopes of the Pata-
gonian Mountains. They also appear to extend along the northeast
slopes of Canelo Hills, They have been identified by Darton in
the Salt River basin, Black River Valley, Nantes and Mogollon
plateaus, Galiuro, eastern Mescal, Whetstone, Dragoon, Santa Cata-
lina, Tucson, Slate Mountains, and possibly also the Sieretta
Mountains. They may yet be discovered in the Vekol Range, It is
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believed that the Martin limestone is the westward contvinuation
of the Percha shales of New Mexico, pussibly haviag been formed
in the clecarer waters of the embayment.

Fossils are quite numerous in most of the Devonian formations
of the gouthwest. In the formations of southern New Mexico, and
south and central Arizona they consist of marine invertebrates,
especially brachionods and corals with remains of gastropods,
crinoid stems, and spongess In the Grand Canyon region, fossils
have been obbtained at various places. In the Kanab Creck section
Walcott reported "Placoganoid fishes of Devonian type", while the
beds east of Keibab plateau yielded Cyathophylloid corals, casts
of brachiopods and plates of placoganoid fishes. In Sapphire
Canyon, about 12 miles west of El Tovar, fragmentary material of
Bothriolepis occurs. It seems from the cross-bedded and lenticular
nature that much of the Devonian of the Grand Canyon region Ten-
resents rather near-shore delta deposits. This is also borne out
by the occurrence here Oi the remains of what are supposed to be
fresh~water fishes

In the deeper portions of the Cordilleran geosyncline, ex-
tensive thicknesses of Devonian scdiments were laid down. Thus,
in the Bureka, Nevada section, the Devonian is represented by
4000-6000 feet of limestones and calcareous shales. In the Inyo
Mountains, California, the Devonian includes about 1500 feet of
dark gray to black shales and argillaceous limestones, with
several beds of hard sandst tOne , Bands of black chert are conmon
in the llmvstone, and often carry nunerous fossils of corals,
brachiopods, crinoid stems, etc,

Mississippian Period

Mississippian formations occupy most of the southwestern
part of the state of New Mexico, and probably are nresent undsr
sowe of the southeastern part, but they eppear to be absent in
the Franklin, Florida, and Victorio Mountains. They arc known
generally under the nume of the Lake Valley limestones and are
conspicuous in the Sacramcnto, San Andres, Robledo, Caballo,
Cooks, and Mimbres Mountains, where they consist generally of 100~
200 feet of massive to slabby, mostly coarse-grained, light-
colored limestone. In the Magdalena Mountains and Sierra Ladroncs
the limestones lic on pre-Cambrian granite, but elsewherc they
overlic the Percha shale without discordance in attitude. They
are overlain by limestones of Pennsylvanian age without notable
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difference in attitude, but separated by a break in devosition,
representing a long interval of time.

Fossils have been collected from this limestone at lLake Valley,
and in the Mimbres Mountains, near Kingston, and in other regions;
and they consist mainly of crinoids, corals, and brachiopods.

The Mississippian series has a wide distribution in Arizona.
It is represented in the Grand Canyon by Redwall limestone, where
it forms the most extensive cliffs in the Grand Canyon. It appears
impressively in the canyon of the Virgin River, in the Virgin Mount-
ains, and in the Grand Wash Cliffs, in the northwestern part of
the state, where its thickness approaches 2000 feet, South of the
Grand Canyon it makes a broad bench which extends from Grand Wash
Cliffs to Juniper iountains and Black Mesa, and along the valley of
the Verde through the northeastern part of Yavapai county. It
skirts the base of the Mogollon Cliffs through northern Gila County
and extends up the valleys of the Salt, White, and Black rivers,
and under the Natanes Plateau, nearly to longitude 110 degrees.
It is very thin or absent in the upper part of .Cenyon Creek. In
its southern and southeastern extension it thins greatly, being
about 300 feet thick in Yavapai and Gila counties, where it be-
comes less massive, Characteristic Mississipplan invertebrates
have been found at a number of places.

In the southern part of Arizona, in the Bisbee region, the
limestones overlying the Devonian (Martin limestone) have been
called the Escabrosa limestons. The formation consists of rather
thick-bedded, nearly white to dark-gray, granular limestones, mostly.
of great purity, the total thickness being between 600 and 800
feet. Fraguents of crinoid stems are very abundant, and remains
of corals and shells occur at various horizons. This formation
has also been recognized at Tombstone, and in most of the mount-
ains of southeastern Arizona as far west as the Vekol Range, and
north through the Santa Catalina and Turnbull Mountaing. It is
also present in the Globe-Ray and Roosevelt Dam regions, where it
is included with Pennsylvanian limestones in the Tornado formation.
The Escabrosa limestone represents, according to its contained
fossils, the earlier half of Mississippian time.

The Mississippian is represented in scuthwestern and Central
Colorado by the Leadville limestone. Although conformable with
the underlying Devonian rocks, it is separated from the overlying
Pennsylvanian formations in most places by an unconformity. The
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Leadville limestone is the chief host rock for replacement ore
deposits in Colorado,

The Mississippian is also represented in Utah, Nevada and
southeastern California, principally by deposits of limestone.

Penngylvanian Period

In New llexico the Punnsylvanian period is represented by the
Magdalena group, & thick succession of limestone which is a prom-
inent feature in the Secramento, San 4ndres, Oscura, Franklin,
Caballo, Los Pinos, Sandia, and Manzano Mountains and consti-
tutes a large part of the Sangre de Cristo Mountains. It also
appears in the Magdalona, Ladron, Robledo, Lomitar, Lone, Hatchet,
Cooks, Peloncillo, and Mimbreos Mountains, and the ridges east and
west of Socorro, south and west of Hatchet, and wost and north
of Silver City, and in the uplift of Sante Rita and Hanover. It
underiies a part of the western third of the state, wherc its
limits sre not known. It is abscnt in the Yuni Mountains, in
part of Grant County, in the Pedernal region and in most of north-
ecastern New Mexico.

Limestone is the predominant rock of the Magdalena group,
but interbedded sandstone and shale occur im all sections, and
along the east side of the Ssngre de Cristo Mountains gray and
red sandstoae predominates. Thicknssses range from 900 to 2500
feet, attaining a maximun in parts of the Rocky Mountains.

Fossils occur abundantly in most parts of the Magdalena
group at nearly all localities.

In Arizona the Naco limestone at Bisbee, at least 19500 feet
and possibly as much as 3000 feet thick, was referred originally
to the Pennsylvanian; however, it is now known to contain also
beds of Permian and possible Lower Cretacsous age. Pennsyivanian
limestones are found in the Sante Rita region, and have consider-
eble development in Central Arizona. Farther to the north, in the
plateau and Grand Canyon region, the Calcarsous Pennsylvanian
strata are succeeded by uwore arenaceous beds which have not every-
vhere been definitely separated Trom the Permian portion of the
Supai formation, consgisting mainly of red sandstones and shales,

In Colorado the highlands bordering the Central Colorado
basin and th~ southwestern Colorado “asin were untifte® at the
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end of Mississippian tine. Along the margins of these basins,
Pennsylvanian rocks overlap all of the older formations with
marked unconformity. In the central part of the basins the lowest
Pennsylvanian rocks are marine shales and limestones interbedded
with coaly shales containing abundant plant remains, Grit and
conglomerate overlie the lower member. In the lower part of the
grit series, beds containing a marine Pennsylvanian fauna are inter-
stratified with beds containing Iower Pennsylvanian: floras. Beds
containing a Permian flora appear about 1500 feet from the base of
the Pennsylvanian and overlie a limy member characterized by
Fusulina and threadlike algae. The Permian plant beds are inter-
layered with marine beds containing a fauna which have been con-
sidered of Pennsylvanian aspect. In the northwestern part of the
central Colorado basin the lower Pennsylvanian beds are overlain
by the Weber(?) quartzite of Middle (?)} Pennsylvanian age, which
is succeeded by the Pary City formation, of upper Pennsylvanian
and Permian age., These formations disappear toward the southeast
and are overlapped by Permian grits that apparently rest on the
Weber {?) formation, of Lower Pennsylvanian age throughout central
Colorado. Throughout Colorado the Pennsylvenian grits are char-
acterized by abundant clastic mica and by pre-Cambrian debris.
Gypsum beds are common in the Pennsylvanian strata of central and
southwestern Colorado and several salt domes have been found in
the Paradox Valley region in the southwestern part of the state.

Permian Period

The Permian in New Mexico is represented by the Manzano group,
comprising the Abo sandstone below and the Chupadera formation
above, The Gym limestone of southwestern New Mexico and the Castile
gypsum of southsastern New Mexico may be equivalent to the Chup-
adera in whole or in part. The Permian beds of New ilexico are
both thick and extensive, the moximum total thickness being prob-
ably in excess of 4000 feet. In the castern part of the state,
in the Pecos valley, the Permian contains much salt, gypsum, and
anhydrite, The great caverns near Carlsbad are in Permian lime-
stone. In southeastern Arizona, beds of Pormian age &arc dofin-
itely recognized only in the upper part of the Naco group, but in
southeastern New Mexico they have becn notod near Santa Rita by
Spencer. They constitutc, however, an important part of the strat-
igraphic sequence of the Arizona plateau, wherc the Supai formation,
the Hermit shale, the Coconino sandstone and the Kelbab limestone
arc all regardcd as of Permian ugc.
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Permian rocks are well known in the succession exposed in
the walls of the Grand Canyon, being represented by the Supai
"formation, Hermit shale, Cocopnino sandstons, and the Lelbab lime-
stone. The Supai formation here corsists of a series of massive
cross-bedded, fine-grained, red-stained sandstones, interbedded
with sandy red shale, and ineluding a few beds of calcareous sand,
limestone conglomerate, and cherty limestone. The total thickness
exceeds B00 feet, The alternating sanlstones and shales give a
step-like form to the outcrop. The Supai formation is separated
from the red-wall limestons below and the Fermitv shale above by
planes of unconforaity. Its deposits ars those of river flood
plains within which impressions of ferun-like plants and tracks
of land animals,havs been preserved.

The Hermit snaie of the Grand Canyon is a succession of thin
layers of red, sandy, friable shale, remarkably alike in color,
composition, and bedding. The thickness averages about 300 feet.
From the Hermit shale have been collected impressions of ferns,
cone~-bearing plants, insect wings, and tracks of supposesd sala-
manders.

The Coconino sandstone formz a buff, vertical wall, 300 to

350 feet high, just below the rim of the canyon. It is char-
acterized by uniforn fineness and purity of grain; by persistent
cross-bedding on & huge scale, and by general massiveness. Most
of its beds have the form of interlocking wedges, 10 to 75 feet
thick. A few horivzontal beds ajpear at the base. As at present
interpreted, the Coconino is largely an eolian deposits The
cross-bedding laminae pressrve the tracks of ancestral amphibia.

The Kaibab limestone is the highest stratum in the walls of
the Grand Canyon. It is alsc the basal formation of the platesaus
north and south of the Colorado River, being exceptionally wide-
spread. Vith few interruptions, it forms the surface rock of
the Shivwits, Uinkaret, Kanab, and Kzibab plateans, north of the
Coloradc, and the Coconino plateau south of the river. From the
Beho Cliffsrto the frand Vasih Cliffs, a distance of about 130
miles, it constitutes the rim of the Grand Canyon. It is pre-
dominantly a gray ow buff cherty fossiliferous ersnaceous lime-
stone, with some interbedded sandstone and, localliy, gypsum at
the base. This limestone generally forms raggzed, nearly vertical
cliffs, with recessed grooves, clong the edges of the less re-
sistant beds., The Permian age of the formation is attested by
& marine fauna comprising some 80 species. The limestone is
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800 to 1000 feet thick in the Virgin River Valley, 500 to 600

feet along the rim of the Grand Canyon, 600 to 700 feet thick in
the northern part of the Kiabab Plateau, and 200 to 300 feet about
Flagstaff on the Coconino Plateau. The Kaibeb is conformable with
the underlying Coconino and unconformable with the overlying Moen-
kopi (Lower Triassic).

In generalizing the history of therPermian of the Southwest
it may be said that western Texas and southern New Mexico present
the greatest section of marine Permian known in America and pro-
bably the finest in the world, for interior seas from the Gulf of
Mexico entered across the region, and in their retreat lingered
longest here. As & result, the Permian rocks, which sttain a
thickness of over 7000 feet, are almost entirely marine and large-
ly dolomites and limestones. Their abundant fossils show resem-
blances to those of Italy and the Alps, The dolomites that form
the higher part of the section in the region of the present Guada-
lupe and Glass Mountains appear to have been great reefs or banks
in the entrance to this epiric sea, upon which calcareous deposits
formed, while muds and even salts were deposited in the lagoons
behind them. The abruptness with which these massive dolomites
grade eastward into shales, anhydrite, and salt is remarkable.
Westward and northward the Permian is widely distributed in New
Mexico, Arizona, Nevada, Colorado, Wyoming, Utah, and Ideho, where
it presents largely red-bed facies. At the base, there are locally
thin marine limestones, but these are generally followed by red
shales and sandstones, into which great tongues of massive, pure
quartz sand interfinger. The latest formation to be formed was a
widespread middle Permian limestone, the Kiibab, which marks the
final Permian inundation of the sea& over this region.

Much of the red bed sediment was coming from the Colorado
Mountains (Ancestral Rockies of W.T. Lee) which lay to the north-
east. In places this sand was water-laid, but in other areas it
was blown into dunes.

The Fourth Great

Era
{Mesozoic)

Triassic Period

Triassic rocks are widely distributed throughout Utah, Colo-
rado, Arizona, New Mexico and west Texas. This is the greatest
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area of continental (land-laid) Triassic deposits in North America.
Heres continental red beds prodominate, although marine members of

the older Triassic interfinger from the west. Bright red and
mar- on shales and cross-bedded red sandstones makc colorful landscapes
like the Painted Desert of Arizona. The maximum thickness of these
red beds is found in southwestern Utah and northwestern Arigzona,
mounting to 3000 to 4000 feet, and in goneral the system thins out
to several hundred feet toward the east in Colorado and Wyoming.

Beds of gypsum occur at various horizons in the red shales, expescially
in the eastern and northoastern Parts of the region. There is zlso
considerable volcanic ash in tho red beds of Arizona and Utah. Much
of the detrital sediment came from the old crystaline uplifts of the
Colorado Mountains in Colorado and northern Now Mexico, for the
Triassic formations become coarser grained toward regions like the
Uncompahgre platcau, where they overlap against the ancient granites.

Throughout the Colorado Plateau a three-~fold division is generally
recognizable, ~ a lower Moenkopi formation, a middle Shinarump
comglomsrate member, and an upper Chinle formation. The Moenkopi
formation is a serics of red-brown, brick-red, gray, white, and yellow
gypsiferous sandy shales with inter-bedded layors of earthy vellow
limestone in the lower part, and a conglomeratc of variable composilion
at the base. It lies unconformably above the K&ibal Limestone, and,
like the Kaibab, is present over large areas north and south of the
Colorado Rivser. The Moenkopi forms regularly banded cliffs along the
Virgin River and at Fredonia. At Virgin City, 1775 feet are rep-
resented, in the Little Colorado Valley, 400 fect, at Cedar Mountain,
on the south rim of the Grand Canyon, 480 fecet. The thickening .
Wwestward is accompanied by an inerease in the amount of limestone and
& change in part from arid-climate terrestrial deposits to marine
deposits, with which are associated such fossil forms as Meckoceras
arf, y&_mushbachanum, Bakewellia sp. Myalina n. sp., and f@budomonotis
N. SPp.

The Shinarump conglomerate is a stratum of conglomerate and
coarse sandstone, containing fragments of fossil wood, and it
unconformably overlies the Moenkopi. Its Position as a resistant
bed between the soft shale of the Moenkopi and Chinle formation gives
it particular pbrominence, though in few places 1s it more than 100
feet thick. Through tho plateau province it is a cliff maker.

The Chinle formation conformably overlies the Shinarump con-
glomerate and consists of a serivs of varigated shales, arkosic
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sandstonses, and thin cherty limestone conglomerates. The shales
include much volcanic ash. Near the entrance of Zion National
Park and at Kanab they constitute brilliantly-colored slopes of
shale, broken by c¢liffs developed on the sandstone members.
Within the Plateau province the Chinle ranges in total thickness
from 400 feet to about 1000 feet. A distinctive feature of

the Chinle is the pressence of fossil wood, which near Rockville,
east of Kanab, and at many places in northern Arizona occurs in
sufficient abundance to constitute petrified forests. Besides
the petrified wood, the Chinle formation contains a wonderful
array of fossil reptile and fish ramains, and numerous fresh-
water clams belonging to the genus Unio. Of particular interest
are the remains of extinct amphibia, Stegocephalia, and the reptilian
Phytosaurs of crocodile-like form and habits which inhabited the
stream channels of Chinle time.

The fossils, like the physical features of the rocks, indicate
that the red beds were for the most part, at least, deposited above
sea lovel. The Moenkopi was deposited over a vast low flood plain
sloping westward from the Colorado Mountains to the margin of a
shallow epeiric sea whose shors fluctuated beck and forth over the
western part of Arizona and Utah. The Chinlc was more completely
independont of the sea and was spread by sluggish streams over a
broad basin of almost desert-like character; locally, there were
swamps and shallow lakes, while in tho higher ground surrounding
thie basins there were scattored stands of conifers. In the western
lands there were explosive volcanoes, shedding ash far about.

Jurassic Period

Over the statss of the Colorado plateau the Jurassiec system
is represented by red beds and dune sands which attain a maximum
thickness of 3000 feet or more. The lowest divisior has been

nzmed the Glen Canyon group for its magnificent exposures in the

towering walls of Glen Canyon 6f the Colorado River. The upper
part is known as the San Rafasl group, for its exposures in the
San Rafael swell in contral Utah.

The Glen Canyon group consists essentially of huge piles of
sandstone characterized by cross-bedding on an exceptional scale.
As expressed in the topography, the group is the outstanding maker
of cliffs and canyon walls. It forms the walls of Zicn Canyon, of
lower Paruhuweap Canyon, and in part of Kanab Canyon. Ths Glen
Canyon group is divisibdlc into three formations: at the bottom
the 7ingate sandstone, lying perhaps unconformably on the



Chinle; an intermediate formation, the Kayenta, consisting of
calcareous shale and limestone; and at the top, the Navajo sand-
stone, from which Reinbow Natural Bridge and El Moro have been
carved. In the high plateaus the total thickness of the Glen
Canyon group exceeds 2000 feet.

The Carmel formation, the basal formation of the San Rafael
group, is a series of hard, gray limestones and caicareous shales
100 feet to 250 feet thicik. It conformably overlies the Navajo

gsandatone Tt 1ie wall dieanlpved in the Z4on- it Carmal hichwasr
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in Meadow Brook Canyon, and particularly at Mt. Carmel junction.
Fossils from the limestone beds include Pentacrinus stems, Trigonia
sp., Camptonectes beliistrietuys, and small Ostrea. )

Above the Carmel formation is a series of beds with a total
thickness of about 250 fest that consists of poorly consolidated
pinkish gypsiferous sands overlain in turn by massive gypsum,
and thin fossiliferous limestones and sandy shales, The position
of these beds in the time scale and their relation to the over-
lying Cretaceous have not been satisfactorily established. Prob-
ably they represent the rest of the San Rafael group and the over-
lying Morrison formation. '

The formations of both the Glen Canyon and the San Rafael
groups thin out by overlap on the old pre-Cambrian granite of the
Colorado Mountains in western Colorado. The increasing coarse-
ness and the presence of locally derived boulders indicate that
much of this detrital material was coming from that region. How-
ever, since the sandstones thicken toward the west, it is probable
that the Mesocordilleran geanticline lying between the Coloradoan
and Californianseaways was supplying a large share of the sediment,

Cretaceous Period

In the plateau province, beds of Cretaceous age attain thick~
nesses of more than 3000 feet. They constitute long shale slopes,
high sandstone cliffs, and vertical canyon walls in the zone be-
tween the friable topmost Juraessic strata and the resistant Tertiary
limestones that rim the High Plateaus. The beds contain fossils of
Early Colorado, Middle Colorado, Late Colorado, and Montana age,

The Cretaceous of the Markagunt Plateau, at Meadow Brook, in
Parunuweap Canyon, and along Coal Creek, has not been subdivided,
but probably includes the formations recognized by Gregory and
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Moore on the east edge of the Paunsaugunt Plateau, namely the
Morrison formation of the lowsr Cremaqeous,and five recognizable
divisions in the upper Cretaceous, the Dakota(?) sandstone, the
Tropic shale, the Straight Cliffs sandstone, the Wahweap sand-
stone, and the Kiaparowits fommation.

As described by Richardson, the Cretaccous beds of the Colob
Plateau comprise 300 to 400 feet of sandstone, shale, and coal,
resting on basal conglomerate; 1000 feect of drab shale; and 1000
feet of buff sandstone and drab shale. All three are of Colorado
age. Buff sandstone and shale of Montana age arc resting uncon-
formably on the lower beds., '

In northern New Mexico, the gsomewhat doubtful Cretaceous
Morrison formation apparently does not extend south of latitude
33 degrees, In southern New Mexico the chief representatives of
later Mesozoic time are sandstones and limestones of Lower Creta-
ceous age, which rest with marked unconformity on the older rocks.
In New Mexico the principal Lower Crectaccous formation is what
Darton has named the Sarten sandstone, which he regards as identi-
cal with Paige's Beartooth quartzite in the Santa Rita regiom.
The age of the Beartooth quartzitec is still uncertain; it is
possibly the base of the Upper Cretaccous in this region. In
the Bisbee region, southeastern Arizona, the Camanche {Lower Creta-
ceous) attains great thickness and has becn divided by Ransome
into four formations: the Glance conglomerate below; the Morita
formation, chiefly sandstonc and shalc; the Mural limestones; and
the Cintura formation, chiefly shale and sandstone, Fossils col-
lected from the lower part of the Mural limestone were detemmined
as belonging to the upper or Trinity division of the Comanche,
perhaps also to the middle or Fredericksburg division. At many
other localities in southern Arizona, as at Tombstone and in the
Huachuca, Patagonia, Oro Blanco, Baboquivari, Sierrita, Tucson,
Santa Rita, Empire, Whetstone, and Dragoon idountains, occur masses
of sediments that rest unconformably on the Paleozoic or older
rocks and are ‘probably of Comanche age. They have not however,
becen correlated definitecly with the Comanchce formations of the
Bisbee section.

Estimates of the thickness of Comariche sediments in southern
Arizona range from 10,000 to 18,000 feet. :

Stratified rocks of Upper Cretacgous age, although abundantly
present in northern New Mexico and northeastern Arizona, where they
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contain valuable beds of coal, have relatively slight areal rep-
resentation in the southern parts of these states. A considerable
outlying area of these upper Cretaceous coal-bearing rocks of the
Mesa Verde group occurs in the Sierra Blanca region north of Ala-
mogordo, Farther west, a smaller area contains the Carthage coal
field, about 16 miles southeast of Socorro. About 70 miles far-
ther south, near the south end of the Elephant Butte reservoir,
between the Fra Cristobal Range and the Sierra Caballos, is a
considerable area of lignitiferous beds, whose position within
the upper Cretaceous is not yet definitely determined. In the
Silver City region 2000 feet of Colorado shale, underlain by

the Beartooth quartzite, have been mepped by Paige. In the
Clifton-Morenci distriet occur 200 feet of shales and sandstone,
called the Pinkard formation, and assignable to the upper Creta-
ceous.

The Morrison formation is widely distributed in Colorado,
and extends southward into Arizona and New Mexico. It is rep-
resented by continental deposits, which are either of Upper
Jurassic or Lower Cretaceous age, or possibly both, The lowest
part of the formation is chiefly sandstone, with some inter-
bedded limestone and shale, and in the western part, Colorado
gypsum occurs near the bottom of the section. The upper half
of the formation is largely variegated shale, but contains inter-
bedded limestoncs and sandstone. Green, purple, gray and red
shales arc prominent, and give the formation & characteristic
appecarance which is easily recognized. This formation contains
a wonderful array of fossil dinosaurs.

In northwestern New Mexico and southwestern Colorado, the
upper Cretaccous is ropresented by & series of sandstones and
interbedded shales called the Mesa Verde group. Both marine and
non-marine sandstones are present in the Mesa Verde rocks, and
much of the coal of this region comes from the non-marine sand-
stones. In southwsstern Colorado the coal-bearing Mesa Verde
beds are overlain by marine shales (Lewis shales) succeeded by
sandstones (Pictured Cliffs sandstone) which in turn underlie
brackish-water coal-bearing shales and sandstones (Fruitland and
Kirtland formations) that are of approximately the same age as
the lower part of the Vermejo formation of southeastern Colorado.
A thick series of Upper Cretaceocus(?) andesitic tuffs, sandstones
and shal:s (McDermott formation) rests upon the Kirtland shale
unconformably. These beds mark the beginning of a long period of
volcanic activity.



Extensive crustal unrest marked the closing stages of the
Mesozoic era, especially in western North America where the old
Cordilleran geosyncline beceame the scene of folding and thrusting
on a colossal scale resulting in the Rocky Mountain system. This
orogenic belt stretched from Alasks to Mexico, and in gouthern
Colorado and northern New Mexico resulted in the great open folds
of the southern Rockies. To the west lay the great resistant
plate of the Colorado Plateau which remained almost undeformed.

The Fifth and Last Great

Bra

(Cenozoic Era)

Although the first of Cenozoic time is represented by de-
posits in local basins, in the Southwest, the principal record
of this time lies in the various diastrophic movements followed
by erosion cycles and in widespread volcanic activity. Follow-
ing the closing stages of the Cretaceous, marine waters have been
completely excluded from this region, with the possible exception
of certain areas of Southern California, During Cenozoic time,
the area corresponding to what is now southern New Mexico and
southern Arizone was apparently land, partly occupied at times by
lakes. The most extensive and noteworthy lacustrine deposit of
this period is the Santa Fe formation which occupies large areas
in the upper Rio Grande Valley, and has yielded many vertebrate
fossils of late Tertiary age. In southeastern Arizona lacustrine
deposits of probable Tertiary age occur in the Patagonia, Santa
Rita, and Empire Mountains. In the San Pedro Valley, between
Benson and Tombstone, Arizona, are lacustrian deposits carrying
vertebrate fossils of Pliocene age.

In the Colorado Plateau region the principal Tertiary sed-
iments arc known as the Wasatch formation of Eocene age. They
consist of highly-colored beds of limestone, shale, and sandstone,
resting on a basal conglomerate that is unconformable with the
underlying Cretaccous strata, In most places the thickness of
the serics as exposed is 400 to 500 feet, but the maximum thick-
noess probably excceeds 1500 fect, On the Markagunt and Paunsau-
gunt platcaus the most conspicuous part of the formation is the
pink limestone that forms the "Pink Cliffs" and gives scenic in-
terest to such plaeces as Red Canmyon, Bryce Canyon, and Cedar Breaks.
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Tt has been only within the Cenozoic, and especially the latter
part of this era, that the general features of the land, as we know
them today, have had their development. At present the Southmest is
made up of several distinct physiographic provinces shich have come
into exisience during the Cenozoic. The extreme eastern portions
of New Mexico and Colorado are & part of the Great Plains, a great
eastwardly sloping surface extending from the Mississippi to the
foothills of the Roecky Mountain Immediately to the west, in central

Se
Colorade and extending south through central New Mexico, are the
Rocky Mountains, consisting of a mountainous region of folded rocks.
Adjoining this, on the west, is the Colorado Plateau, consisting of
relatively flat-lying fomations, at an elsvation ranging from 7,000
to 11,000 fest. The rocks of the plateau have been thrown into broad
swells with locual momoclinal flextures, and has in places been broken
by a number of nomal faults; however, on the whole, it is of
contrastingly simple structure. Ferther to the west, and extending
around to the south of the Colorado Platbau, is the 3Basin Range
province which, on the averags lies several thousand feet below the
Colorado Plateau. Its Tangses are tilted fault blocks of Mesozoic

and Paleozoic rocks, flanked and partly burled by late Cenozoic and
recent sediments, Torming flat basins. Farther to the west lie the
Sierra Novada and Coast Ranges.

In the Cenozoie nistory of the Great Basin region, it seems
probable thai the movements of the Larimide revolution continued here
into Bocene time and that duriny the early Cemozoic this region had a
high mountainous surface and exterior drainage. Tor this reason, it
is believed, Eocene and Oligzocene strata are practically absent.
However, Miocene formations are present and are locally of great
thickness. In southern Nevada the l'iocense deposits began with coarse
deposits of conglomerste that range up to 3000 feet in thickness
which lie across the boveled edges of early Mesozoic and Paleozoic
strata. The Conglomerate varies greatly in thickness within short
distances and included angular and subanguluar frigments of all the
older rocks. Overlying the conglomecrates are clays and silts,
including thick beds of gypsum, magnesite and borax. The
conglomerate is c¢loarly the material of coarse alluvial cones formed
in a region of bold relief, and the clays and silts, with their
salinc deposits, could have formed only in arid basins of interior
drainage much like the present basins. In short, normal faulting
had begun on a grand scale, and the Great Basin had its inception in
the Miocene. As the new ranges were elsvated, the intervening
basins, all in the rain shadow of the Sierra Nevada, assumed a
desert charactor lilke that of today. The faulting was
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only begun at this time, for the Miocene sediments wers later
steeply tilted and truncated so that they now lie with strong
angular unconformity below the Pliocene beds.  The latter, rang-
ing up to 1800 feet thick and including gypsum and salt beds as
much as 100 feet thick locally, bear witness to continued deepen-
ing of the basins, The well-defined fault scarps, as well as
historically~dated faulting, prove that the movements still con-
tinue.

The Colorado plateau is remarkable for tabular plateaus,
cliff-bound mesas, and deep canyons, all of the most impressive
magnitude. Gently dipping formations of Triassic, Jurassic and
Cretaceous ages rise one above another in terraced plateaus beounded
by unscalable cliffs many hundreds of feet high. These cliffs are
the receding edges of resistant fommations, truncated during an

_early Cenozoic erosion cycle, and their grandeur bears witness to

the vast amount of stripping that the region has suifered since

the end of the Cretaceous. The region was more or less oxtensively
covered by Focene sediments like those of the Green River and San
Juan basins, and, since no Oligocene formations &re present, it
appears that by Oligocene time the area had a low relief and well
established exterior drainage, At sane later date there was region-
al uplift with more or less profound nommel faulting. This started
a new cycle of erosion that resulted in extensive degredation, butb
loft no later Cenozoic sediments within the region. It is there-
fore difficult to date precisely the stages of uplift or to de-
termine how many cycles of erosion are represanted. The presence

of Bocenec beds unconfomably overlying truncated folds in the-
Mesozoic formations indicates that a large amount of the degradation
and stripping had been accomplished during the interval between the
Laramide uplift and the local begimning of Focenc deposition. Oon
the other hand the Tocene beds manteled an o0ld surface of low relief,
hence the present ruggedncss of the region has coms into being during
later Cenozoic time,

The Grand Canyon proper is incisod in a part of the area that
was most uplifted, though it has since been reduced by crosion to
a lovel 2000 or 3000 fest bslow the plateaus farther north. The
Grand Canyon district is a broad, nearly flat-topped dome about
100 miles across, from which more than 6000 feet of Mosozoic strata
have been stripped. Over this dome the strata dip geantly, but they
are more abruptly bent down at its sastorn margin in a pair of
great monoclinal flextures.  The west side of the dome has broken
down along a great nomel fault, leaving the Grand Wash Cliffs
facing westward toward the Great Basin.
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Before the cutting of the Grand Canyon began, the stripping
of this huge dome had reached almost its present stege, and left
the high cliffs of the rsgion about as they are now. While these
towerad above the intervening benches with a relief of a few
thousand fest, the region as a whole was much nearer sea level
than at present The final uplift of the region led to & re-
organization of the drainage, initiating the present Cojorado
River system, and starting the Canyon cycle. The date of this
uplift can be deteimined west of the Grand Wash Cliffs where the
river emerges from its canyon and crosses the Great Basin, flow-
ing over Pliocene beds that are known from their salt and gypsum
deposits to have formed in arid basins without exterior dralnage.
Obviously the Colorado River did not exist, or at least did not
have its present course, in Pliocene time. Hence it is believed
that the great uplift of the Plateau and the carv1ng of the Canyon
are all work of Pleistocene and recent time.

Igneous Record of the

%

Cenozoic
R4S LA

The two major volcanic fields of the plateau region include
Mount Trumbull and the San Francisco Mountains. In the Trumbull
district, basalt was erupted at two periods. The remnant lavas
of the flrst period now cap mesas of Lower Triassic rocks; those
of the second, the product of more than 170 vents, rest on Kaibab
limestone that forms the surface of the plateau. Associated with
them are sane 150 low cones that are only slightly effected by
erosion: 1In the San Francisco volcanic field, evidence of three
general periods of eruption have been recognlzed - basalt flows,
eruptions of andesites and rhyolites that built the lofty peaks,
and basalt lavas and ash. Here, as at Mount Trumbull, lavas of
the first period overlie &r1a531o beds, and those of the latest
period rest on the rock that forms the present surface of the
Coconino plateau., Likewise, the San Francisco field ineluded
many cinder cones so fresh in appearance as to suggest activity
within historic time. Sunset Crater of the San Francisco volcanic
field is an excellsnt example of one of these.

In southern New Mexico and southern Arizona there are great
series of intrusive and extrusive igneous rocks. Although there
were some eruptions of lava in late Cretaceous time, it was in
the Tertiary that volcanism and intrusion attained the height of
their activity. In most parts of the region it is not possible
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to assign the supposedly Tertiary igneous rocks to any particular
division of Tertiary time, and in some localities there may even
be considerable doubt whether certain lavas are Cretaceous oOTr
Tertiary. Similar uncertainty exists as regards the age of some
of the intrusive masses., Most of those in New Mexico have been
regarded by Lingren, Graton, and Gordon as of early Tertiary age,
but uncertainty attaches to the age assigument of some of the
intrusive masses in Arizona and also in New Mexico.

31



BIBLIOGRAPHY

Atwood, V. W,
1906. Red Mountain, A Dissected Volcanic Cone. Jour. Geol.,
vol. 14.

Atwood, W. W., and Mather, K., F,-
1912. A Geographic Study of the Mesa Verde. Amer., Geol.
Soe., Bull, 44,

1912. Evidences of Three Distinct Glacial Epochs in the
Pleistocene History of the San Juan Mountains, Colo-
rado. Jour. of Geol., vol, 20.

1915. ZEacene Glacial Deposits in Southwest Colorado. U. S.
G. S. Prof. Paper 95. Washington Gov. Print. Off.

Atwood, W. W,,and Atwood, R. S.

1925. Physiographic Stages in the Evolution of the San Juan
Mountain Region and their Correlation With the Physio-
graphy of the Front Range of Colorado. Assoc, Amer.
Geog. Annals, vol. 15, no. 1.

Atwood, W. W., and Mather, E. F,
1932, The Physiography and Quaternary Geology of the San
Juan Mountains, Colorado. U, S. G. S. Prof. Paper
166, Govt. Print. Off, Washington.

Baker, A, A,
1935. Geology and 0il Possibilities of the Moab District,
Grand and San Juan Counties, Utah. U.S.G.S. Bull. 841,
Washington, Govt. Print, Off.

Ball, Sydney H,
1907. A Geologic Reconnaissance in Southwestern Nevada and
Eastern California.. U. S, G. S. Bull., 306. Washington,
Gov't, Print. Off,

Bancroft, Howland.
1911, Reconnaissance of the Ore Deposits in North Yuma
County, Arizona. U.S.G.S. Bull. 451, Washington,
Gov't, Print, Off.



Barringer, D. M., and Tilghman, B. C.

1906.

Coon Mountein and Its Crater. Proc. Academy of Natural
Sciences, vol. 57.

Barringer, D. M.

1909.

19237,

Bassler, H,
1921.

H

1922,

Meteor Crater of North Central Arizona, National
Academy of Sciences, Nov. 16, 1909,

The Most Interssting Spot on Earth, Meteor Crater,
Arizona, Scientific American, vol. 137, Nos. 1,2,3;
July, Aug., Sept., 1927,

and Reeside, J. B. Jr.
0il Prospects in Washington County, Utah. U. S. G. S.
Bull. 726. Washington, Gov't. Print. Off.

Arizone-Utah Stratigraphic Sections in S. W. Utah and
N. W. Arizona. U, S., G. S, Prof. Paper 129. Washington,
Gov't. Print. Off.

Bastin, E. S.

1922.
Bateman, A.
1924,

Blake, W. P.
1901.

1902,

1909.

Primary Native Silver Ore near Wickenburg, Arizona.
U. S. G, S, Bull, 735. Washington, Gov't. Print. Off.

An Arizona Asbestos Deposit. Economic Geology, Vol. 18.

Some Features of the Gsology of Arizona, With Evidence
of Shallow Seas in Psleozoic Time., Amer. Geol., vol,
27.

Geology of the Galiuro Mountains. Engin, and Mining
Jour., vol. 73,

Geological Sketch of the Regicon of Tueson, Arizona,
in Botanical Features of North American Deserts by
D. T, MacDougal: Carnegie Imnstitute.

Blanchard, R, C,

1913.

The Geology of the W. Buckskin Mountains, Yuma Co.,

Arizona. Privately published.

33




Blenchard, W. C., and Davis, M. J.
1929. Permian of Parts of S, E. New Mexico end 5. W. Texas.
Amer, Assoc. Petro. Geol., Bull., vol. 13,

Boals, D. H.
1920. Meteor Crater Arizona., Iows Academy Scientific
Practice, vol. 26, 1930. '

Bonillas, Y. S. and Temney, J. B., and Fenchere, M.
1917. Geology of the Warren Mining District. Amer. Inst.
Mining Engin., Trans,, vol. 55.

Bose, E.
1920. Ammonoids from Abo Sandstone. American Journal
Science, vol 49.

\

Bryan, Kirk
1922. Erosion and Sedimentation in the Papago Country,
Arizona, with Sketch of the Geology, U. S. G. S. Bull.
730. Washington, Gov't. Print.Off.

1923, Pedestal Rocks in Arid Southwest. U. S. G. S. Bull.
760a. Washington, Gov't. Print. Off.

1922. Discussion of Rock-fill Dem, Lees Ferry, Arizona.
Amer. Soc. Civil Eng. Proc., vol. 48. Sept., Pp. 1605,

Bryan, Kirk and Others.
1923, Rock Fommadtions inm the Gelorado riateau of S. E. Usah
and N. Arizona. U. S. G. S. Prof« Paper 132, Washing-
ton, Gov't. Print. Off.

Butler, B. S. and Others.
1920. Ore Deposits of Utah, U. S. G. S. Prof. Papts 111,
Washington, Gov't. Print. Off.

Camp, Charles L. )
1930. A Study of the Phytosaurs with description of new
Material from Western North America. Ber cley,
University of California Press,

Campbell, M. R.
1904. The Deer Creek Coal Field, Arizona. U. S. G. S. Bull.
225, Washington, Gov't. Print. Off.

34



)

Campbell, M. R.

1907. Coal in the vicinity of Fort Stanton Reservation,
Lincoln County, N. Mex. U. S. G. S, Bull. 316. Wash-
ington, Gov't. Print., Of7.

Campbell, M., R, and Gregory, H. E.
1911. The Black Mesa Coal Field Arizona. U. S. G. 5. Bull.
330. Washington, Gov't. Print, Off. )

Carlsbad Caverns. ‘
1925, Carlsbad Caverns. Scientific Monthly, vol. 21, No. 2,
Aug. 1925,

Carpenter, Frank M.

1927. A Fossil Insect from the L. Pemmian of the Grand Canyon.

U. S. Nat. Mas. Proc. No. 2895.

Case, E, C. :
1913. The Permo-Carboniferocus Red beds of North American
and their Vertebrate Fauna. Carnegie Inst. Wash. Pub.
R07.

1914. The Red Beds between Wichita Falls, Texas and Las
Vegas, N. Mex, in Relation to Their Vertebrate Fauna.
Jour, Geol, Vol. 22,

1916, Further Evidence Bearing on the Age of the Red beds in
the Rio Grande Valley, Science, New Ser., vol. 44,

1916. The Age of the Red Beds in the Rio Grande Valley.
‘Seience, N, Ser., vol. 44. Nov. 17.
Clark, C., W. ' .
1921. Lower and Middle Camb. Fof; of the Mojave Desert.
University Calif, Pub. in Geol, Sei. vol, 13. No. 1.

Colton, Harold S. and Baxter, Irank C. '
1932, Days in the Painted Desert and the San Francisco Mount-
ains. A Guide. Northern Arizona So¢c. of Science and
Art, Bull, No. 2, 1932.

Cope, E, D,

1875, Phe Geology of New Mexico. Acad. Nat. Sci. Phil.
Tran. 1875,

35




Cope, E. D. ‘
1884. The Laup Fork Beds on the Gila River. Amer. Naturalist,
vol. 18,

Crandall, K. H. ,
1929. Permian Stratigraphy of S. E. New Mexico and Adjacent
Parts of Texas. Am. Assoc. Pet. Geol. Bull. vol. 13.

Crickmay, C. H.

1931 T2

B EpA VRS

Crass, and Hawe.
1905, Red Beds of Southwestern Colorado and Their Cor-
relations. G. S. &, Bull. vol. 16.

Darton, N, H.
1910. A Reconnaissence of Parts of N. W. New Mexico and
N. Arizona, Bull, U. S. G. S. No. 435, Washington,
Gov't, Print. Off, .

Darton, N, H. and others. i
1915, Guide Book of U. 8, Part C., Santa Fe Route. U. S. G.
S. Bull, 613. Washington, Gov't. Print, Off.

Darton, N. H.
1916. Ixplosion Craters. Scientific Monthly. 1916, November.

1916. Geol. and Underground Water of Luna Co. N. Mex. U. S.
-G, S. Bull. 618, Washington, Gov't. Print, Off,

1916. The Zuni Salt Lake. Jour. Geol. vol. 13, 1905.

'1917. ‘The Deming Folio. U. S. G, S. Geol. Atlas No. 207,
Washington, Gov't. Print. Off.

1917~ Story of the Grand Canyon of Arizoma. A Popular
1922, TIllustrated Account of the Rocks and Origin., XHditions
in 1917, 1919, 1920, 1921, 1922. TFred Harvey, Kansas

City. -

1922. Geologic Structure of Parts of New Mexico. U., S, G. S.
Bull. 726. Washington, Gov't, Print. Off, :



Darton, N, H. . '
1925. A Resume of Arizona Geology. University Arizona Bull.

119, 1925,

1924, Geologic Map of New Mexico. Scale 1/600,C00 U. S. G.
S. 1924, Prepared by Arizona Bureau of Mines and U.
S. G. S, Washington, Gov't. Print. Off,

1926, The Permian of Arizonas and New Mexico.v Bull. Amer,
: Assoc, Petrol, Geol. vel. 10, No. 9,

1928. "Red Beds" and Associated Fommations in New Mexico
With an Outline of Geology of the State. U. S. G. S.
Bull., 794-1928. Washington, Gov't. Print. Off.

Darton, N, H,, and Reeside, J. B. Jr.
1926. Guadalupi Group. G.S.A., Bull. vol 37.

Darton, N, H., and King, P. B,
19%2. Western Texas and Carlsbtad Caverns, .Int. Geol., Cong.
XVI Session 1933, Guidebock 13. Washington. U. S.

Gov't. Print, Off., 10¢.

Davis, W, M.
1900, Notes on the Colorado Canyon District., Amer. Jour.
Science {(4) vol, 10.

1901. An Excursion to the Grand Canyon of the Colorado,
Harvard Coll. Museum Comp. Zool. vol. 38.

1909, The Lessons of the Colorado Canyon. Bull. Amer. Geol.
"Soc, vol. 41, ‘

Diller, 7, S, .
1917. Asbestos. U. S. G. S. Mineral Resources of U, S. 1917,
Pt. 2, Washington, Gov't. Print. Off.

Drake, C. L,
1921, The Pre-Moenkopi-Unconformity of the Colorado Plateau.
: -Jour. Geol. Vol. 26.

Dumble, E. T.

1902, Notes on Geology of S. W. Arizoma, Trans. Amer. Inst.
- Min, Bng., Vol, 31.

37



Dutton, C. X,
1880. Report on the Geology of the High Plateaus of Utah
U. 8. G. S. Rocky Mountain Region.
Dutton, &. C.
1882, Tertiary History of the Grand Canyon District.
U. S. G. S, Mon. 2, Washington, Gov't, Print. Off.
1882, The Physical History of the Grand Cenyon District.
U.S.G.5. Second Ann. 2eport. Washington, Govit. Print.
Off,
1885. Mount Taylor and the Zuni Plateau, U.S, Geol. S.
Sixth Ann. Report,
Emery, W. B. ‘
1916. The Igneous Geology of Carrizo Mtn. Arizona. Amer.
Jour. of Sci,., 4 Series, Vol. 42,
Feirehild, H. L. .
1907, Origin of Meteor Crater (Coon Butte), Arizona, Geol.

Soc, Awer,, Bull. vol. 18.

Ferguson, H, G.

1921,

The Mogollon Dish, New Mexico, U.S,G.S. Bull, 715,
Washington, Gov't, Print. OfYf,

Fontaine, U. M., and Knowlton, ¥. H.

1890.

Gardner, J.
1909,

1¢10.

1910,

Notes on Triassic Plants fraon New Mexico., U. S.
National Museum Proc. vol. 13.

H,
The Coal Field between Gallina and Baton Spring, N.M.,
U.5.G,5. Bull, 341,

The Puerco and Tarrejon Formations of the WNacimento
Group. Jour. Geol. vol. 18,

The Carthage Coal Field, New Mexico. U.S.G.S. Bull.
38l. Washington, Gov't., Print., 0ff.

Gidley, James W,

1922,

Prelininary Report on Fossil Vertebrates of the San
Pedro Valley, Ariz, U.S.G.S. Prof. Paper 131-E.
Washington, Gov't, Print. Off.

38



Gilbert, G. i
1875, Renort on The Geology of Pertions of Nevada, Utah,
California and irizona, xasined in Years 1871-1872-
1873, Rept. U.S. Geog. Survays, W. 100th Mer., vol.
3. Wasuington, Gov't. Print. Off,

1877. Geolosy of the Henry Mountains, U.35.G.S. Rocky ulountain
v 3
Region.

1896. 'The Origin of Hyvothesis Illustrated by the Discussion

of a Topographic Problem. (eol. Soc. Washington, £lso

Science, New, Ser., vol. 3, »p. 13.

Gilluly, James and desdside, J. B. Jr.
Sedimentary Rocks of the San Rafael Swell and Soo
Additional Areas in . Utah. U.3.G.S. 2rof. Paper
150. Washington, Gov't. Print. Off,

Gilwore, C. ¥,
1919. Revptilian Faunas of the Tarrajon, rfuerco, and Undsr-
lving Upner Cretacsous Pormations of San Juan County,
N. M. U.8.G.8. Prof, Paper 1lv. Washington, Gov't.
Print. Off.

1926-8, Tossil Footprints fram the Grand Caayon. Snithsonian
Misc. Collection. 77, No. 9, 80, lio. 3, 80, Ho. 8.

Girty, G. H.
1908  The Guadalupion Fauna. U.S5.G.3. Prol. Paper. 58.
Washington, Gov't, Print. OfL.

Gordon, C. iH. :
1906. Mississinpian Formations ian the Rio Grande Valley,
Now Mexico., Amer, Jour. 3ci., 4th ser., vol. 24,

Grangsr, Walter
1914, On the Names of Lower Kocene flaunal Horizons of New
Mexico and Wyoming. Amer. Mus. Nat. Hist. Bull.vel, 33.

1917. Notes on the Pliocens and Zower Eocene Muamnal IHorizons
of New liexico and 8. Coloradc. Amer. Mus. Nat. Hist.
Bull. vol. 36.

Gregory, id. L.
1913, The Shinarump Conglomerate, fmer. Jour. Sci. (4) vol.
35.




Gregory, H. E. :
1917. The Navajo Country. U.S3.G.3. Prof. Paper 93, 1917.
Washington, Gov't. Print. Off.

1916. Igneous Origin of the Glacial Deposits of the Navajo
Reservation, Amer. Jour. Sci., 4th Series, vol. 40.

1914. Reconnaissance of a portion of. the Little Colorado
-Velley. A4mer., Jour. Sci., 4th Series, vol. 38.

Gregory, H. E,,,and Moore, R. C. '
1931. "h= Kioparowits Region. U.S.G.S. Prof. Paper. 164,
1931, Washington, Gov't. Print. Off,

Gregory, Herbert E.
1952. Coloradc Plateau Region, International Geol. Congress
XVI Session U.S. 1933. Washington, Gov't. Print. Off.

Gruner, J. W. .
1920. Geologic Reconnaissance of the Southern Part of the
Taos Runge, New Mexico. Jour. Geol. vol. 28.

Guild, F. N.
1905. Petrography of the Tucson Mountains, Pina County,
Arizona. Amer. Jour. Sci. vol. 20.

Heaton, Ross L.
1933, Ancestral Rockies and Mesozoic and Late Peleozoic
Stratigraphy of Rocky Mountain Region. Bull. Amer.
Assoc., Petrology Geol. vol., 17, No. 2,

Henderson, Charles W. and others. ,
1932. Colorado. Inter. Geol. Congress, XVI Session U.S.
1933. Guidebook 19 Excursion C-1 U.3. Gov't. Print,.
Off., Washington.

Herrick, C. L.
1898. Geol. of the Environs of Albuquerque New Mexico. Amer.
Geoi. Vel, 22.

Hewett, D, F.

1951 Geol. and Ore Deposits of the Goodsprings Juad. Nevada.
U.3.G.S. Prof. Puper 162. Washington, Gov't. Print. Off,

40



Hill, J. M.
191:. The Grand Gulecah Hinl.iz Re-ion, ilojave County, Ariz.
U.5.G.8, Bull., 580, Vashington, Zov't. Print. Off.

Hill, R. J.
1893, Jucumcari. 3Science wol, 22.

1895, On Outlying Arcas of the Comanchz Series in Kansas,
Oklahona and Now Mexico,  Aner., Jour. Sci. Third Series
vol. 50,

‘Hornaday, W. T.

1903, Camapnfires on Deser-t and Lava,., Scribners & Sons. New
York,

Hiene, F., von Kurze. '
1911. Mitteilung uber Perm, Trias, und Jura in New Mexico.
Neues Jahrb. Bellage Band 32.

Huntington, Elsworth and Goldthwait, J. W,
1904, The Hurricane Fault of ths Toquerville vist, Harvard
College hus. Comp. Zool. Bull., Vol. 42,

Ives, J. C.
1861. Report upon the Colorado River of the West. Vashington,
Gov't. Print. Off.

Jaggar, T. A. Jr., and Palache, Charles.
1905, Description of Bradshaw Lits, Juadrongles. U.S.G.S. Geol.
Atlas, Bradshaw iIts. Folio 126. Washington, Gov't.,
Print. Off.

Jenkins, 0. P., and Wilson, E. D,
1920. £ Geological Reconnaissunce of the Tucson and Amole
Mts. University of Ariz. Bull. 106.

1923. Verde River Lake Bed Near Clarkdale, Arizona., Amer,
Jour., Sei, Vol. 5.

Johamnsen, Albert
1906, Notes oa the Igneous HRocks of Jestern Arizona. U.3.
G.S. Bull. 352. Washington, Gov't., FPrint. Orf.

Johnson, D, W.

1904, Geol. of the Cerrillos Hills, New lexico. School of
Mines Quart. Vol. 25,

41



1907. Volcanic Necks of the HMount Taylor region New Mexico.
Ge0. Soc. Amer, Bull. Vol. 18.

1909. Geological Zxcursion to the Grand Canyon.
Proc. Boston. Soc. Nat. Hist. Vol. 34, Nc. 6.

James, . L. Jr.

1915. A Reconnsissance in the Kofg I’ts. Arizona.
U. 8. ¢. S. Bull, 620. Washington

1916, Gold Deposits near Qucrtzsite, Arizona.
U.3.G.3. Bull, 620-C Washington

Feyes, C. R.

1905. The Fundamental Complex Beyond the Southern End of the
Rocky Mts. Am. Geol. Vol, 36.

Knopt, Adolph and Kirk, Edwin.

Xnewlton, F. H.

L3S

Leo,

les,

1918. A Geologic Reconnaissance of thoe Inyo Range ete.
U.5.C.S. Prof. Paper. 110. Washington

1913. The Fossil Forests of Arizona,.
Amer. For. vol. 9,

1g1l7. Flora of the TFruitiand and Kirtland formations.
U.8.G.S. Prof. Paper 98. Washington

1905. Underground "aters of Salt River Valley, Ariz.
U.S.G.8. Wator supply Paper 136. Washington
190€. The Engle Coal field, New Mexico.
U.S.G.S. Bull. 885. Washington, Gowt. Print. Off.
1907. Afton Craters of S.1W. New Meoxico.
G.S.A. Bull. Vol. 18.
1908. Geological Reconnaissance of a part of Western Arizona
U.S8.G.S. Bull. 352. Washington, Govt. Print. Off.

7. T. and Girty, G. H.
1909. The Manzano group of the Rio Grande Valley, New Mexico. .
U.S.G.S. Bull. 389. Washington, Govt. Print, Off.

e Te

1912. Stratigraphy of the Coal Fields of North Central Now
Moxico, Geol. Soc. Amer. Bull, Vol. 83. Washington,
Gov't, Print, Off.

48



A
K,

Lee,

Lee,

Lee,

Les,

Les,

Lee,

1912, The Tijeros Coal Field, Bernalillo Co., New Mexico
U. S. Bull. 471. Washington Gov't. Print. Off.

191%. The Cerrillos Coal Field, Santa Fe.Co., New Mexico.
U.S.G.S. Bull. 531. Washington Gov't. Print. Off.

w.T. and Knowlton, ¥. H.
1917. Raton Mesa and Other Regions of Colorado and New Mexico.
U.S.G.S. Prof. Paper 101. Washington Gov't. Print. Off.

w. T.

1917. General Stratigraphic Break between the Penasylvanian and,
Permian in West, Geol. Soc. Amsr, Eull. Vol. 28.

1918. Early Mesozoic Physiography of the Southern Rocky Mts.
Smith, Misc. Collection Vol. €9. 4

1920. Tvpe Section of the Morrison Formation.
Amer. Jour. Sci. 4th Series. Vol. 49.

1920. Notes.on the Hanzano Group.
Amer. Jour. Sci. Voi.49.

Willisg T. Carlsbad Caverns.
1923. Erosion by Solution and Fill.

v.8.G,8. Bull. 760. B.
1924. A Visit to Carlsbad Cavern.

Naet. Geog. Mag. Vol. 45, 1924.

w. T.
1926. Stories in Stone. Telling of some of the wonderlands
of Western America. Van Nostrand Company. New York

Willis T. Ice Caves.
1986. Ice caves in New Mexico.
Geo. Hev. Vol. 16, No. 1. 1926.

w. TD
1926. The Canyons and Painted Cliffs of Zion National Park

and the Story of their Crigin.
National Park Service. Washington.

Lindgren, W.

1905. Clifton Falls. U.S.G.S. Geologic Atlas No. 129
Washington, Gov't. Print. Off.

43



Lindgren, W. :
1905. The Conper Deposits of the Clifton-sorenci Dist. Ariz.
U.8.G.5, Prof. Paper 43. Washington, Gov't. Print.
off.

Lindgren, W., Graton, L. C., and Gordon, C, H.
1910. The Ore Deposits of New Mexico. U.S5.G.S, Prof. Paper
68. Washington, Gov't., Print. Off.

Lloyd, . R.
1929, Capitan Limestone and Associated Features of New
Mexico and Texas, Amer. Assoc, Petrology Geol. Bull.
Vol, 13.

Longwell, C. R.
1921. Geology of the hMuddy lits., Nevada, With Section to
the Grand Wash Cliffs in W. Arizona, Amer. Jour.
Sei., 4th Series, Vol. 950,

Longwell, C. R. and Others. .
1923, Rocky Foruations of the Colorado Plateau, in Southern
Utah and Northern Arizona, U.S.4.S5. Prof. Paper 132.
Washington, Gov't. Print, Off.

Longwell, G. R.
1926. Structural Studies in Southern Nevada and Western
Arizons. Geol. Soc. Auer, Bull, Vol. 37.

Lucas, TI. A.
1901. Vertebrates from the Trias. of Arizona. Science, N,
Ser. Vol. 14,

1904, A Wew Batrachian and a New Reptile from the Trias,
of Arizona. U.S. Net. Mus. Proc. Vol, 27.

Mac Dougal, D. T.
1908, Across Papagueria. Amsr. Geol. Soc. Bull, Vol. 40,
pp. 705-725,

Marvine, A, R.
1875. Rept. on Geology of the Route {ram St. George, Utah,
to Gila River, Arizona, Examined in 1871. U.5.G.S.
West of 100th Mer. Vol. 3, Was.ington, Gov't. Print.
Off,

44



),

»

-

Matthes, F.
1906.

Matthes, W.

1909.

McXee, E.D.
1931,

Meinzer, O.
1911.

Meinger, O.

1913.

Meinzer, O,
1915.

E. '
Bright Angle Quadrangle. U.S.G.S. Topograpiiical Map.
Text. Washington, Gov't. Print. Off.

D.
faynel lists of the Tertiary Mammalia of the West.
U.S.G.S. Bull. 361l. Washington, Gov't. Print. Off.

" Ancient Landscapes of the Grand Canyon Region. The

Geology of Grand Cenyom, Zion, Bryce, Petrified Forest
and Painted Desert. Privately Printed. 193l.

i,

Geology end Ground Yater Resources of Estancia Valley,
New Mexico. U.S.G.S. Water Supply Paper 275. Wash-
ington, Gov't. Print. Off.

E., end Kelton, T. C.

Geol. and Water Resources of Sulphur Spring Valley.
U.S.G.S. Water Supply Paper 320, Washington, Gov't,
Print. Off.

E. :
Geol. and water resources of the Tularosa Basin, New
Mexico. U.S.G.S. Water Supply Paper 343. Washington,
Gov't. Print, Off.

Merriam, John C.

1930,

Merrill, G.
1908,

1920.

Mertie, J.
1920,

Miller, W.
1923.

The Living Past., Scribners Sons. 1930.

P.
Meteor Crater of Canon Diablo, Arizona., Smithsonian
Misc. Coll. Vol, 50, part 4.

A Retrospective View of the Origin of Meteor Crater
Arizona. Astron. Society of the Pacific. Publ. No.
132, Oct.

B. Jr. Capulin Lava:
U.S.G.5. Geologic Atlas 214, A vesicular and glassy
slivine basalt. Washington, Gov't. Print. Off.

J'.

Zion Canyon National Park, Utah. Jour., Geog., May,1923.

45



National Parks Service Publication.
1830. Glimpses of our National Monuments. U.S. Dent. of
Interior, National Parik Service. July 1.

Newberry, J. S.
- 1861. Report Unon the Colorado ldiver of the West explorod
in 1858-59, by Lieut. J. C. Ives, part 3.

Noble, F. L.
1914, Shimme Quadrangle Grand Canyon District. aArizons
U.5.G.5. Bull. 549, Vashington, Gov't. Print., Off.

Noble, L, ¥,, and Huater, J. 7.
19186, A Reconnaigsance of the Archean Coinlex of the Granite
Gorge, Grand Canyon Arizona. U,S5.G.S, frof. Paper 98.
Washington, Gov't, Print, 0If,

Noble, u, T.
1923, A4 Section of the Palsozoic f'crmation of the Grand

Canyvon at Bass Trail. U.S.G.5. Prof, Yaper 131,
Washington, Gov't. Print. Off,

1928, 4 Section of the Kaibab Limestone in ¥aibab Gulch,
Utah., U.3.G.S. Pror. Paper llo. 150. Washington,
Gov't. Print, Off. '

Paige, Sidney.
1816, Silver City Folio., U.S.G.S. Geol. Atlas No. 199,
Washington, Gov't. Print. Off,

Powell, J. W,
1873, Ixploration of the Colorado River and its Tributaries,
Exnlored in 1869*'2.> Smithsonian Institution 1873.

187¢., Geology of the Eastern Portion of the Uinta Mts. and
a Region of country adjucent thersto. Washington,
Gov't., Print. Off.

Ransome, F. L,
1903, Geology and Ore Daposits of the Globe Copper Dist.
Ariz. U.5.G.S. Prof, Paper 12.

1904. Geol. and Ore Deposits of the Bisbee Quad. U.5.G.S5.
Prof., Paper 21. Washington, Gov't. Print. Off.

46



o

Ransome, F. L.

1904.

1908,

1912,
1915.
1923,
1917,
© 1916,
1919?
1920,

1923.

1932,

¥

Reagan, A,
1903.

B

The Bisbee Folio, Geologic Folio. U.S.G.S. Geol. Atlas
No. 112. Washington, Gov't. Print. Off,

Pre-Cambrian in Grand Canyon. Science, Vol. 27..

Turquoise Copper Mining Dist. Arizona. U.S.G.S. Bull.
530, Washington, Gov't. Print. Off.

Paleozoic Sections of Ray Quad. Wash. Aced. Sci. Jour.
Vol. D.

The Ray Folio, Arizona. U.S.G.S. Geol. Atlas Ne. 217,
Washington, Gov't., Print., Off.

Quicksilver Deposits of the Mazatzal Range, Arizona.
U.S.G.S. Bull. 620. Washington, Gov't,. Print. Off,

Paleozoic Sections in Arizona and their Correlation.
U.5.G.S, Prof., Paper 98,

The Copper Deposits of Ray and Miami, Ariz, U.S.GeSe
Prof. Paper 115,

Bisbee and Tombstone Districté. Cochise Co, Arizona.
U.8.G.5. Bulletin 710.

Geology of the Oatman Gold District, Arizona. A Pre-
liminary Report. Washington, Gov't, Print. Off.
U.S.G.S. Bull. 743.

Ore Deposits of the Southwest. Int. Geol. Cong. XVI
Session 1933, Guidebook 14. U.S. Gov't. Printing Off.
Weshington.

Geology of the Fort Apache Region in Arizona., Amer.
Geol, Vol., 32.

Reber, Louis E. Jr.

192z,

Reed, R. D.

1933,

[\

.

Geol. and Ore Deposits of the Jerome District, Amer.

Inst, Min. Eng., Trans. Vol, 66,

Geology of California, Published by American Assoc.
Petrol. Geol. Tulsa, Okla, '

- 47



Reeside, J.
1924,

Richardson,
1907,

1¢910.

1927,

B, Jr.

Upper Cretacecus and Tertiary Formations in the Western
Park of the San Juan Basin of Colorado and New Mexico.
U.S.G.8. Prof., Paper 134. Washington, Gov't. Print. Off.

G. B.

The Harmony, Colob, and Kenab Coal Fields, Southern
Utah., U.S.G.8. Bull, 341, Washington, Gov't. Print.
Off. '

stratigraphy of the Upper Carboniferous in W. Texas
and Southeast, New Mexico.

The Upper Cretacsous Section in the Colob Plateau,
Southwest Utah. Washington Acad. Sei. Jour., vol. 17.

Robinson, H. H.

1e13.

Ross, C. P.
1922,

1925,

1925,

Schrader, F.

1909.

Schrader, Frank C.

1915.

The San Franciscan Volcanic field, Arizona. U.S.G.S.
Prof, Paper 76, 1913, ~Washington, Gov't. Print. Off.

Geology of the Lower Gila Region, Ariz. U.S.G.S. Prof,
Paper 129. Washington, Gov't. Print. Off.

Geology of Minerai Resources of the Saddle-Mountain-
Banner District, Arizona. U.S.G.S. Bull. 771. Wash-
ington, Gov't, Print. Off.

Arivaipa and Stenley Mining Dists. arizona. U.S.G.S.
Bull. 763, Washington, Gov't., Print. Off.

C.
Mineral Denosits of the Cerbat Range, Black Mts. and
Grand Wash Cliffs, Mojave Co., Arizona. U.S.G.S.
Bull. 397. Washington, Gov't. Print. Off.

Mineral Deposits of the Santa Rita and Patagonia Mts.
Arizona., U.S.G.S. Bull. 582, Washington, Gov't.
Print. Off.

Schuehert, Charles

1918,

"On the Carboniferous of the Grand Canyon --~The Cambrian

of the Grand Canyon. Amer. Jour. Sci., 4th Series,
Vol. 45.

48



e

L

Schubert, Charles, and Dunmbar, C, O. , :
1933, A Textbook of Geology. Part II. Historical Geology.
John Wiley and Sons Inc.

Schwennesen, A. T.
1918, Ground Water in the Animas, Playas, Hachitae, and San
Louis Basins, New Mexico. U.S.G.S. Water Supply
Paper 422, Washington, Gov't. Print. Off.

1919, Geology and Water Resources of the Gila and San Carlos
Valleys in the San Carlos Indian Reservation, U.8.G.5.
Water Supply Paper 450, Washington, Gov't. Print.
Off.

Searle, C., J. :
1922. Sketch of Geology of Dos Cabezas Mts. Science, New
Series, Vol. 55, :

Sears, J. D. .
1925. Geology and Coal Resources oi the Gallup-Zuni Basin,
N. M., U.S.G.S. Bull, No, 767. Washington, Gov't,
Print. Off.

Shaler, M. K, .
1907. A Reconnaissance Survey of the Western Part of' the
Durango-Gallup Coal Fisld of Colorado and New Mexico.
U.S.G.S., Bull. 3.6, Washington, Gov't. Print, Off.

Shimer, H. W., and Blodgett, M. E.
1908, The Stratigraphy of the Mount Taylor Region, New
Mexico, Amer. Jour. Sci., 4th Series, Vol. 25,

Sinclair, W. J., and Granger, Walter
1914, Pliocene Deposits of the San Juan Basin, Amer. Mus,
Nat, Hist. Bull. Vol, 33.

Spieker, E. M., and Reeside, J. B, Jr.
1926, Upper Cretaceous Shore Line in Utah, G.S.A. Buil.,
Vol. 37.

Spurr, Josiah Edward
1903, Nevada South of the Fortieth Parallel and Adjacent
Portions of California, U.S.G.S. Bull. 208. Washing-
ton, Gov't, Print. Off.



Stanton, T. W.
1917, Non-marine Cretaceous Invertebrates of the San Juan
Basin. U.S.G.S. Prof. Paper 98, Washington, Gov't.
Print, Off.

Stauffer, C. R, .
1930. Devoaian of California, Berkeley, University of Calif.
Pub. in Geol. Sci., vol. 19, No, 4.

Stayanow, A, A,
1926, Notes on Recent Stratigraphic Work ia Arizona, Amer.
Jour. Sci., vol, 12,

Stevenson, J. J. ‘
188l. Report on Geol. Exeminations in Southern Colorado and
New Mexico during 1878-9. U.S.Geog. Sur., W. of 100
mer., vol. 3.

Stewart, Charles A.
1913. The Geology and Ore Deposits of the Silver Bell

Mining District, Arizona, Amer. Inst, Min. Eng.
Trans., vol. 43,

Thurmond, F. L.
1926. 1Is thevre a Canyon Diablo Meteorite. Eng. Min. Jour.,
vol. 122, No., 21, 1926.

Tolman, C, F, Jr.
1907. Geol. of the Vicinity of Tumamoc Hills. Carnegie
Institution Publ. 113,

1909. Copper Deposits of Silver Bul., Min. and Sci. Press,
Vol. 99.

Veatch, A. C.
1910. Coal Deposits Near Pindale, Navajo Co., Arizona,
U.3.G.S, Bull. 431, Washington, Gov't. Print. Off.

Walcott, C. D.
1880. The Pemmian and Other Paleozoic groups of the Kanab

Valley, Arizona., Amer. Jour. Sci., 3rd Series, vol.
20,

1883. Pre-Carboniferous Strata in the Grand Canyon of the
Colorado. Amer. Jour. Sci., 3rd Series, Vol. 26.

50

&

Ed



-

W

)

Walcott, C. D.

1885

1885.

1890,

1890.

1895,

1895

1899.

1916.

Pre-Carboniferous Strata in the Grand Canyon of the
Colorado, Arizona. Amer. Jour. Sci., 3rd Series, Vol.
26, U.S.G.S. Fourth Ann, Report 1884, Washington,
Gov't. Print, Off.

Description of the Deer Creek Coal field. 48th Con-

gress, 2nd Session. Senate Doc. 20, Appendix 1.

Fauna of the Lower Cambrian or Alenellus Zone. U.S.

G.S. 10th Annual Report, Part 2, Washington, Gov't.
Print., Off.

Study of a Displacement in the Grand Canyon,. Geol.
Soe. Amer. Bull., vol. 1.

Pre-Cambrian Igneous Rocks of the Unkar Terrane, Grand
Canyon of Colorado, Arizona. U.S.G.S. 1l4th Annual
Report, Part 2. Weshington, Gov't. Print. Off.
(Description of Petrography by Iddings, J. P.)

Algonkian Rocks of the Grand Canyon of tho Colorado.
Jour. Geol., vol. 3.

Pre~Cambrian Fossiliferous Formatlons. Geol. Soc.
Amer, Bull., vol, 10. ‘

Cambrian Geol. and Paleontology. Smithsonian Misc.
Coll., vol. 64, No. 5.

Wogemann, C. H,

1914.

Geol., and Coal ROSOHTCLS of the Sierra Blanca Coal
Field, Lincoln Co., and Otcro Co., New Mexico. U.S.
G.S. Bull, 541, Washington, Gov't, Print. Off.

White, David

1927.

1928,

1929.

Study of the Fossil Floras in the Grand Canyon
Carnegis Inst. Year Book 26,

Algal Deposits of Unkar Proterozoic age in the Grand
Canyon, Arizona, MNat. Acad, of Sci. Proc., vol. 14,

. No. 7.

Flora of the HermitAShale, Grand Canyon. Carnegie
Institute, Washington Pub, 405.



n. 4. Origin and Geologic History of the Grand Canyon.

Williston, S. W.
1911. A New Family of Reptiles from the Permian of New Mexico,
Amer. Jour. Sci., 4th Series, vol. 21.

Williston, S. W., and Case, E. C.
1912, The Permo Carboniferous of North New Mexico. Jour.
Geol., vol. 20,

Wilson, E. D.
1922,  Proterozoic Mazatzal Quartzite of Arizona,.Pan-
American Geol., vol. 38.

Winchester, D, E.
1921. Geology of Alamosa Creek Valley, Socorro County, N.

Mex. U.S.G,S. Bull. 716. Washington, Gov't. Print.
off.

Woocdford, &. O., and Harriss, T. F.
1928. Geology of Blackhawk Canyon, San Bernardino Mts.,
University Calif. Pub. Geol., Sci., vol. 17.

Weodrufft, E. G.
1912, Geol. of the San Juan 0il Field, Uteh, U.5.G.S. Bull.
471. Washington, Gov't. Print. OffT,

o2

,J\,-"



