SUNSET CRATER GECLOGICAL REPORT

By Vincent W. Venrdiver, Regipnal Geologist

INTRUDUCTION

The almost perfectly prezerved crater of an extinct velcano, known
ns Sunset Crater, wes established &s & National Monument on May 26, 1930,
The nsme is derived from the various shades of red ¢olor of the cinders
in the upper portion of tho cone whick gives the appearsnce of being il-
luminated br the setting sun. To the Hopi Indisns Sunset Crater wus
celled "Kana-asKetchinki®™ which refers to the houze of Kana-asiachinas,
g group of friendly sairits who &re supposed to dwell in the crater.
The peserve area of the monument conesins mush of interest besides the
remarksble crater and includes very recent lave flowg, fissures or vents,
contacts of the different flows, and iee caves. The resoerve cOveTs
3,040 meres and is located somc ten miles east of the summit of Zan
Francisco Mountain., The distance from Flagstaff is seventeen miles.
it lies pporoximately ten miles north of 1. . Highway 86 and is there-
fore most Socassible to B main route of tranacontirnental tourist travel,

NATUIE OF REPORT

H. H. Robinacn bas given an admireble geclogical rewort on the "San
Franciscan Volecanic Field of pArizona™ in the United States Geological
Survey Froefessional Paper No. 78. Sincs the facts covering this areas,
of which Sunset Crater is a part, are presented in such detailed manner
in this report that there seewms ne need fopr durlicetion as regards to
minute description of the feclory., It is not considered opossible at
any rate to make meritous contributico to such a treatise without months
or even years of fisld work.

It will thersfore be my endeavor on the following pages to cutline
briefly ths geological history of the ares of Sunset Crater and vicinity,
to indicete certain important featurss comnected with this history, which
should pe brought to tho attention of the visitors, by sisns along ths
roBds or trails or in & wayside shrine, in order that they will carry
gway # more cosotlete and vivid picture; and to poirt cut my cbservations
which you mby care to consider in any development of the monument, whieh
in my opinicon will best portray the geolopieal phentmena of the ares.

It iz 8lso hoped that this resume will be uzeful to the Rangers mssigned
to this monument.

PHFEIOGRACTY

The wvolcanic field of the San Francisco Mountains cccupies a larpe
part of the southern nerticn of the {oloradd pleteen ragion, whersin is
located so many of the natural wonders now included in the Matlonel Park
chain. This field hes En ares of 3cme 3,000 sguare miles. Within the
large platean gres are lesser platesus, outlined by canyons trending
generally north and south (with the emxception of the Grand Ceanyon of
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the Colorado), feult scarps with the same general trend, sand ercsion

ascarpments trending esinly east and west. Strictly speaking there are

o mountains in the platesu region with the exception of the voleanic .
massds of Mount Trumbull end the San Franciseo Mountains.

The most conspicuous landmark of the Ban Francisco Mointainsg ia
the San Frencisco Peak, whizh ettains &n elevation of 12,£11 feet above
sen level, rising approximately 5,000 feet above the surrounding olain.
This mountain is surrounded by seversl other large peaks reansing in
elevation from @,500 to iV,5(U feet above sea level, The general area
of the wvolcanic field is atudded with ginder cones, but aince few of
them are more than 700 feet in height, they appesr insignificant as Qne
drives among them, Thev are indeed more impressive when viewed from
the tops of some of the larger pemks or if studies on the U. 5. G. 5.
topagravhic map af the Flagsterf quadrangle. Sunset Crater is one of
the more prominent of these cinder cones, having an elevation of 8,000 .
fzet above sea ievel, #nd rising some 1,000 feet above the lewel of ths
adjacent country.

The drainare For the volcanic area finds its =AYy in dus coursc te
the Colorado Hiver, The watcr courses or wmahes arc comparativelr few
in munber and they noeturally radiate from the higher portions of the -~
field., o0ax Oreek is the only oerennial siream existing in the reglion
and it is Ted by peveral large aprings which come to the surface at the
intersection of two fault planes at the head of the canyon. The c¢limate -
of the platesau country as a whole ranges Bccording to altitude from semi-
trapical to temperate,

Hobinson (1) mentions some special charscteristics of the lava flows
which have caused mumerous minor changes in the drainage system of the
area, He stetes that the demming of the water courses has clven rise to
small lekes, some of whick still =ersist, while others heve been drained
by the cutting down of the obstruction thet formed them, &lthough not .
before they had been more or less filled with sediment. The grass
coveraed giades, which are a nictyresque feature of the landscane through-
cut the pine forest, generally indicatea the location of former lake
sites. Two typical exemples of drainace modification by lava [lows may
he observed on the Littla Colorado River 2t Black Falls epd Grand Fmlls.
It may bhe worth while to consider side trips to these two points for
peonle visiting Sunset and Wups tki Nstional Monuments. At least some
intereating models could be made of these features for a wayside shrine
which would depiczt the encrcachment of lava on the =tream and the changes
resultant thersfrom,

GEGLOGIC BISTORY : ' '

tyoes of sedlmentatlcn are- represented in this aectlon, extendings from .
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the Tonto platform to the riw of thne canyon. Douesits of marine sedi-
menbs are nrescnt which contain shells ang corals; beach and fiogd rlain
denosits Bre representad by formaticns boaring ses weeds nnd the remdins
of crab-like animels; a#lso fermetions of continental origio, such as
great thicknessos of dune seands, contfining tracks of primitive reptilus
or amphibisns, Thus durike this era there is evidense of ropsatsd flue-
tuations in the iznd surfoese with the roseltant sreroachmoent end with-
drawel of %the seas. At the close of the erm the si2s5 hogd inwndod most
of merthirn Arizonm is indizeted Ly the widesprend distrioution of the
Fibob Jimcssony ferestion and the obundnnt fossil record of merine 1ifc
which it includes, This formeticn forms tho rim rock at the Crand Crnyon
whd mty bBe Stserved in most orsnoy dirsetlon netr Skansct Jrefer.

The Prlcozoic ig Tollowed by Yhe Moegogoie Ere ond from - study of
the form:tions included duringe t.ls inhorytl it is wvidint thot thore
were also Tluctuations of the zea during this tiwme bat ir the main the
lapds were gensrally dooressed.  Jreat thlukncﬂscs of sendstonis, shalses
and limestovcs wore devosited on top of the Keibvab fermaticn., Al the
clone of thEC dssoczeic (As: of RBoptiles) the weters rotreeted and the era
ot rocant 1ife of tho Qontzoelic foilowed.

Thi surface of thoe carth is rarcly stoblec ena constant adjestments
are being mado oven st the prosenit time.  Whoon strains or stressis are
too grzat Zuping thowse erustgl mowvcoonts, faulting apd Tissuring takos
picee, apd oftentimes quantitices of molien lava is moured cud on the
eaTths surfoce throuch these venis or lines of ueakness, Adjustment
on a huge seale were in vopue BT the close of e Meosozoie when the
grest Looky ountein e2psirvetbion toock plsoe,

Luring the diccene neriod of tho Cenezol:z the 4area weat of the
Little Colorado Hiver eas rvisins o Lorm what is knoown &8 the Little
folorado Meonceline, This may hove ben dae to an intrusion of molten
lava which 4id not reack the uwyrfTace vhich iu terred us a lmcenlith.
Follewing this general uplift srcsion proceedsd =1 @ much mere zetive
rate arnd the Lesczeie formoticns of Lhe San Francisco Kouptainsg wes
almost entirely ereoded eway. In Tact piris of the Permian formatione
cf the Paleczoin were stripped.

Turing the Plicgene period | l8te Cenpzeic)] we have the First
Voleatuic Pericd of ths Sun Francisee dountznin crasn.  Hips fissurcs
gave vents [Por she nouring cut of shewts of baealuic lzve, from ol o
S0C Tezet in ihicknoss, covering o wide ares ard oxtonding from tke
Tonto Him to Jodar Wzsh., Following in the laiter part of this pericg
the unlifting cantinued when great ncrih-south faults cut the esrth's
crist and the Secord Volospic Period besan. As tremendcus quantities
of lave was poured forth on the surface, such preminent peaks Bs Bill
%illiams Moantain, Kendriek Peak, Sitgoeaves Peak, the 3an Francises
Pe2ks, and O'Leary Peak {(nsar sunsst Orater) as well as olhers wers
rurmed. A4 variety of different types of leve was extruded 8f this time
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hut in general they were more acid, contained moTe qUATLE, ghd WErc
therefore lighter in ¢olor than the basait of the First VYolesnic Period.

As the platesu continusd to rise the erosive agencies beceme more
cevere and great canyons were carved oo the surfaee. Several thoussnds
of feet of voleanic rotks were no doubt removed from the creats of the
San Frerncisco Peaks 23 is irndicated oy a nrojected profile of their
surface. ¥ith physicgraphic featuves of the platesu mch as it is
today Lie Third Volcanie Period began. To the Third and last Feneralt
nericd of volosnic activity in this #ieid, covering & conziderable
interval of time {(becinning resr the vlose of the Sacong Period and
extending into comparatively rescent gsolopic time), sore 200 basalt
conzs and lava Tlows over 1,200 sguare milcs represent the volcernlc
activity during this nericd. Sunscet Crater is onc of the condcs Fformed
ot this time. This activitry eporiainly oceurrcd during ths quatsrhary
pericd and preswsably during the latter wart of tris peried mccording
to mobinson {1). The state of sreservation of the cones and lava fluwms
is so perfect that they rar date from historic time. IDrie Lo thoir pre-
sence, however, in an arid to semiarid region they naturally retain a
much fresher anpsarance tharo wonld ctherwise be the case in & hurid
climate.

fleneraliy speaking throurhcut the gevlogsic history of the platcan
there have been two onposing forces which have —roduced the detaiied
tooegranhy - erosion, which is destructive; end voloonism, which is
constructive.,

Jne guestion that will rrobably be aslked many times, due to the
recert rharacter of the surface evidence of valesnic acstivity, and that
iz has the activity sctually ceased in this region. Robinson (1) ad-
vises e follows on this subject: IJroadly spewkinr it may be said to
heve ceaged. There may bhe further sme:ll outbrzaks of hasolt, but this
does rot seem probable in view of the imsignificant volurme of ths latest
eructicns compared with the total valume of lave -f thz last genersl
period of eruption. These very letssl outbrexks may Ye looked ulon as
representing the finel feeble manifestaticons s lohg and very cimplete
eyele of vwoleanism.

SUNEET CHATIR

Sunset Crater is the most domirant feature 0f the menument. I
Tises to 8 heirht of ahout 1,000 feet from its base, and its surmit
has an unbreached crater akout one-fourth mile in diameter and 400 feet
asep. Tha upner portion of the cone is zoverad with tinted cinders and
lapilli {little stones}. The mountain has reeeived its name from the
rainbow etfect, where the color of the cinders gradss downward from the
sue—it Af the rone throneh the varions shades of vellow, crange and red
into the black material of the lower slopes. ‘Ihers is precitically no
evidence that the gons has boon ghatterod by explos:ions and tho facdt
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that crosicsn kas not oroduced any anticenbls elang: of forn attosts
semewhat as to iis rooont adt.

Besaltic lava is cexposed arcund the rim of Lthe eratler. U

teen altered and blesched 30 tohes of yellow and pink by fumsroie ac-
tion. 1ot oSpring minerals ma- be found in this zone.  Sulphur crystals,
expsus 2nd limorite era prescat Fragments of sendstonz and limestones
vrich have been ¢ jezted from tb crater are fournd sround tho rim. ESonc
of thz spavimens of zendstone have thelr strosification presezvid IR
part bt the ¢dfss havs in mest cascs boen woell altercd due to tho mc-
tion o hea%t. Mozt of the limcstorne has lixewise beoen metamornhased

gCc yhmy it ies now oiAasscd as mATble.

The essgterr »im of Sunset Crater is 13508 Tect or Richer than
the mestern rim., Tnis aharacteristic is comon asans the two hukdred
cinder gunes of the last pericd of sctivity., The fact iz exniained oy
the reasor af 4ihe prevaiiing westerl: winds curing the main eruntion
when ash, eindera ard 1lanill: t=211 in this direcsion and thereby build-
inz u~ the eastern vim to freater haights.

*CI
"‘"‘".l-
i

Beeause of the wvarioes indienitons of ressnt activity at Zunset
Crazer snd vieinity, whieh are =ore or lesg visible te tho visiting
poblic, th: dstomginaticr af the <8 of the *ast eruntion hss alwuys
Leen An interesting questios. Nobinson 1) stases that the latest
cones apd flows are older than the nipe trees frawing at the edee of

I nito lavs Dlow, west of Sonset Peak, which would make them not Zess

than 200 wezrs 0ld and nossibly oot more tkan 1,000 wesrs old. A nas-
=ibie iemi tradition of the epyntion ol Sinuet C aver 1s mentioncd by
Dr. 2alton (4). Geclosists, wa9 arc senceraily cradited with heliny un-
atble to Lhink in terme <f & fow years, have been comlenlt Lo oanil il a
very racent cope. Exact determiseiicns In Lhiz resard nsve reguired
other mears of aporogch. The ash from this orz ﬁ“ undéonbtcdly covered
hundreds of square miles. LIt iz Wnown tnsl fhis Dlack sang buried
numerous nit houses of &n aneient psomie (uohls] which fad Deen con-
structed on Horifte Terrace. & numbor of these rouses hovs Leon oxea-
vated by archecliopicnl exmeditions of the duscun of Vorthesrn Arizuns,
LeGresor (B}, Attenpis were msis Lo oollsct asditicnal data Jrom the
sites that had bezer abapdened before, or at the time of she eraptiom
of Sunset Crater, Charred beam materisl was oarticularly desirabie,

ag wall as information collected os tue the mnature >f the ash foll ac-
cunuleted ahovws and in the sites, with deie as to the putbery in use
artifacis, &nd types of houses contribuating facto

A trail leads to the summit :f the creter and the round trin can
be made In one hour if ore ilg rushed for time. It 1s best however tc
spend at least a half day on the rim and in the event that the inler-
esting deotails of the mouih af tre crater fails to hold one, there is
the ragnificent pancrema ST tho Paznted Desert, Szn Franciseds necks,
and the Zonite Lawve 1oy below with its mény inicresting femfures.
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BONITO LAVE FLEY

Thisg 12ve fizw 1s -robably the accond most important feature of
the monument arl is alwm.st entirely covteined within the boundaries,
The map, Plaw 1, which accompanies thiszs 127¢rt shows the relation-
shin of the leva flow with Sunset Cratz-. This lava =scaped from e
vent opened Yhrough ar oajer flow of the Third Pericd and spreed out
guietly int. an intercone vagin., As <2 *ova could not flow far it has
probably piled up to depths »f severn: 'sindred fset,

A badly disrTupted coce knawn as 7. oacha Crater is loeated in the
central porticn of the fiow., The exa:t aature Sf this cone is not knowm,
It is passihle that it has teapn the s:urce of seme of the lave and that
it was Qisrunted 8t the time »f the flzw., Ancther explensticn ls that
it may hove been more or less floased on the lave and thereby dizinte-
srated. :

Along the surface of the Zonite fiow to the west of the above-
mentioned cone and extending in & northwest directicon is = large vent
or figsure which has a8lse been termed "Ancsma® or “squeeze-yup." ATter
the surface of the Clow had solidified, the fissure tore the sucface,
and sami-plastic lave mas squeezed upward. In places the lava hes been
forced some ten feet in the mir and frequently crumpled under their oen
waight. This type of flomr seems to be rether unigue amcng voleénie
phenomens and it has been sugmested that there may be =ime relation te
the fact thal the mAin lava floy was dammed.

The Jce Caves immediately west of Sunset Crater on the Bonito flow
zeems o be the principel attractiom to a great many pecple. In fact
at the time of my last vizit some people were asking how ther could get
t2 the Trce 28ves and seemed little concerned or anxisus to ask guestions
regardiing the muititude of vcleenic phenomena about them. The cave nARs
mly been explored & few hundred feet. Tt is likely that the roof has
eollapsed in places &and it may well be rether extensive. This tyve of
cave is typical of lava flowe where the lave haz drained sway, lzsaving
the solidified roof stsnding. It is most unusuel t2 enter the cave in
sumrer Ené find it filled with ice. The detmils Bs tc the method of
the formation of ice caves is not fully understood. Lava is & poor
conductor of heat and the c2ld ajiy which settles to the bottom portions
¢f the cave is protected to & certain extent. It i possible that some
interesting information eoculd be collected which might heve a bearing
on this feature if temperature readings were taken at regular intervals
in the cave.

Besides the sbove-mentioned impertant pointe in comnection with
the Benito flow there are several cthers worthy of attention. There
are & number of fumarcles at the base of Sunset Crater end vicinity
where gases eaceped during the last sctive stage of the crater, &
sink hcle is shown on the zAp just east of the Yapcneecha crater. In
this eass the lave flowed out fram under the crust forming the sink.
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The remmins =f a hot spring is =slsd shown oo the map. It is laoated
very near the large fissure of "squeeze-up” previsusly discussed. 4
considerable portion £ the Zonito flow is ceoversd by a move recent ash
fall. ZTExemples are mufercus illuastrating this feature end it haa been
nuted that c.asiderable more ash Tell :n the scuthern than on the aorth-
crn end 3t the fluwe - &37ling eracks, ¢wmtacta of the different flows
end sther fascipating fegturcs are prevalent and it is considered that
a5 the moruwncont is developed many cthoer interesiins faets will b di-
vulgsd of intercst and imcortenee.

LUOHECL OG2TAL

The Honi legends of the Senzet Crater regien tave been descvized
by the staff of the Museum of Northorn Arizona,.  The Maseum Motes (4}
Five a viyid picture 2 Yaponcha, e ®ind Cod and ihe Kane-a Fachinos
of Sunset Crator. We kave endeavored to show how determination of the
are of the last erupticn of the crater has beeon mmde by a8 study =f the
remains of vit houses. This fyne of malerial when suthenticated will

-

form a most importent beckoround {00 o story of the monument.

PUTUSE DEYELOPVMENT

I do not know if dethiled plzns have been Tormuleied as to ihe
development <f %his morunent. 1t seems to me that cne custodian eould
probebly teke care of Senset and Wupatki as i= now the case. It is oy
thought that 8 Woyside shrine near Sunssi could nortray all the facts
of the norument and thet dirzctivns from this seint couid Ye given o
the various trails to illustrate the featores in place. Exhibited in
the shrine we could arranse seneralized secticne and inexpensive models
to shew the differeat stages of wolesnic aciivity in this Field, A
srollection of the various types of lava, hot sprisg minersls, rocks and
material from the coteorcps of sedimentary formaticns in the surrounding
arca and correspending material which kRas beer ejocled Trom the crater
woald all me doubt nrove of considerable interecil, 1 believe thas
wenoTema ohofogTap¥s could be taken in this seneral ares and that ink
sketches canld be mage therelfrom to serve ag & fhiide o the wvarivus
traile, Actusl trail ecxnstructizn should be xept dowm t2 2 minimum
ard it 15 thiught that with the sroper uee of sizms the wisltor will
he directeéd sufficiently ts see all f *he poiniz o7 intereat. It is
nosgible that some sort of & puide to srominent fecturses of (e land-
sesne will prove esserntiel from the sgmit of the crater. Smme of
these things will of course not be hecossary If 4 permanent ranger is
maintaincd “Ior this monuzent.

POIRTS CF IMTEREST

It is econsidered thet the following features of the monument will
be worth while celline to the atbtenllon o the miblic when it is deve-
luped:
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1. Sunset Crater - Signs is mhat agems %o be needed most at the
present time ¢spicinlly in visw of the fact that there-is ro
permanent ranger prosent and there is no pamphlet availeble.

2. Benite Lavs Flow shauld have merkers at different points to
tetter depiet the feets for the visitor.

3. Attenmtion should be ealled t2 she mest impartent fissures cor
Tsqueeze-ups" with algns.

4. An explanation of what =we know »f the formaticn of ice caves
might well B¢ postod at the entrance o the caves.

5, Fumareles, sink holes, spatter cones, hot spring remains, con-
tactes of different Tlows of lava should all be marked by direc-
tions from the main road or Thturn-around.® A sign (ould very
well be =rected at eAach Temtuyre explaining briefly its origin.

I am aware thot some people cbject to too meny sizns but I s¢e¢ no

ourse under the present setup of the monument. I am sure that many

pecple go there and see 4he ice cave and go amay with very little knowm-
ledge of what hes gune on a%out them, The nonument is mosl mccessible

Lo

s mein artery of iravel and reny more psobple will visit the area if

a little money is spent on the development. It seems %o that there is
every justificatior for scme development as Sunset Crater is really one

of

the most imporiant monuments in the Ssuthwest.
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