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Foreword

This is one of a series of bulletins on the northern Navajo
country, vnroduced under rroject 6677-Y of the National Youth
Administration, Berkeley, California. In its inception the
project had lor its main ol jective the publication of scientific
data made availahle Ly the Rainbow Bridge - lonument Valley
Expedition, resulting from four years of rield work.in the northern
Navajo country.

Dr. Theodore }. Eaton, Jr., who has served as a member of the
Expedition's biolozical staff in the field, was chosen N. Y. A,
project director to supervise the assembling, editing and publish-
ing of this fund of krowledge in some form in which it might be
useful to the layman or students As the work progressed it was
decided to widen the scope of the projsct to include information
from all reliable sources with a view to producing a ussble
scientific manual of the Navajo country. This necessitated a
research program pursued mainly among publications in the li-.
brary of the Tniversity of California and that of the Expedition.

Acknowledgment is due to a number of agencies and individuals
without whose cooperation the production of these bulletins would
not have been possible; to the Alameda County Tree Library for
the earlier sponsorship of the project; to the National Park Service
for space necessary for the wori; to the University of California
for furnishing published material, collections, and space for
investigzators; to the trustees of the Americarn Exploration Society
(under which the Rainbow Bridge -« Monument Valley Expedition
overates) for unpublished scientific data collected in the field
and for contributions iun cash toward publication exvenses; and -
most of all = to Arthur !, Yale, Frederick S, Clough and other
administrative officers of the National Youth Administration, who
have recognizod the importance of this work and have assisted
in mary ways toward its completion. To all these, and to all the
other individuals who have assisted without rccognition here, the
undersigned, sposor of tho project, expresses his sincere thanks.
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Anscl ¥, Fall
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GEOLOGY OF THE NAVAJO COUNTRY

By

Theodore H. Eaton, Jr.
Ruth N, Martius
Agnes J, Walker

The history of the earth is one of constant small but sig-
nificant developments which have, throughout the eons of time,
remolded the world we live in. The rain, wind, rivers, and oceans
are tools which have always been used by nature to sculpture the
face of the earth. Rain and snow wear away rocks and wash the
fragments into the streams. Where some parts of the rock are harder
than others, this erosion does not take place evenly. Here and
there in the Navajo country, for example, pinnacles of hard vol-
canic rock are left standing above the level of the surrounding
country because the softer material which enclosed them has weathered
away .

Rushing down a furious course or meandering along an easy
way, innocent looking rivers do a great deal in their own channels
toward wearing down the earth's surface. As it flows along, the
river picks up soil and rock from its banks and bottom and carries
it down toward the sea. During times of high water, when the
current is swift, the water has greater power to cut the rocks
through which it flows, and thus cerries a greater load of material.
As the current subsides, the river loses its carrying power and
drops part of its load. In this way layers of sediment are piled
up, building sand bars, beaches, and deltas. In time these layers
are consolidated and form beds of hard rock, called strata.

In arid regions, like the Kavajo country, wind erosion of
rocks is of tremendous importance. Scooping up sand and loose
soil and beating against rock formations with violent force, the
wind soon sculptures the rocks and wears them away. Just try
driving through the desert during a sand storm and you will realize
the destructive power of the wind--your windshield will be cut
and scratched by the flying sand.

Paradoxically enough, while these various "tools" are constantly
working to wear down the land, they are also helping to build up
the surface, Sediments deposited by the wind and water become in
time hardened into sedimentary rocks. Clay becomes shale, sand
becomes sandstone, gravel becomes conglonerate, and when volcanic
eruptions cover great mountain slopes, the land surface is built
up by the formation of igneous rocks from the molten lava. Not
only by lava flows do volcanoes build np the surface; often the
worl: is done from within the earth. Quantities of molten roclk,
called magma, force their way from the interiop into cracks, and,
spreading out in wall-like masses or pushing up the earth's crust



in domes, this magma cools and solidifies into what is called in-
trusive igneous rock. There is a third class of rocks, called
metamorphic, which is formed out of sedimentary and igneous rocks
through alteration by tremendous heat and nressure. For example,
marble, a metamorphic rock, was once limestone, wiich is sedimentary;
metamorphic slate was once sedimentary shale; and schist may bhe
formed by the metamorphosis of igueous quartz.

Sedimentary rocks usually originate in layers. However, the
beds do not alvays remain in a perfectly regular arrcngement. 1In
many places they become mixed up, and the surface of the earth has
been folded so much that the beds are often at all angles. Some-
times the crust has-been cracked and the layers of. rock have slipped
out of their original positions+ We must also comsider the changes
in the distribution of land and water. At least once in ages past
a great sea, somewhat like the Gulf of Mexico, covered the central
portion of the United States; including the Navajo region. Under
such circumstances, scdimentary rocks were deposited. On the other
hand, in certain places sediment wes not even laid down because at
the time the land in that particular locality vas above water.

By studying the¢ formations, a geologist can sce what changes have
taken place.

Although the wind, rain, and water affect the earth's surface
as has been shown, it is evident that some other force must be rc-
sponsible for the gradual rising and sinking of the surface through
the ages. Since the crust of the earth has a certain degree of
flexibility, the removal of great quantities of sediment from one
place and their deposition in another upsets the equilibrium enough
to cause folding or wrinkling of the layers of rock end the raising
or sinking of certain sections in relation to one another. This
also results in such local effects as the foramation of mountains
and plateaus--cffects which are particularly imnortant in the
Navajo region.

The Navajo Country

Bounded by the San Juan, the Colorado, and the Little Colorado
rivers, and the 1l08th meridian, the Navajo country extends over an
area of 25,725 square miles-=-an area full of scenic.bsauty and of
wide interest not only to the scientist but to the casual traveller
as well. As early as 1853, explorations were made in the region,
but it was not until Dr. H. E. Gregory's cxpeditions (1909-10)
penetrated far into the interior that much real knowledge of the
country appeared. In recent years the Rainbow Bridge-llonument
Valley expeditions have made more detailed exploration of the north-
central portion, and as interest has grown, the country is being
opened to tourist tr.vel, roads improved, and many, though by no
means all, of the difficulties encountered by the first pionecrs
have been overcome.
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Come to the Navajo country and see for yourself the pictur-
esque features of the landscape==the -solitary volcanic necks,
remnants of cones long extinct, rising above tho mesas and buttes.
Explore the steep-walled canyons and examine the strate. Here
in the rocks is written the story of countless millions of years
of slow growth and even slower destruction by wind, raia, and snow.
Hére in a curiously textured outecrop you may find fossils or other
characteristic features which will enable you to recognize this
formation when you come upon.it somewhore else, perhaps many
miles away. In this way the geologist works, comparing and class=-
ifying rocks until he is able to recognize a formation and to
place it properly on a chart. Let us suppose that you have suc-
cceded in finding a canyon wall whose strata are complote from
tho beginning of geologic time and in perfect ordor. Herc is
your key to the geologic history of the country. Although it is
impossiblo to find a complete succession of strata anywhere, we
may construct a chart showing how the formations would appear if
they were all present in one place.

In some respocts the Navajo country nresents a forbidding
appearance, but yet one cannot help feeling drawn on and on into
this vast, sparsely-populated wilderness. The climate is extromely
variable« Clear, hazy bluc skies alternatc with sandstorms and
short but violent thunderstorms. Says Gregory, "The summers arec
very hot; the winters are very cold; daylight is accompanied by
heat; darkness by chilliness«" Most of the year water.is searce,
but during the short rainy season (July and August) parts of the
rcgion aro often flooded. The rivers and crocks are then swift
and cut deéply into their banks, only tc deposit their lond of
sodiment when the rain stops and the strcams dry up. The Colorado
River, which forms the western boundary, with its northeastern
branch, the San Juan, and its southcastern branch, the Little
Colorado, compriscs the main drainage system. The first two are
cons tantly flowing, but the Little Celoracdo is permenent only in
the last fow miles of its coursc.

Explanation of Geologic Chart

This chart shows how geologic time is divided into
eras, cpochsy, . and periods from the time of the oldest
rocks to the presont. The Archeozoic and Proterozoic
eras cxtended from the beginning of geologic time to
the pecriod of the formation of the first distinct sedi-
mentary strata. The Paleozoic ora extended from almost
the oldest fossil=bearing rocks through the long ages
vhen fishos and invertebrates were the dominant forms of
lifc and came to a closo as the first reptiles appeared,
The ‘lezozoic was the era of dinosaurs and lasted a hundred



Explanation of Geologic Chart (Continued)

and {ifty million ycars or more. At the ond of the
Cretaccous poriod the dinosaurs and many of their relatives
became cxtinct and were repleced in the Cenezoic era by

a great varicty of warm-blooded mammals and birds. The
Cenezoic ora is devided into Tertiary and Quaternary
epochs, the latter including tho great icc age and tho
coming of man,

During the Quaternary epoch, very little rock was
formed in the Navajo region. Deposits aro mainly colian
(of wind-blown origin), somo volcanic ash, alluvium,
gravels, and othor moro or less unconsolidated sedimonts.
In the Eoceno poriod of tho Tortiary ora, Chuska sandstonec
and tohachi shcle wore formed. The Chuska is a gray and
white, fino to medium grainod sandstone with some con-
glomerate.s It is cross-bedded aad forms cliffs. The
Tohachi is made up of shales and thin sandstonc with
some lignite. It is poorly consolidated, bandcd red,
blue, yellow, brown, and white, and contains animal and
plant fossils. The Mcse Verdo formation (found in the
Uppor Crcotaccous poriod) is made up of massive sandstone
at base and top and sandstoncs with sandy-shales and
some coal in thc contral portion. It forms cliffs and
contains fossils of Montana and Colorado (?) ago. Dakota
sandstone is gray and brown in color, coarsc in texture,
contains plant fossils, and is irrogularly stratified.
The McElmo formation is separated from othor Jurassic
rocks by an unconformity; an unconformity occurs whon
the formation of rock is interrupted for a period long
encugh to allow erosion to alter the surfacc before the
formati-n of more rock. It usually appcors as a lino
between beds of different teoxture. This shows that the
older strota were oroded beforce tho depositicn of tho
later bedse

In the LaPFlata group, the Favajo sandst-nc is a
light-rcd, cross=-bedded, uniformly finc-graingd sand-
stone, with variablc amcunts of limestonc ncar the top.

It is a prominent c¢liff maker. The Todiltos is limcstone
with shales, and eontains dinos~ur fo~tprints. The
Wingate is massive cross-bcdded, fine=graincd, bright-

red sandstone and, like the Navajo sandstone, is a cliff
maker, Chinle formaticns arc composed of shalcus with thin
sandstone and limestone conglomerate. The Chinle has

four divisions: Division A (top), is banded red shales
and sandstones; B, alternating bands of red shale and
gray-purple limestone conglomerate; C, shalos and marls;
banded pink, red, purole, ash, etc.; D, red and chocolate-
colored shales anc¢ shaly sandstones. Fossil wood and
vertebrate and invertebrate remains are present in

the Chinle formation. Shinarump conglomerate is cross=-
bedded conglomerate and sandstone; the pebbles are comp-
posed chiefly of quariz, quartzite, and petrified wood.



Bxplanation of Geologic Chert {Concluded)

De Chelly is a cliff making. .gandstone:- light-red,
uniform-grained and cross-bedded. Thé Moenkopi forma-
tion is- chocolate-red and is made-up of banded shales
and thin sandstones. It is extremely variable in stra-
tification and contains fossil plants., The Aubrey
zroup is a buff-colored, thin-bedded limestone for the
most part. The Goodridge formation is buff and red
limestones and sandstones and contains fossils of Penn-
sylvanion age. The ‘only exposed pre-Cambrian rock

(at Fort Defiance) is massive bedded gray quartzite,
overlain unconformably by the Moenkopi formation.

Interesting Féatures of the

Navajo Country

Rainbow Bridge

One of the most striking naturcl phenomena to be found in the
Navajo country is Rainbow Natural Bridge. located in a narrow
canyon about five miles from the Colorado River and northwest of
Navajo Iiountain, it'is a hume natural arch of fine symmetry and
groceful proportions. It rises 309 feet high and spreads to a
width of 279 fect; the causeway at the top is 33 feet wide,

The bridge is large enough to accomodate the dome of the Capitol
at Washin;ton under its arch, and still leave some room to spare.
The rock in which the Rainbow Brldge is cut was at one time just
one of the many buttress-like cliffs which orcupy the many bends
in the canyon. .Through a process not yet fully explained, character=-
istic Navajo arches formed in both-faces of the buttress, and
years of constant weathering by wind and rain wore away the rock
until at last a small window was formed ncor the base of the
arch. Erosion then proceeded more effectively, enlarging the
vindow until finally the opening extended low enough so that

the stream changed its course and flowed through the gap under
he bridge. (Figure I) The bridze can be rcached by a trail
asbout 16 miles in length from Rainbow Lodge, located just south
of Navajo [ountain. -

Wavajo Nowuntain

At the northwertern corner of the Navajo Country, a great
dome-like mountain rises 4000 feet. above the surface of Rainbow
Plateau, "an island in the midst of @ sex of waterworn and wind-
worn, brilliantly colored sandstonc." (Gregory) This is Navajo
Mountain=-a huge laccolith which looms above the flat plateau.
Broken and jagged cliff's risc on every side, with narrow gorges
here and there setween them, finally leveling out at about 2500



feet, where a forest-covered bench partly encircleés the moun-
tain. Above this, but much less abrupt, is the summit, with
lonz talus slopes of fallen boulders on the sides, a gentle
incline above, and nearly level at the top.

Navajo Mountain was built by an intrusion of igmeous
rock which forced its way through the earth's crust and
pushed up the surface into a dome. Hundreds of thousands
of years from now, when erosion and weathering will have
eaten away the covering of sédimentary rock, this igneous
mass will be exposed to view, and, if the normal cycle
of erosion is not interrupted, in time even this hard
rock will be worn down. Navajo Mountain presents many
good examples of the results of erosion, particularly by
water, The sides of the mountain have been cut by streams
into vertical canyons and deep gorges. '"The intricacy
and grandeur of the stream-carved sculpture are unexcelled
in any other part of the Plateau province." (Gregory) Part
of the mountain is less eroded and forms a plateau with
flaring edges, while the north and northwest sides are
segnented by short, steep canyons. The almost flat top is
covered by a forest of Engelmann spruce and aspen, and below
the summit in the midst of groves of Douglas fir, yellow
pine, willow, and aspen, War God Spring flows out of the
underbrush and provides an excellent water supply.

Painted Desert

From Holbrook to the main Colorado, the Little
Colorado River flows through a brightly colored valley
knovn s the Painted Desert. If it were not for the
magnificent coloring; of the cliffs and valley floor, this
barren expanse woul:l be just another desert~-dry and inten-
sely hot, subject to frequent bad sandstorms, and bearing
only the most meager vegetation. However, the dark red,
chocolate, and crcamy-colored sandstones of the Moenkopi
formation and the low, broken mesas, surrounded by
scattered dunes and carved by wind and water, redeem the
desert by malzing it startling and beavtiful. Overlooking
Marble Canyon on the Colorado River, Shinumo Altar, a
remnant of ecroded sandstone, rises 600 feet high, and
along the northern border of the desert, the brilliant
vermillion of Echo Cliffs may be seen for a distance of as
much as 50 miles. Along the southern part of the Echo
Cliffs there is a small petrified forest, and some miles
south of this there are remmants of lava flows. These
aporear west of the Little Colorado at Grand Falls, Black
Falls, and Blagk Point, while on the east side, Black
Knob is the only largo igncous mass. It is interesting
that dinosaur footprints have been found remarkably well
prescrved in the soandstone of the Painted Descrt region.
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Sar Juan River and Gooseneclzs

The Sen Juan River winds in a tortuous course throuzh a canyon
173 uilcs long and varying in depth from 200 to 3000 feet. The
canyon is eroded in solid roc!z but in some places the river runs
over doposits of sediment about fifty feet deep. Tributary streams
nave Luilt up bars across their mouths so that the water makes
repicds refore entering the main stream. The cliffs do not in all
ceses rise directly above the water, for talus slopes lie between
the c¢lilfs and the water's edge.

At one time far in the past this river flowed on a flat
peneplain which was then very near sea level. The stream was
sluggish and meandered back and forth in broad curves. As the
vears passed, the river slowed down even more and swept farther
from side to sidc so that the meanders were exaggerated almost
to the extent of forming circles. Then somehow or other, the
whole region was elevated, which gave the river a longer distance
to descend before reachin; sea=level. Conseguently the speed of
the current increased where the slope occurred, and the river
started cutting its bed deeper, without changing its course.

The river, now swift and powerful, torc alon; in its old meander-
ing coursc, cating into its bed until docp canyons were formed
along the meanders to a depth of over 100U fect. These goosenecks
are onc of the most striking features of the San Juan river.
Located a few miles below Goodridge, they are easily reached by
automobile,

Monument Valley

dionument Valley is a triangular regicn cnclosed by the San
Juan River, the Tscgi Mesus, and Comdb Ridgc. From the valley one
secs a high plateau far to the west, a low and morc irregular onc
closer at hand, and on all sides, a lcvel plain out of which riso
the "monuments". Thesc arc amazing formitions of hard sandstone
which rcsisted the tarrase of time and are still standing--remmants
of a zrcat sandstone mesd which was broken and worn down by the
wind, the rain, and the action of frost and heat. The monuments
arc of vorious shapecs and sizesg square blocks, narrow walls, high
pillars and nccdles. Some of them risc to a height of over 100C
feet. The method of crosion which attacs this arca is responsible
for the pceculiar shape of the monuments, and the oxtreme variation
in tempcraturc is onc of the prinecipal ngents of destruction.
During the hcat of thc day the rocks expand cver so slightly and
at night the radid cosling of the atmosphcre causcs them to con-
tract. Tius the rock formations arc subjcceted to stresscs and
strains and little eracks dovelop, mainly along vertical lines.



Then water secps int» the cracks and, in freezing, onlar cs tho
frocturcs, or else tlie wind hurls a sand-blast against the rocks.
At any rate, the tiny vertical fractures jrow until a wall-like
part of the rock treaks off along the line of cleavage and falls
to the _round, there to lie crumbling or tc be carried away by the
wind. In this way the huge rock formations, hacled at by natural
forces, are slowly broken up, first on on¢ side and then on the
other, wntil only a "monument" remains--a silent reminder of the
once great mesa. In some places all that is left is a low pile of
fragments, half buried in sand.

In addition to these "monuments", the valloy contains several
spires of igneous rock which have been identified as the cores »f
voleanves long extinct. The slopes of the volcanoes have been worn
away but the more resistant igneous rock remains. Chief among these
'spircs is Agathla, a black igneous mass, which rises so high above
the valley floor (1225 feet), that it can be seen from almost cvery
rart of the surrounding cowntry for over fifty wmiles. Its distinctive
shape and enorm>us height make Agathla an unforgettable spectacle
cven amon, the many other memorable sights of the region.

Although there are a few places in [Ionument Valley which support
a fair amount of grass, the regicn is, on the whole, quite arid.
What water there is (at Tsezi=ot-Sosi-and Lagjuna Crecks and Moonlight
"ash) is highly churged with gypsum and unfit for human consumption.

The .eologist finds 1mch t~ interest him in the formations of
Monument Valley. The y~unpgest are chicefly of lernian age, but there
are tilted strate of the Shimarum» and Chinle I ~rmati-ns (see chart)
on the flanks of the cnticline, a portion of which {forms the vallcy.
Moenkopi and Goodridge formations rre, in mme or two places, close
to the surfa e.

Tsegl Mesas and Associatcd Tanyons

The Tsegi :iesa region is the hizhland between Piute and Shanto
canyons -n the west and Monument Valley on the east. The highest
point is Skelet-n llosa (7790 fect) which is flanked on the cast by
the Tyende and ‘nasazi mesas and on the north by Hoskininni mesa.
Thus, t» <ne locking west from Monumont Valley, the face of the
Tsegi liosas lonlis much like a stairway of two wide treads separated
by tw> rises 1000 feet in height. The entire region is made up of
mesas piled 'me cn another, surro>unded and dissccted by decp canyons.
Some »f thesc cany-ns rcaci a depth of as much as 1000 feet, their
sides cutting down in almost wvertical vmlls. In Laguna, Copper,
and lokai canyoms, prerennial streams flow lagily or in torrents
as the scas™n dictitos. '



Geologically, the Tsegl liesas present an object lesson in
the work >f crosion. Zilnez liosa, on the western boundary of
the region, is only one of many erosicn remmants which »we thoir
proservation to a resistant stratum of limestone. Creeks have
cut the mesas deeply on both north and south ends, and nly
fragments »f the table lahds romain where castward flowing stroams
have cut far back. Skoleton Mesa is formed of La Plata sandstone
(Navajos, Todiltn, Wingatoc). The eomposition of Kit Sil Canyon's
walls, alternatc beds of pent and alluvicl slit in addition to
the cxposed Navajo sandstone, indicatecs that at one time in this
region flood plains and swamps-altornated. Formations ranging
from Navajo scndst-nc all the way down to the Pennsylvannian (2)
arc to be found in Laguna Canysn. This canysn cnce contained a
chain of lakcs, but they disappearcd abusut 1880, woshing away
the notural dems that held thom, and le~ving a deeply trenched
cany-n boatt ne Tsegi=-t=Sosi Canym als- hcld a similar chain
of lakes at onc time.

Shanto Plateau, a rogi-n somewhat similar to that of the
Tsegi, is made up of a group of canyons and mesas, cxtending
from the odge of Klothla Valley (west of liarsh Pass) northward
to the head of Piute Canyon and westward to Red Lake Valley and
the southern branch »f Navaj> Crock. The average elevation
of the arca is 7000 fect, and tho surfacce is made up of flat-
floored vallcys and poorly dissccted mesas. Noar the conter of
the arca is loeated Shanto (the Mirror), a well-known spring
which givcs tht plateoau its name. In the valley of the Shanto
and Begashibito are found chains of lnkes and pools which are
scparatcd from snc anscthor by wind-dcposited drifts »f sand.

Black :csa

Black iosa is an island-platcau to the s-uth »f Kayentoe=
standing apart from the rest »f tho Havajo eountry. The mesa has
o eircunmfercence ~f ak-ut 250 miles and is sharply defined om all
eides by cliffs. A shelf betwocen Ganad: and Kecams on the south-
cast forms o l-ower step to Black Mesa pri:per, and the unity is
further broken by Salahkai Mesa which is partly disconnceted;
but for the rust, Black Mesa rises alm»st abruptly and stands
sut in bold roficf for many miles. The castern, northeastera,
and northwestern sides continue with ~nly minor interrupti ns
for 110 mil:s, and long scall-pcd mesas project int: the Tusayan
ashes on the south and southweste.

Tho meso reaches its greatost clevati-n on that portion
which faccs Chinle Valley. Here, for 40 miles, it maintains a
heigat -f 8000 fcet ab-ve sca level., Tice mesas to the s~uth
and s-uthwest fall >ff to about 6500 fi.t. Although a fow do-
toched mesas, such as Zillesa and Ziltahjini, riso above the
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surfacu, in jencral the plateau proscnts an cven skyline, brokon
occasionally by wide valleys whose floors are cut by shallow rock
canyons. Upper Licenkopi Valley is an exception to this rule, how-
ever, for its canyon reaches a depth of 600 feet.

Black Mesa is covered by a mantle of thin, highly porous,
residual soil which supports an abundant growth of pinon and juniper
trees as well as much sagebrush and grass. Beneath this covering
of soil and forest lie rock formations ranging from Mesa Verde down.
L. Plata Zan®stonc is” foldedruandef “tha Hesa dythé~Comb monocline, and
Cretaceous strata are laid in flat synclines,

Canyon de Chelly and Canyon del Huerto

Defiance Plateau (located west of Chuska iMountain) is an
elonzated dome, sloping westward from an elevation of 7000 feet
to where the dome. gradually flattens out at an elevation of about
5C00 feet. The surface of the plateau is drained by wide, flat-
floored valleys which are trenched hy narrow, shallow canyons.
The general slope of the plateau being westward, the strcams
flowing westward are long and often permanent, while castward-
flowing streams are short and carry little water. The largest
stream on the pl.teau, and the one which has cut the deepest
canyon, occupies the famous Canyon de Chelly and its tributary,
Canyon del ¥uerto. The streams carry much of the run-off from
Chuska and Tunitcha Mountains. Their canyons are cut 800 feet
deep in magnificent red sondstone, and above the bri htly colored
walls risc enorirous pinnacles, buttresses, and towors which have
been eroded ot of the overelying layer. Remaius of importunt cliff
dwellings, containing pictographs and other records of an anciernt
race, arc to e found in these canyon walls.
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Fossils in the Navajo Region

The shells or skeletons of marine animals may, after death,
rest on the sea floor until .they are covered by mud or sand, which
eventually becomes solidified under the pressure of moro and more
sediment. Ages later, a fragment of this rock, which may have
been raised above sea level and then exposed to view by erosion,
may show the fossils embedded in it. Fossils may exist as im-
pressions in the scdiment, the whole of the animal having been
replaced by mud or sand, later solidifying as a cast of the
original. Sometimes worms le~ve casts of the holes that thoy have
made, Dinosaur footprints are preserved as impressions in mud or
sand by deposition of more sediment over them before they aro
weathcred. But as a rule there is a gradual chemical replacement
of tho original bonc or shecll or wood by precipitation of minerals
dissolved in water, thus loaving o natural crystallized cast of
the original animal or plant. Thosc proccsses also applv to land
plants and animals, provided they arc buricd in rock-forming
scdiments heoforo they dcecompose, In comparatively recont yonrs,
and in spite of the "oah's Ark tradition, geologists have finally
progressed to tho point where thoy can determino by a thorough
examination of fossil romains, not only the plants and animals
that once cxisted, but also the climate, olevation, and general
goeography of tho country they lived in.

The oldcst fossils kmown in the Navajo country are of Car-
boniferous age gnd includc clams, sponges, brachiopods and other
invertebrates. Theso remains indicate the marino origin of the
Goodridge formation and Kiabab limestonc. During the Permian
age the land was largoly under shallow water and therc wore ex-
tonsive mud flats, showing ripplo marks and cracks made by drying
in the sun. Fossil rcemoins include impressions of flants, froge
ments of vertcbrate boncs, and shells of mollusks. As far as
fossils arc conccrnod, the Triassic pcriod is the most important
in the southwcgt. THo majority of petrified forests are of this
age, as arc mahy crméred amphibians (stogocophalians) and rop-
tilcs. The ChAnlc formation is espeoeially rich in fossgils of
thosc crcaturcs. Jurassic beds contain vory fow actuald fossil
rcmains, Jossc Peter, of the Rainbow Bridge-Monument Valley
gxpedition of 1933, discovered large and smxll footprings of
two=logged dinosaurs in Wingate sandstonc at 71 Milec Post. Mr.
Poteor also found.footprints at Dinosaur Canyon and on the rim of
Rainbow Lodgo Valley. Omor Stowart, of the samc cxpedition,
discovered a scorics of dinosaur footprints in 2 shallow eave
along the south branch. of the Tscgi-ot=-Sosi Canyon. On the
ceiling woro casts of thosc footprints, the original impressions
of which wege found on slabs of rock that had fallen =nd Yay
boncath tho eliff. Dinosaur tracks occur 2t Navajs Canyon
and at Willow Springs in tho Todilto formation. Profcssor R.

Ge Lull reportcd that the tracks scom to have becen made by bipedal
carnivorous dinosaurs,
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Since the liavajo sandstonc was formod »f wind-blowm sand, it
is almost barren of fossils. Theref.ro when members of the Rainbow
Bridgu=Y-nument Valley Expzdition of 1933 found a small dinoszur
skcloton at Xit Sil Cany~n, the discovory causcd wide commont.

The fossil wns described as o now gonus, ‘Tscgisaurus, by Professor
C. L. Camp. A conirun of a carnivorous dinosaur was f>und in Mo-
Elmo formaticn noar Red Loke Storo. In formations of Lower Crom
taccous porisd thorc occur a fow ammonito fossils, as well as
oystcrelikc bivalves and fossil wocd. A long time olapscd botwoon
the Eocene ond Pleistoconc agos during which no rocks wore formod
in tho Navajo Ccuntry. Vertobrate bones found noar Shanto Springs
werc idontificd by Professor Re S, Lull as boncs of primitive
clophants (Elovhas), ground sloths (Mogalonyx), horscs (Equus),
and Bison of Ploistoccne agos In 1934 tho Rainbow Bridge-Honumont
Valley Expedition found & cave in a branch of Tscgi Cany-n con=-
taining a Plecistcecnc deposit from which morc than 100,000 small
tird and mammal boncs have boon romavod.

Looking back ovor this bricf account of tho fossil scquonce,
we can soc that the Navaj: country has gone through many changes
in eclcvation and climate. Tho-surfacc has shifted from occan
bottom to shallow muddy boys and ostucries and from low forested
land to barrcn sandy desorts.

The Pre=Cambrion quurtzito ncar Fort Dofianco is tho sldest
known formation of tho Navajo country. Whore the original bedding
is dceipherable, tho mass is scen to consist of eoarse sandstone
intorsperscd with lonsos of conglomeratc. Abundant ripple marks
~n sun=bakod surfacos and a- fow mud cracks suggest subaorial dop-
ssitiom. Since depositi-n during Carbonifor-us time was comtinuous
in adjacont arcas it is prob-ble that this mass of quartzite ro-
moined as an island through Ponnsylvanian and »ossibly through all
carlicr Paloozsic timo.

During Pcrmian timo tho land was necar scea lovel most of the
timc, although it probably underwent scveral minor submorsions.
The invertcbrate fossils that havo been collccted in rocks of this
periad aro of marin: types. But thorc arc abundant plant romains,
and many of the formations cxhibit dry lund featurcs.

The conditions prevailing in the Triassic peried are uncertain,
The first recorded Triassic deposit is the Shinarump formation,
which is separated from Permian deposits by a widespread unconforme
jty~~indicating ' a long erosion interval, The coarse, siliceous
conglomerate of this formation, containing a great quantity of
fossil woed fragments is probably of land origin  pfter the

deposition of the Shinarump, the region was uplifted and became arid
or seim=arid in climate, an area of low=lying lands, wi%k numerous
fresh and brackish bodies of water, This interpretation is based

on the composition and structure of the rocks and the fossils

found in the Chinle beds, Towards the end of Triassic time aridity
and elevation increased, and the Navajo country became a desert

of shifting sand,


http://Therof.ro

GEOLOGIGAL AGES

The Succession of Life

Skc-‘tc‘zes of mest characteristic

Names of Plant-

SH.

ERAS D[VLSION:S Pla nts and arimals and Aninals

0 .

'E "‘c’ Nava Ik
2 g Indians

> ¥

Q.
S‘ g \A[oo"); Marinoth
(4
4§ -?g Greal, Ground Sloth
g' E& Neﬁx“g{ﬂ\aL
1 ¢ Sitretodth Tcer

-E g FéU’I‘TUS’(e‘J

_i 5_:-‘ tle,:ka nt

3 g) Oveodont,

£ 8 (Graving ho)
E?.‘sj -9 Girate-Camel
Q. ¥ =
N= +
= B C
l{-)\g = % <w°w‘.'§«?‘ﬁ?§)°
‘jo» g G ian‘l: Pl'c.,
: o
3 Ulntathere
< g Whino-Like be \St’
- EO “N us
]_8\ (First hgvgt)
9
8 Trl.cera‘fops
_:é (Armareo D'maséu,\)
5. Tocthed Birds
O:ﬁ g AH‘.‘\ QQOP-’—QQ)W
(f\)l . 9 (First bird-dis Craatn)
~ »
oo & € 51033urs
u_jg ~ Ciarmv:;;*sh';anne
| =
% A hcl»isau rus
A {Carnivoraus dinesage
- HADROSAURLS |
A QUATE, DINOSAR |
32 ¢ Co‘ty\o sayrs
$x| 2 Conifers
TE Cacops
i~ o
* —
s T
Ny ; § lT;'e,e. Ferr\s
- 4
Tel % Liepidedendrons
$ g 3
<z &
al O
A .

i | B TR )| Arthredines
V| 4 $ Ty 3 Ganoid
03 f C')' D; phoid
Ni (Lunc fish)

Osl %

wrl s s Nadtiloids
< 5 g £ (L!Vc reAT\) hl\lﬁlus)
ay -

< W

2t < Cephalopo
gl 3 Gfml?:ﬁr ds
H vinoids
£l & @Gastropods
g’ O T‘OPO
=4
% é Trilobites
LR Brachiopads
D

# . t
E;%Fgﬂ Radcolarua
i’ . &

E%; Fémmm'lfor-a,
oY

Q<

'(% of Ne actoal
NEE plant oranimal
SE remams found
T & Indivect evi-
& §s clence only,Gra-
3 P et




13

In Jurassic timc those conditions prevailed during the doposition
of the Lo Plata group of sandatones. Tho arrangemont of tho group
indicatcs wind as woll as wotor dopositione During lator Jurassic
timec, arid conditions prevailed and land probably cxtonded over an
arca including the Navajo and Hopi rosorvationse Bodics of watore-
salt, brackish, and freshe-werc proscnt and sparscly inhapited by
fishes ond invortobratese The land must have supported sufficiont
vegetation for foraging, sinco skolotons and footprints arc found
in lote Jurassic Pockse That tho land surfaco was oxtonsivo at
tho closc of Jurassic timo is indicatcd by the widesprecad crosional
uncomformity which scparatos Jurassic strata from Crotaccous,

This period of vigorous orosion romoved all tracos of deoposition
during Lowor Crctaccous timo, if any strata of this ago werc covor
presents In uppor Crotaccous timo, the hotcrogenoous Dakota sand-
stonc, laid down chicfly by stroams, indicated that stroams were
active and that parts of tho country werc swampy or costuarino,

The soa was also prosont, but its work was chicfly that of shifting
scdiments proviously dopositcde Tho iloncos formation, consisting
of shalc and sandstonc, containing marinc fossils altornating

with beds of soft lignitic eoal, is cvidcnoc that for a long period
aftor the decposit of tho Dakota formation, the land was alternctely
bclow and abovo soa levels During thc latest part of Cretacoous
timc, this altcrn~tc submorsion and ro=clevation continucd=--as
shown in thc composition of thc Mcsa Vorde formotion, With the
boginning of thc Tertiary poriod, the sca was permanontly cxecluded
from the Navejo country, Decposits containing freshwator shells
indicate the presonco of lakos, whilo tho groat oxtent of cross-
beddod sandstone suggcsts the work of winds, since with cvory
change in the dircction of tho wind, thce material it carrics is
laid dovm ~t anothor anglecs Folding and uplifting, beginning
during the carly Tertiary, brought tho land to its presont position
above sco lcvele Vulcanism was activo, ond continucd into the
Quatornary periode

In the late Tertiery, during Pliocono timo, crosion was dominant
and parts of the Navajo rogion wore rcduccd to a poncplain (a land
surfacc of low or faint rclief almost forming a plain). Rogional
uplifts, with inercasing strcam gradicnts, rcsulted in croding away
a great part of the Mosozoiec and Conozoic stratae Still later other
uplifits of 3000=4000 fcot further inercascd tho powor of stroams
and cnobled thom t5 cut the canyons which arc conspicuous featurcs
of tho Navajo country.
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