GEOLOGY OF
NAVAJO NATIONAL MONUMENT

By ¥Wincent W. Vandiver, Reg. Geclogist

INTRODUCTION

The purpose of my trip to the Mavajo Heilonal Monument was to ascar-
tain the geological fentures in the vicinity of the ruins in order to
precpare a formal report on the area. The Mongment wes res2.owed on the
basis of the archeelogicnl interest, It is considered inpertant however
thet the Park Service staff be informed on the zeological acopects zince
numerous visitors esk to be advised on these gquestions arnd since such
features have had a direct bearing ol the presence of the Pusble ¢liff
gwellers in the aroa,

LOCATION

Havejo National Henumen%t is situated in the nerthwestern part of
the Wavajo Indian Reservation, in northesstern Arizene. It is composed
of three units, - Betetakin Ruin, Keoet Seel Ruin and Inssription House
Ruin. These preas comprise s total of 360 mcres and vere reserved by
the Government in 1509% and 1912 me a means of presermtion of some of
the most importent remains of Pueblo cliff-dwellings ithus far discoversd.
The maximum distance between the three units of the lonument is about

H) miles mlthough this distance by trail or road due to the necessity of
cirecuitous routes is much farther,

Betatalin Ruins end Kcct Seel Ruins may be approached from the south-
west from Shonto and from the cast via ¥eyenta., The road leads to the
top of the mesa above Betetakin and a trail fer horse &rips hos boen
constructed inte type cenyon, diztance of about a mile, to thisz point.

A rough horse trail is available o Koot Scel from Betatakin which is
approximately eight miles in length., The route to Inscription House

Ruin turns noerth along the Rainbow Netural Bridge road about midway
between Tuba City end Kayenta, Travel may then be made by car westward
for a distenee of about twe miles from the Inscription House trading Post
at which point the rim of Hawajo Cenyon is reached, A horse trail has
been constructed inte the canyon and the ruins are located sbout four
miles distant from the rim.

Wr. John Wetherill of Kayenta, Arizone, is custodisn for the lonu-
ment. Mr. Hiilton Wetherill is the mcting remger in charge and is stationed
a8t the Betatakin Ruin.

CLIMATE
The climate of this section of the Navajo country is mrid., The rain-

fall average for elrven years to 1027 a% Kayents, with on elcvation of
9,800 feet, amoynted to 8,8¢ inches pur yesr. The minimum temperature
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during this pericd was =18° F, with o maximum of 104° F. The average
armmual range at this point is between =8°% F. and lﬂlolF.

HISTORY

There are over three hundred c¢liff-dwelling ruins in the Tsegie
Canyon dreineage sysiem nerth of Marsh Pass and while T have visited only
o fow of-them, besides thrse. included in the Momgment, it is understood
that the_ arc all constructed in alecoves of the Navajo sendstone, There
aro times vwheén a geologist may mep ocutcrop of a formation from the sur-
face wvepetation and hore from the ssscciation of the rmumber of ryins
with the Hawajo formation it would sech elmost possible to uso this
eriterion.

Betatokin

This ruiln is loeated in a magnificent arch of Havejo sandstone,
vn the west side of Tsegie Canyon, about one and one-hell miles below
the junction with Dogoszhe Beeco Canyon, Betatekin wes se nnmed Irom
the Newnjos which means "Side Hill House." The cnormous archwey in
which the cliff-dwellings were constructed is 425 feet in height to the

‘erown, has a span of 370 feet, and reaches a maxinum depth of 135 feet.

It is difficult to realize the proportions of the arch or window until
one hes stood in its recesses and locked cutward mcross the canyon,
The great Rainbew Hatural Dridge could be placcd inside of the archway
with room +o gpars. The dvellings conszist of some 135 rooms and they
rank fourth in size of those discoversd thus far, Frem tree ring data
it has becn discovered that the ruins were inhabited from 1242 to 1277
4. De Oce of the best springs in the country flews out of the sandstone
eliff at the base of the erch with a [low of one and one-half gallons
per minute. BHetatakin was first lmown in 19207, In 1909 lr. Jeohn
Wetherill conducted Professer Byron Cummings to the site just prior

tc the First Raipbow Bridge expedition, In 1917 Mr. Neil Judd cleaned
and repaired certain portions of the Betatakin rulns.

Feet Seel

m————

This ruin derived ite name from the Navajo term Keet Seel or
"Broken Pottery" and it is located in the canyon of the rame name, sope
gight miles by trail above the Betatakin ruins. It contains 152 rooms
and is the second larpest Pueble eliff-dwelling knmown and renks second
to the largest ruins located at Uesa Verde Hationsl Park., Discavery
vms made by Richard Wotherill in 18%4 who wms nccompenied by Hr. Charles
Mosen, - They revisited the site in 1897, Some restoration and cleaning
vas carried on with (WA funds in 1934, The dwollings are indecd spec-
tocular and one would not need to be an archeclogist to enjoy spending
gonsiderable time at the site. They arc slse located in a huge archwey
in the ¥aveje sandstone. Slabs of Kayenta sandstone were carried frew
some diztance below in Ecet Scel Canyon for certain ports of their
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GEOLOGY OF MAVAJO NATIONAL HONULENT (COUIT.)

construction. The site was inhabited by Pusbles from 1118 to 1284 A,D. . -
and it is considered that these pcoples together with those of Betatekin -
migratcd to Conyon del lluerto (canyon de Chelly) because of drought
aonditions.

Inseription House

these ruing, located in Navaje Canyon, were naped from a dim carv-
ing on the wall which has been interpreted to read "Carlos Armaeis
1661"., A party headed by Prelessor Byron Cummings discovered the ruins
and the inscription several years ago. The dwellings are loceted more
than 150 feet up on the side of a cliff of Nawajo sandstone end the jn-
hebitants were well protected. A rather large cave is present on one
side. GSome protection must have been desireble es other sites might have
been selected which would have been more accessible. Qcoupation was dur-
ing the Pueble IiI interval. 3anme veter is in evidenee in the stream .
bed of the canyon which is probably fed by springs. No doubt some water
could be doveloped in the canyon frab Secps.

gesides the above mentioned ruins which have been included in the
Navejo National Honument there are many others of importance in this
aren some of which mre Swallows Nest, Rope House, Flatform House, Bub-
bling Spring, Turkey Cave, Turkey House, Ledder House, Bat Woman, Twin
Caves, Horm Basket mnd Spruce Tree House, They contain from 20 to 30
'OOms .,

GEOLOGY |

The three units of the Mavajo Natiomal llonument are all located in
the lower part of the Navajo -sandstone formatjon. This massive wind
blown deposit outcrops over wide areas to the northwest of Black llesn
and forms the uppermost member of the Glen Canyon group, gonerally recog=
nized €6 be Juressic in age. K5 yet no fossils | have been found in the
Nawajo sandstone to definitely establish its mge so that it should be .
kept in mind that this classification is tentative. The sedimentary
rocks invelved in the thre¢ units of the Monument end vieinity are com-
posed of Pleistocene or Recent lake Buds; Kavajo sandstone, Kayenta for-
mation, and Wingate sandstonc of the Glem Canmyon group, Jurassic {7} in
age; and the Chinle formation of the Upper Triassic. A stratigraphic
section indicating mdditional details of the above menticned formations
is included on page  following.

PLEISTOCENE TQ RECERT

In recent years, possibly not more than 25 years ago, Harsh Pass
as well as Tsegic {"Lokes in the Canyon"} Canyon contal ned swanps and
lakes which have since boen draincd by a doop arroyo., Overgrazing is
generally econceived as being rcsponsible for this now erosion cycle.
There is much evidence of en cxtensive scries of lakes. in both Tzogie
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STRATIGRAPHiE SECTION, WAVAJO WATIONAL MOMNUMENT

AGE FORMATION
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SEOLOGY OF NAVAJO NATICNAL MONUMENT {CONT.)
and Keet Seel canyons. gands, gravels and c¢le ys have been deposzited iR . *
regular beds up to 60 feet or more in thickncss. The trail leading from
Beta bnkin to Keet Seel shows a remarkable development of thic formation.
The remeins of plants and pollien together with the presence of fresh water
shells buried in these beds has led jeologists to believe that lekes were
depesiting their sediments from the Pleistocone to Recent times. Several
different stages of development or eyeles may be obscrved in sections ol
the lake Beds where the present drainage system has unfolded excellent ex-
posures. These beds usually eover the Wingate sandstone 1n the lower por-
tions of the canyon although in some instanccs it is the chinle formation
thet is obscured,

JURASSIC (?) - GLEN CAWYOH GRCUP

Heva jo Sandstons

the uppermost member of the Glon Canyon Group in this ares iz the .
Wavajo sandstone formation. This formation contains the three units of
Havajo National Momument and it is stated that there are some SC0 other
cliff-dwellings in the Tsegie Canyon drainage system which are also found
in the Navaio. A superb display of cross-bedding with tangential planes -
a conspicuous feeture and the almost total lack of horizontal bedding '
cheracterizes the formetion. It is composed of subeangular te rountsc
grains of quartz of medium size, which are rather loosely cemented by cal=
cium carbonate. On fresh surfaces the coler is buff te grey and upon
weathering various shades ol red and brown stand cut. The coloring has
‘not been so spectacularly applied to the Favajo in this ares &g in the *
Virgin miver Canyon mt Zion Hational Parit, Box canyons end huge dome
have been carved in this sandstone until passage on foot is treacherous
end in many instances impossible. Rainbow Bridge and several other na-
tural bridges in the area have heen carved from the Havejo formation.

The Havajo sandstone is generally recognized to be of ecliian origin.
The rarences of horizontal hedding mnd the presence of ercssebedding on .
an enormous ‘kcale, together with the abzence of silt end almost total ab-
sence of fozsils tend te support this thecry. There sre thin lenses of
limestone in the Navojo Monument area, ecspeclally In Gavaje Canyon, india
cating that st lenst some of the sediments were deposited by water., Ef=-
forts were made to locate fossils in these linmestons lenses but no success
waz had. Brady (5) doserides a small theropod which wms discovercd about
twe and one-hnlf miles cast of the Tmseription House Lodgs in the Navajo
saddstone., The possible remains of a smnll dinoessur in this formation
vwere found mbove Turkey Cave. The bones were located about 750 fcet above
the base of tho sandstenc in 2 sandy shale lense mnd it is atated by C.
comp of the University of Califormie that they "show cvidence of belonging
to n different group fron any dinosaur yet discovered.” A few bone frapg-
ments are in evidence just below Keet Seel ruin but these are considered
ta ha tes frasmamtary to serve for identd fisntion purposes. No fossils

have been discovered thus fer to setuslly determine the age.of the sandstone. .
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GEOLOGY OF WAVAJO NATIONAL MONTMENT {CO¥T.)

Baker [3) statecs that the Nevajo sandstone thickens towards the west
and is believed to include all of the massive Jurassic sandstone that crops
out in nerthern Arizons and scuthern Utah west of & line through Less Ferry,
Arizona. He also states that the source of the sediments is not definitely
lmown but concludes from the westward thickening of the formation thet the
souree pres,mably lay in this direction.

Gregory {1) dsscribes the factors invelved in the formation of the
arches and alcoves in which the cliff-dweller censtrucied his home in erx-
cellent fashion and tha followlng is quoted from his paper, = "The sand-
stone cliffs in this region are beautifully sculpiured; bufiresszs and re-
cesses are cammon, overhanging walls ere characteristic, and the wide open
mouths of niches and caves perched high on the canyom walls are consplcuous.
These cavities, protected frem the rain, from the glaring heat of the sun,
and from suffocating sandstorms, were widely utilized by the ancient inha=-
bitants as building sites - rock shelters or cavate dwellings, as the terms
are used by the archeclogists. The structure of these beds is favorable
for the production of rock shelters. The rock composing then is porous,
elnborntely cross-bedded, and traversed by jeint plenes set far apart.

The curved laminae of the cross-bedded strata, 1 inch to several feet
thick, are held together by weak cement that 1s easily removed by percelating
water, GSlight undermining along zones of tho more impervious rock permits
the overlying laminae to fall in response to gravity. They drop to the
Mogor as a unit or in separatec slabs; the crushcd fragments, with cement
already removed from the spherical grains, repidly disintegrate and make
their way %o the mouth of the cave. As the process sontinves shell after
shell is removed and the arched roof cave 1s sunk farther and farthor into
the fece of the clifl, until building sites 200 to 3,000 square feet in
arce are preparced for the gliff-dweller, A1l stapes of the work are re-
presented, In some caves shells of partly detnched rock bridge the en-
trance; in others blocks on the peint of felling cxtend dowvowerd from tho
roof, and the floor is piled high with frapments thet cTumble pnder the
blow of the hammer; still others are frec of dubris, and the rock of the
roof and sides is firm, The work of grou:d water is forming these rock
shelters is evident. Some of the caves arc dry or strcaked with moist
alkali Thloom!; in others water cozes continuously from the wall over a
wide ares marked by mos:s and ferns; many caves contain perennial springs
whose outlet is definitely localized. The conditioms that permit the
formation of rock shelters in massive beds of sandstone--namely, tangential
crass-bedding mnd poresity in rock of uniform composition--~also favor the
production of windows and natural bridges."

Kayents Formation

The Kayenta formation in the vicinity of Nevajo National Monument
waries from O to 125 feet thick whereas regionally it iz almost twice this
thickness. It is wniform to irregulerly bedded end consists mainly of
sendstone with some interbedded shale and in some instanccs limestone
and conglomerate. The character of the bedding is the mein ¢riterion
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f'or distinguishing it from the messive cross-bedded sandstones above and -
below., There nre cross-bedded standstenss in the Yayentn however and for

this reason it is difficult at times te draw the contmet with certainty. "
Since no fossils of significance have becn cellected from the Hayenta it

has been the (eneral practice to inclucd all of those sediments which show

distinet bedding within the limits of this formation. At several localitics
dincsauvr tracks have been found but the peurcet idontilication thot hes

broon mede is that they src net older than the Triassis. Colers range from

purplich red to buff amd upon weathoering the beds are greyish purple to

reddish brovm. Gonerally the FDayents iz dorker than the everlying Havajo
sandstoncs.  The name Deyunta has resentiy bocn edopted by the U. 5. Geo-

logiesl Survey to replace the noame Toedilto feormation. Tho type locality

for the formcr iz about ene milc north of Hayemta, Arizona, and it is tene

tatively claszificd as Jurassie (7). Outercps of the Kayenta may be scen

just below the Botatakin ruins and sleng the trail to dect Zeel ruins. The .
formation lcnscs out in the vieinity of Kuct Secl and epnarcontly the slabs

aof sandstonc uscd in the construction of pert of tho dwellings at this site

were errrivd a mile or merc from the canyon Welow. Those bods were laid

dovm in fresh vmicr by shifting streams,

Wingzate Sendstone

The Wirgate is a buff ¢olored highly cross-bedded sandstone with rare *
limegtene lenscs and local conglemerates near the base. It has many of
the charscteristics of the Kavajo sandstone. On weathering the Wingetc
acquires darxer shades of red to toncs almost bleel., It iz massive form- 2
iny wertical cliffs and narrew gorges with vertical joints & prominent
feature. It comprises the lowor formation of the Glen Camyen group and
again no fossils have been {found wvhish could be used to definitely estab-
lish the agc and it is tentatively classificd with the Jurassic {1) slong
with the Inycnta and Hevajoe. The uniform charsciur of the sandstenc and
the highly developed cross-bodding toscthoer with almest totel lack of fos-
sils {a fow dincsaur tracks have boen repertod) is most suggostive of .
colian origin. The Uingato sandstonu may be shscrved bolow Botatakin
™zing and in the Tsepgia and Mavajo Canyens wn routc 4o Kect Scel ruin,
AT many points aleng the latter trail it is obseurcd by the Lake Bed
dopssite Hething belew the Navajo sandstonc is prosent in Movejo Canyon
along the trail to Inseription House ruin.

chinle Fermetion

The Chine is less than 100 fect thick im Tsegie Canyon along the
trail to Keet Seel, In the general region it is asmuch asz 1182 feet in
thicknesss It iz in the main a variegated shale and econ easily he dise
tinguished from the sbove mentioned /ingate sandstone. Frogments of
silificied which are almost always in evidence in the Chinte have been
collected in Tsepic Canyen and reptilisn bonos have been reported from
thegs beds in Tsugle Canyon in the dircetion of Karsh Pass, Vortcbrate
fossils have beon found at many placcs which plaee the oge of tho

SOUTK.ESTIRY LONULL LTS 52 SUPPLELEYT FOR JULY, 1936 .\




! .

GEOLOGY OF HAVAJO NATIONAL ONUMEMT {CONT.)

formation ms Upper Triamssic. PBoth the invertebrate and vertebrate fos—
sile are fresh water forms and the Chinle is therefore considerad to be

of continental origin,

ROADS

The read to Betatskin which leads from the main Tuba City-Kayentn
read is in very bad shape. fTo the one who is familiar with driving in
the Navejo country there is perhaps little chance of gatting stuck but
to the tourist most every opportunity is mpparsnt., A few days with the
seraper {grader) on this stretch of road would make the two ecastern units
of the Monyment much more accessible to the large ammount of tourist travel
Irom Utah and northern points coming through Kayents, The approach from
the south via Shonto is in much better concition,

INFORVATIGNAL SIGHS

At each of the threc units which make up the Navajo Mational Monument
there should be posted the Park Service "Vandalism? sign. It would be de-~
sirable to have markers one mile apart on the trail to Xeel Seel and alse
to Inseription House. This would give visitors whe mre not accomrpanied
by a renger the assurance that they are on the right trail and slso the
satisfaction of Imewning how much climbing remeined, The trail from the
rim of the mese to Detatakin is morked.

I would like to suggest ﬁhc'fﬂllowin; informational signs to be
erected along the trails naming the goological formations.

Is © NAYAJO SANDSTONE
JURASSIC {7) AGE

The sloping surfaces of this sand indicate
that it wms deposited in dynes by the wind., The
rock shelters of the Clifl Dweller were formed by
the action of percolating weters on the poraus
cross-bedded sendstones where siab after siab is
undermined and falls. See if you can observe
stages of this process now under WEY .

Note: Three such signs are nseded for eech of the units of
the Monumsent.

I1. KAYENTA FORMATION
JURASSIC (7) AGE

The uniform te irregularly bedded sandatones
and sheles indieate that they were laid down in
fresh waters by shifting stroams. Sce if ¥you can
paint out the contact between theze beds and the
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CEQLOGY OF NAVAJO RATIORAL MONUZENT (CONT.)
highly cross-bedded sandstenes above and helow.

Hote: Two such sighs necded for Hetatakin arca and Kcetf Seel
treil.

I11I; WINGETE SUTETONE
JURLSSIC (1) AGE

The wrniform toxturs, arge scale cross-
bedding and lack ol voi:ils strangly suggest
that these ssnidstonc: wrore deposited by the

wingd in the form of dunes.

1y, CHILELE PORMATICN
UFFER THIASHTIC IN ACGE

These varicpatsl shales ceontain shells,
reptilien remainz, mnd siiicified wood whiech
have established their ape. They are fresh
veter forms and the formation is ecnsidered
to be of continental oripgin. As¥x the Ranger
te show you Petrified tlocd from these beds.

Fote: mne sign needed to be placed nlonpg the Keel Seel trail.

Vr LAKY BEDS
FIEISTIOCENE TO  RICERT IN AGE

Sands, pravels and elasys deposited in old
lake beds whick once ccoupled this walley. Flant
remeins and Iresh water shells are found in abun-
dunce mrd the Ranger will peint these out te you
if you wish.

Note: One sign reguired to be posted mlong the Heet Seel trail.
CONCLUSIONS

Hovejo Hatiomal Monument is a most interesting nrea. While I am not
familiar wisk the fundamental archeolagicel faetors the ruins were just as
spectacular to me as some of those coninirned at Mesza Verde Faticnal Park.
It is surprising thet so few pecple living in northern Arizonms know of the
importence andé inspirational character ol this Menument. The Park Scrvice
is indeed forturatc in having Milten Wetherill on duty as Acting Denger at
Betotakin, Iie was most helplful to me during my recent trip and Is greatly
interested in a 11 of the different angles of the Lomment. Fe has made a
study of the plants and is new working on the birds and animals,
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