WALNUT CANYON | ’
GEOLOGICAL REPORT )

By Vincent W. vandiver, Regional Geologist

INTRODUCT IOW

Walnut Canyon Natiomal Monument was raserved by the Government with
the 1des of the preservetion of the numercus cliff dwellinga which oceur
in this erea. The gaologlcel Teatures of the mrea are moet interesting,
however, and for those who will take the time to consider the various pro-
cpsses Which contributed to the formation of this canyon, they will find
that in miniature much the same factors ars involved as thoee which re-
sulted in the formatien of the Grand Ganyon of the Colbrado River. J
shall endemvor to relate in this report how these gaoldgical processes
have pleyed such an important part in the cerving of the landsceepe in Wal-
nut Ganyon which resulted in an ideal location for tha establishmant of the
homes of the Puablo oliff-dwsellers.

Lacapin

Walnut Canyon National Monument is located abok 10 mites southeast
of Flagstaff, Arizona, on a loop rosd comnecting with U, 5. Highway &8,
The pressnce of walnut trees mlong the floor of the capyon bas supplied
its name. The reserve was created as a ¥at icnal Monument in 1915 slthough
it is underatocd that the area was under the supervision of the Forest
Servica fram 1906. It contains an area of 960 mcres. Therec are of courss
cany ruins in the Scuthwest of ancient pusbio pecples however therd are
relatively few cliff dwellings of thils type. They are wmost accessible Yo .
large numbers of tourists dus to the proximity to one of the main routes
of transcentinental travel through this region. i

ARCHEOLOGY

Dr. Harold 5. Golton (1), of the Museum of Forthern Arizena, states
that the cliff dwellings in Falnut Canycun have besn dated by the tree ring
method indicating that they were cccupied by pueblo Indiens from around
900 to 130 A.D. There may be 30me aipnificance &0 the faet that thess
dwellings were being occupied shortly after the last eruption of Aunsel
Crater, situsted soma twelve miles to north, and whose last activity has
also been estimated by the tres ring method as having teken place arcund
875 A. D. There are pressnt ruins of some 300 rooms scatfered along beth
sides af Walnut Canyon and it is easy to concelve of upsards $o JOCD peopia
living in +his settlement, The ares was visited by James Stevenson of the
Smithsonian Instituticn in 1883 and he pade the follewing stetemont: "The
doors are leTgs and extend from the ground up to & sufficient height o
admit a man without stooping. The rooms are large and the walls are two
to four feet thick., The fireplaces are in onhe corner cof the room on an
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slevatad rock, and the smoks can only escape through tha door. The ma«
S0RTY eomparas favorably with the construction of the reaat villages in
Canyon de Chelly, Many objects of interest were found in the debris around
gnd in these houdes. Matting, sandals, apindle wherls, and atone imple-
mepts of veriocus kinds abound.” During the interval from tbe time of Mr.
Stavensen's vislt and the taxing over the area by the Forest Service there
9as mush vandelism. Practically all of the objects left by the pueblos
were removed and in searching for these materiels meny of the eliff dwel-
lings were broken down snd more or laessc destroyed. &s the result of this
vapdalisg it is doubbful if the detailed story of the pecples of Talnnt
Canyon will ever be known. '

Dr. Colton considers that the pecple Who built these cliff dwelllnga
mare probebly the sncastors of those who constTucted Elden Pueblo and many
asther. sitea near Flagstaff. This supposition 1s arrived at from the
similarity of the potsherds and Tlettened skulls which have besn recovered
from the various ruins. : '

The dwellings in Welnut Canyon were conatructed under overhanging
ladges of limestome $wo hundred set or mere above the stream bed. Mot
only were their homes built along the recesses in the aide of the canyon
wall but retreats were also made on at leaat five "islands™ of promontories

“in the canyon which served as foriTesses a2 a maans of protection agalnsd

inveders. A trail is in evidence to the right of the present entrance

trail to the mopument which is believed to have been the roubte taken to ob-
tain mater Irom the streem or pools in the canyon, Little naeter now reaches
the stream shznnz=l to fill the poola dus tc the recent conatruetion of the
Lake Mary dam. During dry pericds it is alse coneelived that wotar may have
been cbiained by digging pits in the sand along the floor of the ceanyon.

The remeins of broken stone hoes, etc,, have been discovered along the

flats of the rim areas, northeast of the villaga, and it is here that the
pueblos probably cultivated their meager crols. Anctber factor which no
doubt influenced these peoplas to aclect Fmlnut Canyon a a desirable place
to liye is the presence of ledgss and recesses especjelly in the walls

along the north sids of the canyon whieh formed a oeans of protection against
the olimatic conditions of the severs winters, The presencs of whter supply
nearhy and satisfaetory acil for cultivation mlong the rim as well az the
vialpnds® in the cenyon whiech woro used as forts were iikewisae desirable

fapturesa.

CRCILGY

The oldeat rocks of the genaral vicinity of Walnut Cenyon belong te
the Redwsll limestone formation of the Misaissippian, along the northeast
fimnks of Eiden Mountain, where uplifted portions of the sedimentary sec-
tion mre axpoaed by this grest lzecolith. above the Redwall is the river
flocd plain depoalt, consisting of sandstones and shealas, and containing
tracks of lend animals and impressions of fern-like plants, which has been
termed the Supai formation of Permimn age, Next above the Supai is the
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eross-bedded Coconino sandstone and followed in order by the Kaibab lime-
stone, both of Permian age. It is the two latter formations with which
we are most concerned since they make up the sedimentery section of rocka
exposed in Walnut Canyon, *

Briefly the geologlie history of the eareg mey be described by stating
that following the depositien af the Keibeb limestons the ssa retreated
as the region uplifted slightly with the sedimentary rock remaining practi-
¢cally horizontal apparently subjecting the formsticn to eTrosion long
sniough to produce a youthful teopography. Upon thiz surface was deposited
the shalea and sandstonss of the Moenkepl. A great thicikness of vari=-
colored shales end sandstones were then deposited in & largs basin by
rivers and shallow water lekes. Thesse continental deposits make Wp the
Chijnle Tormation., They contain a land feuna and the romrkable daposlts
of silicified wood at the Petrifisd Forest. Tbey supply moat of the
beautiful egloring to the Painted Desert area and are classed aa the
upparmost Triessic Tormation im this region. While theze beds formthe
iast record of sedimentation in fhis territory 1t ia known from a study
of the stratigraphy of the surrounding country thet graat thicknesses of
Juressic, Gretacecus and parheps Edcens rocks were ongce presant but have
all now been ramoved by erosion.

COCONIFMO SANDSTOWE

Bolow the Xmibab limestonc which farms the rim rack at Ralnut Cenyon,
there is the light colorwd, highly cross bedded sandstona, which has been
dasignetod as the Coconino sandatone from its type locality at the Grand
Canyon. The contact beiween the twoe Tormetions is Teadily observed along
the sanyon wells. Located betwsen formatione of Permian age, as determimad
by foasil remasina, the Coconino is likerise referred to the Permian Epach.
4 closer determination of the age of the Coconinc iz mde as Middle Permifn,
in view of the grading contact with the underlying Hermit shale in the
Grand Cenyon, whoss age has been found o be upper Lower Peromian from the
fossil flors secured.

The Goconino sandstong occupies a large area in northern Arlzona,
noTth of the southern limits of the Colorade Plateau. While much of this
Tegion is cepped by the Kaibtab limestone, the presance of the Coconine 1s
certain from the meny exposurez in the cenyon @alls throughout the provinge.
From a thickness of 1000 feet ai Pine the formation thins out t0 2eI0 along
the Utah boundary. It alsc thinzs in a nerthwest direction towards the
Nevada boundary whare it is only a Tew fest thick whereas there iz over
600 feet of sectiom in the vicinity of Holbrook. From samples teken by
Mr. Edwin McKee {£) the sand grains are predominantly pedivm coarse graTed
mleong the scutherm limits of the formation and grade into mueh finer mater-
inls to the morth. The source of the meterial is therefore concluded %o
be from ths south, in a barrier believed toc have existed during most of
earlier Paleczoic time, which extended through central Arizona and 1s
known as Mazatzal lend, Geologists generally consider that there is
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sufficient evidence tc ¢onclude that the sand grains comprising the Co-
conino formeation wers in the mein transported by the winds end deposited

in the form of sand dunes. The lack of pebbles seems to point towards

the ®ind as the major agent of transportation, The wadge-shaped crosa
bedded units of this formation ardInelined in meny direct , 8 featurs
not #idely produced by the action of water. Ths only definite foasils

thus far discovered in these sandstonesz are the footprints of amphibians

or reptiles mnd trails made by annalid werms, The Tossil svidenca available
also tends to support tho thesory of eoliamm origin of ths formatiocm.

The Coconine has supplied its portion of the natural featurcs nocas-
sary in tho meking of Walnut Cenyon en ideal site for the ¢liff dweller.
In the valley south of Eldem Mountain there are some largs sink holes,
known 22 the Bottomless Pits. They form the entrance to caves ln the Kaeibab
limestone, which hava been dizsclved out by the action of ground waters an
the limestone, =23 they flowed umderground aleng Joimtes andp&}ssuras to oub-
lets in the lower levsls of Walnut Canyon. The more or less porous Coco-
nine sandstona was favarable to the seepage of this additicomal wmter into
the canyon., The normal Weathering of the Coconino caused much sand to be
doposited in the canyon, This eonditior may in some instances heve caused
the formation of pools of wator just beneath the surface and parmitted the
puable Indimna to dig for water during pericds of dryness. Then, too, a3
the canyon was being carved the Coconine was suaceptible to certaln straight-
ening of the chamnel and during this process the ¢ld neanders o the stream
wers ahbepdoned and “eut—offs® tere formed. These "islands"™ permitied the
Indians to byild homes in fortrsss fashion in the central portions ar the
ranyon and gave them an sxcellsant means of protecticr.,

KATHAR LIMESTCME

Overlying the Coconino Sandstone throughout large sections of northern
AriZona, exeept in the east near Holbrook, is ths Kaibab limestone. It
forme tha upper portions of the walls of ¥elnut Canyon end Grand Canyon
as well and caps nwat of the high Plateau of the north-con¥al part of the
state, It is compoaed of grey, sandy limcstone, with many horizons filled
#ith chert, mlso massive layers of lirsstone intersporasd with less re-
sistent beds of shely sandstone. The lithology of the Kaibab limestone
with the constant variaticon of hard end soft members, the soft weathering
agay leaving the mors competent beds to form overhanging ledges, hes re-
sulted in s mature: habitat for the eliff dweller in this canyon.

Tha Keibeb limestone is quite wvariable in thickness, renging from up-
warda to 10CC faet in the Virgin River valley to 600 feset on the Rim of
grand Canyon, and from 300 feet in the vicinity of Flagstaff to zarc just
wast of Holbrook. Mr. Zdaln McXee, Park Naturalist at Grapd Canyon Naticnal
Park, has davaloped soma new and interescting details eoncerning this Torma-
tion and ths resultaocf his study will be published in the near future. At
#alnut Canyon the Xalbeb ia quite fossilifercus. Many marine fossils of
hrachiopods such a3 Productus and sSpirifers may be obssrved. In some in-
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agances the silica nmodules and concreticoms enelose fosails spongea. Tho
vartous types of fossils collected of which there are some B0 species lo-
dicata thet the limestone is of shallor water marine origin. Since the
limestone was depositad below sesz level and now has an elavation of approxi-
mately 7,000 fest above sea level thare is every reason to beliave that the
region has been uplifted on & large scals. Tt will be noted along the
walls of the canyon that th: contact of the limestone with the undarlying
Coconino is practically horizomtal end it 1s theraforo assumad that tho
¥atbab sea mdvancad rapidly at tha clage of Coconinc tirme since there is

no avidence of srosion of importance along this lins of contact .

An important point to consider with respoct to the Kalbeb farmtion
and the cliff dmellsrs 1in this canycn is tha yressnce of softer nemhers
of sandy limastone interspersad in tho asetion with tho more reaistant
or mesive limostone beds, This condltion during the process of tha carv-
ing of tho canyon and tho normal woathering processes gavo rise to ragged,
gortical eliffa, with recessed groovas in the walls which finelly formed
the homes of the pushlc Indiana. Tho ladges may have boen farmzd 1n part
by the action of the streocm on.the softar beds when it was cutting away
at much higher levels, but tha proceas mAy ba axplained in mest instaneos
1 helisvs, by the normal agonelos of dirferantial weathering.

STRICT URE

Sinece the atructural deteils would involve & rather lengthy report it
pay suffice to sey briefly that they include upward movapents at the clese
of the Permisp and profound uplifting during the Tertiery. Cemerally speak-
ing the uplifis heve caused groater displecements of the rock strate than
the faults, especimlly in the southern porticn of the Colorado FPlateau
arTes. The exact time of the uplift which resulted in the ecanyon cycle of
eroalon to form the Grand Cenyon, Walnut Cenyon, and many other camyochs
iy this ragion is still the subjoct of conaidarabls differsnces of opiniom.

Az regards to Walnut Canyon in particular, during ome of the later
periods of uplift, the rock strats were broken forming what has been termed
the Andorson Mess faslt, This fracture in the eaTthts surface represents
a displacemsnt of around 300 feet, strikes N 65° W, with the uplifted block
on the northeast aide. The fault no doubt partislly dammed the stream but
since the uplift was ap slow the streamwaa able to maintaln its chennel
and thsreby with the additional gradient and power supylisd the cutting
tool gained sufficlent force %o carva fdalnut Cenyon. Ur. Colton has re-
farred to these élefts as being ectually saWed, with the body of the 86w
composed of the water, ths testh made up by the boulders, pebbles and sand
grains, and the energy being supplied by gravity. Muen the same factors
wore necessary in the cutting of the nrend Canyon of the Coloredo River.
Minor North-south fanlting aleng Walnut creek has prohably been reaponsible
for sole of the 2ig-zag courses which the stroan follcowed. Tha stream
follomsd these hreeks or créss-faults as a line of lemst resistance in the
softar brokem Tocks befora returming to ite normal course. A9 cut—offs
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* were formad and the old meanders abandoted the central "islands™ were carvad
out. '

STMMARY

It i3 thought that the following points may prove of intersst to the.
vlsitors without boring tham with toe much geoclogical detail:

I. W¥alnut Caryon mey be terred a Grand Capyon in ministure in which
a broad regional uplift supplied the stream with the necessary

power to aarve the gorge.

I1. The stream morking through zones of weakness along miner north-
south faults which ercss the canyon, developed many meanders or
goose necks, and vhen later these were sarved through, cut—ofls
forming "islands” rema ned which the pusblos have utilized as

fortresces.

III. Ledagss in the Kaibeb limsstone were formed by the differential
ueathering of the hard and soft members. The massive resistant
limestone bede for the ledge which served as the roof and fleor
and tha Weaker sandy limestones ercded more rapidly to form tbe
recogses in ghich the cliff dwellings wore conatructoed.

IV. The contact betweon The Kaibeb and the Soconing soems a worth

_ ghile festurse to point out as well as the nature of the Coconino

* sandstone With typleal characteristics of a wind blomn dupe de-
posit.

T. The marine fossils in the Heibadb limsstone should prove of inter-
est as thay clearly damonstrate the uplift that hasa taken place
it tha genersal area., Thase beds ars nou soms 7,000 feet above

sga level.

IMFORMAT IO AL SIGMS
The following informmticmal signs are recomeended:

I: WATHTT CAMNYON
Tha Canyon waa formaod As the result of
a gradus] uplift of the region Fith the
stream being able to maintaln its course.
The additienal powar supplied the stream
onabled it to say out the gorge thet we
noyw s8a.

II: KAIRAR LTMESTOME
i shallow waker limestona deposited in the
- cen and contalping many remaing of marine fossils,
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ITTI: COCON MO SANDSTOME
A wind Bblown dune deposit containing
footprints snd tralls of land anlmals.

Iv: LEDGES AND GHOCVES
The ledges meke up the more mmasive and
razistent members of the Kaibab limestone.
The grooves or recesses consist of the wedker
beds which contein rore sand in tha limestone
and are more easily eroded. This is the re-
gult of normal Ajifferentisl weathering.
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