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FOREV/ORD

This pap er is onc of several prepar<d for the Ficld Division
of Education of the National Park Scervice du. ing the CWA pcriod
of 1933-34.-~ Its purpos: was to provide proliminary “nformatien
for the preparation o7 geowngical exlibits at russums in Souvh-
westert. National Parks and Mcguments and to ssrve as the Iirss
step in the compilation of a genorel maaual for travelers O
the region who should be interested in the broad gencral outlincs
of Southwestern geolazys

Inasmuch as this papor was onc of the last to be pruparcd by
the author during the woek period, as well as the turposes for
which it was intcnies it is 70 be rezardud ac only the briefest
sumation ©f tne outstuidlig Tratiures > Sousuwesterce GCOLUgYs
It is essentially = compilatira of nublishca “Zasa wn 2onvenicnt
form in the prcparation of which th.re was nccessar.ly
considcrable sclection «f deta. Opinions may wvasily vary as 0
what constitutc the major featurcs of +the geology of o r.gion
50 varied and cxt.nsive as the Soutihwest,

Despite its limitctions this paper noy well scxrve as a
simple intorducticn tc thi arca in question, Although prepared
primarily for use in the museum lavorctorics and by ficld ofiicers
of the Nrticnal Prrk Serviec, sO m uny rcquests for copics linve
boin reecived that it has secmed worthwhile to mrke the peper
morc g n.rally availcble by preoducing it in this mimcogr:phed
forme. A spceizl effort was made to compile :n cxtensive and
significant bibliogrrpay which should bc of valuc.

In ordcr to save time cnd € xpense in mimoographing, foot-
notcs heve bcen reduced to a minimum and wmost citations are in-
cluded in the text in parcntheses, Stotoaents mrde are dccumentcd
for thc most purt but in some cases may represcnt a sybthesis
of cxisting opinicns.

Crcdit is duc the Works Progress Administration far providing
the workcrs who heve made the mimcographing of t his pop.r possible,



Introduction

‘This renort hras heern rre ared under the direction of the
ruseun staf'f of tre ield Hivision of _ducation of the " atioral
rark service 2t Rerleler., its Lawdista tur ose is to btring
togethor & moure oY 12a3s aenz2rulizoé body of infomation on yhe
geolos,r and wmlecatolosy of tre louth.estern Urited ..tates,
™ie infoenation nos hoer co b ilid from ke litersture s the
inisi 1 oten an tie wren.estion of ¢ ~ronosec idcbook of this
recion. Lince the peo.u, v ie co congtitvte only = chmnter in
this =i stooi alon: wat™ othsvs on the resinu-iy. cthnoliesy,
bioloizv =6 nthronlosy, introductory recaarks or the locztion
and cereral evarseier oif the parion heve surposaly been oxzittoed.
Tha rateril liercin containad is nuinly in the form of zxirzcts
froa virious .ublie:ticns éoiling with the geolosr and wuleont-
clogy of this resicn. e orizia:l intention vms to nresent the
results in 4.0 u:irts; the first, covsisting.of a rosume of the
rn3cloziexl Tistory off the Louthiest 2s o mole; ard, sceond,
discussior of' zelceeted lecenl nreas, esnocinlly the notional nirkg
and sorusents sitain the re-ion, - “ieh illustruts Harticvlurly .
wel) the various prases of the Ristorv and the ceolorical -rocesses
et ork here, owever, due to thWe brief tive wviilabls, it hws
baer inpossible to co:dlote evan thae Tirst cortion of th:t -:hieb
w8 orisinally interded., enr inortan, »vents have not boen
touehed uno: =2nd ny of thosc only ;neationcd n ed Turther
elahor=tiorn.
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.DESCRIPTIVE GEOLOGY
Introduction

The geologic formations so well displayed in the labyrinths
of deep canyons, the cliffed and terraced mesas, and in barren
rocky jumbles of the mountainous areas of the Southwest, present
a record of geologic history remarkable in its completeness and latent
with intriguing events. In this region of North Auerica all five
of the great eras which have been recognized in geologic time are
represented, renging from the oldest known Archeozoic rocks through
to those of the Cenozoic. Although a complete section of the rocks
cannot be seen in any one locality, by tracing the rocks across the
country five great terranes are recognized. The older representing
the first two eras of geologic time, the Archeozic and Proterozoic,
are shrouded in mystery, for they are of such great antiquity that it
is exceedingly difficult to piece together the fragmentary record.
We do know that a tremendous length of time is represented by these
formations; it has been estimated that the Archeozoic and Proterozoic
represent three-fourths of all of geologic time. When we recall that
by the latest method of determining the age of the oldest rocks of
the earth, by means of the radioactive minerals, an approximate figure
of two billion years has been arrived at, the time allotted to the
first two eras is almost beyond comprehension.

Overlying these pre-Cambrian rocks are between 16,000 and 20,000
feet of sandstones, shales, limestones and volcanic rocks which
represent the Paleozoic, l’esoznic and Cenozo2ic eras. These rocks
contain a varied record of many invasions of the sea over this region,
each trensgression bringing with it its charascteristic faunas which
lived and died, often leaving its shelly or bony material as unmist-
ekable evidence of its exzistence. In other places we see evidence of
the cld seashores resulting from the advance and retreat of the waters
caused by slow undulating movements of the land up and down. Or again
we find evidences of ancient sznd dunes, testifying to times of dist-
inct aridity; or of the flood nlain deposits of wide rivers and streams
which meaiidered thesir wsy across land surfaces that were free from .
mountaing and rougi topogrephy which are so familiar a part of the
scene today. In these land-laid deposits, usually referred to as red
beds because of their frequent red color, due to the complete



oxidation of minute emounts of disseminated iron, are occas-
ionally found the skulls'&nd skeletons of queer animals which
have long heen:extinct, 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 vuas
more equabic and moist. At other times, especially in the late
Cenczcic cra, subterrancan fires, eating their way through the
superincumheat masses of sediments, burst forth on the surface
to buil? up great heaps of volcanic ash and lava flows, forming
velcanic 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 revclation
of a story of unsurvassed interest, a story which as yet is far
from complete, and perhaps for that reason 211 thé more inter-
esting. Muny now unknown animals and plants remain to be dis-
covered to give us not only a fuller knowledge of the fauna and
flora of thesc nast times, but also to give more indication of
the phisical conditions provailing at the time.

Tu¢ First Gic.i Era
(Archicozoic Eiz)

This is the oldest rcroup of rocks that the geologist has

~been able to recognize. It is a complex of a great meny diff-
erent kinds of rocks :hich have been metamorphosed by grcat heat
and pressure, being folded and squeczed by not one, but several
periods of mountain building, until it is slwmost impossible to
determine the relations of the original units to one another.

It is vory probable that ti'0o or more eras are rcpresented in this
complex; however, until a grecat dcel more detailed vork has becn
done on thesc rocks we can only consider it a&s a single great
group vhich represents perhaps over half of sll of geologic time.,

Tuis grouvp of rocks is presumably wvorld wide in its distrib-
ution; horcver, over the. greater portion of the continents it is
deeply buried beneath younger duposits. The arcrss vherc these
rocks are exposcd are of two sorts, the first over rather large
arecs of the continents vhich represent the nuclei of the cont-
inents, being areas which have remnined essenticlly land arecs
throughout the remainder of geologic time and have therefore
been undergoing crosion rather than scdimentetion. The second
sort of exposurcs are the cores of mountein ranges or arcas of
great uplift where the erosion has been able to strip off the
overlying cover to grect depths,



The latter is the type of exposure of these ancient rocks in the
Southwest. The most notable outcrop of Archean rocks in the
Southrest is thet of the inner gorge of the Grend Canyon ~here they
have been cslled the Vishnu Schists. The exposure of these rocks
here is the result of the deep trench made by the Colorado River in
its journey across that great uplifted arec known as the Colorado
Plateau. They are revecaled in the bottom of the canyon for much of
the distence from the mouth of Marble Cenyon to the Grand Vesh
Cliffs, and their outcrop extends far southwerd along these cliffs
ond the Cottonwood and Aquarius cliffs and the Juniper Mountains.

e

014 puartzites appear also at verious points, notably in the
Mazatzal Mountains and in-the Verde Ve0lley, as tell as along the axis
of the Defiance Uplift, atout 75 miles northezst of Holbrook. A
large arce of pre-Cambrizn crystalline rocks has been mapped in southe
centrel Yavapni County ~nd these rocks heve beon called the Yavapei
schists, vhile in the Globe-Rey region they have bcen called the
Pinal schists. These rocks are also representcd in the Buckskin
Mountains of northern Yuma County, Arizona.

In New Mexico these rocks are bared in the southern prologation
of the Rocky Mountains,; in Sandia, Manzano, Nacimiento, Burro,
Mimbres, Cooks, Lamitsr, Ladrones, Oscurr, Srn /ndres, Megd:léene,

Fra Cristobal, and Sierra Caballo uplifts, in the region between 0jo
Caliente and Brazos Perk, and in small arcas in the vest front of '
the Sacremento Mounteins, in thc Hetchet Mountains, in the hills east
of Socorro, in the Klondike Hills, In the ridgc northucst of Silver
City, in Lonc¢ Mountrin, and near Hunover, os well es in the Zuni
Mountains and the Hills of Pedernel. Irn southern Neved~, Archeozoic
rocks constitute n lnrge pert of the Fldorado Range, and in Southern
Celifornia ~re known in the Inyo Mountains and in the Bristol Moun-
tains near Crdiz.

Throughout the Southwest the Archeozoic rocks gre « crystal-
line complcx vhich include granites of considereble voriety, quartz
diorites, gneisses of various kinds, ¢nd schists, in large part
representing metamorphoscd sedimentary rocks but in part derived
from intrusive and extrusive igneous rocks of considecrsble range in
character.,



The Archeozoic rocks have as yet yielded no definate fossil
remains, although it is generally believed that life existed on
the earth at that time, being made up of primitive forms mostly
mieroscopic in size. Howeyer, if substantial remains had been left
these would have been largely destroyed by the entense deformation
of the rocks.

The Second Great Era
(Proterozoie)

The second great terrane of rocks recognized by the gecologist
represents perhaps a quarter 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 Southwest than the Archecozoic rocks, they constitute
a thick series of sandstones, conglomerates, shales and limcstones
or dolomites, with included igneous rocks. These rocks are
excellently exposed in the Grand Canyon region of Northern Arizona
and in Southern Nevada where they have been called the Grand Canyon
series. In Central Arizona about a thousand feet of sandstone,
conglomerate, shale and limestone are kmown to overlie the Archeozoic
rocks of that region, and are in turn overlain by the Cambrian. This
group of rocks has been referrcd to as the Apache group and is
beliecved to have bcon formed contemporaneously with the Grand Canyon
series.,

The line of contact betwoon the Archeozoic and Proterozoic
rocks is extremely interesting. The Archeozoic beds of both the
Grand Canyon region and Central Arizona are gencrally only alightly
disturbed from th01r normal horizontal position. Thc line of contact
with the Archeozoic rocks is an almost plane surface. During the
interval between the formation of the Lrcheozoic and Proterozoic rocks
there nmust have been time enough for erosion to completely wear dovm
the great riountains which were bhuilt during the Archeozoic to form &
nearly level peneplained surface at an elevation near sea level. Only
the great folds and distortions of the Archeozoic rocks below this
plained off surface, representing the roots of these old mountains,
remain to testify their one-time majesty.

The Algonkian roeks of the Grand Canyon were studied by Walcott
in 1882-3, and he recognized in theis two @ivisions which were termed
the Unkar (lower) and Chuar (upper) grouvs.

These two groups have a total thickness of nearly 12,000 feet,
and riay be seen in the depths of the Grand Canyon at various points
between Tapeats Creek and llunkoweap Valley, the largest area being



in the bend of the canyon near the mouth of the Little Colorado
River and in Bright Angel and Shinumo Valleys. Smaller exposures
~occur in Hindu and Ottoman amphitheater, Vishnu Creek, Vest Vlshnu
Creek, Phantom Creek and opposite Havasupal Point,

These rocks consist largely of brilliant red shale and sand-
stone, with conglomerates foraied mostly of pebbles, and gray lime-
stones, believed to heve beer foried mainly by limesecreting plants.
There are also igneous members, especially in the upper nart where
they attain e thickness of 800 feet, consisting 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 meterial on the limestone
produced asbestos deposits which have ‘been prospethd.

The upner group of the Grand Canyon series which has been named
the Chuar, appears only in the Chuar, Xwagunt, and HNunkowean Valleys
and their vicinity. It consists principally of dark brown or gray
sandy shale, with beds of brown or reddishbrown candstone and lime-
stones. :

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

In Central 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.
ThHis group is exposed in the Globe-Rey district, at the Roosevelt Dam,
and in the Sierra Ancha., In most of the area the formations composing
the Apache group lie nearly horizontel, but locally they are tilted
by flextures which also involve later deposits., The Apache Group has
been clacsed as Caabrian by Ransome on the basis of lithology. Walcott,
Lee, and Darton, however, regard this series to be the same as the
Grand Canyon series with the exception of the uppermost mémber, the
Troy wuartzite, which seems to be :iiddle or Upper Cambrian. The group
as thus restricted comprises the llescal limestone, Dripping spring



quartzite, Barnes conglomerate, Pioneer 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 characteristic-
ally associated with intrusive diabase, largely in the form of sills,
and the principal ashestos deposits of Arizona are found at the
contacts this diabase with calsareous members of the groups.

In interpreting the physical conditions of this region during
Algonkian time we are somewhat handicapped in not having, except in
a few cases, fossil organisms present in the rocks: The limestones,
and probably a large part of the shales and quartzites, were deposited
in shallow marine water, but part of the sandy shale and sandstone is
bright red and its bedding planes are so extensively marked by mud
cracks as to imply deposition on a low flood plain or delta surfece,
where exposures between flood seasons allowed the muds to dry and
crack, Some of the sands are cross-bedded and ripple-marked, bearing
witness to current action. The region was apparently one of a great
delta plain over which subaerial and submarine deposition alternated.
The great thicknesses of such sediments 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; yet they are for most part destitute of fossils
or other evidences of life. Some of the limy beds, however, have
hemispheric or nodular structures with a fine concentric lamination
that closely resemble the deposit made by the modern lime-secreting
algael, These algae deposits are among the oldest of all known fossils,
and it is significant that they represent one of the lowest types of
life. Isolated spicules of silicous sponges, which once lived in the sea,
have also been reported from the upper part of the Grdnd Canyon system.

The line of juncture between the deposits of the second great era,
the Algonkian, and the third great era, the Paleozolc, represents a
second great unconformity. This is excellently displayed in the Grand
Canyon, where below the unconformity lie the older, Algonkian form-
ations, in a series of great fault blocks; above it lie the nearly
"horizontal Cambrian Beds with significant fossils. If:the eroded parts
of these great fault blocks could be restored they would form a range of
mountains exceeding two miles in height. In its lower course the Grand
Canyon cuts across a half-dozen of these great wedges that bear witness
to a syatem of block iountains of impressive magnitude formed here after



the deposition of the Grand Cenyon system and beforc that of the
Cambrian, The lost interval represented by the unconforuity was
sufficient to allow for the couplete destruction of the ranges by
the tedious process of erosion, an interval whose duration was
undoubtedly some tens of : 1111;ons of vears long.

The Third Greet Ers of Gceologic Time
(Pale0201c Tra)

In general, it may be said that the Third great era is merked in .
the Southwest by the gradual suhmergence of an cxtensive land area
and the graducl encroaclinent of & freat sece froa the south. This
sutilergence was not uniformly developod througa tihe ontire areca, and
it wes warked by nany Tluctuctions, at times tic sca being almost con-
nletcly withdrawa. FEowever, with cach new incursion the sea scens to
have exrtended farther and farther over the remaining portions of the
0ld pre-Combrien lands until finally, Lefore the close of thc Paleozoic,
the envire soutirest was inundated. This progressive overlap is esp-
ecially well shovm in MNew Mexico, wvherc, in tha southern part of the
state, the older Paleozoic rocks are renrescntoed, However, as those
are traced northvard, they thin and gredueily disanpecr, in gencrel the
fornctions of each suc06551volJ younger ncriold coxtending farther and
farther to the north., Iu the northern part of the stat: the younger
Poleozoic rocks rost directly upon the old Pre-Canmbrian rocks, the
intervening fomiations being lacking.

The floor of old pre-Cambrian rocks upon which the sea cneroached
vas not worn do'm by erosion to a2 »nlain. It wns an undulating surfscc,
containing a nuwiber of rethor persistent ridges. One of thesc old
ridges of crystullire rocks is kmovm in the Zuni Ilountains region and
is belicved to have extendcd into llortheustorn Arizona and cccounts for
the only outerop of pre-Cunbrlun rocks in thot gencral rcgion, Here the
Supai rcd beds of Permien ;go rost dirccetly unon the pre-Cambrian

crystalline rocks.

Paleozoic tine wes extreacly loag, onduring somcthing like 340,000,
000 yecars., A study of this grect torrane the world over has revealed at
lecst seven usually distinct divisions which arc celled periods. The .
events of this cra arc so varied that it scems best to teke them up by
periods. ; : .



Cambrian Period .

A lorge poert of Arizone is occupied by rocks of Cambrian ecge,
nostly belonging to the late Cambrian, It is well represented in the
Tonto group exposed in the lower part of the Grand Canyon by cbout 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
¢. wide arca of plateau country to the west and south., The upper form-
ations of this sroup thin out in the Junipor Mountoins south of Seligman,
but the lowcr sendstone is conspicuous in the Jerome region ond is be--
licved to be reprcsentcd in the Tonto Basin,

In the Grand Canyon region and clong the westcern and southern margin
of the Arizona Plateau, the lower sandstonc lies on the suooth surfcec of
the pre-Cembdrian grenite nad schist., From Tancats Croek, ot intervels,
to Marble Canyon, it lics ceross the plancd-off edges of the tilted Crand
Canyon series; however, in nlaces, ridgues of the oldcer rocks, scveranl
hundred fcet high, project uhrough the sondstone inte the shnle which over-
lics it, In thc Grand Conyon region thesc overlying shnles nre of o grecn-
ish color and conteain thinbedded scndstonces ond srufi-colored dolomite.
They are in turn overlein by thin-bedded limestone crd messive dolomite.

In thc Clifton-ilerenci district the bosal Palcozoic strate have been
called the Coronado quartzite, consisting chiefly of browm, »ink, and
naroon-colorcd quartzitc which is conglomeritce ot the basec and varying in
thickness from 100 to 250 fcet. This formntion caps Coroncdo Mountain and
other summits of Coronsa do_Ridgo. Rather secarce fossils are indicative of
Cambrian age.

In Southern Arizono in the Tombstonc wnd Bishece regions, the Combrion
is believed to be rcoresented by the Bolsn quartzitce, which consists of
about 430 feet of pebbly conglomercte and quartzitc. o fossils have been
found, but frou its charecter and stratigrophic nosition it is belicved to
represent o portion of the Upper Cambrion. Overlying the Bolsa quartzite
in this region is e limcstonc succcssion enllad the Abrigo llJCStO e which
contnins fossils of Upper Cambrian age. ’

The Cembrirn of New Mexico is rcprcsentvd by thc Bliss scndstonc of
Uppcr Cembrian age. It is o prominent Feoture of the Franklin Mountains
of Texes and New Mexico ~nd other ronges of south-centrnl cnd Southwestern
New lMexico,



IKew Mexico. It :thins out just north of the San Andres Mountains
and is believed not to extend north of laii%uis 23 degrees 50 °
minvtes in the western part of the state. It 1s cxpceed ‘in the
Hatche* lfcun*ains, Florida Mountains, Cooks Renge, Mimbres Mount-
ains, and Silver City regiof.

The formation consists most generally of a brownish or gray-
ish saunds*cae, often with beds of conglomerate at th> base, In
some places work borings ere abundant and’ the beds frequen*ly cont-
ain Brachiopcd' shellse

Cambrizn rocks are also known from Southern Colorado, in the

San Juon Mcountains, in Southwestern Utah, Southern and Wlstern
Nevedn cni fvom +hs Inyo Range of Southo“n Jalifornia. Southrrn
“Celireraia, Rasscrn California, Nevede and Western Ttah ar. inccted
L1y 2 rociens ceewdy whifh eXtended from Scrthera Califcrnia
nor:baar? theough Messern Alceka where iv cormeeted with nue Aratic,
T™ie lealerd Srough which now constitut:s the Reeky mountnivn rogion,
and in*c waich the sens oftun sprrcrd durinz the Prlcozoiz snd Maso=
zoic eres, is generelly referrcd to ¢ the Cordilleran :cosyncline;
In the conter and accoest portion of thir trough, wherc th:’ecus
first cntersd the tiough it was grodurlly submergid bolow sea lbvel,
the most comnlete record of sedimertrtion being ropresentcd. A
branch from this - cst»rn scnwey cscems to bnwe cxterded cestward -
across Northorn Mexicee sad Southern rsrizons zad New licxico into °
Texrs end Oklahomn. Tke lowcr Cambricn sens 8 cm to huve bheen largely
restrictad to the scuthern portion of the Cordillcran giosyncline and
lying between, but not extending beyond, tho 111lth and 118th meridicns.
The extent of the prssegs connocting vith the Facific is unknown,- -
but it was prob:dly on unobstruetoed widn cherncl offording freae
ingress for the ccern wiiters - nd frune., The brendest known portion
of thc ser wns across ¥Western Utrh nnd Nevede inte Crlifornis, where
the lover Combrirn bade hrve boch fourd in loenlities 300 to 350
miles rpart. r = . '

In cerly middle Crmbrien time the scn widened scmevhet and in
upper Cembrirn it sprecd to the erstuerd intc ths Colorscce region-
to conneet vith the Mississippirn sci on- the North ené nercss -
Arizonz, New Mexico nnd Texes tc jcin it oan-th~ -scuth.

Ir. the abscnee of »1ll trrece of 1m1d pl-ntsiend toreostrizl
rnimel 1lifc in Jrmbrirn rocke, tho ériterin for the. detormination
of ciimatic conditions are limited tv the tor: rigoiicus scedimcntce
~nd the cherneter of mrrine liie,



With the incursion of the marine lower Cambrian sca, warm conditions
are indicated by the presence cof Balcerecus beds containing brachic-
pods and trilobites associsoted with the corel-like Archceccyathinae
¢f vorld-wide distribution, a type whieh, like mcdern corals, prcba-
bly requires & temperature above 68 dcgrees. There is alsc an almost
total absence of red sandstones and sheles throughcut the Combrian
series of strata. In the Cordilleran region a cold period cppears
tc be indicated in the barren arenaccous limestone between the high-
ly fossilifercus upper Olenellus beds of the lower Cembrian and the
fossiliferous limestones neer the base of the middle Cambrian. The
greot change cof the frunas at this horizcn is very marked. The
rbundrnt end varied marine feunas during middle Cambrisn time point
to temperete waters and climate throughcut the Cordilleran province
from Nevad: tc the Arctie Ocecan, and the szme is true of the late
upper Cembricn, althcugh the latter epoch ves cne of shifting strrn=
dlines and changing conditions of sedimentation.

The Cambrian seas swarmed with a great variety of invertebrate
animals, representing nearly all of the great phyla of the animal
kingdom, except the vertebrates. The dominant forms were Trilobites,
swimming and groveling crustaceans of predaceous and scavenging
habits, which became so numerous and varied as to make 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 ceme the
brachiopoda, During the early and middle epochs of the Cambrian
these were mostly very small, primitive types but in places very
numerous. In late Cambrian more progressive types are found with
thicker, more calcareous shells. The Archaeocyathidae played the
role of reef-forming corals in early Cambrian seas and were almost
confined to that epoch. Their biologic relationships are proble-
matical. The cone or cupshaped hard parts ranged up to eleven inches
in length. The calcareous algae were small but abundant during
Cambrien time, sometimes building small reefs,

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

10



worms, brachiopods, gastropods, eehinoderms, and arthropods.

The difference implies that some great change had taken place in
the organization of animals during the interval tetween 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 represcntotives of the molluscan phylum would
surely indicrte that life had oxisted on the earth long before
the Combrian and that protably fer more than helf the drama of
evolution had been enacted before Cabrian time.

Ordovician Period

In New Mexico, strata of Ordovician age appesr rather
extensively in the mountains rnd ridges in the southesstcrn part
of the strte. These struta comprise the lower Ordovician El
Prso limestone end the uprer Ordovicicn Montoyd limestonc. As
traced to the north, thesc Pormntions thin out nenr latitude 34
degress. The E1 Paso limcstone appecrs to grade down into the
bliss sandstone (Combrizn), but it is seperated from the MOntoya
limestone by & break in sedimentction, representing pcrt_of_Ord*
ovician time, and the Montoya limocstone is limited above by &
breck reprcsenting an interval of unknown duration.

In the Fronklin Mounteins, the El Pﬁso linestone consists
of nbout 1000 fect of nicgnesinn gray limsstone. The surface of
nony layers i€ covered by thin reticullrting brown deposits of
silica, and most of the rocks wecther to o pi'le groy tinte-two
‘features which rre distinetive of this formation throughout
Southwestern New Mexico., This formation may also be séen along
the erst front of the San Andres Mountrins (300 fcet), in the
west frce of the Sacramento ilountains, southeast of alemogordo
$250 feet), in the vest face of the Sierre. Ccbello (300-400 -
feet), in the Cooks Range (600 feet), ebout Silver City 'nd Hanover
in the Hntchet llountains (500 feet), in thc Snake Hills, end in a
&1l outerop in the Peloncillo Mountains, north of Granite Gap.

Fossils are not numerous in the El1 Paso limestone, znd most
of those obtrined ctme from the medial and upper beds. A snall
coiled shell, Ophileta is the most cormon. The fossils from this
formotion were regirded by Ulrich end Kirk ss correlative of the
lete Beckmantown time nnd nt some localities as perhops also
Chrzy time. »
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The Montoye limestone, of latest Ordovicicn (Richmond) nge,
underlies the portion of New Mexlco south of latitude 33
degrees, and may extend farther north bene' th overlapping
formetions., Tho thickness’ ranges from 200 to 300 feet, consist-
ing of two parts, o lower member of dnrk-colored ricssive lime-.
stone, in places srndy, cnd nn upper member of slobby teds, with
meny thin lryers of chert. 'The usucl outcrop is a dark cliff in.
the nountoinside. The formation is exposed along the enst slope
of the Franklin Mountnins, the Cooks Renge in the Snuke Hills,
in the Klondike Hills, in the Sllv9r City region, in the Sierrz
Cebello and Mimbres Molintains, at Lake Valley, prominent along
the eastwrrd facing escarpment of San Andres Mountains, the
southern Oscura Mountains, in the Seeremento Mountains and the
Hetchet Mountains. Fossils occur throughout the Montoye lime-
stone at necrly all exposures, consisting lgrgely of Brachiopods
with some corels.

It is generally believed that the Ordovician reds of New
Mexico extend westward =nd underlie n 1lrrge part of Eestern New
Mexico., In the Morenci district Ordovicicn strata have been
identified and referred to as the Longfellow limestone. It consists
of about 400 feet of limestone, more or less dolomitic, heing more
siliceous in the lower than in the upper beds. It forms bluffs
.Adong the Sen Francisco River mrbove Clifton and occurs in faulted
blocks at the foot of Copper King Mountcins, erst and south of
Morenci, and north of Gold Creek, on the -slope toward Eagle Creek.
The lower portion of the Longfellow limestone contains fossils of
Combricn age while the upper portion contains a numrer of lower
Ordovician (Beckmantown) forms. The formation probatly represents’
sedimentation, extending from late Cambrian into early Ordovicicn
time, elthough there may be an unrecognized breek in this sequence.

Ordovician Rocks are believed to be represehted in the Good-
springs dolomite of Southern Nevada. Fossil evidence, obtained
about 10,000 to 12,000 feet below the top of this formdtion, is,
believed to 1ndicate Eerly Ordovicicn Age, The lower portion of
this formntion is believed to be Cembrian, ~nd the upper portion
Silurian and Devonian,

i

Ordovicinn strcta have £lso been recognized in the Inyo
Mountains north of Owens Lcke, California.

From the distribtution of the Ordovician rocks in the.south-
west, it is inferred that during ecrly Ordovician time the weaters
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it is inferred that during early Ordovician time the waters from
the Pacific Ocean spread iuto the Cordilleran geosyncline across
Southern Cslifornia, most of Nevada, Western Utah, end northward.
Also an eastwardly extending embayment allowed the seas teo tranc-
gress across Worthern Mexico and extend inte Southeastern Arizona
and Scuthern New Mexico. The seas were somewhat restricted in this
this repion during the middle Ordoviecien, ‘but during the upper
Ordovician they hed almcst the same. dictribution in the soutbwest
as during lower Ordovician time.

- From the distribution and character of the faunas of Ordovicion
time, and from the wide distribution of limestones and. dolomites it
seemes quite clear that this vies a time of werm ¢limate, lacking marked
climrtic zones Limestones &nd dolomites containing forms believed
restricted to warm seas are knovm far to the north within the Arctlc

Circle.

‘Silvrien Period

The rocks representing the Silurirn period cre extremely restricted
in their distribution in the southwest. A small portion of Silurinn
time is represented by the rusuelmvn, which is confined to the part of
New Mexico south of Letitude 335 degrees. ‘It is represcntced in the
Frenkline Mountains by 1000 feet of streta, and is of considerable topo-
grephie promincnee. In the Cooks Ronge, nerr Lake Valley, it is about
200 feet thick, in the Sacramento Mountnins 100 to 130 feet, near
Silver City 40 feet, in the Hntchet ~nd Vietorio Mountains 100 feet or
more, and in the San Andres Mountsins it ranges from 220 to 120 feet, but
thins out rnpidly @ short distance north of lattitude 33 degrues.

The formotion overliecs the Montoyn limestone (Ordovician) un-
comformably shorlng thet this region vas. subJect to crosion following
the Upper Ordov101

Fossils nre Tore in tLe Fusuelmpn limestone, the most cammon -
form being ¢ brachloood Pnntﬁmoru ; but meny corzls occur in places,
notably in the knold on the south 31dc of Mine Hlll in the Vlctorio

Mounteins. .

No streta of Silurian ngc hrve been found in Arizons cnd this
period appears to be represcntcd here mrinly ‘by érosion, this rigion
£t thnt time coms*ituting » 1nnd sren. It is not likely that the '
Fusselmen limestone may extend into the extremc castern part of
Arlzona, but it covered by desert £ill aud volcanic rocks.
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Devonian Period

Tae Devonian system is represented in Southern New llexico
by a widespread deposit of black shale named the Percha shale,
from Percha Creek near Kingston. It represents a portion of
later Devonian time, and, although accordant in attitude with
the overlying and underlying formations, it is seperated from
them by breaks of sediuentation. It is absent in the Franklin
Mountains and apparently also in the Permian overlap in the
Florida and Vietorio Mountains. It atteins a thickness of nearly
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 iountains, 160 feet at Lake Valley, and about 100
feet in, the San Andres and Sacramento Mountains, It thins out
in the northern part of the Sun Andres lMountains, but probably
is represented by some red shale overlying Montoya strata in the
southern paert of the Ascura Mountains. It is absent in the
Magdalena lMountains ond other ranges in central and northern - _
Now Mexico. 1In most places the lower beds are fissle shales, amd
the upper beds of gray shale contain layers of slabby and nodular
limestone.

Limestones of later Devonian age have beecn found at many
places in Arizona. They have not bcen recognized in the south-
western corner of the state west of lengitude 112 degrees, but
may be prescnt in the suceession of more or less metamorphoscd
limestones in that region. They have been found on Canyon Creek,
Gila County. Beds of this. age are abscnt in the northcastern
part of Arizona, wherc in the Defiance uplift rcgion, at least,

" the Pocrmian rocks lie directly against the Pre-Cembrian, but
their abscnce here may be duc to removel by vrosion in carly or
middle Carbonifcrous time.

Reémnants of Devonian strata have buen found at scveral plices
in the Grend Ctnyon, wherc the formetion is known as Temple Butte
limestone¢ from its occurrcnce in Templs Butte, & platcau remnant
lying between Chucr Valley and the Color:do River, = short dis-
tince below the mouth of the Little Culorcdo River. At Kancb
Creek they consist of purple 7nd cre:m limestonc tnd s ndstone,
passing upwird into gray cileiferous s:ndstone, lying on o vory
irrcgulir surfoce of the ilauv limestone (Cuambrizn). In the Grand
Canyon, etst of the Kicbob plateau, the Temple Butte limcstone
is in pluces entirely ebsent, either through crosion or non-
deposition, so that the Redell limestone (Mississippicn) rests
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directly on the massive calciferous strata of the upper Tonto
(Cambrien.) It rarely has a thickness of more than 100 feet.
Noble ‘recognized meny occurrences of remncnts of Devonian strate,
mostly occupying chennels in the eroded unper surface of the Mauv
linestone., There is a good deal of verisztion in the charzeter of
the beds from plece to place, the beds beirg in lenticul-r layers,
commenly wedging out in less than 100 feet with many loe:zl 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 end o peculiar gnarled
structure are comron.

In the vicinity of Clifton and Morenci the Devonien is rep-
resented by shele and limestone which hes been celled the Morenci
formation., These formetions are belicved to represent the west-
werd continuation of the Percha shale of New Mexico. The Morenci
formation consists of zbout 100 feet of dnrk fissile shale under-
lain in most places by 75 feet of fine-greoined impure limestone.
The best expdsures =re cbout Morenci, on the San Frencisco River,
above Clifton, near Garfield Guleh, in slopes north of Coronado

Mountcin, and ot the heaxd of the south fork of Sardine Creek. The
formation is cccordent in ettitude with the inclosing limestones
of Ordoviciaen age below and iMississippian age above, ~lthough
seperated by unconformities ropresenting long periods of time.

In centrcl ond southsrn Arizona the Levonian rocks are known
as the Mertin limestone, nemed from Mount Kartin neer Risbece. The
formation is expised in the Escabross ridge in the Bisbee region,
and in the line of ridges extending from Mt. Rielly to Gold Hill.
They consist largely of derk gray, conpzct linestone in moderately
nassive beds, with some slcbby and shly members particulerly in
the lower part. The thickness is 300 tc 350 feet. In the Jerome
area these rocks rest upon the Cambri:n Trpsets scndstone and con-
sist of thin-bedded, light yellow and gr-y linestones, sone cof
which are quite sandy. The total thickness here is sbout 500 feet.
Limestones of Devonirn 2ge occur et various places. in tho . Empire
Mountains, in the Sents Rite Mountains necr Helvetia and southwest
of Greaterville, and on the eastern slopes of the Pestugonian
Mountains. ' They also appear to extend along the northecst slopes
of Canelo Hills. They have been identified by Darton in the Salt
River basin, Bleck River Valley, Nantcs 2nd Mogollon plateceus,
Geliuro, sestern icscel, Whetstone, Lrcgoon, Santa Cateline,
Tucson, Slate Mountains, end possibly wlsc the Sieretta Mountains.
They may yet be discovered in the Vekol Renge. It is ‘
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believed tihat the Martin limestone is tne Westward continuation
of tie Perchu shales of Liew lsexico, pollibly having been formed
in the clearer waters of the embayment.

Fossils are quite numerous in rnost of the Devonian formations
of the Southwest. In the formations of southern liew Mexico, and
south and centrel Arizona tuey cousist of merine invertebr:ites,
especielly brachiopods and ccrzls with remains of gustropods,
crinoid stems, :nd sponges, In the Grand Canyon region, fossils
haeve been obtained at verious pleces. In the wzneb Creek section
Wulcott reported "Placogunoid fishes of Devonian type", while the
beds cest of Kaibeb plateau yielded Cycthopylloid corcls, casts
of brachiopods «nd plates of plecogsnoid fishes. In Sapphire
Canyon, about 12 miles west of Bl Tovar, fregmentary matcerial of
Bothriolepis occurs. It seems from the cross-bedded end lenticular
nature that much of the Devonian of the Grund Cunyon region rep-
resents rotier ncer-shore delts deposits. This is also borne out
by the occurrence here of the remuins of what rre supposed to be
fresh-wuter fishes.

In the deeper portions of the Cordilleran heosyncline, ex-
tensive thicknesses of Jevonian sediments were laid down. Thus,
in the furexs, N-vads section, the Devonien is represented by
4000-6000 feet of limestones wnd calesreous sheles. In the Inyo
Mounticns, Twlifornia, the Devonian includes avout 1500 feet of
dark grzy to black shules und argillsceous limestones, with
sever=zl beds of h«rd sixdstone. B nds of bleck chert are common
in the limestone, «nd often curry numerous fossils of corals,
brechiopeds, . erinoid stems, ete.

Missisgippian Period

Mississippien forr..tions occupy most of the soutwestern
prrt of the stuate of llew Mexico, wnd probubly are present under
some of the southeustern part, but they wppenr to be =bsent in
the Fr-nklin, Florids, -nd Victoric kountzins. Taey cre known
generclly under the nume of the Like Valley limestones cnd ere
conspicuous in tihe Sacr.mento, Sun Andres, Hobledo, Cabzllo,
Cuoks, «nd iiimbres Mount:ins, where shey consist gunerclly of 100-
200 fcet of mrsuive to slebby, mostly coorsc-gr:incd, light-
colorcd limestonu. Inn the lisgdalena Mountuins .ud Sirra Ladroncs
the limestones lie on per-Crmbri-n grenite, bat clswhere they
overlie the Perchu shils without discordence in - ttitude. They
are overlein by limestone of Pennsylv:niazn cge without notable
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difference in attitude, but separated by a break in deposition,
reprcsenting & long interval of time.

Fossils have been cellected frem this limesteme at Lake Vallcy,
and in the‘Mimbros Mountains, near Kingston, cnd in other regions;
and they consist meinly of crinoids, corals und brachiopods.

The Mississippian series has a wide distribution in Arizone.
It is represented in the Grand Canyon by Redwall limestone, where
it forms the most extensive cliffs in the Grand Canyon. It appe-rs
impressively in the canyon of' the Virgin River, in the Virgin Mount-
.ains, and in the Grand Wash Cliffs, in the northwestern pert of
the sttte, wherc its thickness approcches 2000 feet. South of the
Grand Conyon it imrkes @ broed bench which extends from Grand Wesh
Cliffs to Juniper Mountains and Black liesa, and along the valley of
the Verde through the northeastern part of Yavapei county. It
skirts the basc of the Mogollon Cliffs through northern Gila County
and extends up the Valleys of the Salt, White, and Balck rivers,
and under the Natnones Plateau, necrly to longitude 110 degrees.
It is very thin or absent in the upper part of Canyon Crcek. In
its southern and southeastern extension it thins greztly, being
about 300 feet thich in Yevepei end Gile counties, where it be~
comes less massive. Characteristic Mississippian invertebrates
have been found at a ngumber of places.

In the southern part of Arizona, in the Bisbee region, the
limestones overlying the Devonien (Martin limestonc) have been
called the Escabross. limestone. The formation consists of rather
thick-bcdded, nearly white to durk-grey, gronular limestones, mostly
of ‘gre.t purity, the totel thickness being between 600 and 800
fecet,s Fragments of crinoid stems arec.very abundent, and remeins
of corals and shclls occur =t various horizons. This formation
has also becn recognized at Tombstone, -end in most of the mount-
alns of southesstern Arizona as far siest as thc Vekol Range, rnd
north through the Sante Catalin: and Turnbull Mountains. It is
also prescnt in the Globc-Ray and Rooscveolt Dam rcgions, where it
is inecluded with Pennsylvanian limestones in the Tornado formetion,
The Escabrosa limestone represents, according to its containcd
fossils, the cuirlier helf of ilississippian timc.

The Mississippizn is represented in southwestern end Control
Colorado by thc¢ Leadvillc limestonc. . Although conformoble with
the undcrlying Devonien rocks, it is scperated from the overlying
Pennsylvanion formutions in most places by an unconformity. The

17


http://Redwn.ll

Leadville limestone is the chief host rock for replucement ore
deposits in Coloredo.

The Mississippian is u«lsu represented in Utch, Navada and
southeustern Culiforniu, principally by dcposits of limestones

Pennsylvanicn Period

In New Mexico the Pennsylvenian périvd is represcnted by the .-
Miadalena group, & thick succession of limestone which is =z prom-
incnt feature in the Secrumento, Swun andres, Oscursa, Feanklin,
Cabello, Lus Pinus, Scndis, «nd M.nzano liountains and consti-
tutcs & large part of the S:ngre de Cristo wountuins. It ulso
appeurs in the [:gdelcna, Lidron, Rubledv, Lomitar, Lone, Hutchet,
Covks, Peloncille, &nd iimbres M.untuins, .nd the ridges eest and
west of Socorro, south and west of H.:tchet, und west and north
of Silver City, end in the uplift of Suntc Rite and Hanover. It
underlies ¢ purt of the westurn third of the state, where its
linits : re not lnoums, It is .bsent in the Zuni Mount: ins, in-
purt of Grent County, in the Pedern.l roegion nd in most of north-
er.stern How Mexicou..

Linestonc is the predumintnt rock of the licgaelens group,
but interbedded s:ndstone -nd shele oceur in ull sections; ¢nd
v.long the eust side of the Stngre de Criste ifountiins griy -.nd
red sundstune pred.:iinates. Thicknesses range from 900 to 9500
feet, stteining o meximum in purts of the Rocky ifounteins.

Fossils occur wbundnntly in most pnrts ..f the Magdulenn
group +«t neurly «ll loc:alitics.

In Arizonu the Neco limestons ot Bisbee, ~t least 1500 feet
and possibly &n much «s 3000 feet thick, w..s referred uriginully
to the Pennsylvenicn; however, it is now known to eontuain nlso
beds . f Perm:cn cnd possible Lower Cretacewus age. Pennsylvenian
limestones nre found in the Sunte Rits regicn, :nd huve considler-
rble develupment in Central AriZ)nL._ Forther to the north, in the
plitecu «nd Grind bunyun robiun, .the C:lecureous Pennsy1VLn11n
strutae are succeeded by morc sren.ce . us beds whieh heve -not every-
where been definitely separ.ted from the Permisn portion -of the
Supui formction, c.nsistiug meinly of red s:ndst.nes and shorles.,

In Colorad> the highl:inds bordering the Centril Colorad»
busin ¢nd the southwestern Colurad) busin'wgru uplifted ¢t the
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end of lMississippian timc. Along the mergins of tiacse basins,
Pennsylvinicn rocks overlap.nll of the older formations with
marked ‘uneconformity. In the central pcrt of the basins the lowicst
Pennsylvenicn rocks are marine shules nnd linmestoncs interbedded
with coaly shales containing cbundent plant remains.  Grit and
-eonglomerate overlie the lower member. In the lowcr part of the
grit scries, beds contiining a marine Pennsylvenicn fuunc are inter-
stratified with beds containing lower Pennsylvanien floris. Beds
conti.ining & Pernian flora eppear about 1500 feet frorm. the buse of
the Pennsylvanian ané overlie u limy menber characterized by
Fusulina and threudlikc wlgee, The Permi:zn plcnt beds ¢re inter-
layered with merine beds containing a faune whieh have bien con-
sidered of Pennsylvanien aspect. . In the northwcstern part of the
central Colorado besin the lower Ponnsylveni:n bels cre overlain
by the Weber(?) quartzite of Middle(?) Pcnnsylvanian age, which

is succeedecd by the Pary City formation, of uppor Pennsylvanien
and Permian age. Thesc formations disappcur touard the southeast
and erc overlapped by Pcrmian grits th:.t apparently rcst on the
Weber(?) formation, of Lower Pennsylvrnizn cge throughout central
Colorado. Throughout Colorzdo the Pennsylvonicn grits are char-
acterized by :bundant clastic miei and by pre-Combricn debris.
Gypsum beds are ¢ormion in the Pennsylvanion stratae of central and
southwestern Colorndo «nd scveral solt dones hove been found in
the Pcrodox Valley region in the southiestern part of the stote.

- Perniian Period

The Permicn in New Mexico is ruepresented by tlie lMounzano group,
comprising the Abc sandstone below ¢nd the Clhupidera formation
above, Tae Gym liucstone of southwestern New Mexico and the Cistile
gypsum of southeistern New Mexico :ay be equivilent to the Chup-
aderc in wholc or in purt.. The Permian beds of Now Mexico are
both thick and extensive, the maxinum totul thickness being prob-
cbly in excess.of 4000 feet.  In tae cestern part of the state,
in the Pecos villey, the Permion conteins nueh salt, gypsum, snd
anhycdrite. The grent caverns neur Corlsbad are in Porniicn lime-
stonc. In southecstern Arizona, beds.of Pernion wge wre defin-
itely recognized only in thc upper part of tihe Nzco group, but in
southecstern New Mexico tihicy have been noted -necr Senta Rite by
Spencer., They constitute, however, «n’impertunt part of the strot-
igraphic sequence of the Arizona pluteiu, where the Supoi formotion,
the Hermit shale, the Coconino sandstone :nd the Xoibib limestone
wre all regarded as of Pernicn age. ‘
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Permian rocks are well known in the succession expcsed in
the walls of the Grond Cenyon, being reprcsented by the Supai
formntion, Hermit shele, Coconino sendstone, rnd the Kaibab lime-
stone. The Supci formation here consists of ¢ series of massive
cross-bedded, fine-grained, red-stained sandstones, interbedded
with snndy red shrle, and inéluding a few beds of calerrcous snnd,
limestone conglomerrte, ~nd cherty limestone. The total thickness
exceeds 800 feet. The zlternnting sendstones and shales give a
step-like form to the outcrop. The Supai formation is sepernted
from the red-iall limestone below and the Hermit shale above by
plenes of unconformity. Its deposits are those of river flood
plains within vwhich impressions of fern-like plants ~nd tracks
of land snimels have been preserved.

The Hermit shale of the Grand Canyon is & succession of thin
layers of red, srndy, frieble shale, remarkably alike in color,
composition, and bedding. The thickness nverages cbout 300 feet.
From the Hermit shrle hove been collected impressions of ferns,
cone-berring plants, insect wings, and trrcks of supposed snla-
mnrnders.

The Coconino sandstone forms a buff, verticel wnll, 300 to

350 feet high, just below the rim of the canyon. It is char-
-ncterized by uniform fineness and purity of grain; by persistent
cross-bedding on a huge scele, and by general massiveness. Most
of its beds hrve the form of interlocking vedges, 10 to 75 fecet
thick. A few horizontel beds appear at the bese. Ls ot present
interpreted, the Coconino'is largely an coliszn deposit. The
cross-bedding laminane preserve the tracks of ~ncestr~l amphibia.

The Kaibsb limestone is the highest stratum in the wnlls of
the Grand Canyon. It is also the brsal formation of the plateaus
north and south of the Colorado River, being exceptionslly wide-
spread. With few interruptions, it forms the surface rock of
the Shivwits, Uinkaret, Kanab, and Faibab plateau, north of the
Colorado, and the Coconino plateau south of the river. From the
many Echo Cliffs to the Grand Wash Cliffs, a distance of about 130
miles, it constitutes the rim of the Grand Canyon. It is pre-
dominantly a gray or buff cherty fossiliferous arenaceous lime-
stone, with some interbedded sandstone and, locally, gypsum at
the base. This limestone generally forms ragged, nearly vertical
cliffs, with recessed grooves, along the edges of the less re-
sistant beds. The Permian age of the formaetion is attéested by
a marine fauna comprising some 80 species. The limestone is
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800 t. 1000 foct thick in the Virgin River V:lley, 500 t¢ 800

focut aleng the rin of the Grrand Cinyun, 600 to 700 fect thick in
tae northern part of tho Kribeb Plitccu, and 200 tc 300 fcot abcut
Flogstaff cn the Ccecnino Platecu. The Koibcd is-ccnfornable with
the undt.rlying Ococnince end uncouro:mnblo ‘with the cverlying hicen-
kcpi (Lower Tricssic.) '

In generalizing the history of the Permien of the Scuthwost
it nny be scid thot wwestorn Texus and scuthern Mot hicxieo present
the gre~*ist scetion of norine Peruian kneon in Avoriea ané pre-
b.bIer t- finzst in Lhe wierld, for intericr seus froo the Gulf of
sicxinc entercd acrcess tiue rogicn, and in their rctrcat lingercd
longust hece. As & resvli, the Pcrmian rceks, rhich attiin a :
taickneus ¢f c¢ver 7000 feet, nre alncest cntirely narinc -ané lorge- -
ly dclendtcs and liir:stcnus. Their abund=nt fussils shevw roscn-
blances t¢ thesc ¢f Itely nd the Alps. The dclcuitss that forn
the higher part of thc sceticn in tiic regicn of the present Guado---
lupc wnd Glass licunt.ins <ppe'r tc have been grent recfs cr benks
in the cntrunce to¢ this cntire sca, upen which cclecrceus Cepesits
fermed, while 1mds :nd cwen sclts wore depesitcl in the leg.uns
bchind theu. The ebruptncss with whieh these wnssive -dclerites
-grade castwerd intc shnlcs, wnhydrite, and s:1t is rcicrkeble.
- vestward wnd northunr2 the Pernian is widcly distributed. in New -
Mexicc; Awiscna, Nevedn, Cclur:do, Wycring, Utah, ~nd Idehe, xhore .
-1t presents largely ruc.—bod f:.cicas "t At the bas., thure cre lce:illy
thin marinc limestencs, but thesc are -gener-lly fillouwcd by red
shiles. ané sanlstunus, intc which gremt tungues of nassive, pure - -
quartz sand intorfinger. Thce latost for.ticn to be fur . vis -a:
widesprend nidllo Permian iincstenc, the Kaibeb, tunich nerks the-.
fincl Pornmian inund:tiun f the sce cver this rcgic,n.

$ 3% l'uch ct the red jed sedincnt ucs cc.uing fron the Colurcdes -
Mguntains (Anocstr'l Roekics ¢f ™,T, Lee) which lay tc -the ‘ncrthe-
ocst. In placcs this srnd wag wttx.r-laid, but in (ther arces 1t
w&8 blctn into duncs.

Tac Fourth Groot

Ere
(ﬂc_s« zcie)
" ‘Prinssie. Pericd

Triassic rceks ere widely distributed thrcughcut Utch, Cole-
redc, Arizcone, New Mexicc cnd west Texas. This is thc gro-tcst



area of continental (land-laid) Triassic deposits in North America.
Here continental red beds predominate, although xnar;ne members of
the older Triassic interfinger from the west. Bright red end

maroon shales and cross-bedded red sandstones n:ake ¢olorful landscapes
like the Painted Desert of Arizona. The a=x:rnic ‘rhickiess of these
red beds is found in southwestern Utah ani u7i-thsesiera a~.z0na,
mountinz to 3000. tc 4000 feet, and ir ger=wa. th: srvvsn tlins out

to several hundred feet toward the east iu Jolcrni: apc ¥roring.

Beds of cypsum occu» 2t various horizons ia wiwe -2 shalss, especially
in tae 2estern and acrtheastern parts 21 the regicn  Thuie e also
considerarle vOlzanic ash in the red beds of /ri.cne anu Jtah. Much
of tne detrital seliuen: came from tke ~i:d crysi. Lino upl..ts of the -
Colorado Mountains in Cojorado and nortkeru Ncw Mex;.co Tor che
Triassic formations becom: coarser grained towara:. zcé - <3 like the
Uncompahgre plateau, where they overlap against the eacizsnt granites.

Throughout the Ccicraio piateau a three-fold division 13 generally

ésnizable, - a4 jower Micpk.pi foumacion, e midile Iniaarwep comglo-
.merate member, ana aa umper Shinle formation. . Tha heerkopi Iformation
is a series of red-‘wo.n., hrick-red,.-gray, whit., ond yellow gypsifer-
ous sandy shales wiilk ‘nisr-bedded layers of earthy yzllow limestone'in
the lower part, and a conglomerate of variable composition gt the base.
It lies unconformatly 4bove the Kaibab limestone, and, like the Kaibab,
is present over la:,~e areas north and south of the 0010rado River. The
Moenkopi forms rcgul'sriy btanded cliffs along the Virgin River and at
Fredonia. At Virgin Cuity, 1775 feet are represented, in the Little
Colorado Valley. 400 recet, at Cedar Mouvntgin, on the south rim of the
Grand Canyon, 480 feet. The thickening westward is accompanied by an
increase in the amount of limestone and a change in part from arid-
climate terrestrial deposits to marine deposits, with which are associated
such fossil forms as Meekoceras aff..M, mushbachanum, Bakewellia sp.
Myalina n. sp., and Pseudomonotis n. sp,

The Sinarump 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
prominence, though in few places is it more than 100 feet tLick.
Through the plateau province it is a cliff meker.

The Chinle formation conformably overlies the Shinarump conglom-
erate and consists of a series of varigated shales, arkosic sandstones,
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and thin cherty limestone conglomerates. The shales include
much volecanic ash, Near the eutrance 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 thick-
ness from 400 feet to ebout 1000 feet. A distinctive fenture
of the Chinle is the pressence of fossil wood, which near
Rockville, east of Kanab, and at mony places in northern
Arizona occurs in sufficient abynd&ncc to constitute petrif-
ied forests. Besides the petrified wood, the Chinle formation
contains ‘2 wonderful srrny of fossil reptile and fish remains,
and numerous freshwater clams belonging to the genus Unio. Of
particular interest are the remeins of extinct amphibia, Steg-
ocephalia, and the reptilian Phytosaurs of crocodile-like form
ond habits which inhabited the streom chenncls of Chinle time.

The fossils, like the physicnl features of the rocks,
indicate that the red beds werc for the most part, at leest,
deposited above sen level. The Moenkopi was deposited over a
vast low flood plain sloping westward from the Colorado Mount-
rins to the margin of e shallow epciric sea whose shore fluct-
uated back znd forth over the western part of Arizona and Utah.
The Chinle wrs more completely indepentent of the seu and was
spread by sluggish strerms over o broad basin of «lmost desert-
like charecter; loczlly, there were swemps and shallow l:okes,
while in the higher ground surrounding the basins there were
scattered stends of conifcers. In the viestern lands there vere
explosive volcanoes, shedding &sh far sebout.

Jurassic Period

Over the stetes of the Colorido plateau the Jurnssic sys-
tem is represented by red beds and dune sands vhich ~ttain a
meximum thickness of 3000 feet or more. The lowest division
has been namesd the Glen Canyon group for its magnificent ex-
posures in the towering walls of Glen Canyon of the Colorado
Rivcr. The upper part is known &s the S~n Rrfrel group, for
its exposures in the San Rafrel sv.iell in Centrsl Utah.

The Glen Canyon group consists essentizlly of huge piles
of sandstone chnracterized by cross-bedding on an exceptional
scale. As exprcssed in the topography, ths group is the out=-
stnnding maker of cliffs and canyon walls. It forms the walls
of Zion Canyon, of lower Parunuwveap Cenyon, and in part of
Kanab Cenyon. The Glen Canycn group is divisable into three
formations; at the bottom the Wingate sandstone, lying perhaps
unconformebly on the Chinle; en intermediate formetion, the



Kayent:, consisting of celcarzous shele ¢nd limestone; and at
the top, the Navajo sandstone, from which Rainbow Natural
Bridge and El1 Moro have been carved. In the high platesus

the total thickness of the Glen Canyon group cxceeds 2000 feet.

The Carmel formation, the basal formation of the San Raf-
ael group, is a’'serics of hard, gray limestones and c<lcareous
shales 100 feet to 250 feet thick. It conformably overlies
the Navajo sendstone. It is well displanyed.in the Zion-Mt.

Carmel highwry, in Meedow Brook Canyon, &nd particularly at Mt.
Cermel junction. Fossils from the limestone beds include Pent-
acrinus stems, Trigonia sp., Cumptonectes bellistriatus, and
smell Ostresa.

Above the Carmel formation is a series of beds with a to-
tal thickness of about 250 feet that consists of poorly conso=-
lidated pinkish gypsiferous s:nds overli.in in turn by m: ssive
gypsum, nnd thin fossiliferous limestones und snndy shales.

The position of these beds in the time scale and their reletion
to the overlying Cretaccous have not teen sautisfactorily est-
ablished. Probably they represent the rest of the Suen Reofael
group and the overlying Morrisén formation.

The formations of both the Glen Canyon and the San Rafael
groups thin out by overlap on the old pre-Combrian granite of
the Colorado Mountains in western Colorndo. The increasing
coarseness and the presence of locally derived boulders indic-
ate that much of this detritel material was coming from that
region. However, since the sandstones thicken toward the west,
it is probeble that the Mesocordilleran geanticline lying bet-
ween the Colorazdoan znd Californiah seaweys was supplying a
large share of the sediment. ‘

Cretaceous Period

In the plateau province, beds of Crctucecous age attain
thicknesses of more than 3000 feet. They constitute long
shale slopes, high sandstone cliffs, end vertical canyon walls
in the zone between the friable topmost Jurassic strata and
the resistant Terticry Farly Colorado, Middle Colorzdo, Late
Colorado, and Montans age. Parunuweep Canyon, and zlong Coal
Creek, has not been subdivided, but prob-bly includes the



formations recognized by Gregory and Moore on the ecst edge of
the Paunsaugunt Platesu, nemely the Morrison formction of the
lower Cretuceous end five recognizable divisions in the upper
Cretcceous, the Dckota (?) sandstone, the Tropic shalc, the
Straight Cliffs scndstone, the Wehweap sandstone, and the Kic-
parowits .formation. ‘

As described by Richcrdson, the Cretaceous beds of the
Colob Platecu comprise 300 to 400 feet of sundstonc, the sh-le,
and corl, resting on bascl conglomeratc; 1000 fcet of drsb
shele; »nd 1000 fect of buff scndstone and dreb’ shale. A1l S
three are of Colorado nge. Buff snandstone of Montena oge are
resting unconformebly on the lower beds. * o '

.In northern New Mexico, the sumewhat doubtful Cretaceous
Morrison formetion apparently does not extend south of latitude
33 degrees. In southern New llexico the clief ruprcsentatives
of latcr Mesozoic time are sendstones cnd limestoncs of Lower
Cretnceous nge, vhich rest with marked unconformity on the older. -
rocks. In New Mexico the principal lower Cretnceous formction
is whot Dorton hes nnmed the Sartewn s:indstoue, vhieh he regnrds
es identicel vith Prige's Beartootl quertzite in the Santa Ritn
region. The age of the Beecrtooth quartzite is still unccrtaing
it is possibly the bese of the Upper Cretcccous in this region.
In the Bisbee rcgion, southeastern Arizong, the Comanche (Lower
Cretaceous) sttains grent thickness end has becn divided by
Rensome into four formntions: the Glance conglomerats below;
the Morita formation, chiefly sandstone and shale; the iurcl
limestones; and the Cintura formation, chiefly shrle #nd sand-
stone. Fossils collected from the lower port of the Mural lime=
stone were dctermlned es belonging to the upper or Trinity div-
ision of the Comdnche, perhaps also to the middle or Frederick-
sburg division. At many other locelities in southern Arizone,
ns at Tombstone and in the Huschuca, Patagonig, Oro Blanco,
Baboquivari, Sierrita, Tucson, Sante Rita, Empire, Whetstone,
and Dragoon Mountains, occur masses of sediments that rest un-
conformably on the Paleozcic or older rocks and are probably
of Comenche age. They have not howeéver, been correlnted def-
initely with the. comanche formations of the Bisbec scetion.

Estimates of the thickness of Comenche sediments'in south-
ern Arizozlie range from 10,000 to 18,000 feet.

Stratified rocks of Upper Cretaceous cge, slthough abund-

cntly present in northern New Mexico cnd northeastern Arizong,
where they contain velueble beds of cocl, have reletively slight
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areal representetion in the southern parts of these states. A con-
siderable outlying aren of these upper Cretaceous coal-bearing rocks
of the Mese Verde group occurs in the Sierrs Blonca region north of
Alamordo. Farther vest, o smaller area contains the Carthage coal
field about 16 miles southeast of Socorro. About 70 miles farther
south, near the south end of the Elephant Butte reservoir, between
the Fra Cristobal Rrnge anf the Sierro Caballos, is a considercble
area of lignitiferous beds, those position within the upper Crecta-
ceous is not yet definitely determined. In the Silver City region
2000 feet of Colorado shele, underlain by the Beertooth quartzite,
have been mapped by Paige. In the Clifton-Morenci district occur
200 feet of sheles and sandstone, called the Pinkard formation, and
assigneble to the upper Cretaceous.

The Morrison formation is widely distributed in Colorado, and
extends southverd into Arizona and New Mexico. It is represented
by continental deposits, which are either of Upper Jurussic or Low-
er Cretaceous age, or possibly both. The lowest part of the form-
ation is chiefly sandstone, with some interbedded limestone and
shale, end in the western part, Colorado gypsum occurs ncer the
bottom of the section. The upper half of the formation is largely
veriegated shale, but contnins 1nterbeadeu limestones and sand-
stone. Green, purple, gray and red shales arc prominent, and give
the formation s characteristic appearance which is casily recog-
nized. This formation conteins e wonderful array of fossil
dinoseaurs. o

_ In northwestern New Mexico and southwestern Coloredo, the
upper 8retaceous is represented by a series of sindstores end
interbed<ed shales ccligd the Mese Verde group. Both marine end
non-mrrine sandstones rre present in the Mesz Verde rocks, and
much of the coal of this region comes from the non-1arine sand~-
.stoness In southwestern Colorado the coal-berring Mesn Verde
beds are overlain by marine shrles (Levis shkles) succeeded by
sendstones (Pictured Cliffs sandstone) which in tum underlie
trackish-water coe l-bearing shales cnd scndstones (Fruitland end
Kirtlend fometions) thct are of cpproximntely the seme age os
the lower paet of the Vermejo fommation of- southeastem Colorado,
A thick series of Upper Cretaceous(f) andesitic tuffs, sendstones
end shales (McDermott formetion) rests uron the Kirtland shale
unconformablye. These beds mark the beginning of a long period of

volcanic activitye.

26



Extensive crustcl unrest marked@ the closing stages of the
Mesgozoic era, especirlly in western North . America where the old
Cordillercn geosyncline becamc the scene of folding and thrusting
on e colossal scnle resulting in the Rocky Mointoin systeme. This
orogenic bclt stretched from Aloske to Mexico, and in southern .
Colorsdo ~nd northern New Mexico resulted in the grcat oren folds
of the Scutkérn Rockies. To the west lay the greet rcsistent
plce of tho Colormdo Pletzeu - hich remained almost undefarmede

The Fifth snd Inst Great

Era
(Cenozoic Era)

~ Althcugh the first of Cenozoic time is represented by de-
posits in local becsins, in the Southvest, the principel record
of this time lies in the vearious Cimstrcphic movements followed
by ercsicn cycles and in widespreed volcenie activity. Fcellov-
ing the closing strges ~f the Crotoceous, marine waters heve been
cempletely excluded franm this region, <vith the possible cxeeption
of certain hrens of Scuthern Crlifomire During Cenczeic tire,
the area correstonéing tc whrt is no scuthern New Mexico :nd
southern Arizons wes epoarsntly lond, pertly cccupicd ot times by
lekess The most coXtensive rn’ notewcrthy lacustrinc depesit of
this pericd is thc S-nt~ Fe fomrti. n which oceupics large arees
- in the upper Rio Grande Volley, -n< hrs yielded mrny vertebrate
fossils of the late Tertiary ases In suutheastern Arizon® lacustrine
deposits c¢f rrcbeble Tertirry ege cceur in the Pategenie, Sente
Rits, end Ermire Mcuntains. In the Ean Pelrc Vnlley, betweea
Benson rrd Tcmbstcne, Arizons, ere laocustrien leposits cerrying
vertebrate fossils of Pliocenc cge.

In the Colerado Plotecu regicn the arincipal Terticry sed- -
iments ~rc known £s the Wasctch formrticn of Eccene cge. They
consist of highly-cclered beds of limestcne, shele, onl sandstone,
resting on » besal conglomerate thrt is uncenfermeble - ith the
un'erlying Cretncescus strotas In rcst mlaces the thickness of
the series =s expc§ed is 400 te 500 fest, -but the maxiimr thick-
ness nrobably exceeds 1500 feet. On the lMerkrgunt il Pounsau-
gint plateausd the nost comspicucus prrt of the formstion is tke
pink limesteme thet foms the "Pink Cliffs" rné gives seenic in-
terest tc such plnces as Red Cunycn, Bryce Cnnycn, and Celder Breakse
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It hes been cnly within the Cenczcic, 2nd cspecially the latter
prrt . f this era, that the general features c¢f the lend, as we kncw
them today, have hed their cdevelopment., At prescnt the S uthwest is
mede wp of several distinet physicgraphic precvinces vhich heve come
intc existence during the Cenczcic. The extreme eastern pcrtions
of New Mexico #nd Cclorado ere a part >f the Great Plrins, a great
eastwardly sleping surface extending frcm the Mississipri tc the
fcothills of the Rocky Motintnins. Immediately to the west, in central
Colorade ~nd sxtunding scuth through centrel New Mexice, ~re the
Rocky M.unteins, consisting of a mountrinous regicn of folded ricks.
Adjcining this, on the west, is the Colorade Plnteau, consisting cf
relatively flat-lying fcamations, at an elevaticn rangine fr.m 7,000
to 11,000 feet. The rocks of the Plateau heave been throvn into brcad
swells with locel moncelinel flextures, and hes in pleces becn broken
by » nuriber cf n-mnal faults; however, cn the whcle, it is of
contrastingly simrle structures Farther tc the west, cnd extending
around tc the south of the Colerado Plratenu, is the Basin Range
mrovince which, on the nverzge lies several thcusand feet below the
Colorado Pletecu. Its ranges arc tilteld foult blocke of Mesozoic
and Paleczoic rccks, flanked #nl partly buried by lete Cenozeie and
recent sediments, fcrming flat basins. Farther t~ the west lie the
Sierra Nevada end Ciast Rangese

In the Cenozcie histcry .f the Great Basin regicn, it secms
nrcbable thet the movemenmts ¢f the Larimide revcluticn continued here
into Eocene time cn? thot during the enrly Cenczeic this regicn had a
high mcuntaincus surface and exterior cdrninage. For this reascn, it
is believed, Eccene an? Oligocene strate are rrectically absent.
Hovever, Miccene fornoticns are »resent ond are locdlly of great
thickness. In scuthern Nevada the Mivecene derosits began with coarse
depcsits of c¢cmglcmerats that ronse up tc 300 foet in thickness
which lie across the beveled ciges of early Mesozcie anc Peleczoice
streta. - The Cenglcnerate wveries greatly in tlickness within short
distonces and included anguler =nl subanguler frrgments of 2ll the
older rocks. Overlying the conglomerates are clays and silts,
including thick beds of gyrsun, Mcgnesite end boerexe. The
conglomerate is clearly the moterial of coarse alluvial cones formed
in o region cf bold relief, and the clays and silts, with their
saline “eposits, cculd heve formed only in erid basins ¢f intericr
dreinage much like the nroesent besins, In shert, nermnl feulting
had begun cn » grrnd scele, and the Greet Bosis had its inecpticm in
the Miocene. As the new rnnges were elevate?, thLe intervcning
basins, &ll in the min shodow cf thc Sierra Nevada, ascumed a
desert character like thet of tcdaye. The feulting was



only begun et this time, fcr the Miocene sediments were later
steeply tilted rnd truncated s~ thnt they nov lie with strong
snguler unconformity below the Pliccene bedss The latter, rong-
ing up to 1800 feet thick ond including gypsum ~nl salt beds as
ruch as 100 feet thick locelly, beer witness to continued deepen-
ing of the basins. The well cefined fcult scarps, as well as |
historically-dsted faulting, prcve that the moverents still cm—
tinue. :

The Ccloreado plctesu is remerkeble for tabular pleteaus,
cliff-bcund nesas, end deep cehycns, o1l cf the most impressive
megnitudes Gently cipning fermetion nt Triresic, Jurussie and
Cretececus ages rise one nbove anuther in terraced pluteaus abounded
by unscalable cliffs meny hundreds of feet highe These c¢cliffs rre
the receding edges of resistant formeticns, truncated Zuring an
early Cenczoic ercsicn cyele, and their grendeur beurs witness to
the vest samcunt of strirning thet the regicn has suffered since
the end of the Cretacecuss The regivn was mcere or less extensively
ccvered by Eocene sedimonts like those of the Green River end San
Juen basins, rnd, sine nc Oligccene furiaticns are present, it
oppecrs thet by Oligocene time the arer hed n lo relief and well
est~blished exterior drrinrgee At scme lrtcr date there vas region-
el urlist with mere cr less »rcfcund normrl foulting, This storted
a nev eycle of ercsicn thnt resulted in extensive dcgrednhticn, but
left nc later Cenozoic sediments within the -region. . It is' there-
fecre difficult to date precisely thoe stoges of uplist cr to de=-
termine how meny cycles of ercsicn are representeds - *he- yresence
of Eocepe beds unconf:rnrbly cvprlying truncates fclds in the
Mesozeic formnticns indicates that a large emount.cf the @egracaticn
ond siripring hoad been acccnrlishe a dumng the interval between the
Lorenide unlist rn? the local beginning of Eccere.dercsiticns On
the other hand the Eccene beds memtcled an old surface of lcw relief,
hence the present ruggecdness of ths regicn has come’ into being during.
later Cenczeic time, N

The Grond Canyon »rerer is incise?l in o prrt of the area thet .
was most uplifted, though it has since been reduced by erosion to
o level 2000 -or 3000- feet below the nlatenus farther ncrthe The
Grond Cenyon district is’s brord _necrly flat-topred deme about ]
100 niles across, from which mo re thin 6000 feet cf Mesozcic stretn
have been strirped. Over this d sme the strate aip gently, ‘but they
are mcre cbruptly bent dAawm at 'its eastern nargin im o reir of 7
great mcncelinal flexturese The west side cf the deme has breken
d-wn along a2 great normal feult, leaving the Grand Vesh Cliffs
fecing westward toward the Grent Bosim,

9



Before the cutting cf tle Grend Cunycn begs, the stripping
of this huge 4cme had reechel almest its present stage, and left
the high c¢liffs of the region ebcut as they are nowe While these
towered ebove the intervening benches vith a relief of a few
thcusand feet, the region &s & whole weas riuch nearer sea level
than at ~resent. the final uprlift <f the region led to a re-
crgenizetion of the drainage, initieting the present Cclorade
River system, and starting the Canyon cycle. The date of this
uplist cen be determined west of the Grand Wash Cliffs where
river ermerges from its canyon and crosses the Great Basin, flow-:
ing over Pliccene beds that are known frcm their salt and gypsum
deposits tc have formed in arid@ basins without extericr drcinngea
Obviocusly the Colorade River did not exist, or at least did nct
have its present ccurse, in Pliccene time. Hence it is believed
that the great uplist of the Plateau and the crrving of the Canyon
are cll work of Pleistocene and recent time.

Ignecus Reccrd of the

Cenozoic

The two major velernic fields of the plateau regicn include
Mcunt Trumbull and the Sen Francisco Mcuntoinse In the Trumbull
district, basalt was erupted at tweo pericdse The remnant lavas
of the first period now cap mesas of lower Triassic rccks; those
of the second, the rreduct of meore than 170 vents, rest on Kaibab
limestcne that forms the surface of the plnteau. Associated with
them are sore 150 low cones that ere conly slightly affected by
erosion. In the Srn Francisco yolcaniz field, evidence of three
genernl periods of eruption have been recognized - busalt flows,
eruptions of andesites =and rhyolites that built the lofty perksy
enc beselt lavas ond ash. Here, as at Mount Trumbull, lavas of
the first rerlod overlie Triassic beds, anl those of the latest
period rest on the rock that forms the nresent surface of the
Coconino rlatecu. Likewise, the Srn Frencisco field included
many c¢inder cones so fresh in eprec rance 2s to suggest activity
within historic time. Sunset Crater of the Zrn Fronc1scc volecrnic
field is am excellent cxumrle of cne of thesee

In southern New Mexico snd scuthern Arizona there are great
seriesof intrusive and extrusive igneous rocks. Although there
were some eruntions of lave in late Cretacecus time, it was in .
the Tertiary thet volconism and intrusicn zttained the height of
their activity. In most prarts of the regon it isnot possible
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to assign the sunposedly Tertiery igneous rccks to any parti-
cular division of Tertiary time, anc in sume locrlities there may -
even be considerable Acsubt: vhether certcin lavas arc Cretocecus
or 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 Tert-
iary age, but uncertainty attaches to the age assignment of some
of the intrusive masses in Arizona and also in New Mexico.

31



Atwood, W.
1906.

Atwood,'w.
1912.
1912.
1915.

Atwood, W.

1925.

Atwood, .
1932.

EIBLIOGRAPHY

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

W., and Mather, K. F.

A Geographic Study of the Mesa Verde. Amer. Geol.
Evidences of Three Distinct Glacial Epochs in the
Pleistocene History of the San Juan Mountains, Colo-
rado. Jour. of Geol., vol. 20.

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

W., and Atwocd, R. S,
Physiographic Stages in the Evolution of the San Juan
Mountain Region end their Correlation with the Physio-
grcephy of the Front Range of Colorndo, Assoc. Amer.
Geog. [nnals, vol. 15, no. 1l.

W. and Mather, K. F.
The Plhysiography ¢nd Quaternnry Geology of the Sen
Juan Mountains, Colorado. U. S. G. S. Prof. Paper
166. Govt. Print. Off. Weshington.

Baker, A. A

1933.

Geology end 0il Possibilities of the Moab District,
Grand =nd Sen Jucn Counties, Uteh. U. S. G. S. Bull.
841. Washington, Govt. Irint. Off.

Bell, Sydney H.

1907.

A Geologic Reconneissance in Southvwiestern Nevada nnd
Eastern California. U. S. G. S. Bull. 206. “ashington,
Gov't. Print. Off.

Bancypof't, Howlond.

1911,

Recornaiss nce of the Ore Deposits in North Yuma
County, Arizona. U. S. G. S. Bull. 451. Washington,
Gov't. Trint. Off.

32



Barringer, D. M., and Tilghmen, B. C.
1906, Coon Mountain and Its Crater. Proc. Academy of Natural
Sciences, vol. 57.

Barringer, D. M,
1909. Meteor Crater of North Central Arizona. National
Acndemy of Sciences, Nov. 16, 1909.

1927. The llost Interesting Smot on Earth, Meteor Crater,
: Arizona. Scientific imerican, vol. 137, nos. 1,2,3;
July, aug., uent., 1927.

Bessler, H. and Reeside, J. B. Jr.
1921. O0il Prospects in Washington. County, Uteh. U. Se G. S.
Bull. 726. TWashington, Gov't. Print. Off.

1922. Lrizona-Utah Stratigrrphic Sections in S. W. Utch and
N, W. arizona. ‘U, S. G. S. Prof. Paper 129. Washington,
‘Gov't. Print. Off.

Bastin, E. S. _ _ ;
1922. Primary thiVe Silver Ore nea~r Wickenburg, Arizona.
Ue. Se Go 'S¢ Bull. 735. Washington, Gov't. Print. Off.

Bateman, .A. . . L
-1924. An .[rizona .Lsbestos Deposit. Economic Geology, Vol. 18.

Blake, W. P. _ ; ' C :
1901.. Some Features of the Geology of Arizona, With Evidence

of Shallow Seas in Peleozoic -Time. fmer. Geol., vol.
27.

1902. Geology of the Galiuro Mounteins. ,Engin. and Mining
"Jour., vol. 73. :

1909. Geological Sketch of the Region of Tucson, LArizona,
in Botanical Features of North Zmerican Deserts by
D. T. MacDougnl: Carnegie Institute.

Blanchard, R, C.
1913. The Geology of the W. Buckekin Mountrlns, Yume Co.,
irizona. TPrivetely publlshed.



Blﬁnchard W. C., and Dav1s, M. Jo
1929. Permicn of Parts of S. E. New Mexico and S. W. Texas.
Amecr. issoc. Petro. Geol., Bull., vol., 13.

Boals, D. H.
1920. Meteor Crater Arizona. Towu Acedemy Scientific
Practice, vol. 26, 1930.

Bonillas;'Y. S. and Tenney, J: Be, and Fenchere, M.
1917. Geology of the Warren Mining District. .Jmer. Inst.
Mining Engin., Trens., vol. 55.

Bose, E.
1920. Ammoncids from Abo Snndstonc. JAmerican Journal
' Science, vol. 49.

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

1923. Pedestel Rocks in Arid Southrest. U. S. G. S. Bull.
7602. "Washington, Gov't. print. Off.

1922. Discussion of Rock-fill Dom, Lees Ferry, Arizonu.
Amer. Soc. Civil Eng. Proc., vol. 48. Sept.,.pp. 1605.

Bryen, Kirk and Others.
3022, . Ruck BnrM(tLonS in the Coloredo Plcte u of S. E. Utah
rnd N. lrizonr. U. S. G. S. Prof. Peper 13%2. Wcshing-
‘ton, Gov't. Print. Off.

Butler, B. S. ¢nd Others.
1220. Ore Depocits of Utrh. U.s S. G. S. Prof. Paper LLL.
' We shlngton Gov't. Print. Off.

Camp Chcrles L. '
‘1930. A Study of the Phytoscurs vwith descrintion of new
Mcterisl from “estern Nortl .imeries. Berkeley,
Uneversity -of Californic Presc.

Cempbell, M. R.

1904. The Pcer Creek Conl Ficld, /rizons. U. S. G. S. Bull.
225. Wrshington, Gev't. Print. Off.

34



Carmmbell, Il. R.
1907. Coal in the vicinity of Fort Stanton Reservation,
Lincoln County, N. ilex. U. 5. G. 5o Bull., 316. "‘ash-
ington, Gov't. Print. Off.

Oampbell, !7. R. and Gregory, H. .
1911. The Black iesa Coal Field irizona. U, S. G. O. Bull.
3%C. T/ashington, Gecv't. Print. Off. .

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

Garpenter, Frank !,
1927. . Fossil Insect from the L. Tsrmian of the Grand Canyon.
U. S. Nat. ilus. Proc. No. 2695.

Qese, 7. C.
1913. Trke Permo-Carboniferous Ped Beds of North .mericun
and their Vertebrate Fauna. Carnegie Inst. ‘‘ush. Pubg
207.

. 1914. Tre Red Beds beteen “chita Fells, Texas and Las Ve-
gi.s, Ne lMex. in Relaticn to their Vertebrete Fsuna.
Jour. Geol. Vol. 22.

191¢. Turther Hvidence Bearirng on the :Age of the Red Beds in
the Rio Crande Valley, Science, Nev 3er., vol. 44.

1916. The JAge of the Red Beds in the Tio Grande Valley.
Science, N« Ser., vol. 44. Nov. 17.

Clerk, C. "i.
1921. Lower end '"iddle Jamt. For. of the lojave Desert.
Uriversity Calil. Fub. in Geol. Lci. vol. 13. No. 1.

Colton, Eerold 5. and RBaxter, Frank C. ‘ y
1922. Davs in the TFcinted Desert and the San Francisco Moun-
" ains. A Guide. Northern, .rizona Soc. of Science and
Art. Bull. No. 2, 1932.

Cope, ©. D.
1875, The Geology of New l'exico. .cad. Nat. Sci. Phil.
Trar. 187%.



Cope, E. L.
1884. The Laup Fork Beds on the (ila River. imer. Naturalist,
vol. 18,

drendall, K. E.
1929. DIermian Stretigraphy of &. T. New Mexico and idjucent
Farts of Texas. .m. assoc. Fet. Geol. Bull. vol. 13.

Crickmay; C. H. .
1921. Jurassic History of . Jmerican. Proc. Amer. Thil.
Soc. vol. 70C.

Crass, and Favie.
1¢C5. Red Beds of southrssterr. Color:do and Their Cor-
relations. Ge. S. ie Bull. vol. 16.

Darton, K. E. - .
1¢1C. 4 “econnaissence of Parts of N. %W. New !Mexico and
Ne arizora. PFull. U, L. G« Se No. 4C5., ‘"ashington,
Gnv't. Prict. Off. .

Lartor, Ne. E. and ntlerc.
1215, OhGuide Bock of U. S. Part C. Sante Fe Routz. U. S. G. S.
Eull. €13. ¥askington, Gov't. Frint. CfI.

Tartor, N, H, .
131F,., Erplosion Craters. Ceiertifie llontkly. 191€, November.

121€. recl. and Urclergrcuné ‘"ater of Luna Co. N, i%ex. U. S.
G+ S. Pull. f18, Teshirston, Gov't. Frint. Off.

191€. The Zuni Salt Leke. Tour. Geol, vol. 13, 1¢05,

1617. The Deming Folin. U. S. Gs 5. Geol. .Ltlas No. 207,
' “‘ashington, Cov't. Frint. Off.

1917, - Sﬁory of the Grand QOarnyon of Arizona. A Fopalar

1922, Illustrated JAccount of the Rocks and Crigin. Editions
in 1917, 1919, 192C, 1921, 19::. Fred Harvey, Kanses
City. .

1922. Geologic Structure of Tarts of New :lexico. U. Se Go S.
Bull. 726. %“ashington, Gev't. Print. Off.

.


http://ja._n.s30c
http://sh.in.~ton

Darton, N. H.

1922,

1924.

1626.

1828,

Darton, N.
1526.

Darton, N.
1922,

Davis, 7.
19CC.

1201,

1509,

Diller, J.
1¢17.

A Resume of Arizona Geology. University Arizone Bull.

119, 1928.

Geologic Map of New llexico. Scale 1/500,000 U. S. Go Si
1S24. Trepared by irizone Bureau of 2lines and U. S. ‘7

Mashington, Gov't. Print. Off.

o
.

The Vermien of Arizone and New lexico. Bull. JAmer. ..ssoc.
Petrol. Geol. vol. 1C, Lic. 9.

"Red Beds" and Associated Formations in New Mexico Tith
an Outline of Geology of the Stete. U, S. G. S. Full.
794-1928, ‘ashington, Gov't. Frint. Off.

F., &1d Reeside, J. B. jI.
Guacdelu=i Group. Gos Sa swe ull. vel. 37.

E., erné Fing, P. B.

“estern Texas and Carlsbed Caverns. Int. Gecl. Cong.
XVI Session 1¢C4. Guidebook 13. “lashington. U. S,
Cov't. Frint. Off., 1C-.

e

ie

Notes on the Colorado Canyvon District.
Science (4) vol: 1C.

aver. Jour.

én Excursion to the Oranc Canyon of the bolcrado,
Harvard Ccll. iusewn Comnps Zool. vol. 38,

The Lessons of the Colorado Canyon. Bull. smer. Geol,
Soc. vol. 4l.

Se
&sbtestos. U. S. Go S. _.ineral Resources of U.S. 1917.

Ft. 2. "Jashinaton, Gov't. Frint. Off.

Drake, C. L.

1221,

Dumble, E.
19C2.

The Pre-:"cenkoni-Unconformity of the Colorado Pleteau.
Jour. Geol. Vol. R2€.

T.
Notes on Geology of $. ''e uarizore. Trans. wzmer. Inst.
¥in. Zng. Vol. 1.



Dutton, C, E.
1820, Teport on the Geology of the High Plateaus of Utah
Us Se¢ 5« S. Rocky lfountain Region.

l’utt'on, C. E.
1882. Tertiary History of the Grend Canyon District.
e Se Go Se on. 2, “‘ashington, CGov't. Print. Off.

1882. The Fhysicsal Eistory of the Grend Canyon Districte.
U. 34 Gs S. Sccond Ann. Report, lashington, Gov't,
Print, Off.

1885. !Mount Taylor and the Zuni Plateau, U. S. Ceocl. S.
Sixth Ann. Report.
Imery, V. Do
1¢1€. The Igneoucs Geology of Carrizo :'tn. Arizongé. .mer.
Jour. o’ Sci., 4 Series, Vecl. 4.

Fairchild, H. L.
1907. Origin of “"etecr Cr:ter ( Coon Rutte ), arizcna,
Geol. Soc. .mer., Zvll. vel. 1&.

Ferguson, I« C. ;
1¢21. The !"ogollon Lish, Mew :‘exicos Us Se¢ 7e 5. Full.
715. ‘ashington, Gov't. rint. OIf.

Fonteine, U. !'., and Knowton, F. il
1890, ilctcs on Triessic Flents from New Mexicoe. Us S.
National !'"useum Froc. vol. 1Z.

Gardrer, J, I,
1909, The Coal Field between Gellina and Faton Spring, N. .,
(e S. G. Uo Bull. .C4l. o

191C., The Puerco ané Tarrejon Formations of ihe Nacimento
Group. Jour. Geol. vol. 18.

191C. The Carthaere Coel Field, New ilexicc, U. S. Go S, Pull,
Z81l. ‘lashington, Gev't. Print. Cff,

Gidley, Jumes ", . .
1922. Frecliminary Report on ossil Verlcebrates of the San
Pedro Valley, Ariz. Us 5o Go S. Prof, Paper 1Z1-E,
Yashington, Cov't. Print. Off.

(Y&
'



Gilbert, Ge. K.
1875. Report orn the Geology of I'ortions of Nevada, Utah,
Celifornia and irizona, Exemined in Years 1871-1872-
1873, Rept. U. So. Geol., Su:l'veye, | g8 100th Mero’, vol.
3. “ashington, Gov't.. Frint. Off.

1377. " Geology of the Henry i‘ountains. U, Si G. Se Rocky
' Tfountain Regior.

189€. The Origin of'Hypothesi-s.Illustreted by the Discussion
of ‘a Tozographic Troblem. Geol., Soc. ‘/eshinzton, ailso
Science, New. Ser., vol. 3, pp. 13.

Cilluly, Tames and Reedside, J. Be JT.
seCimentary Rocks of the 3an Rafael Swell and Some .¢d-
itionel Arees in E. Uteh. U. S« Gs S« Prof. Peper
15C. %Yashingtcn, Gov't. Frint. Off.

Gilnore, Co ™. _

1219, Reptilian-Feunas of the Tarrajon, Puerco, and Under-

lying Unper. Cretaceous Formation: of san Juen County,
Ne M. Uy 5 Go S :0f. Paper 119. ‘/oshington,
Gov't. Print. Off.

192€-8 Fossil Footrrints freca the Gra'nd"(‘,an:;on; Smithsonian
Misc., Collection. 77, - no. ¢, 80, No. 3, 80, No. &.

Girt}', G. He. .
1608. Tre Guadalunian Fauna. U. S. G. S. Prof. Paper. 5&,
‘.askingtor, Gov't, Irint. Off.’

Gordon, C. H.
1906, Mississi—rian Formatiens in the Ric Grande Valley,
New lfexico. s&mer. Jour. Sci., 4th. ser., vol. 24.

Granger, “alter .
1914. On the Names of Lower Xocene Faunal Horizons of MNew
Mexico and ".yoming. .mer. *us. Nat. Fist. Bull. vol. 33.

1€17. - Yotes on the I"liocene and Lower Zocene :lammel Horizcens
' of Mew ‘exicc ané S.- Colorado. smer. i‘us. Nat. Hist.
Bull. vol. 3€. -

Gregory, H. %, .
1912, The Shinarumn Conglomerate. JAmer. Jour. Sci. (4) vol.

5.

&



Gregory, H. Ei
1917. The Navajo Country. U.S.G.S., Prof. Paper 93, 1917.
Washington, Gov't. Print. Off.

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

1914. Reconnaissance of a portion of the Little Colorado
Valley. Amer. Jour. Sci., 4th Series, vol. Z8.

Gregory, H. E., and Moore, R. C. :
1931. The Kioparowits Region. U.S.G.S. Prof. Paper. 164,
1931, Waskington, Gov't. BPrint. Off.

Gregory, Herbert E. .
1932. Colorado Plateau Region. International Geol. Congress
XVI Session U, 5. 1933, Weshington, Gov't. Off.

Gruner, J. W.
1920. Geologic Reconnaissance of the Southern Part of the
Taos Range, New llexico. Jour. Geol. Vol. 28,

Cuild, F. N. Co
1¢05. Tetrography of the Tucson Mounteins, Pima County,
Arizona. Amer., Jour. Sci. vol. 20.

Heaton, Ross L. -
1933. Ancestral Rockies and Mesozoic and Late Paleozoic
Stratigraphy of Rocky Mcuntain Region. Bull. Amer.
Assoc. Fetrology Geol. vol. 17, No. 2.

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

Herrick, C. L.
1898. Geol. of the Environs of Albuguergue New Mexico. Amer.
' Geol. Vol.. 22,

Hewett, D. F.
1931. Geol. and Ore Dercsits of the Goodsprings Quad. Nevada.
UeSsGeSe Prof. Paper 162. Washington, Gov't. Print,
Off.

40



Hill, J. M.
1914. The Grand Gulch Mlnlng Reglon, Mojave County, Ariz.
U.S.G.5. Bull. 580. Washington, Gov't. Print. Off.

Hill, R. J.
1893. Jucumcari. Science vol. 22.

1895. On Outlying Areas of the Comanche Series in Kansas,
Oklahoma ‘and New Mexico. smer. Jour. Sci. Third
Series vol. 50.

Hornaday, ™. T. »
1908. Cempfires on Desert and Lava. Scribners & Sons. New
“York. .

Huene, ¥F., von Kurze.
1911. Mlttellung uber Pern, Trlas, und Jura in Wew Ifexico.
Neues ‘Jahrb. Beilage Band 32.

Huntingten, lsworth and Goldthweit, J. ‘.
1904. The Hurricane.Fault of the Toquerv1lle Dist. Horvard
College 'us. Comp. Zool. .Bull. Vol. 42.

Ives, J. Co . . T ,
1861. Report upon the Colorado River of the West. Vushington,
Gov't. Print. Off.

Jegger, T. i JT., and Palache, Charles.’
1905. Dcscription of Bradshew MMts, - Quodrengle. U.5.G.S. Geol.
Ltlas, Bradsharw Ilts. FOllO 126.° T.cshington, Gov't.

Privt. Off.

Jenkins, 0. P., ¢nd Wilson, E. D.
1920. L Geologicel Reconnsissrnce of the Tucson ~nd fmole
I‘Tts. UniVCI‘Sity Of f.I'iZ. Bullo 106-

1923, Verdc River Lcke Bed Nerr Glarkdrle, Lrizonma. /mer.
Jour. Sci. Vol. 5.

Johennsen, wslbert.
1906. Notes on the’ Igncous Rocks of Tcstern /irizont., U. S.
G. S. Bull. 352. '"srlngton, ‘Gov't Print. Off.

Johnson, D. "I,
1904. Geol.. of thc Cerrillos Hills, New ilcxico. School of
Mires Quart. Vol. 25.

41


http://Goldthnr.it

1907.
1909,
James, E.
1915.

1916.

Keyes, C.
1905.

Knopf, Adc
1918.

Vrilcanic Necks of the Mcunt Taylor regicn New Mexicc.
Geo. Soc. ifmer. Bull. Vol. 18.

Geclogical Excursion to the Grand Canyon.
Proc. Boston. Scoe. Nat. Mus. Hist. vol. 34, nc. 6,

Lo J'I‘. ' '

4 Receonnaisgsance in the Kcfa Mts. Arizonc.
U. Se Geo Sa Bull., 620, ’-'.'t‘.shingtcn.

Gclé Deposits near Quartzsite, Arizcna.

Us Ss Ge S« Bull. 620-C Vashingtcn.

R.
The Funcamental Connlex Beyond the Scuthern End cf the
Recky Mts. Am. Gecl. -Vol. .36,

1ph ané. Kirk, Eéwin.
4 Geclogic Reconnalssnnce ¢f the Inyc Range etc.
Uue Se Go 5S¢ Prof. Faper. 110, Weshingtcn.

Knowlton, F. H.

1913.
1917.
Lee, W. T,
1905.
1906.
1907,
1908.

Lee, 7. t,
1909..

Lee, . T.

1912,

The Fossil Forests of’ Arizona.

Anmer, For. vel. 9. _

Flora of the Fruitland end Kirtland fcermeaticns.
U, S. G. S, Prcf. Paper 98. ‘mshington.

Uhdergrcund ‘Teters of Salt River Valley, iAriz.

'U. S Go S. Tater Supply Paper 136. Washington

The Engle Cccl field, Nev Mexico.:

U. S. Ge S. Bull. 285. Woeshington, Gov't Irint off.
Aften Craters cof S. /. New Mexico.
"Ge Se A, Bull. Vol. 18.

Genlogical RGCAnnnlssrnce cf o pert of .estern Arizcnr
U. S. G. S. Bull., 352. %Uashington, Gov't. Print. Off.

en’ Girty, G. He
The Manznne grcup of the Ric Grande Valley, Neu Mexicc.
U. Se. .G, S Bull, 389. “rashingtcn, Gov't. Irint. Off.

Stratigraphy c¢f the Coal Fields cf Nurth Central New
Mexice, Geol. Sce. -fmer. Bull., Vol. 23. %ashingtcn,
Gov't. Print. Off.

42



1912.. The Tijerss Ccel Fiell, -Bernelillc Ce., New Mexico
U. S. Eull. 471. Teshington Gov't. Irint. Off.,

1913. The Cerrillcs Coal Field, Santa Fe. Co., New Mexico.
© +. U. 8 G. 5. Full. 531, Yashington Cov't. Print. Off.

Lee, W. T. ané Knowlton, I. H..
1917. Raton Mesa and other Ruglons of Colorado and New lfexico.
7.5.G.S. Prof. Paper 101. 'ashington Gov't. Print. Off.

Lee, 7. T.
1917. General Stratigraphic DBreak between the Pennsylvanian and
. ~Permian in “est, Geol. Soc. Amer. Bull. Vol. 28,
1918. - Early Mesozoic -‘Physiography of the Southern. Rocky Mtse.
Smith, Misc,. Collection 7ol. 69
1920 Type Section of the Morrison Formation.
Amer. Jour. Sci. 4th Series. Vol. 49.
"1920 = Notes on the lianzano Group.
. .. Amer. Jour. Sci. ‘Vol. 49
Lee, Willis T. - .. Carlshad Caverns.
1923. Erosion by Solution and Fill.
U.B8.G.S. Bull. 760, B.
1924, A Visit to Carlsbad Caverne.
.. Net. Gngo Mﬂg. YVol. 45, 1924.
Ioee, W T.
1926. Stories in Stone. Telling of some of the wonderlands
: .of iestern America. Van Nostrend Compeny. New York
Lee, Fillis*T. ; e ‘Ice Caves.
1926. Ice caves in New lMexico.. o
: - Geoe. Rev. Vbl. 16, No. 1 1926.

Iﬁe, We .T_'o. Gooei
1926 The danyons znd Pﬂlnted Cllffs of Zlon NKaztional Park
and the Story of their Orlgin. '
‘National Park Service.- .ushlngton.
Lindgren, Ta NI e
1905, Clifton Fzlls, U S.G S. Geologic Axlas ‘No. 129
Vrshington, Gov't. Print. Off, "

43



Lindgren, W.
19C5. The Copper Deposits of the Clifton=-Morenci Dist. Ariz.
U.SeGsS. Prof. Paper 43. Washington, Gov't. Print.
Off.

Lindgren, 7., Groton, L. 7., and Gordon, C. H.
1910. The Ore Deposits of New Mexicoe U.S.G.S. Prof. Paper
63, Tashington, Gov't. Frint. Off.
I.loyd, Eo Re .
1929, Capiten Limestone and Associnted Features of New
Mexizo and Texas. Amer. Assoc. Petrology Gecl. Bull.
Vol. 13.

Longwell, Co R
19281, Geology of the Muddy Mts., Nevada, With Section to
the rand Tesh Cliffs in We Arizona. Amer. Jours
Scie. 4th Series, Yol. 50.

Longwell, C. R, and (thers.
1923, Rocky Formations of the Golorado Plateau, 1n Southern
Uteh &nd Northern Arizona. WUS.G.S. PROF. Peper 132.
Washington, Gov'te. Print. Offs

LOngwell, G. Ro
1926 Siructural Studies in Southern Nevade and iestern
Arizona. Geol. Soce Amer. Bull. Vol. 37

Iucas, Feo A. A : 4
1901. .Vertebrates from the Trias. of Arizona. Science, No
Sere. Vol. 140 .

1904. A New Betrachian and & New Reptile from the Tries,
of Arizonae. Us S. Nate Mus. Proc. Vol., 27.

Mac Pougal, D. 7.
1908 = Across Paprguerice Amere. Geol. Sec. Bull. Vol. 40,
PP. 705-725.

Marv1ne, A. R. ; ' '
1875. Rept. on Geology of the Route from St. George, Uteh,
.to Gila River, Arizona, Examined in 1871: U.S.G.Ss
West of 100th Mer. Vol. 3. ‘Washington, Gov't. Print.
Off'e C



Matthes, F. E. oy
1906. Bright /ngle Quadranglec. U.S.G.S. Topographical Map.
Text. ‘iashington, Gov't. Print. Off.

Matthes, W. D. . :
1909. Faunal lists of the Tertiary Mammalia of the Test.
U. S« G. S. Bull. 361. Vashington, Gov't. Print. Off,

McKee, E. D.
1931, Ancient Landscecpes of tle Grand Canyon Region. The
Geology of Grzsud Canyon, Zion, Bryce, I'etried Forest
and Tainted Dosert. rrivately Trinted. 19Z1.

Meinzer, 0. ®. - - .
1911. Geology and Ground Jater Resources of Estancia Valley,
New Mexico. U.E.G.S. Tiater Supply Taper 275. 'ash=-
ington, Gov't. I'rint. OIf. )

Meinzer, 0. E., and Kelton, T. C. .
. 1913. Geol. and Veter Resources of Sulphur Spring Velley.
‘ U.S.G.S. Water Supply Faper 320. lashington, Gov't.
Yrint. Off. ‘ o :

Meinzer, O. E.
1915. Gcol. and weter resources of the Tularosa Basin, Nev
: Mcxico. UsSeGeSe "“ater Supply T'aper 343. ‘lashington,
Gov't. irint. Off, '

Merriam, John C.
1930. Theé Living Past. Scribners Sons. 1930.

Merrill, G. Fs
- 1908. Meteor Crater of Canon Diablo, Arizona, Smithsonian
" Mise. Coll. Vol. 50, part 4.

1920. 4 Retrospective View of the Origin of Meteor Creter
Arizona. Jstron. Society of the Tacific. Fubl. No.

Mertie, J. B. Jr. " Capulin Lava:
© 1920, U.S.G.S. Geologic- Atlas 214. A vesicular and glessy
' " alivine beaselt. Weshington, Gov't. Frint. Off.

Miller, %W. J.
1923. Zion Canyon National Fark, Uteh. Jour. Geog., May, 1923.

45



Netional Inarks Service Tublicetion.
193G. Glimpses of our Netional Monuments. U. S. Dept. of
Interior, Nationel Park Service. July 1.

Newberry, J. S.
1861. Report Upon the Colorado River of the Test explored
in 1858-59, by Lieut. J. C. Ives, part 3.

Noble, F. L.
1914. Shimuma Quadrnngle Grand Canyon Distriect. Arizona.
U.S.G.5. Bull. 549. Veshington, Gov't. Frint. Off.

Noble, L. F., and Hunter, J. F.
1916. A Reconnaissance of the [rchean Complex cf the Granite
Gorge, Grond Cenyon Arizona. U.S.G.S. l'rof. Faper 98.

Noble, L. F. : ) .
1923, &4 Section of the Paleozoic Formetion of the Grand
Canyon at Bass Trail. U.S.G.S. I'rcf. Iaper 131,
Waghington, Gov't. I'rint. Off.

1928. L Section of the Kaibab Limestone in Kaibab Gulch,
Utah. U.S.G.S. Irof. Taper No. 150. "Washington,
Gov't. I'rint. Off.

Paigoe, Sidney. ,
1916. Silver City Folioc. U.S.G.S. Geol. Atlas No. 199.
weshington, Gov't. Irint. Off.

Fowell, J. W. , ’
1873. Exploration of the Colorado River and its Tributaries,
Explored in 1869-72. Smithsonian Instituteon 1873.
1876. Geology of the FEastern Tortion of the Uinta Mts. and
~ Regicn of country adjacent thereto. ‘Jashington,
Gov't. Frint. Off.

Ransone, F. L.‘
1903. Geolcgy ond Ore Deposits of the Globe Copper Dist.
Arize UsS.G.S. Trof. Ieper 12.

1904. Geol. and Ore Deposits of the Bisbee Quad. U.S.G.S.
Trof. Taper 21. Washington, Gov't. Print. Off,

46



Renscme, F. L. o . _
1904. The Bisbec Folio, Geologic Folic. U.5.G.S. Gecl. Atlas
Ne. 112. ‘“lashington, Gov't. I'rint. Off.

1908." Irgfdcmbrian in Grand Canyon. 3cience, Vel. 27.

1912. Turquoise Copper Mining Dist. Arizcna. U.S.G.S. Bull.
' 530. Tashington, Gev't. Trint. Off, '

1915. Taleozcic Sections of Ray Quad. ~ tesh, Acad. Sci. Jour.
' Vol. 5. ' '

1923. Thc Ray Folic, Arizone. U.S.G. S. ‘Geol. itles No. 217.
rashington, Gov't. Yrint. Off,

1917. Qnicksilvcr Depnsits c¢f the Mazatzal Range, Arizona.
UOSJG;SQ Bu]lo 620. 'feshington, G’OV't~o rrint off.

1916. Ialcczoic, ucctlons in JArizona and tholr Correleticn.
U.u.G.o. Truf. Faper 98.

1919. The Copper Deposits of Ray and Miami, Ariz. U.S.G.S.
: Irof. Taver 115.

1920. Bisbec ~ud T:mbstone Districts. ~Cochise Co. Arizcna.
UO_SJG‘OI_.J-. Bulletln 7100

1923. Ceologyof the Oatmen Geld Distriet, Arizen-. L Fre-
liminary Report. Washington, Gow't. Prlnt ‘Off.
U-S.G’OS. BUll. 74.3.

1932. Ore Deposits of the Southwest. ‘Int. Geol. Cong. XVI
Sessionm 1933. Guidebook 14. U.S. Gov't. Frinting Off.
Washington. '

Reagan, A. B.,'
1903. Geology of the Fort A@ache Region in Arlyona. Amer.
Geol. Vol. 32. .

Reber, Louis.E. Jr.
-1922,. Geol. and Ore Deposits of the Jerome District. Amer.
' Inst. Min. Eng., Trans. Vol. 66.

Reed, R. D.

1933. Geology of California. Published by American Assoc.
Petrol. Geol. Tulsa, Okla.

47



Reeside, J. B. Jr.
1924." Upper Cretaceous and Tertiary Formations in the Western
Park of the San Juan Basin of Colorado and New Mexico.
U.5.G.S. Prof. Paper 134, Washington, Gov't. Print. Off.

Richardson, G. B.
1907. The Harmony, Colob, and Kanab Coal Fields, Southern

Utah. U.S.G.S. Bull. 341, Washington, Gov't. Print.
Off. '

1910. Stratigraphy of the Upper Carboniferous in W. Texas
and Southeast, New Mexico.

1927. The Upper Cretaceous Section in the Colob Platesau,
Southwest Utah. Washington acad. Sei. Jour., vol. 17.

Robinson, H. H.
1913. The San Franciscan Volcanic field, Arizona. U.3.G.S.
Prof., Paper 76, 1913. washington, Gov't. Print. Off.

Ross, C. P.
1922. Geology of the Lower Gila.Region, Ariz. U.S.G.S. Prof.
Paper 129. Vashington, Gov't. Print. Off.

1925. Geology of Mineral Resources of tiie Saddle-Mountain-
Banner Distriet, Arizona, U.S,G.S. Bull. ?771. Wash-
ington, Gov't. Print. Off.

1925. Arivaipa end Stanley Mining Dists. Arizona. U.5.G.S.
Bull., 763. Washington, Gov't. Print. Off.

Schrader, F. C.
1909. Mineral Deposits of the Cerbat Range, Black Mts. and
Grand Wash Cliffs, Mojave Co., Arizona. U.S.G.S.
Bull. 397. Washington, Gov't. Print. Off.

Schrader, Frank C. <
1915. Mineral Deposits of the Santa Rita and Patagonia Mts.
Arizona. U,S.G.S. Bull. 582. Washington, Gov't.
Print. Off. : ‘

Schuchert, Charles
1918. On the Carboniferous of the Grand Canyon -- The Cambrian

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

48



Schubert, Charles, and Dunbar, C. O.
1933. A Textbodk of Geology. Part II. Eistorical Geology.
Jokn Wiley and 3ons Inc.

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

1918: ‘Geology and Water Resources of the Gild and San Carios
Valleys in the San Carlos Indian Reservation. U.S.G.S.
Water Supply Paper 450, Washington, Gov't. Print. Off.

Seerle, C. J.
1922% Sketch of Geology of Dos Cabezes Mts. Seience, New

Series, Vol. 55.

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

Shaler, M. K.
: 1907.. A Reconnaissance Survey of the Western Pgrt of the
Durengo-Gallup Cocl Field of Colorado end New Mexico.
U.S5.GeSs Bull., 316. Washington, Gov't. Print. Off.

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

Sinclair, W. J., ~nd Graonger, Walter
1914. Pliocene Deposits of the Sean Junn Bnsin, Amer. Mus.
Nat. Eist. Bull. Vol. 33.

Spleker,-E. ‘., -and Re 931dc, J. B. ar. _
1926, Upper Cretnceous Shorc Line in Ut h, G. S. A. Bull.,,
Vol. 27.

Spurr, Josiah Edwrrd
1903. Nevede South of the Fortieth Prrerllel and Adjncent
Portiorns of Californis. U. S. G. S. Bull. 208. Wcsh-
ington, Gov't. Frint. Off.

49


file:///Regi

Stanton, T. W.
1917. MNon-marine Cret~ceous Invertebrates of the San Juen
Basin. U.S.G.5. Prof. Paper 98. Washington, Gov't,
Print. Off.

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

Stayenow, A. A,
1926, Notes on Recent Strattgraphic Work in Arizona, Amer.
Jour. Sei., vol. 12.

Stevenson, J. J.
1881. Report on Geol. Examinations in Southern Golorado and
‘ New Mexico during 1878-9, U,S.0.S., W. of 100 mer.,
vol. 3. '

Stewsrt, Charles A.
1913, The Geology end Ore Deposits of the Silver Bell Mining
District, Arizons, Amer. Inst. Min. Eng. Trens., vol.
430 )

Thurmond, F. L.
1926. Is there.a Cenyon Dinblo Meteorite. Eng. Min. Jour.,
vol. 122, No. 21, 1926.

'l'e"iﬂa G ¥4 F
7 Bﬁ ¢ of the imw & Rk Hfiis Enfhogly
© Iastitubioh F

19069, 8a§per ﬁepeem ¢f SiiyeF Bid:; Min; end §ei; BRpsy,

'“mhﬁ' Gosd Deposits Wear Pipdals; nm:s
UeBe048s Bulls 481/ mmwa», m‘i‘ f %ﬁ §?!* -

Weleott, €: D»

1860, he Permian and othes P K&Rgg '
! #aliey, Arizona. Amer.agigggigcgf rdege§§g§

20,

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

50



Walcott, C. D.
1883. Pre-~Cartoniferous Strata in the Grand Canyon of the
Colorado, Arizona. Amer. Jour. Sci., 3rd Series, Vol.
26. UsS.G+Se Fourth Ann. Report 1884. Vashington,
Gov't. Print. Off,

1885, Description of the Deer Creek Coal field. 48th Con-
gress, 2nd Session. Senate Doc. 20, Appendix 1.

1890. ZFauna of the Lower Cambrian or Alenellus Zone. U. S.
G. S. 10th Annual Report, Part 2. Washington, Gecv't.
Print. Off.

1890. Study of a Displacement in the Grand Canyon, Geol.
SOC. Amel‘. Bull-, VOl. lo

1895. Pre-Camborian Igneous Rocks of the Unkar Terrane, Grend
Coenyon of Coloredo, Arizona. U.S.G.S. 14th Annual
Report, Part 2. ‘ashington, Gov't. Print. Off.
(Descrivtion of Petrography by Iddings, J. P.)

1895. Algonkinn Rocks of the Grend Cenyon of the Colorado.
Jour. Geol., vol. 3.

1899. Pre-Cembricn Fossiliferous Formetions. Geol. Soc.
Amer. Bull., vol. 10,

1916. Crmbrian Geol. end Pnleontology. Smithsonian Misc.
Coll., vol. 64, No. 5.

Wegemcnn, C. 1.
1914. Geol. =znd Co~nl Resources of the Sicrre Blancn Coal
Field, Linccln Co., rnd Ot=ro Co., liew liexico. U. S.
G. S. Bull. 541. Weoshington, CGov't. Print. Off.

White, Dnvid .
1927. Study of the Fossil Florsas in the Grand Crnyou,
Cerrnegie Inst. Yerr Book 2€C.

1928. Algrl Deposits of Unkar Proterozoic oge in tihe Grand
Crnyon, fArizonn. Nat., Lend. of Sci. Proc., vel. 14,
no. 7.

192¢. Fleors of the Hermit Shale, Grond Canyon. Carnegie
Institute, Washington Pub. 405.

51



| n. d. Origin and Geologic History of the Grand Canyon.

Williston, S. V. . : '
1911. A New Family of Reptiles from the Permian of New Mexico,
Amer. Jour. Sci., 4th Series, vol. 21.
%illiston,. S. W., and Case, E. C. -
© 1912, The Permo Carboniferous of North New Mexico. Jour,
Geol., vol., 20,

%"ilson, E. Di
1922, DProterozoic Mazatzel Quartzite of .rizona, Pon-
meriesn Geol.,, vol., 38.

7inchester, D..E. )
1921. Geology of ilemose Creek Valley, Socorro County, N.
Mex. U.S.G.S. Bull. 716. Tnshington, Gov't. Print.
off. '

Woodford, .. 0., and Horriss, T. F.
1928." Geology of Bleckhrwk Canyon, Csn Berncrdino lits.,
University Crlif. Pub. Geol. Sci., vol. 17.

Woodruff, E. G:

1912. .Geol. of the Srn Jumn Oil Fisld, Utoh, U.5.G.S. Bull,
471. ‘“nchington, Gov't. rrint. Off.

52






