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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,






