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The 15-mlnute Olarkdale quadrangle'1s In north-central Arbon.,J In Ya ... ,.,. 

and Coconino Counties. It was mapped In 1962 and 1958 to determine the 
Itratigraphlc and structural setting,' anlIf the' «fpth ot sedimentary cover In the 
uea north ot the Precambrian ma88lve 81ll1lde copper deposits at Jerome. Arts. 

The quadrangle Inciudes ' three maj'or ' topographic divisions. Part of' the 
Colorildo Plateau projects tnto tl1e :northern limits ot the quadrangle"U4 'W 
bounded by an abrupt clUr refetred to ,8S the Mogollon Rim. Part ot the ' Blat* 
mlls (~oodchute Moun~In,>. extends ~to the south edge ot the quadrangle, I. 'W, 
the al;ea, between, low <;uestal1ke :~lls ,!l~e tra:versed by the Verde ~Iver! ~~~ 
follow~ 8 meandering course throtigl\ the ,quadt:angle trom the west-:eentr~ 
boundary to th:e 80utheaSt'corner. :: , : " ,.. . i;: 'I , : ' I , 

, The sti'atJ.graphy 1I1Clhd~ Preeatllbrlin 'rockawhICh crap out' ln 8man;." 
ch1efiy 1li 'We'vicuptyof Jerome and In the Iouthwest coiner ot the quadraDgle< 
They are overla1n unconformably by a thin unit-the Tapeats sand8t?~J!~~ 
(Cambrian). Upon the Tapeats (?) rests the Martin limestone (Upper Devoman) 
with seemingly conformity, which In turn is o,verlaln unconformably by the 
Redwall limestone (low!:lr Mississippian). The Redwall Is overlain unCOD­

fIItm,bl1"bJ the BupaUormiltioni (PelWSYlvaDian and Permlan) "here subd1v14ed 
Into th~ members., .Abovethe , Supa1 ,,~ .. normal ' .stratigraphic sucqessJ.,o~ ,~ 

the ,coconl~o, - To~weap, and ~al.b!l.b /~~atloD8(Perm1all); the only un~~~ 
tormity occurs' between the ~or0'Yeap and Kalbab. Mesozoic rocks are ' Ddt 
present In the quadrangle. ' ' ,, ', " : (!:" , " : i ,l;i 'n 
' LaTa; ~av~l; ca~nate ; l~kebecis; , atld', imuvlum overlie.' conatderable..~s 

Of 'the PaleoiMc .;roeki!!. -Tbe lav-a$.D~lt!lsoclated gravel be,dl! are;~par'~ l~~ 

8~ctural fln4 Physiographic.,.feabIres .~to two ages~ Pliocene (1); -(IJ1.c~Jw,)~R-. 
maU,on): at;lq ~1io~4i!n~(?) to Pleistoc~~,eq) (Perk1nsvll~e and ,Verde to~a~~N')' 

'l"lie structtiral features ot the quadrdngle, disregarding the Precambi.i~ 
belong ,to lwo :~eiieraI'per1ods; an eariy ~Bod (iate TriasSic, Oreta'eeoi1A;'6r ear'" 
Tertiary age) which predates the Hickey formation (Pliocene 1), antla 'late 
perloc1,: .. Oate · :J.'eTtiary' orQuate~ry~ w;hlch' iIostdatee the Blckey, " M tlUllJ1tt 
otl,tJle j~on. to! ,~e. ,s~u~west occn~ . in, theearl1', ,deformation 8Ild ,~~ 
tI.lt~, th~_ ~~I~zo~<; ,s~ra~ ,pro,<iu51n1t a : r~gional dip to the north~ast of a~~~' ~~l 

. Bome normal faulting accompanied this early deformation. Erosion tlien beveled 
I', the tilted strata 80 that the oldest rocks are exposed In the 'southern and ~ttt'b\l 

western part ot the quadrangle: ' The yottng~t rocks crop out to the nortliellst. 
DlJlifng the, Pliocene, (? h , the early! lava' :flows -ot the ' Hickey formation ~ere\'$) 

rill 
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traded throughout most of the area. After this extrusion, the late and stronplt 
deformation occurred; it consisted principally of normal faults accompanied bl 
sli«ht rotation of the Individual fault blocks and uputt of the Colorado Plateau. 
Also, local monocUnal folding took place. It was at this time that the Black 
HfI!s wetQ, \lirpa-'!I e)1t • tfl. ;D~~~V n~i1tw~d- ' 14n~' m~fi:.~1tfd~t,rendiDc 
faUlts. ~ taOO raultliig also catiSM the reversal of tilb di'liinage wbich pre­
'rious17 had been to the north. 

The Verde formation, whlcbcomprISes'Iii:va-;ra"Ketieds,' and gravel, accumulated 

. It:~~''J~~th,¥,~~~~,~~'l.C~:I¥USn ~ !b~iI,me ,t'~ lAl:a~d~aye1:OC. 

.&9 'Perkinsville lormation accumUla100 nortti' Ilnd ' north~~st ot the BlaCk Hint 
Pediment gravel of Quaternary age is present in the southeastern and e8stena 

, parts of the quadrangle. .Recent d;er 'terraces imd riverwash are present in JIIllU 
of the valley of the Verde Rt..ar( l l I,) . 1 .. , '[I ,1 ' ~ 

The well-known copper deposits of the Jerome district have been the chief 
mineral resource in the quadrangle, but- the 'deposits are mined out. The 01111 
commodity commercially exploited 'PQw.li\-bullding stone which Is quarried fl'OlD 
the upper member of the Supai and from the Coconino sandstone In the northera 
,Ja.t'~t the quadraiJgle. ' '.. ,', ' I ' " 

. I i'lt. · : ' _ . , . 

"'f. Hi ;, ..,', ", I", ' INTRODUCTION' '" ",:" ./ 

;:'~1.\t¢~ay ',:~i,ii4tbi~~kda1~ , q~adrangla : ~as ~e)'by ,; th~:. u. ,8. 
Geological,$urveytl to oObtain ,the' regional 86tting ot the , important 
~'jjer tnin~ a.t J eroIhe, to obtain more 'data 'about the strueture north 
(tf.{~¥ofu~, 'and' fJ:i ~ther information Olt:the thicknesS/o'f nl.e Paleozoic 
~~e~.o.ver th~ ' P~~~i1afi rdc~ which at~: host roc~ for the ore 
deposIts Itt Jerome. In May 1951, about 12 squ&re.lni1esOf, the Clark .. 
d.aJ&;qowir811g191QMtermg around the mines at Jer0me were mapped 
~:",*,rt·! ()f the study ' ()f tlie 'Jerome area {Anderson and· Creasey, 
~9t>'r): , ., . , .. , l ' " r, , . I' . , . 

• '" I II :, ':, , I t 

1\ '"I ' """, 'I " ti,~btTs . I 

'''nul! rl ' 1"1' \ ;~ r J' ',',' h,t :r P " , .' ~~R:tt l , , 

Ilap was very generalized and the report· was--primar-ily ~ 
with ~ milleS and prospects and did not treat the regional geolo~ 
in de~il. . , 'i 

Soop,now (1936) studied the DevOJHa.Ilo~rata. in the Jerome ,1tl'e;IJI 
E a par't of a regional correlation stU9..y of the Pa.laomic .~i6n~ 
in Ari~na: ' A similar study was made on the Redwalllill1~ne in 
the Jerome area by Gutschick (1943). . j'" -'.' j 

I Mahard (1949) made a comprehensive study of the }ate Cenozoic 
ehronology of the upper valley of the Verde Riv~r, .,hich incl~ 

, ' primarily the geologic history of the valley. ; .' ~" , \.. ~ 
': Aerial mapping ~ Syoamore Cal'i.y~h just"hortq. 01 the GlirMar~ 

I ~adrangle by Price (1950a) revealed' evidence of a northward-Bow, 
ing drainage before the early basaltic eruptions 6Jl the pla~"'price 
(1950b) also mapped the Kaibab limestoh8 and tke Moonkopi formai 
tion (Price, 1949) 'Which proved to.,be one -of the southernmost occur, 
rences ,of the Moenkopi in Arizona,' ;". " 
. The most recent!y published worlt .. b~di C01i~rns th~ &J'ea, in pa~ 
18 that of McNaIr (1951), who e)t.eQd~ his preVlOUS Paleozoid 
stratigraphic .studies in northwestern Arizona into the Jerome a~ 
He believed that the basal sandstone of Pale6zoie ~ is Devonia~ 
and related to the Martil1'1imestone., r.ather than the Tapeats sandstone 
of Cambrian age. . '", I 

, : ACKNOWLEDGMENTI;i ' '. ' . •. j 
• .; • j 

! I"~of the· J1~i~u~ :woFk in: tM a~ has' been) OOMemOO:' with tlIf 1 

r~r.~logy bf ~~e:~ ,depoS?-ts.. centeting i ~tound Jerome~ Beal. 
9Ms l1lport is po~'1.lAed l~gely to" t'h~ regional geOlogy" ,Qn~~ refernncee 
related to regional problems are considered. ,,' , . 

, ±he ;,writer is gra~ul to Nick Perkins and Ius ~ f-or their eM'dial 
~peration in allo,ving the use of their CJl.bin duriDg the course 01 th8 
Ilapping in the remote northeast quarter of the quadrangle and. f9r 
their useful ~~formation on trails .~!)d general accessibilityo~ mucll 
of that little ,frequented area. Stiatigraphic informatiOll was eqh~ 
tributed b1 E. D. McKee, of the pniversity of Arizona.. ~ :.'i ::, i 

The writer was assisted by H. C. ~ainey frdm June to October 191(>~ 
and from OcU)ber 1952 to February 'l953 by.D. D. Dickey, who &1,80 . , 

Early wooir in th~ &Ilea. was 'of a atratigra.phic nature., and Ra.nsome 
('191:8) 'wrote a })rief 'de$Cription of the 'Stratigraphie section around 
Jerotrie with no~ on' the stratigraphy between Jerome and Payson. 

.Reber (1922) q.t;er,years of experience and observations in the m. 
tfict ·wrote.an ex~ent descrIption of the geology and are deposita 
of,the Jerome 8na. 
: ' j~~ing part of his reoonnaiss8nce. mapping for the AriZona Buren 
CSf '~nes, .Tenkins (1923) ~as' the first to study and 'map the Verde 
fOl'q\ati'on in the valle.y of the Verde River and to report a detailed 
~unt of these depQsits. 
" The- first published map of the area accompanied Lindgren's report 
(1'926) 0D the Jerome ,and Bradshaw Mountains quadrangles. '11M 

aided the writer in measuring sections and compiling the illustra-
tif)llS. 

GEOGRAPHY 
.. " 

LOCATION, CULTURE, Alm ACCESSI~n.ITY 
/ . . , ! .' ~ j ) I" I' \ I 

, Th~ Clukdtle qWl.drangle lies mosUy ,in y.~".~ QouM.y .. te&Ilu..l 
!rison~, hut lincludes ~ area in C~~ <JoJmty W~ ta. ,~ 
bouliduy: Ris bowuled by par.U~s:84.p45' and 35° and ~ 
112° &D4 112°11)' and rovers about 24li square tBilss {fig. 70). , 
I The principal towns in the qua.dr~gle.ll!l18 JeDIlme ,~d Cl~dale. 
lerome is on the steep east sl.o~ (If Woodchut.e Mountain DeN' .the 
eantar Qf .the south boundary of the Cluadraugie . where the u.ited 
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inolud~ the' small settlement called iCentervf1le; 'l 'mile ''90uth' ()f 

.... ""u.n.UlI.,.". which grew as a result of the smelter; activity ·at· dlark': 
Another small settlement is Tapoo which IS 1isSOeiated lwitli the 

lI r1lnIBra.T,or plant of the Arizona Power Co; :and is about 1 niile'·ndtth 
of Clarkdale. Perkinsville comprises the small gruup' of hot1se!t ;oiu&.: 
tered along a branch of the Atchison, Topeka,. and Santa Fe Railway 

the north sid~ of the Verde River In' the west'-c-en'tmlpal't·of ·the 
qdadrangle. The economy of this sparselypopulatOO cofilinUhity de-' 
pands upon ranching, farming, and railroad inaintehahce work: ; t·, . 

Many Indian ruins are present within the'quadrangle andthetl!rgw 

est of these has been preserved and made into 11; na.tional mon'timcmt­
the Tuzigoot National Monument-about 1% miles east of Cla:rldis.l~ 
The museum located at the ruins contains several pieC€!S of 'cot>per ore 
which were probably used by the Indians for pigments to c6ldr their 

IraImentS and bodies. Other ruins in the quadrangle ·include a' -eave 
rod pueblo site itt Perkinsville; many pueblos and a few caves in'the 

'VJV~""~' . Basin country in the northeastern part ()f the qUl1drangle';' 
a small 'cliff-dwelling in the east wall of Sycamore Canyon, -&oout 
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A branch line of the Atchison,' Topeka, and Santa' Fe Ra.ilway 
oonnecta Clarkdale with Drake which is west of the area: ma.pped 
(fig. 70).' From Clarkdale the railroad follows the Verde River abrasS 
most of the quadrangle. Clarkdale is Mnh~tedto Jerome' by : the 

and Smelter Railroad which.·formerly carried ore ITotrl,the' 
to the smelter. Since the mine closed tlriS' :railroad 'has ;not 
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Jerome is on U. S. Highway 89A, which connects Flli.gsta.ff;.and 
l'I'A.qj~nt.t. (fig. 70). This highway is the only paved road ' in thEY' &rea. 
An improved dirt road connects Jerome, 'Perkinsville, and WilHama,. 
which is to the north Oll U. S. Highway 66 • . Ail. improved dirt road 

. U. S .. Highway 89 near the 'town of ·'Chmo Va:lley ,;with 
, Perkinsville, and a graded road about IS miles north ofPel"kin:8vill.e 
. the Perkinsville-Williams road with U. ·S; Highway :at to· 

west near Drake. . ,,':.' 
In this report, a 10,000 foot grid based on the Arizona ({)aiitral) ; 

coordinate system is used for some . localities within the 
This grid is shown on plate 45. . . 
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,. 1b& Clarkdale quadrangle includes a representative part of the 
"mountain region" which extends northwest-southeast through central 
AlUona and a- ·~pDeSeIltative part of the "plateau region" whioh ex­
imld& over the jn()lIthern and northeastern ipa.rts of the State, ' as de. 
fined/by Ranl!lO~ (1904;.p.14-J5). 
. Thb ."HlOWl~aift region" in the al"ea mapped is limited to the south­
~ntral put of; lbe qUMbangle whe~ W oodehute Mounta.in is a part 
of"lI. .short south,.sotttlutastward-tJ;6hding l1alnge known as' the Black 
JI.iU8, The Bla.ck Hills are. characteristic of the mountain region 
wAere· short au generaJly pal'lltllel ranges are aeparated in part by 
mtePlBOntane valleys filled ltith deposits to unknown depths. Flank­
ing the Black Hina on th~ eailt is the valley of the Verde River and 
on this west are LoD.e8Ome IUld Chitno Valleys. 

Woodchute and Mingus Mountaans just south of the quadrangle 
a.rb ,00. highest 'JIl0UDt.ans· in ilie Black Hills,.and! both are ca.pped with 
la,va. and ar60 mesalike. The summits ate relatively fla.t, and steep to 
ftri.i.cal diffs sluround their ma.rgins. 

N~Itth.wltrd fMm t1te base of Woodchute Mountain, an, eXpaJilS6 of 
relatively low, hills extends shout 6 or 7 miles to where the meander­
ing VlM'de Rivet:hti Clit a d~p gorge into the rocks. 

Tb great erolion scarp that marks the south margin of tJn~ Colorado 
Plateau is 5-8 miles beyond the river. It is 1l1most 1,800 feet high, and 
~ oftm rsferrea to as the MGgOllon. Rim. This rim is ~rr~.te in out­
line as a result of yO\lthful strelltms cutting ,steep-walled: canyons back 
iBm· the· tablelalHi, artci at, plac~ severing parl.8 of the plateau from 
th81 main mass to fol'm outlying mesas' such as Black MOU1ltllil'l in the 
east-central part. of the quadrangle, The surface of the plate'&u ex. 
Umds-northwud aDd is telatively flat, forming. an·enn skyline, except 
locally where volcanic mountains such as San Francisco and Bill 
WilliblB·M0l1ntams iDtenrupt this regularity. 
... Tlt&omaximllllD telief of' 4,516 feet in the area is firom the swnmit 
of, W~<Nhu~· Mdnntain, 1thich has an altitude Qf 7,834 feet, to the 
botiettlT df the .Verde River ·in the $Outha-Ilst cornet of th~ quadrangle, 
which has·an Mikitucie,of 3,318 feet. The rmmmit 'of 'Casnet Mountain 
wtiUr'ls' in th~ ndJrtheastetn paJrt of the qaaldrllllgie is S,500 feet abow 
sea l8vM. and is the- higheeti part of the plateau. in the quadrangle. The 
surface of the relatively low but dissected area between the plateau 
and·WOOdchut.e 'Mountain, Slopes toward the Vevda Rivel',' and ha. a 
relief Oif dloufi 500 foot; thh Ibltitude ranges' from 4,500 and 5,000 feet. 

The Verde River is the only 1a.J!ge perennial stream in the qnad­
rangle. The river enters the west-central part of the quadrangle, 
flows in a meandering easterly and southerly direction, and exits at 
the southeast corner of the quadrangle. Sycamore CJ!eek, which is 

517 

th~ tnajor tributary of the Verde ~ifert is perenhlal in tlnt IdWGl' 
~ milea of its course j the flow is mstained chiefly by SUlDlIler8 *pring. 

CLDtATE AND VEGETATION 

! The' climate of the area is a:rid tA>setni~ti1d'~ ' Weathln' a~~. 'ifte 
available for Jerome, which is at an altitude 01 5,250 feet" and' for 
Clemenceau which is in the valley tlf the Ve'tde' 'River 0.7 mile s(nrth , , 

of the quadrangle boundary at an altitude of 3,460 feElt. ' 
The average annual temperature ,of Jerome is 604 Fj th~ ·Iit~~ 

daily minimum temperature is 4S.9°F; .and the average . dal~Y m~ .. 
mum temperat.ure is 71.2 0

, The sUmmer aJ\d winter temper'tllreB' of 
Jerome are lower than those at Clarkdale or Clemenceau bebause of 
the difference in altitude. The higher altitudes of the summit areas 
of W oodchute Mountain and the plateau result in cool sumriiers and 
cold winters in those places. . , 

Average tempera'ure, ifl degree, FaANlfthelt 

~I~~;lot la1ll11r)' ~~ -I M~. In yean 
---------------------I------I-~"~~ 
OlemMlDllt.U •••••••• _ ... __ .............. _.. II ft. 3 86. 0 , 110' . ~ 
lerome ••••• __ ••••.• _ . • ___ •.••• _....... . .. . 89 42.3 78. 8 105 ,. ,"I 

\ 

City 

The precipitation averages reveal two se~ons of p~ecipitation ~~­
ing the year-one in the summer, the other In the wrnter. The sum­
mer rains begin in late June or early July and last through Au~ 
August usually is the wettest month of the year, and June normally ~ 
the driest. The summer rains are local showers or thundersto~, 
which form quickly and result in sudden dQwnpours that cause to~1k 
tial steam1lows. Along the Mogollon Rim, th~ prevailing westerly ~rid 
southwesterly winds of the desert regions cool as they rise and ~a. 
considerable . precipitation. In this . ~rea , precipitation is ~h ~m­
pared with that of the State as a whole., 

, . 
A verttge precit'ltrmOft, '" ~"cllt3' 

, Lenyth Monthly • ' .', 
o An.' 

Olty reoord, ' ' 1 0 " N ' 1> . DUd In Jan. Feb. Mar. Apr. May 'une July AUC. Sept. ct. 6.. eo. 
years . , ' ,.1 . 

-Cl-em-en-ce-a-u.-.
I 
- '-16 ~ -;,;; 0.66 0, 72 0.77 0.24 US --;; 1.70 0.81 ' 0. '1? ' ,1." '11,1It 

lerome._. . ... 18 1.86 2.11 1.70 .l1li .61 .86 2.79 2.,~ 1.42 1.18 , Las ' I.II? 1&;'19 

During the wInter February is the ' wettest month. Sno"ftll ' is 
normal above the 5,000 foot altitUde an.d much snow acoumulatee on 
the summit area of W oodchute Mountain and on the plateau. At the 
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'64000-foot altitude it ,nequentlr attains depths of, ~~ teet:;, ~ the 
.T~4foot al~ttide, 1lA~ feet. ,Littlesn0w' falls at Jerom,e, and prao­
tIcally none lD the valley of the Verde River. 

Vegetation in th~ Clarkdale quadrangle' show~ effects of the wide 
~ in altitude and, th~; r.esulting climatic conditions. , T~s vegeta. 
,tion, (Humphfey, 1950; ~ttle, 1950) is t~pical of the Upper Sonoran 
~,AAe and may be grouped lDto four types: pine forest, pinyon-juniper 
woodland, chaparral, and grassland. The zoneS or belts of these 
ilfA¥cipal types of vegetation are n,ot sharply limited but blend into one 
.~~other, and the prec~pi~tio~, altit~de, typeo~ soil, and many other 
'1£~~ regulate the distribution of the vegetat~o,n types. ' 
1 (r The pine forest is restricted to the higher altitudes, commonly above 
i§'OQO feet. The ponderosa pine (PinUIJ poiU1~rosa) , l,I.lso calledwestem 
Lf,ep,ow pine, is the most abundant tree of this forest 'and occurs on the 
summits of the Black Hills and on the pla~au to the I).orth. Within 
the pine forest, near its lower limits, are small but compact thickets 
of Gambel oak (Q'lMrous gambeli) , and New. ~Mexico , locust (Robinia 
neomexicana). Some maple trees are also found in the canyons of 
Woodchute Mountain along the l()wer fringes of the pine forest. 
, ·The pinyon-juniper woodland type of vegetation covers more of 
~the quadrangle than does any other. It extends from the foothills of 
Woodchute Mountain northward across the .verde River to the base 
.~Hlh:e.platea~~ .. ~he pinyon pines (Pinus edulill) are, scarce, but three 
,v!art~~Ies o~ Jurupe~ trees are. ab~dant. , Tpej are Utah juniper 
(l.~~pe7'U.~ utahens'l.8) , oneseed Jumper (Jwnipe'I"ibJ 1nOnosperma) and 

;~l~l~a~or juniper (Jwnipe1"U8 pachyphloea)., Of these, the Utah juni. 
per IS the most ,abundant and is restricted; to' an ' altitude below 7000 

\!~t .o~ the Colorado Plateau. The alligator j~per, il3 generally fo~nd 
~ ~e chaparral zone on the high north slopes of W 9Pdchute Mountain. 
;.;; :Chapar~al is a brush-type vegetation, thick in some places and open 
~ others; It grows best on the north slopes ttnd'foothills of Woodchute 
M6untain a~d on the steep rocky ' slopes 'and ridges of the plateau 
escarpment In the northern part Of the quadrangle. Shrubs of this 
belt are of many species, but the shrub live oak (Quercus turbinena) is 
mO€!t common. Other abundant shrubs are manzanita (Arcto8taphylc, 
~ens) !l.nd catclaw (Acacia greggi). Locally abundant are moun­
t8t1nm~hogany (Oerc~oarpu8 sp.), apacheplUIIle (Fanugia paradoxa), 
and chffrose (Oowanw, stansburiana). ' 

I" , /;rll~ ~assland in the quadrangle is limited ~ the valley of tbe 
'~de .Rlver al~hough many grasses are interspersed among the stands 
of JunIper, whIch have encroached upon former grasslands as in the 
~or~hw~tern part ofthe quadrangl~. The p~edominant grasses of ~his 
N!1~~atlOn type are bl,ue gra:ma, bllWk grama,hairy grama, and side-
,Wt·~,srama. , ,,',' " ' 

IIS8VerM ~ies Of"Mctus; , preciOIQinantly , choIla. and 'rpiricldJPikr 
(-01'f'Mt~ sp;) , ,al'e widely scattered among all the. vegetation types: ' 
except the ponderosa pine. Century plant or mescal (Agave parryi) is 
abunaant atthe lower altitudes 'of the chaparral on the' east 'and; itorth 
sides of Woodcllute Mountai~" ,.; , J: j , : '.' " .> " "l. ' ' ,1 :'1' 

,.Alon,g Sycamore Creek an~ :~~,Verdej ,Riv~ lar~ willo~., ~ttqlh 
wOQ<i" sycamore, and BOme wpJnut trees are abund~nt beca~se of. t;h,'t 
mQist soil. : ' ", ). ,! ' :, , : .. .... , ' .' : ! 1J' l.;; 

GENERAL GEOLOGY 

1'h~ r~k 'fotciatibns of the ' Clarkdale quadrangle; whoae di!'ltltiljil­
tion ana structure are ShdWll dn 'p1ateS 45 and'46, repl'esent the Prot.erJ 
(lzofc, ~ale(jzoic, and Cenozoic eraS:. 'Rocks belonging to the M~iel 
era ~re ' absetl't; ,' rr:he j~rinationg ' are sllOwnschematically on'platAf4!j 

I , ' '. " "'. . • •... '" . ; t (' 

" , iOLDER PRiEOAlDBIAN BOCKS ,.',;, j 

'Th~ Preca~brlan rocks in' A~iiona are diVided inU; two. major sY.s~l 
terns, older Precambrian and younger Precambrian (Butler !and 'WiT!l 
son, 1938, p. 11; Anderson, 1951, p; 1;333). Only t~e older Precam­
brian rocks are present in the area of this investigation. 

The Precainbrian rocks in the Clarkdale quadrangle were ' not 
Studied in detail by the writer. The subdivisions and names (pl. 45)1 
are tpose used by Anderson and Creasey (1957) in their report 6n tlh~; 
Jerome area except for the Spud Motiiltain volcariics in the BO'nthw~ 
corner of the quadr~ngle, which were identified in the Jfleld :by 
Anderson. " , '" ' '1 

') The Precambrian rocks comprise metamorPhosed volcanie and in;.: 
trusive formations. The volcanic rocks are subdivided into:the spudi 
Mountain volcanics, the Deception rhyolite, and the Grapevine Guleli' 
formation; the inti-ll'sive 'rocks are gabbro andquartz porphyry. ' Al~ 
though all th~ Precambrian rocks have been' altered by J regio'l'lal 
metamorphism, and, around the ore deposits at J erome b~ hj~ 
thermal alteration, Anderson and Creasey were able to determine th~ir 
original nature and to map each separately. The Deception' rhyolite 
is a fine-grained compact r09k that is commonly porphyritic :alfid r eoil~ 
tains phenocrysts of quartz alid feldspar. The Grapevine GUlch 'f0r~ 
mation consists of fine- to medium-grained tuffaceous sedimentaltj 
rocks. ' The Spud Mbuntain V'olcanics c()mprise 'ahdesitic b~ias land 
tuffaceous rocks j the breccias are characterized, by large equant B8.l.t8~ 
suritized crystals. ' , . , , , 

The quartz porphyry consists of relilJt phenocrysts of quartz in a 
matrix now altered to , quartz and' sericite. The gabbro is ; a ,dark 
granular rock contl).ining hornblende. and ,saussuritized plagiO<i~.~t 
The qU!lortz porphyry is' <;>lder than the ga.bbro~ .and both intrud,8, th~ 
volcanic formations. ,. , ,' " 

lil8 . ~ :':. I\. CONTRIBUTIONS .!1'OGENERAL GEOLOQY, 
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528 " 'i CON'l'RIDUl'IOl'fS ' 'l'f) 1 Qmo:RAL; GEOIlOOT GEOLO.?l: , OF 'fRE ' ,CLARKI?~J!:l~, ~'P'~Jw.'i~~~ ARIZ. ~,l 

"" 'i ~~Jreader is niVred, to the I'8port 0Jt th~rJ8l'OIb8 area-by 4,ndel'lOD 1 

.. Creasey (1967) fot'the.detailed geology.of the PreclUDbrian rocb. 
areas where the Tapeats ( W) is,~ -.s inliers in younger Paleozoic 

and Te~iary rocks. , ' , , " " '1 ,'1 ' I ' 
Mds£ tif the TapetitS s'andstone(f) .. }#tc?ps ~':)iii, ~e ' ~~~w.~ :' ( , I ,1, ' I , 

, , ' l ~COlO'OJUp:TY .... 1'. ~HE ' :PASE. OF T~ PA~,llOZOIC ROcD , . 
, ~e base Q~ the Paleozoic rock sequen~ j~ Separated from the older 
~airlbriilll ~il.sem:ent cdmple~ by a conspicuous unconformity. The 
llotiibntal to mildly diping';Paleozoic coter rests upon a surface of 
acutely deformed Precambria~ rocks wl,lich ,were intruded by ignootll 
bodies. 

The erosional surf~ on t;he older Precwnbrian rocks in the quad­
rangle appears to be one of very low relief, although not much is 
know.n about it because of the few exposures. The basal sandstone of 
~~eoaoic ,age which. nwts , on this surfa.ce 'I is locally abseui becaUBI " 
of minor topogTaphic highs that rise as ' much as 50 feet above 
the general level. Else'Wherg in the Mingus Mountain are1Jl scattered 
hills of the older Precambrian rocks are as much as 400 feet above the 
normaJ surface. 

-I' ' ~.Ai.BozoIe SEDIMENTARY ROeD 

Except in the southwest corner, the Clarkdale quadrangle contains 
rocks of PaleozQic age, and in most parts, they are exposed. In the 
southeast and northwest corners of the q~adrangle these rocks are 
partly concealed by Cenozoic deposits. The total thickness of the 
PalElOZOic rook sequence is about 3,350 feet, and the ages of the rocks 
range from Cambrian (~) to Permian. The Paleozoic rocks dip, in 
general, abQut, 8°_10° NE. in much of the ,quadrangle, but they are 
horizontal in the Colorado Plateau in the northeast corner of the 
quad,rangle. Reoont erosion has' beveled the inclined strata, so that 
the older formations crop, out in the southwestern part of the quad­
r&Jigle, with successively younger formations cropping out to the 
nottheast. ,i , , 

, In the southel11 part of the quadrangle, the Paleozoic rocks crop out 
around the margins of W@odchute Mountain, and in the northern 
part, they are conspicuously displayed in the precipitous cliffs of the 
Mogollon Rim, which Ill&1"ks the south edge of the Colorado Plateau. 
In the middle part of the quadrangle they crop out in a series of north­
westward-trending Ijdges,}ocally accentuated by faults of similar 
strike. , " ; 

, TAPEAT8 SAND8TONE(t) 

, " t ' l)DnIB'O'T.IO. , 

The Tapeatssahdstone ( ¥) has the smalleSt areal distribution of any 
of the Paleozoic fdrtnations ' in the Clarkdale quadrangle, and tha 
Combined outcr'OP~ cover 1ess th'~n 1 square mile. There are five smaD 

~~r::b1 tlle ' ~u8.drooip~e. , ThiS i~: ~~e:t?) ~e ~~O~~,'bO~~ :~t; 
which'resMts m suc~lvely younger rocks cfOP,Pmg, o~ to .~~_~~~7 
~t. ':~r0l>ablY ) the! :be~t exp~s~ .secti9Ii <f~ ~ Tap~tS .. ( 'X ,in: tiij{ qti~': 
rangle ,'t~ in Muhds Draw (coordmil.~ ~"r.l,37~t~ ,' ~. , ~,0C!d>,. I '" 

, On the east sid'e of' W oodchute MQ$t8.1,Il above' Ul6 tltifup c)f iti6 
bniteii 'V ~rde 'mine at Jerome, the ' TQ.p'e~ts'(") croP& otit ,~w~ Uie 
Ha.yMs fault 'and ,6ther faults ,of -that are;... , .A1o'~lier exp~':bf 
tILj>eats( ¥) i~ about 11~ miles northeast of t~e pit at, Jerome. ,!W He~ 
It crops out ill a. contmuous exposure for nearly ,3,000 feet In ~ 
~pencllt:s 9f ~lie :V,erd,e Tunnel and Smelter Railtoa~, ,*hiph fO~~,11 
connected the smelter at Clarkdale with the Umted Verde mm~ 
(coordinates N. 1,368,000 ; E. 444,000) . " '. ' ' ,c' \ . ,' i' 

The two other occurren~s of ~apeMs( 1) a~ '1!l the V~rd~ Rl've~ 
.:anyon between Perkinsville and the Pa.ckard Randh (coo~ateS 
N.1,410,OOOj E.427,OOO andN.1,406,OOOj ~.450,OOO). ' . : , 

THIOXHEBS AND STllATIG~C IlELATIO.IJI![P " , 

The thiCkness of the Tapeats sandstone ( ~) in the qua-drangle rangeS 
from a few inches to about 60 feet. The greatest thickness is in Munds 
Draw ~here the formation is 60 feet, although about 1 mile' to the 
south it is only 25 feet. The Tapeats{ '') exposed on the eaSt -aide'of 
Woodchute Mountain near Jerome averages 50 feet ill thickness. 
Near Packard Ranch in the Verde Ri~l' canyon it is ,40-60 fee~ 
'whereas W'est of Mormon Pocket in the Verde River canyon (,~rdi:. 

. bates N. 1,410,000; 'E. 427,000), it has:a 'mwinum thickness o(abdlit 
15 feet. Nearby it wedges out and the overlying Devonian limestone 
rests directly on Precambrian rocks. ' , ; 

The range in thickness of the Tapeats( 1) largely results £r:om the 
uneven Precambrian surface upon which it was deposited. Because 

• of the' few exposures of the basal contact of this sa.ndstone in the 
<{uadrangle, the relief of the underlying Precambrian surface is not 
well known) but in th~ Mingus Mountain quadrangle to the soUth, 

l Anderson and Creasey ~ta~ that P~~brian !,<>po~~p~c hi"hs'rise 
into the overlying Martm lImestone m many WIdely dlstr~buted a~as. ' 

The Martin limestOne of Devonian age overlies the Tapeats sand­
stoneO), and the contact between them:, ~ppears to be gradatio~aL 
The contact has been arbitrarily placed at the base of the first massIve 
limestone b~a which overlies yellow to 'green limy siltstone and marl. 

Krieger (oral communication, 1953), who mapped the ,Paulden 
,quadrangle (adj acent oIl: the west) , sta.ted'that she has foun~ a Fssib.le 
'stratigraphic break between the TapeatS(~) andt~e overlym(Martl~ 
lin'iestOne of Devonian age. '., . , 

'.',)'. .: . 
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')!I : ~;t~." ;.t ~ " "';"f iJJ1>r>:i ';'; , :; " 't.tmoLOGY · ,', ," • , AGE AND OODELATIOK ~ j',,,~ Fth~logY, ;o~ ~~ rapeats ,sandstone ( 9) ,in, the\Cla~kdaie q~d. ' The basal sandstone of Paleozoic age in the CI.ark~ale quadrang~ ~!~)~o~s;~~J !'4~C8.ll;t ~eviat~on in the widely separated putcrops. appears to be gradational upward into the ~artm lImestone ~f De­~nearly every, ~oBure a basal cr,ossbedded sandst~me forms"a ledge vonian age, as it does in the Mingus Mountam quadrangle, but It also ~:~~~r'~~ ~;f~t!~ ,~hic~~. Above ~his san~stone is a sequence appearS 'to be the stratigraphic equivalent of the Tapeats sandstone of o~,~~e:.: ,r~"l~l~, : fee~ , t~ck, that ~nsists of calcareous shaly Cambrian age in the Grand Canyon. . ~H~pe, ~nd ~uds~ne. ",~ere the basal sandstone unit locally is The strongest evidence in support of a pevo~an age for !he ~'t~ ~~t, '~ga~~ tQp'C?~aphic. highs on the old Precambrian surface, Tapeats (~) is the gradation ~to, conformIty WIth, the overly~g ~ee , up~~r ,spal~, ,~t res~ , dIrectly upon the Precambrian rocks. Martin limestone. However, thls. rna! be more apparen~ th~n real m '. i f~e lower U~I.t of,~~~ Tapeats ( ~) is composed of medium- to coarse- the light of Krieger's recent investIgatIons (oral communIcation, .1953) p'~~~d , 8andston~ . m~ludmg lenses of granules and pebbles; the ' where she has found a possible break above the Tapeats(~) m the ~bp'l~ are ,as ,J]1uch ~ on~-ha~f inch in ~iameter" !' iThe unit displays Pa.ulden quadrangle, which adjoins .the Cl.arkdale quadr~ngle on the :ti~¥~d~fined Cf~ 18:mIp,-atIon m beds which rang~ from a few inches west. The area of Tapeats (~) whIch K:Ieger mapped IS only a fe~ ¥,o atiout 15 feet m thickness. However, not all beds show cross lami· miles from the Tapeats sandstone at Sunmons (fig. 10). McNaIr J?-aH~" " ' ~~ses lof;grJl.nples and pebbles for~ed as shallow; cut-and-fill (1951) traced the Tapeats from the Gra~d ~anyon south and eastward ch~~~s are rel~Flvely' comfnon. Individual laminae are well defined to Simmons. McKee (written communICatIOn, 1953) has found m.any but' adjoming strafai, C~)lnmonly; have marked contrast. The contrasts Cambrian trilobites in the shale~ overlying the Tapeats at JunIper between individuallaminae give an overall heterogeneous appearance Mountain (Camp Wood quadrangle) and stated. that from there to the to the unit. TIle sand i9 bonded with a siliceous-ferruginous cement : Clarkdale quadrangle, exposures are fairly contmuous alon.g th~ north whic~dift'ers in ,ab~ndance from place to place. Where the 'iron con· . side of Chino Valley. Less significant reasons for consldermg ~he ,~ps ~ow and silica high the rocks are very hard .and relativ~ly light basal sandstone of the Paleozoic as Tapeats sandstone of Cam~rlan in colpr. Inversely, :w:h~re the iron cont~ntis high and silica low, the . age are based partly on its stratigraphic position and partly on lItho-r~'~~ somewp.at, frIable and are relatively dark. Most commonly, , Iogicsimilaritytoknown Tapeats. . ]:J.(~'\Veyer,the rocks are very ferruginous, which makes the unit appear No new evidence on the age of the Tapeats( n was found m the ,~. duslJ:y red to dark reddish brown; the predominant color is reddish ' Clarkdale quadrangle; this report, therefore, f~l~ows Anderson and pro~. ~he san~ grains, granules, and pe~bles in the Tapeats( ¥) Creasey (1951) who, because o~ the lack of a pOSItive age a~d beca~ co~s~t chiefly of Jasper, quartz, and chert, WIth subordinate amounts the term Tapeats had been preVIously used, prefer~ed to contmue usmg of, feldspathic I\nd unidentified dark minerals. . . Tapeats, but, appended a query to express uncertamty. 

MARTIN LIMESTONE 

DIBTRlBVTIOK 

The upper unit of the Tapeats sandstone (~) ,consIsts .of shaly silt.. ' 
sto:qe,.al\d mudstone. This unit is very thin bedded and weathers to a 
,81op~ ,in contrast to the ledge-forming unit qelow. " it ranges in thick- ~ 
,.Jl~ ~rom 10 to 15 feet. Dark-reddish-brown slightly fissile mudstone 
,in ,beds 5 feet thick, :r:est directly on the basal sandstone unit. Struc­
.tu~less siltstone, in beds 2- 3 inches thick, is intercalated among them. 
',I'he ~ower reddish-brown beds grade upward into lighter rocks that 
ra~ from shades of yellowish gray and pale olive to dusky yellow. 
Th~. li.ghter beds, are rslightly calcareous structureless mudstone and 
,siltstone and are separated by ,fissile shale partings 1-6 inches thick; 
,these shale part~gs are light green and dark red. The bedding 'lp. 
,p~a~ to be irregular but individual beds cannot be-traced readily be­
caus~. this unit is poorly exposed. Some thin sandstone beds are at the 
,topo~ the Tapeats(?) in a few places but are qot everywhere present 
,wh~l'~ the , Tap~ats ( ~) . is exposed throughol~t the quadrangle. Some 
siltstone beds in the upper unit of the TapeatS sandstone ( '?) are very 

The Martin limestone is limited chiefly to that part of the quad­
rangle which is south of the Verde River. The most extensive ex­

. posures are along the southwest boundary of the quadrangle where the 
_ Redwalllimestone of Mississippian age has been eroded from the foot­
, wall blocks adjacent to large normal faults. In the vicinity of Jerome 
,. the Martin limestone crops out beneath younger :rocks that compose 

lWoodchute Mountain, and extends southward in a peri~he:al band 
around Mingus Mountain to the south. Outcrops of thIS lIm~~one 

micaceous. . 

. also are abundant along the footwall of the Verde fault and SubSIdIary 
where erosion has exposed them. Northward, between Wood­

Mountain and the Verde River, the Martin limestone is exposed 
many of the fault scarps. It is well exposed in the canyons of 
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: :}, CON'rRmUTIONS TO GENERAL GEOLOGY 

the Verde River and Sycamore Creek, arid in a small area in SOB 
,Cany?n (coords_ N. 1,395,000; E. 447,400). The only exposure of the 
Martm north of the Verde River is in Sycamore Canyon. 

, TlDOJOl'E8S AND STRATIGRAPHIO RELATIONSHIP 

.The thickness of the Ma,rtin limestone, which was measured in four ' 
'.wI~el~ separa~ed localities" averages about 455 feet. It is 465 feet ; 
thICk m the .Mingus Mountain quadrarigle, 2% miles south of Coyote ' 
ta~ (coordmates N.1,365,700; E. 407,500), and in Haynes 'Gulch (co­
or?mates N. 1.'36~,000; E. 433,000) ; just north of Jerome, it is 441 feet 
,thIck. A sectIon m the Verde Ri ver canyon (coordinates N 1 40!) 500' I 

E;427,500), west of Mormon Pocket, revealed 444 feet of Ma~tin' and 
at the Packard Ranch ~r~a in the Verde River canyon (coordina~ N. 
1,407,000; E. 449,400) It IS 480 feet-the thickest section in the Clark­
dale quadrangle. 

Where there are local topographic highs on the old Prec b' 
surfac th M j.' l' am rlBn , e, e ,ar\,m. Im~stone rests directly on Precambrian rocks. 
Elsewhere, the ~lartm hmeRtone rests on the Tapeats sandstone ( Y). 
Because the con~act between the Martin and the und I' T dB er ymg apeats 
san. to~e ( ~) appears to be gradational, the contact has been placed 
arbItrarIly at the base of the lowest massive limestone bed whi hI 1 
1y11ass dsto 1 .. , c OCR-

. orne san ne ~nses m Its basal part. The contact between the 
Martm Ilnd the overlymg Redwall limestone is unconformable Th 
c~t surface on the Martin limestone shows very little relief ove~ sho~ 
distances, and has a relief. that. averages 10-15 feet, with a maximum of 
35 feet as observed over WIde dIstances. 

LITHOLOGY 

~ough ~artin limestone is the formal designation this for t' 
COnsISts of lImestone, do!omitic limestone, dolomite, so~e limy si~:t~~~ 
and sandsto.ne, an? .COpIOUS amounts of disseminated argillaceous and 
arenaceous ImpurItIes amonO' the carbonate rocks Th f t' hI' . to> • e orma IOn as 
~ Woe I.S ~rogre::'s~vely darker from bottom to top as the result of an 

- mcre~se m ImpurItIes. The formation is uniformly bedded and f 
steplIke sl~pes. These c~laracteristics help to easily distinguish it ~;: 
the overlym.g ~edwall hmestone, which is more massive and lighter 

The Martm limes.tone has comparatively few fossils, and the lowe~ 
part of the formation seems to be barren The b d 11 
f 'l'f . e s genera y are 

OSSI 1 erous towards the top of the formation and f f T f . . , a ew are very 
OSSI 1 erous, contammg abundant gastropods brachI'opods d 1 

N f'ls ' II ' ,an coras. 
o O~I were co ected and no paleontologic data were gathered while 

mappmg the, quadrangle. 
In the :T£'rome area the Martin limestone ean be subdivided into four 

parts whIch may be clasRified as members in detailed mapping. They 

-
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do not ,correspond to the subdivisions of H~ddle , and Dobr1ovolny' 
(1945; 1$)52, p. 73), who arbitrarily divided the Martin fartMi- e8.st ' 
into three members. The units chosen were used chiefly for structural 
control in this study. Although they are not differentiated on plate 45, 
they are described individually and are designated from bottom to top 
asunitsA,B,O,andD. " ", 

Unit A.-Unit A includes a nonpersistent basal sandstone and a.. thin.- I 

bedded dark-gray dolomitic limestone, which ranges from 20 to 50 feet 
in thickness. The basal sandstone, of local occurrence in the Clarkdale 
quadrangle, has a uniform t('''{ture containing well-rounded and frosted 
grains. In places it contains limonitic spots; which give it a "freckled" 
a,ppearance. , It is lenticular and seldom more than 1% feet thick. ~,. 
This sandstone may be reworked Tapeats sandstone ( ~). The over- ;. 
lying ledge-forming dolomitic unit is very persistent and has uniform 

.lithologic characteristics which make it an excellent marker bed. 
Stoyanow (1936, p. 497) has noted this unit at Jerome and says tha.t it 
can be recognized at the headwaters of the East Verde River nea.r 
Pine and Payson. It is also present neal' Simmons, about 20 miles " 
to the west, and probably extends northward from there. 

The dolomitic limestone ranges from light brownish gray to brown~ 
ish gray, and contains minor areas of yellowish gray and pale red, 

,', 

visible upon close inspection. The colors appear to be locally ,affected 
by the coarseness of grains and by the percentage of the argillaceous 
impurities. Acid tests indicate that the rock is more dolomitic where ' ~ 
it is coarse grained and more calcitic where it is fine grained. The 
fine-grained areas which are lighter in color occur interstitially in 
larger areas of coarse-grained material. The grain size as $. whole ',' 
ranges from fine to coarse, but medium to coarse sizes are predominant. ';' 
Possibly much of the coarseness is due to ,recrystallization. : 

Beds range from 1,4, inch to 3 feet in thickness, and the thinner beds 
alternate with the more massive ones. Weathering of the faces of the , 
thicker beds has etched out textures and structures of these rocks 80 

-, 

, , 

\, 

that it is not uncommon to see crossbedding, channeling, and frag- -";, 
ments of limestone in relief on the surfaces. These features indicate ' 
that, although the carbonate materials are of subaqueous origin, they 
were mechanically transported and deposited. 

The massive beds which commonly are more dolomitic and coarser 
grained than the thin ones show many Qvoid to circular accretionary ' \' '\ 
masses of white calcite. Chert occurs as nodules and lenses in the 
upper few feet of the unit. 

Unit B.-Overlying the brownish-gray lower unit is a sequence of 
uniformly thin-bedded aphanitic light-colored slightly dolomitic lime­
stone beds which are desigllltted as unit B. This unit generally .is 
homo~eneous in appearance, and probably is the most ,prominent of ' ,. 
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,', 
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the section because it is light and is limited at top and bottom by 
darker units. Because of its thin bedding, this unit commonly forms 
a slope. It ranges in thickness from 80 to 110 feet but averages about 
85 feet. 

Unit B is characteristically light gray to white on the weathered 
surfaces and pinkish gray on the unweathered surfaces. Locally, 
one or two beds near the bottom of the unit may be dark gray. The 
thickness of individual beds ranges from a few inches to several 
'iMt, and probably avera'ges about 8 inches. The limestone beds are 
separated by shaly interbeds or partings as much as 3 inches thick. 
On slopes the shaly mudstone is not conspicuous and may go unde­
tected, whereas in cliffs or steep walls, the shale interbeds are more 
distinct. The shale is dark gray and appears as a dark band between 
the lighter beds, which emphasizes the uniform bedding of the unit. 
A good example of this may be seen about 1 mile north of Jerome 
on the Jerome-Perkinsville road. The limestone is very aphanitic 
and in most places does not show stratification on unweathered sur­
faces. Disseminated sand grains stand out in relief on the weathered 
surfaces of some beds and locally on unweathered surfaces. Chert · 
is fairly abundant as nodules, lenses, and thin layers parallel to the 

. ' bedding; it is in shades of light yel10w to dark gray or black, and is 
present in the limestone and the shale interbeds. 

Within 6-10 feet of the top of the unit is a persistent sandstone 
bed that ranges from 1 to 3 feet in thickness. In some places, it is 
so well cemented with silica that it is more nearly an orthoquartzite 
than a sandstone. Chert is moderately common along this bed or 
zone. Some limestone grains are admixed with quartz sand grains 
in a few localities. The sandstone weathers from a light rusty brown 
to a darker brownish red, hence, the local name "Red Marker" has 
been applied. This horizon marker has been used extensively in the 
vicinity ' of Jerome for determining offsets on faults of minor 
displac~ment. 

Unit C.-Unit C overlies unit B with a distinct and abrupt lithologic 
change. In contrast to the underlying unit B, unit C is much darker 
and coarser grained, has fewer shale partings, is thicker bedded, and 
forms receding ledges. The thickness of this unit ranges from 65 
to 80 feet but averages about 70 feet. Unit C is characteristically a 
sequence of mottled dolomitic limestone beds. The mottling, pro­
duced by a difference in grain size, is similar to that in the lower unit. 
The fine-grained areas are pale red to grayish orange pink, and the 
medium-grained areas are yellowish gray to light olive gray . . The 
mottling appears to result from partial recrystalliza.tion. The size 
and shape of the recrystallized areas is variable, but on 'any {riven 
surface it is generally measured in inches. The beds range from less 
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than an inch to about 4 feet in thickness. Stratification is not evi­
dent within most beds. Very few thin partings of shale are present. 
Vugs of coarsely crystalline calcite are abundant. 

Unit D.-In contrast to all the other units of the Martin limesto~ " 
each of which is uniform in character, unit D shows the ,greatest ' :. 
variation in lithology, color, and texture. This lmit includes all tBe 
rock types of other units, in alternati;ng sequence. Such diverse '.. 
lithology produces alternating dark and light beds which gives the 
unit a heterogeneous appearance. The unit ranges from 260 to 270 
feet in thickness and consists chiefly of dolomitic limestone and ~­
stone, with lesser amounts of interbedded' calcareous shaly siltstone 
and sandstone. The limestone is less dolomitic and more argillaceous 
and arenaceous towards the top, except in the uppermost 50 feet. 

For the most part, the lower fourth of unit D consists of inter­
bedded light-gray aphanitic dolomitic limestone similar to the lime­
stone of unit B, light-olive-gray to; dark-gray medium- to coarse­
grained -dolomitic limestone silld (or) dolomite; and medium- .to light- ' 
gray thin-bedded fine1y laminated dolomitic limestone. Chert layers 
and lenses are abundant in the thin-bedded zones. The bedding ranges 
from a few inches to several feet in thickness and is uniform and 
regular. ' . 

Abov,e the lower fourth of the unit, the section becomes mO,re argil­
laceous so that shaly mudstone and platy siltstone become prominent 
lithologic types. Because much mud apparently was introduced, 
the dolomitic limestone beds are contaminated with argillaceous im­
purities that cause a purple to red mottling. In many places, inter­
beds of purpb or lavender calcareous shaly mudstone separate these 
impure dolomitic beds. 

A little less than half way up the unit, beds that total about 40 feet 
in. ~hic~ness consist of a1ternating thin-bedded impure slabby dolo­
mItIc lImestone and purple calcareous shale. This part of the unit 
forms a slope and includes most of the argillaceous impurities. . 

Argillaceous materials are also present, but in lesser amounts, 
scattered throughout the overlying beds, except in the top 50 feet of 
the unit. These uppermost beds consist of grayish-orange-pink 
medium-grained dolomitic limestone that is uniformly bedded and 
crops out in step like ledges. 

I A few distinctive beds in unit D merit individual attention as they' 
constitute key or marker beds. In the Jerome area, two beds are 
lith~logically unique in the section. These are light-olive-gray 
medIUm- ,to coarse-grained dolomitic limestone beds that contain many 

. inclusions of fine-grained moderate red sandstone in irregularly 
shaped masses which range from less than an inch to about 9 inches 
in diameter. Each of these beds is 2 feet thick. They occur 40 and 
50 feet respectively above the base of the unit. Also a 7-foot mas-
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the section because it is light and is limited at top and bottom by 
darker units. Because of its thin bedding, this unit commonly forms 
a slope. It ranges in thickness from 80 to 110 feet but averages about 
85 feet. 

Unit B is characteristically light gray to white on the weathered 
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thickness of individual beds ranges from a few inches to several 
'iMt, and probably avera'ges about 8 inches. The limestone beds are 
separated by shaly interbeds or partings as much as 3 inches thick. 
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tected, whereas in cliffs or steep walls, the shale interbeds are more 
distinct. The shale is dark gray and appears as a dark band between 
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on the Jerome-Perkinsville road. The limestone is very aphanitic 
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. ' bedding; it is in shades of light yel10w to dark gray or black, and is 
present in the limestone and the shale interbeds. 

Within 6-10 feet of the top of the unit is a persistent sandstone 
bed that ranges from 1 to 3 feet in thickness. In some places, it is 
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than a sandstone. Chert is moderately common along this bed or 
zone. Some limestone grains are admixed with quartz sand grains 
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Unit C.-Unit C overlies unit B with a distinct and abrupt lithologic 
change. In contrast to the underlying unit B, unit C is much darker 
and coarser grained, has fewer shale partings, is thicker bedded, and 
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medium-grained areas are yellowish gray to light olive gray . . The 
mottling appears to result from partial recrystalliza.tion. The size 
and shape of the recrystallized areas is variable, but on 'any {riven 
surface it is generally measured in inches. The beds range from less 
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than an inch to about 4 feet in thickness. Stratification is not evi­
dent within most beds. Very few thin partings of shale are present. 
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lithology produces alternating dark and light beds which gives the 
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stone, with lesser amounts of interbedded' calcareous shaly siltstone 
and sandstone. The limestone is less dolomitic and more argillaceous 
and arenaceous towards the top, except in the uppermost 50 feet. 
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stone of unit B, light-olive-gray to; dark-gray medium- to coarse­
grained -dolomitic limestone silld (or) dolomite; and medium- .to light- ' 
gray thin-bedded fine1y laminated dolomitic limestone. Chert layers 
and lenses are abundant in the thin-bedded zones. The bedding ranges 
from a few inches to several feet in thickness and is uniform and 
regular. ' . 

Abov,e the lower fourth of the unit, the section becomes mO,re argil­
laceous so that shaly mudstone and platy siltstone become prominent 
lithologic types. Because much mud apparently was introduced, 
the dolomitic limestone beds are contaminated with argillaceous im­
purities that cause a purple to red mottling. In many places, inter­
beds of purpb or lavender calcareous shaly mudstone separate these 
impure dolomitic beds. 

A little less than half way up the unit, beds that total about 40 feet 
in. ~hic~ness consist of a1ternating thin-bedded impure slabby dolo­
mItIc lImestone and purple calcareous shale. This part of the unit 
forms a slope and includes most of the argillaceous impurities. . 

Argillaceous materials are also present, but in lesser amounts, 
scattered throughout the overlying beds, except in the top 50 feet of 
the unit. These uppermost beds consist of grayish-orange-pink 
medium-grained dolomitic limestone that is uniformly bedded and 
crops out in step like ledges. 
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. inclusions of fine-grained moderate red sandstone in irregularly 
shaped masses which range from less than an inch to about 9 inches 
in diameter. Each of these beds is 2 feet thick. They occur 40 and 
50 feet respectively above the base of the unit. Also a 7-foot mas-
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SiV8 yellowish-g~'ay fine-grained dolomitic limestone, ' bearing an 
abundance of 8Obtary- ~nd colonial-type ('orals, occurs 150 feet above 
the base ~f the upper umt. This bed may be fossiliferous only locally 
~ause .m other areas 'the fossils could not be located. A prominent 
fMtu~e m the Verde River canyon near the mouth of Sycamore Can­
yon, ' IS a.3-foot ledge of sandstone, 175 feet above the base of the 
upperumt. 

AGE AND CORRELATION 

, In A:izona, Devonian strata have been referred to as the Temple 
Butte. lImestone, a name proposed by Walcott (1890, p. 50) but used 
only III t!le ~rand Canyon area in the northern part of the State; 
the MartlI~ lImestone, a ~ame that Ransome (1904, p. 33) assigned to 
the Devoman rocks at BIsbee, but which has been used mostly in the 
central and southeastern part of the State; and the Jerome formation, 
a name used by Stoyanow (1926, p. 316-317) for the Devonian rocks in 
north-central Arizona. 

- Huddle and Dobrovolny (1945) demonstrated that the Martin lime­
sto~e of the Globe-Miami area probably is continuous with the De­
voman strata of the Pine-Payson area and stated that "thete seems 
to be ~o reason for recognizing the Jerome formation of Stoyanow." 
For t~IS reason Anderson and Creasey (1957) decided to use the ~ame 
Martm for the Devonian rocks in the J eromearea also. This report 
follows that usage. 
. Ransome .(1916, p. 161) took a random faunal sample from a fossil­
Iferous bed I~l the uppe~ part of the Martin limestone at Jerome. The 
fauna, exammed by Kmdle, was a~signed to Late Devonian age. 

,St~yanow (1.936, p. 495-500) studIed the Devonian section at Jerome 
and h~ed .fossIls and their locations in the s€.ction which proved Late 
Devoman mage. 

Mc~air (1951, p. ~16) compared the Martin limestone of the Jerome 
lirea WIth the Devoman str~ta of the Grand Canyon and reported that 
the ,p~rp~e soft, crumbly, SIlty beds, which are more abundant in the 
Martm hmestone toward the north, are also a conspicuous rock type 
of the Temple Butte limestone. 

The uppe~ part of the Martin limestone of central Arizona is of 
Late ~evoman al?e, but the lower and middle parts may be Middle 
Devoman, accordmg to Huddle and Dobrovolny (1952 p.67 86) h 
sta.t~d thl\t their fossil coJ1ection indicates that the Martin m~y co~~i: 
eq\11v.n.1on.ts of some of tho f",unll1 zonllS of t.he Devils Gnte formation of 
MerrIam m central Nevada. 

BEDW ALL LIMESTONE 

DISTRIBUTION 

: ~e Red wnll limestone occurs sporadically throughout the south 
half of the C1arkdale quadrangle, except in the southeast corner where 

GEOLOGY OF THE CLARKDALE QUADRANGLE, ARIZ. . 529 , ' 
it is entirely hidden by younger rocks. It occurs extensively along 
the west margin of the quadmngle as far north as the Verde ' River, 
and in the vicinity of Jerome it forms a peripheral band that crops' 
out on the steep slopes around Woodchute and Mingus Modntains " 
to the south. Also, east of the Verde fault, the RedwaU has been <, 

exposed by subsidiary faulting and large patches of the formation 
crop out north of Woodchute Mountain where erosion has stripped 

"" the overlying Supai formation from uplifted fault blocks. The Red-
wall occurS along scarps of the .north-northw~stWll.rtl-tnm.dirig faults ' 
which branch from the Verde vault in' the vicinity of the Jerome area.. 
A small and isolated occurrence of it may ,be seen ·in SO B Canyon. 1 

Almost a continuous exposure occurs along the entire course of the 
Verde River from where it enters the quadrangle on the west to where 
Sycii.niore Cteek joins it. 
. The only exposures of the Redwall limestone north of tHe Verde 
River are in Sycamore Canyon, along the scarp 'of the Railroad fault 
on the west side of Packard Mesa; and along the scarps of the Verde ' 
and Orchard faults east and nortlieast of Perkinsville. Thel best ex­
posures are in Sycamore Canyon~ the 'Verde River'canyon, and in the 
vicinity of Jerome. 

THIOKNESS AND STRATIGRAPHIC RELATIONSHIP 

The Redwall limeStone rangeS in thickness froni 235 to "285 feet 
within the quadrangle, but probably averages about 250 feet. The 
greatest thickness in any of the five sections measured is in Haynes 
Gulch in tha vicinity of Jerome; where the section is 285 feet thick. 
The thinnest section, 235 feet, is in SOB Canyon. The Redwall is 
255 feet (incomplete section) in Little Coyote Canyon on the west " 
side of W oodchute Mountain about 2 miles south of the quadrangle 
border; 252 feet in the Verde River canyon (coords. N. 1,412,000 ; E. 
423,000); and 241 feet in Sycamore Canyon (coords. N. 1,413,400; E. ' 
454,000). These data show that the Redwalllimestone is progressively 
thinner from Jerome towards the northeast. 

The Redwal1limestone unconformably overlies the Martin lime­
stone of Late Devonian age, and is unconformably overlain by the 
Supai formation. The exact position of the contact between the Martin .. 
and the Redwall is not everywhere discernible because the lowest unit 
of the Redwall contains reworked sediments from the Martin and 
therefore resembles the Martin. The zone of reworked material is as 
much as 3l) feet thick in places but at other places it is absent, owing 

t to the relief on the Devonian surface. The contact is gently undulat­
ing and from a distance the two formations appear conformable. 
The base of a massive bluish-gray oolitic limestone member, which 

Ii directly overlies the reworked residual material above ilie Martin 

" 

-" 
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a name used by Stoyanow (1926, p. 316-317) for the Devonian rocks in 
north-central Arizona. 

- Huddle and Dobrovolny (1945) demonstrated that the Martin lime­
sto~e of the Globe-Miami area probably is continuous with the De­
voman strata of the Pine-Payson area and stated that "thete seems 
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lirea WIth the Devoman str~ta of the Grand Canyon and reported that 
the ,p~rp~e soft, crumbly, SIlty beds, which are more abundant in the 
Martm hmestone toward the north, are also a conspicuous rock type 
of the Temple Butte limestone. 

The uppe~ part of the Martin limestone of central Arizona is of 
Late ~evoman al?e, but the lower and middle parts may be Middle 
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crop out north of Woodchute Mountain where erosion has stripped 
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limestone, was used for mapping the contact between the Redwall and 
the Martin. 

The contact between the Redwalllimestone and the overlying Supai 
fotmation is easily determined. It can readily be observed on the east 
and north sides of Woodchute Mountain along the road from Jerome 
to Perkinsville. The Redwall generally is a massive limestone that 
forms conspicuous cliffs. The top of this limestone commonly forma 
a benc~ from which the soft red shale and siltstone of the basal Supai 
formatIOn have been eroded. The contact is irregular' the local relief 
is as much as 15-30 feet in a lateral distance of 100 feet' and fragment! 
of' limestone and chert fill the hollows. ' 

LITHOLOGY 

The Redwall limestone, which is generally a cliff-forming unit, 
consists chiefly of light-gray to white aphanitic to coarsely crystalline 
thin- to thick-bedded limestone. It has an overall massive appearance, 
which is due partly to the homogeneity of the beds but chiefly to pl8llleit 
of separation between many of the beds which are so inconspicuout 
when viewed from a distance, that the formation appears to be ,a single 
stratum. The limestone generally is fossiliferous throughout, though 
locally beds are barren. The limestone characteristically contains 
solution channels and caverns, many of which have collapsed or have 
been filled. Where they have collapsed, large blocks of limestone 
oonglomerate that fill them are cemented with a bright red, claylike 
sediment, which probably is a residue from solution of the limestone. 
The channel-filling consists chiefly of chert released by solution from 
limestone matrix. The caverns are both vertical and horizontal in 
attitude; the l1orizontal ones extend along the strike of the bedding. 
Many of these occur along the Chino Valley-Perkinsville road where 
the road meanders through Wildcat Draw just outside of the west 
border of the quadrangle. 

Woodell (Stoyanow, 1936, p. 514), Gutschick (1943), and Gutschicl 
and Easton (1953) have studied the Mississippian strata in the Jerome I 

area in detail. Woodell divided the limestone into six faunal zones 
and listed the species of fossils present in each. Gutschick (1943, p. 
~5), who studied the Redwalllimestone from the Pine-Payson area 
northwestward along the margin of the Colorado Plateau to near 
Seligman, Ariz.~ divided the formation into four members. The four 
members as designated by Gutschick are as follows, from the base 
upward.: (I) A white cry~talline oolitic limeetone member; (II) a 
fine-grB:me~ cherty porous lImestone member; (III) a massive coarsely 
crystallme lImestone member; and (IV) a gray, micro-oolitic aphanitic 
limestone member. The units used in describing the Redwall in the 
text of this report correspond to the members of Gutschick, but the 
contact between units 3 and 4 was located in a different place. In this 
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report it is placed at the base of the bluish-gray micro-oolitic lune­
stone near the top of the formation, whereas Gutschick and Easton 
(1953, p. 4) placed it about 25 feet below where they believed $at they 
recognized a disconformity. No disconformity could be found at this 
horizon by the writer. 

Although the four members of Gutschick were recognized durin~ 
the present study, they were not mapped separately except in a few 
local areas where detailed information was desired for interpreting 
the structure. For this reason they are not shown on plate 45. In 
order to describe the Redwalllimestone as adequately as possible, each 
of the four units is described separately. 

Unit I.-Unit 1 of the Redwall consists of a lower thin-bedded 
clastic unit that constitutes reworked deposits of the Martin limestone, 
and an upper unit that constitutes bluish-gray oolitic thick~bedded 
limestone. The lower unit consists chiefly of limestone, arenaceous 
limestone, and calcareous sandstone-materials which resemble many 
of the Upper Devonian lithologies. This unit wedges out against 
topographic highs that remain on the upper surface of the Martin 
limestone. As much as 35 feet of these beds has been measured in 
some places. The beds are very light gray and lavender to pink; the 
pink results from impurities. Most of the beds in the lower part of 
the unit are thin, but higher up they are moderately thick '(several 
feet) . Locally a thin zone of sandstone, partly conglomeratic, is 
present at the base. The thin beds normally weather to slopes. 

The upper part of unit 1 consists of massive beds of aphanitic oolitic 
limestone, which range from 25 to 55 feet in thickness, and is charac­
teristically bluish gray and cliff forming. The rock generally is a 
mass of conspicuous oolites, which stand out in relief on weathered 
surfaces. 

Gutschick and Easton (1953, p. 3), stated that an unconformity 
which cuts out the oolitic limestone to the north and northwest, is at the 
top of their member I. They believed that because of this unconform­
ity the oolitic limestone is not recognized in the Grand Canyon area. 
Huddle and Dobrovolny (1952, p. 87), however, traced this unit 
laterally into a rubble breccia that consisted of large limestone and 

, chert blocks in a matrix of red sandy mudstone. This relationship 
conforms with observations made by the writer in the Clarkdale quad­
ra,ngle, and indicates that the oolitic blue limestone unit is conformable 
with the overlying member, but toat laterally parts of it that were 
especially susceptible to solution formed in caves that later collapsed ' 
to form thick irregular breccia zones. 

, Unit ~.-Unit 2, which ranges from 55 to 80 feet in thickness, is a 
Hght gray to cream fine-grained cherty limestone. The abundance of 
chert in this unit is characteristic. The chert, which is white to yel-
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limestone, was used for mapping the contact between the Redwall and 
the Martin. 

The contact between the Redwalllimestone and the overlying Supai 
fotmation is easily determined. It can readily be observed on the east 
and north sides of Woodchute Mountain along the road from Jerome 
to Perkinsville. The Redwall generally is a massive limestone that 
forms conspicuous cliffs. The top of this limestone commonly forma 
a benc~ from which the soft red shale and siltstone of the basal Supai 
formatIOn have been eroded. The contact is irregular' the local relief 
is as much as 15-30 feet in a lateral distance of 100 feet' and fragment! 
of' limestone and chert fill the hollows. ' 
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The Redwall limestone, which is generally a cliff-forming unit, 
consists chiefly of light-gray to white aphanitic to coarsely crystalline 
thin- to thick-bedded limestone. It has an overall massive appearance, 
which is due partly to the homogeneity of the beds but chiefly to pl8llleit 
of separation between many of the beds which are so inconspicuout 
when viewed from a distance, that the formation appears to be ,a single 
stratum. The limestone generally is fossiliferous throughout, though 
locally beds are barren. The limestone characteristically contains 
solution channels and caverns, many of which have collapsed or have 
been filled. Where they have collapsed, large blocks of limestone 
oonglomerate that fill them are cemented with a bright red, claylike 
sediment, which probably is a residue from solution of the limestone. 
The channel-filling consists chiefly of chert released by solution from 
limestone matrix. The caverns are both vertical and horizontal in 
attitude; the l1orizontal ones extend along the strike of the bedding. 
Many of these occur along the Chino Valley-Perkinsville road where 
the road meanders through Wildcat Draw just outside of the west 
border of the quadrangle. 

Woodell (Stoyanow, 1936, p. 514), Gutschick (1943), and Gutschicl 
and Easton (1953) have studied the Mississippian strata in the Jerome I 

area in detail. Woodell divided the limestone into six faunal zones 
and listed the species of fossils present in each. Gutschick (1943, p. 
~5), who studied the Redwalllimestone from the Pine-Payson area 
northwestward along the margin of the Colorado Plateau to near 
Seligman, Ariz.~ divided the formation into four members. The four 
members as designated by Gutschick are as follows, from the base 
upward.: (I) A white cry~talline oolitic limeetone member; (II) a 
fine-grB:me~ cherty porous lImestone member; (III) a massive coarsely 
crystallme lImestone member; and (IV) a gray, micro-oolitic aphanitic 
limestone member. The units used in describing the Redwall in the 
text of this report correspond to the members of Gutschick, but the 
contact between units 3 and 4 was located in a different place. In this 
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report it is placed at the base of the bluish-gray micro-oolitic lune­
stone near the top of the formation, whereas Gutschick and Easton 
(1953, p. 4) placed it about 25 feet below where they believed $at they 
recognized a disconformity. No disconformity could be found at this 
horizon by the writer. 

Although the four members of Gutschick were recognized durin~ 
the present study, they were not mapped separately except in a few 
local areas where detailed information was desired for interpreting 
the structure. For this reason they are not shown on plate 45. In 
order to describe the Redwalllimestone as adequately as possible, each 
of the four units is described separately. 

Unit I.-Unit 1 of the Redwall consists of a lower thin-bedded 
clastic unit that constitutes reworked deposits of the Martin limestone, 
and an upper unit that constitutes bluish-gray oolitic thick~bedded 
limestone. The lower unit consists chiefly of limestone, arenaceous 
limestone, and calcareous sandstone-materials which resemble many 
of the Upper Devonian lithologies. This unit wedges out against 
topographic highs that remain on the upper surface of the Martin 
limestone. As much as 35 feet of these beds has been measured in 
some places. The beds are very light gray and lavender to pink; the 
pink results from impurities. Most of the beds in the lower part of 
the unit are thin, but higher up they are moderately thick '(several 
feet) . Locally a thin zone of sandstone, partly conglomeratic, is 
present at the base. The thin beds normally weather to slopes. 

The upper part of unit 1 consists of massive beds of aphanitic oolitic 
limestone, which range from 25 to 55 feet in thickness, and is charac­
teristically bluish gray and cliff forming. The rock generally is a 
mass of conspicuous oolites, which stand out in relief on weathered 
surfaces. 

Gutschick and Easton (1953, p. 3), stated that an unconformity 
which cuts out the oolitic limestone to the north and northwest, is at the 
top of their member I. They believed that because of this unconform­
ity the oolitic limestone is not recognized in the Grand Canyon area. 
Huddle and Dobrovolny (1952, p. 87), however, traced this unit 
laterally into a rubble breccia that consisted of large limestone and 

, chert blocks in a matrix of red sandy mudstone. This relationship 
conforms with observations made by the writer in the Clarkdale quad­
ra,ngle, and indicates that the oolitic blue limestone unit is conformable 
with the overlying member, but toat laterally parts of it that were 
especially susceptible to solution formed in caves that later collapsed ' 
to form thick irregular breccia zones. 

, Unit ~.-Unit 2, which ranges from 55 to 80 feet in thickness, is a 
Hght gray to cream fine-grained cherty limestone. The abundance of 
chert in this unit is characteristic. The chert, which is white to yel-
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CONTRIBUTIONS TO GENERAL GEOLOGY 

lo:w ~nd weathers to a rusty brown,. occurs as nodules, lenses, and layen 
. WIthin the beds and along the beddmg planes of the limestone. Fossils 
~re commonly preserved in the many chert nodules. Where this unit 
IS exposed to weathering, large blocks of chert are scattered about on 
the surface. The limestone occurs as beds 2-5 feet thick and is fine 
to ~edi~m' grained. It is fossiliferous though not ab~ndantly so. 
ThIS umt appears to have been especially susceptible to the formation 
cf caverns. These caverns have collapsed ,or been refilled with lime­
stone and chert breccia. 
" Unit 3.:-Unit 2 is overlain conformably by unit 3. Unit 3 is a yellow. 
ISh- to h~ht-gray homogeneous coarsely crystalline crinoidal lime­
stone, whIch probably averages 100 feet in thickness. It is thick 
bedded and the most fossiliferous unit of the formation. The weath. 
c~ surface of the limestone is rough as a result of its coarse crystal. 
lim.ty a~d the abundance of small crinoidal discs that it contains. 
Umt ~ dIffers from unit 2 in grain size, color, and absence of chert. 

Uw:t 4.-:-Unit 4 consists of a bluish-gray aphanitic to oolitic cliff .. 
formmg lImestone that is present nearly everywhere in the Clarkdale 
quadrangle except where it has been removed by pre-Supai' erosion. 
It ave.rages about 40 fe~t ~n thickness, and resembles the oolitic phase 
of ~mt 1, ex~pt that It IS more aphanitic, lighter, and has srr.aller 
oolItes that can be recognized only with the lens: This unit because 
of its color and its cliff-forming tendencies, forms a nearly co~tinuous 
band at the top of the formation, visible for several miles or more. 

AGE AND CORRELA~IbN 
" , ' 

In Arizona, ' rocks of early Mississippian age have bee~ called the 
~wallli~estone in the northern part of the State and the Escabrosa 
l~e~tone m the southeastern part of the State. The Redwall, as 
orIgmally defined by Gilbert (1875, p. 162, 177-186), included rocks 
both older and younger than Mississippian. Later, Noble (1922 p. 
26,.54), who made detailed studies in the Grand Canyon area, 'r&­

stncted the name to strata of Mississippian age. The Escabrosa lime­
stone was ~ ~a~e propos~d by R~nsome (1904, p. 42-44), for the 
strata of MISSISSIpPIan age m the Bisbee area of southern Arizona and 
this term has been widely used in the southeastern part of the State. 
In central Arizona, Huddle and Dobrovolny (1952, p. 86) have shown 
that the two. formation~ probably are continuous and form a single 
mappable umt. I~ theIr report dealing with the Mississippian lime­
stone of central ArIzona, they use the name Redwalllimestone. 

The Mississippian strata in the Jerome area have long been referred 
to as the Redwalllimestone. Ransome (1916, p. 162) reported that 
the faunas show close affinities with the lower Burlington (lower 
Osage group). Stoyanow (19M, p. 505) stated that the Escabrosa 
and the Redwall limestone formations are not exactly taxonomic 
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equivalents but overlap each other; he believed that the Redwa~'began ' 
eomewhat la~r than the EscabroslL He·further stated (Stoyanow~ 
1936, p. 514) that species collected by Woodell in the Redwalllime­
stone of the Jerome area indicate that the faunas range from late 
Kinderhook into Keokuk and Burlington times. 

Gutschick (written communication, 1955) assigned his member I 
to Kinderhook age and placed the break between Kinderhook and 
Osage between his member I and II. He correlated his me~ber II 
with the top of the Alamogordo and the base of the N unn members 
of Laudon and Bowsher of the Lake Valley limestone in New Mexico • 
His member III is Osage in age and correlated .with the Burlingto~ 
limestone of the Mississippi Valley. Gutschick tentatively" placed 
bis member IV in the uppermost part of the Osage (Keokuk a.ffinity) _ " 
but felt that this did not necessarily preclude a Meramec assignment. 

SUPAI FORMATION 

DISTRIBUTION 

The Supai formation has greater areal distribution in the quad~ ,l r 
rangle than any other formation, and presents a vast expanse of red , 
rocks that extend from the north side of W oodchute Mountain north­
ward and northeastward in many places to the limits of the quadrangle. 
Elsewhere, the Supai is present for the most part, as inliers or out­
liers except for the southeastern part of the quadrangle where it is 
covered by the younger Verde formation. The Supai formation has -
& general northeasterly dip except in the northeastern part of the 
quadrangle where it flattens as it approaches the Mogollon Rim. Ero­
sion has beveled these dipping beds so that they thin to the soutli 
and are largely absent on Mingus Mountain south of the quadrangle. , 

tHICKNESS AND STRATIGRAPHIC RELATIOHSHIP 

The Supai formation ranges from 1,550 to 1,665 feet in thickneSs 
within the Clarkdale area. The latter figure was determined by 
McKee (oral communication, 1953) from a section in Sycamore Can­
yon. McKee believes that the basal 332 feet of the section is equivalent 
to the Naco formation 01 Pennsylvanian age, but this part is included 
in the Supai in this report. The 1,550 feet of Supai was measured 
in a composite section from the Verde River in the vicinity of Mormon 
Pocket north to Henderson Flat at the base of the Mogollon Rim. 
Most of the Supai, particularly , the lower and upper parts, forms 
cliffs, which confine examination to the few accessible canyon walls 
or slopes. , 

Hughes (1949, p. 33; 1952) measured a maximum of 1,15"15 feet of 
Supai at Black Mesa about 10 miles south of Ash-fork. In the vicinity 
of Fossil Creek, Huddle and Dobrovolny (1945) measured 2,200 feet 
of Supai; this excluded the basal 470 feet which they assigned to the 
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CONTRIBUTIONS TO GENERAL GEOLOGY 

lo:w ~nd weathers to a rusty brown,. occurs as nodules, lenses, and layen 
. WIthin the beds and along the beddmg planes of the limestone. Fossils 
~re commonly preserved in the many chert nodules. Where this unit 
IS exposed to weathering, large blocks of chert are scattered about on 
the surface. The limestone occurs as beds 2-5 feet thick and is fine 
to ~edi~m' grained. It is fossiliferous though not ab~ndantly so. 
ThIS umt appears to have been especially susceptible to the formation 
cf caverns. These caverns have collapsed ,or been refilled with lime­
stone and chert breccia. 
" Unit 3.:-Unit 2 is overlain conformably by unit 3. Unit 3 is a yellow. 
ISh- to h~ht-gray homogeneous coarsely crystalline crinoidal lime­
stone, whIch probably averages 100 feet in thickness. It is thick 
bedded and the most fossiliferous unit of the formation. The weath. 
c~ surface of the limestone is rough as a result of its coarse crystal. 
lim.ty a~d the abundance of small crinoidal discs that it contains. 
Umt ~ dIffers from unit 2 in grain size, color, and absence of chert. 

Uw:t 4.-:-Unit 4 consists of a bluish-gray aphanitic to oolitic cliff .. 
formmg lImestone that is present nearly everywhere in the Clarkdale 
quadrangle except where it has been removed by pre-Supai' erosion. 
It ave.rages about 40 fe~t ~n thickness, and resembles the oolitic phase 
of ~mt 1, ex~pt that It IS more aphanitic, lighter, and has srr.aller 
oolItes that can be recognized only with the lens: This unit because 
of its color and its cliff-forming tendencies, forms a nearly co~tinuous 
band at the top of the formation, visible for several miles or more. 

AGE AND CORRELA~IbN 
" , ' 

In Arizona, ' rocks of early Mississippian age have bee~ called the 
~wallli~estone in the northern part of the State and the Escabrosa 
l~e~tone m the southeastern part of the State. The Redwall, as 
orIgmally defined by Gilbert (1875, p. 162, 177-186), included rocks 
both older and younger than Mississippian. Later, Noble (1922 p. 
26,.54), who made detailed studies in the Grand Canyon area, 'r&­

stncted the name to strata of Mississippian age. The Escabrosa lime­
stone was ~ ~a~e propos~d by R~nsome (1904, p. 42-44), for the 
strata of MISSISSIpPIan age m the Bisbee area of southern Arizona and 
this term has been widely used in the southeastern part of the State. 
In central Arizona, Huddle and Dobrovolny (1952, p. 86) have shown 
that the two. formation~ probably are continuous and form a single 
mappable umt. I~ theIr report dealing with the Mississippian lime­
stone of central ArIzona, they use the name Redwalllimestone. 

The Mississippian strata in the Jerome area have long been referred 
to as the Redwalllimestone. Ransome (1916, p. 162) reported that 
the faunas show close affinities with the lower Burlington (lower 
Osage group). Stoyanow (19M, p. 505) stated that the Escabrosa 
and the Redwall limestone formations are not exactly taxonomic 
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equivalents but overlap each other; he believed that the Redwa~'began ' 
eomewhat la~r than the EscabroslL He·further stated (Stoyanow~ 
1936, p. 514) that species collected by Woodell in the Redwalllime­
stone of the Jerome area indicate that the faunas range from late 
Kinderhook into Keokuk and Burlington times. 

Gutschick (written communication, 1955) assigned his member I 
to Kinderhook age and placed the break between Kinderhook and 
Osage between his member I and II. He correlated his me~ber II 
with the top of the Alamogordo and the base of the N unn members 
of Laudon and Bowsher of the Lake Valley limestone in New Mexico • 
His member III is Osage in age and correlated .with the Burlingto~ 
limestone of the Mississippi Valley. Gutschick tentatively" placed 
bis member IV in the uppermost part of the Osage (Keokuk a.ffinity) _ " 
but felt that this did not necessarily preclude a Meramec assignment. 

SUPAI FORMATION 

DISTRIBUTION 

The Supai formation has greater areal distribution in the quad~ ,l r 
rangle than any other formation, and presents a vast expanse of red , 
rocks that extend from the north side of W oodchute Mountain north­
ward and northeastward in many places to the limits of the quadrangle. 
Elsewhere, the Supai is present for the most part, as inliers or out­
liers except for the southeastern part of the quadrangle where it is 
covered by the younger Verde formation. The Supai formation has -
& general northeasterly dip except in the northeastern part of the 
quadrangle where it flattens as it approaches the Mogollon Rim. Ero­
sion has beveled these dipping beds so that they thin to the soutli 
and are largely absent on Mingus Mountain south of the quadrangle. , 

tHICKNESS AND STRATIGRAPHIC RELATIOHSHIP 

The Supai formation ranges from 1,550 to 1,665 feet in thickneSs 
within the Clarkdale area. The latter figure was determined by 
McKee (oral communication, 1953) from a section in Sycamore Can­
yon. McKee believes that the basal 332 feet of the section is equivalent 
to the Naco formation 01 Pennsylvanian age, but this part is included 
in the Supai in this report. The 1,550 feet of Supai was measured 
in a composite section from the Verde River in the vicinity of Mormon 
Pocket north to Henderson Flat at the base of the Mogollon Rim. 
Most of the Supai, particularly , the lower and upper parts, forms 
cliffs, which confine examination to the few accessible canyon walls 
or slopes. , 

Hughes (1949, p. 33; 1952) measured a maximum of 1,15"15 feet of 
Supai at Black Mesa about 10 miles south of Ash-fork. In the vicinity 
of Fossil Creek, Huddle and Dobrovolny (1945) measured 2,200 feet 
of Supai; this excluded the basal 470 feet which they assigned to the 
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(:ONTRIBUTION~ TO GENERAL GEOLOGY 

Naco formatiorl of Pennsylvanian age. McNair, (1951, p. 530) mea&­
ured a section of the Supai in Chino Valley near the south edge of 
Picacho Butte; it totaled 1,052 feet. 
. The Supai formation rests unconformably on the Redwall lime­
stone. The unconformity is marked by an erosion surface on the 
Radwall limestone which shows a relief of about 15 to 30 feet in 
the area. Upon this surface rests a basal limestone conglomerate 
and (or) chert breccia of the Supai which is held together by a matriI 
of red mud. The contact is conspicuous because of the striking dif­
ference in lithology and color between the two formations . 

. Overlying the Supai formation in the Clarkdale quadrangle is the 
Coconino sandstone, whereas in the Grand Canyon area the Hermit 
shale separates the Supai from the Coconino. The contact between 
the Supai and the Coconino is intertonguing. The contact has been 

. assigned primarily on the basis of differences in the type of cross­
bedding shown by each formation. Crossbedding in the upper part 
of the Supai formation consists of thick coextensive sandstone beds 
that contain one or more sets of torrential-type cross laminae, the 

o beveled surfaces of which are covared by horizontal beds of very thinly 
laminated siltstone and fine-grained sandstone. In contrast, the 
Coconino sandstone is considered to be an eolian deposit, and displays 
giant, wedge-shaped, crossbeds throughout its vertical range. 

McKee (oral communication, 1953), in his regional studies haa 
recognized the problem of drawing a boundary between the Supai and 
the Coconino and has arbitrarily placed the upper limits of the Supai 
at the top of the uppermost flat-bedded siltstone or sandstone, and 
this procedure is followed through this report. . 

LITHOLOGY 

The Supai formation, which is a red-bed deposit, consists of both 
detrital and chemical rocks. The detrital rocks, which are the most 
abundant, occur chiefly as sandstone, siltstone, and shaly mudstone, 
whereas the chemically deposited rocks, which consist of limestone 
~d chert, and are most abundant near the base, constitute a very 
mInor part of the formation. Such a diversity of sedimentary roca 
indicates that the formation mllst have accumulated in a complex 
environment. 
. The Supai formation has been divided into members in order to 
interpret structure more precisely. The subdivision of the formation 
into members is based on the divisions of Huddle and Dobrovolny 
(1945) which include lower, middle, and upper members. McKee 
(oral communication, 1953), recognized these same subdivisions in 
~ak Cre~k <?anyon and elsewhere. These members are distinctly 
dIfferent In lIthology, color, and topographic expression. 
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Lower member.-The lower member of .the Supai formation ,ra.nges 
from 580 to 625 feet in thickness and consists chiefly. of sand~tone and 
siltstone and minor amounts of shaly mudstone; It contaIns 0 a few 
limestone beds and some chert breccia and (or) limestone conglom~ 
arate. In the'lower part of the member the beds ~re thinner. 

Shaly mudstone is commonplace, so that the umt forms a gentle 
slope at the base but is increasingly steep toward the top, as the amount 
of shaly mudstone decreases. Some beds crop out pro~inently, other 
. beds are concealed; the result is a stairlike slope typlcal of nearly 
ftatlying beds of different composition. The lowe: member 'o~ the 
Supai is the only one exposed south o,f the Verde RIver. PromInent 
outcrops of this member north of the rIver make up the top of Packarc:I 
Mesa form the clifflike walls of the inner gorge of Sycamore Canyon 
from'its mouth almost to the northeast corner of the quadrangle, and 
crop out in large areas northeast and northwest of Perkinsville, in 
places where overlying Tertiary or Quaternary gravel has been eroded 

~~. . 
Many beds of the lower member of the Supai are lentIcular. The 

sandstone beds commonly are laminated or cross laminated. They are 
generally fine grained and in places g~de in~ siltstone. , Conglomer­
ite deposits are lenticular and contaIn tnedlUm-gr~y h~est?ne and 
pale-red siltstone pebbles, which are as much as an Inch In ~ameter. 
The few limestone beds in the lower part of the member are h~ht blu­
ish gray to light brownish gray aph,anitic to cO,arsely c~stallme, and 
form conspicuous ledges 1-6 feet thick. The siltstone IS pale to dar~ 
reddish brown and thin to thick bedded. Many beds are cross lanu", 
nated. The thin beds are more friable and are a deeper red than the 

thick beds. . 
At the base of the lower member is a conglomerate and (or) brooCIa 

zone locally as much as 15 feet thick, which res~ unconformably on 
the Redwall limestone. The conglomerate conSISts of pebbles and 
boulders of limestone which are loosely cemented with a purplish­
red and green to gray 'silty shale. Many spherical to ovoi.d c~ert con­
cretions which range from several inches to several feet In dlametel', 
and which show concentric banding of many colors, weather out from 
this zone. Some chert fragments are present in the conglomerate, but 
they are rare in comparison with limestone gra~el. The conglom­
erate occurs in pockets, and was undoubtedly derIved from the Re~­
wall limestone with little transportation. In other places a breCCIa 
consists entirely of chert and is dark reddish brown and poorly 
sorted. It has an even upper surface. The chert fragments range 
from a fraction of an inch to as' mu¢h as an inch in diameter. The 
conglomerate is common in the vicinity of J erome a~d W oodchu~ 
Mountain. Elsewhere, in the area west of Antelope Hills, the breccIa 
is more common. 
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Naco formatiorl of Pennsylvanian age. McNair, (1951, p. 530) mea&­
ured a section of the Supai in Chino Valley near the south edge of 
Picacho Butte; it totaled 1,052 feet. 
. The Supai formation rests unconformably on the Redwall lime­
stone. The unconformity is marked by an erosion surface on the 
Radwall limestone which shows a relief of about 15 to 30 feet in 
the area. Upon this surface rests a basal limestone conglomerate 
and (or) chert breccia of the Supai which is held together by a matriI 
of red mud. The contact is conspicuous because of the striking dif­
ference in lithology and color between the two formations . 

. Overlying the Supai formation in the Clarkdale quadrangle is the 
Coconino sandstone, whereas in the Grand Canyon area the Hermit 
shale separates the Supai from the Coconino. The contact between 
the Supai and the Coconino is intertonguing. The contact has been 

. assigned primarily on the basis of differences in the type of cross­
bedding shown by each formation. Crossbedding in the upper part 
of the Supai formation consists of thick coextensive sandstone beds 
that contain one or more sets of torrential-type cross laminae, the 

o beveled surfaces of which are covared by horizontal beds of very thinly 
laminated siltstone and fine-grained sandstone. In contrast, the 
Coconino sandstone is considered to be an eolian deposit, and displays 
giant, wedge-shaped, crossbeds throughout its vertical range. 

McKee (oral communication, 1953), in his regional studies haa 
recognized the problem of drawing a boundary between the Supai and 
the Coconino and has arbitrarily placed the upper limits of the Supai 
at the top of the uppermost flat-bedded siltstone or sandstone, and 
this procedure is followed through this report. . 

LITHOLOGY 

The Supai formation, which is a red-bed deposit, consists of both 
detrital and chemical rocks. The detrital rocks, which are the most 
abundant, occur chiefly as sandstone, siltstone, and shaly mudstone, 
whereas the chemically deposited rocks, which consist of limestone 
~d chert, and are most abundant near the base, constitute a very 
mInor part of the formation. Such a diversity of sedimentary roca 
indicates that the formation mllst have accumulated in a complex 
environment. 
. The Supai formation has been divided into members in order to 
interpret structure more precisely. The subdivision of the formation 
into members is based on the divisions of Huddle and Dobrovolny 
(1945) which include lower, middle, and upper members. McKee 
(oral communication, 1953), recognized these same subdivisions in 
~ak Cre~k <?anyon and elsewhere. These members are distinctly 
dIfferent In lIthology, color, and topographic expression. 
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Lower member.-The lower member of .the Supai formation ,ra.nges 
from 580 to 625 feet in thickness and consists chiefly. of sand~tone and 
siltstone and minor amounts of shaly mudstone; It contaIns 0 a few 
limestone beds and some chert breccia and (or) limestone conglom~ 
arate. In the'lower part of the member the beds ~re thinner. 

Shaly mudstone is commonplace, so that the umt forms a gentle 
slope at the base but is increasingly steep toward the top, as the amount 
of shaly mudstone decreases. Some beds crop out pro~inently, other 
. beds are concealed; the result is a stairlike slope typlcal of nearly 
ftatlying beds of different composition. The lowe: member 'o~ the 
Supai is the only one exposed south o,f the Verde RIver. PromInent 
outcrops of this member north of the rIver make up the top of Packarc:I 
Mesa form the clifflike walls of the inner gorge of Sycamore Canyon 
from'its mouth almost to the northeast corner of the quadrangle, and 
crop out in large areas northeast and northwest of Perkinsville, in 
places where overlying Tertiary or Quaternary gravel has been eroded 

~~. . 
Many beds of the lower member of the Supai are lentIcular. The 

sandstone beds commonly are laminated or cross laminated. They are 
generally fine grained and in places g~de in~ siltstone. , Conglomer­
ite deposits are lenticular and contaIn tnedlUm-gr~y h~est?ne and 
pale-red siltstone pebbles, which are as much as an Inch In ~ameter. 
The few limestone beds in the lower part of the member are h~ht blu­
ish gray to light brownish gray aph,anitic to cO,arsely c~stallme, and 
form conspicuous ledges 1-6 feet thick. The siltstone IS pale to dar~ 
reddish brown and thin to thick bedded. Many beds are cross lanu", 
nated. The thin beds are more friable and are a deeper red than the 

thick beds. . 
At the base of the lower member is a conglomerate and (or) brooCIa 

zone locally as much as 15 feet thick, which res~ unconformably on 
the Redwall limestone. The conglomerate conSISts of pebbles and 
boulders of limestone which are loosely cemented with a purplish­
red and green to gray 'silty shale. Many spherical to ovoi.d c~ert con­
cretions which range from several inches to several feet In dlametel', 
and which show concentric banding of many colors, weather out from 
this zone. Some chert fragments are present in the conglomerate, but 
they are rare in comparison with limestone gra~el. The conglom­
erate occurs in pockets, and was undoubtedly derIved from the Re~­
wall limestone with little transportation. In other places a breCCIa 
consists entirely of chert and is dark reddish brown and poorly 
sorted. It has an even upper surface. The chert fragments range 
from a fraction of an inch to as' mu¢h as an inch in diameter. The 
conglomerate is common in the vicinity of J erome a~d W oodchu~ 
Mountain. Elsewhere, in the area west of Antelope Hills, the breccIa 
is more common. 
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', Approximately the basal th' d 
PYerlying the' basal breccia or Ir of the lower member of the Supai, 

of. siltstone, but contains some c;:110mer~te beds, is composed chiefly 

this part of the member are be a ~ mu stone. Intercalated within 

and sandstone. This part of !s of llI~estone conglomerate, limestone, 

' The upper half to two-th . de m;m er forms a moderate slope. 

~!tiefly of sandstone, but cont~~n: ~i t~e basal mem.ber is comprised 

. limestone beds. The b dd' . h ' n Intercalated SIltstone and some 

to 
e mg IS t lCker and . 

P of the member so that' more maSSIve toward the 
El In most places this part f 

ope or, more commonly a cliff Th orms a very steep 

0U8 sandstone unit which is paj d e
t 
up~ekr 70-90 feet is a conspicu-

bedd d" e re 0 pm very fin . d 
, e, WIth cross laminae in th bed' e grame ,thick 

fo~ing .. Its s?rfaces weather p:le resdJia~t~ calcareo~s, and cliB 

This maSSIve clIff-forming sand to s rown to lIght brown. 
lvi I f s ne contrasts sharply t th 
,,:ng, s Ope- orming sequence of 'ltst 0 e over· 
~Iddle member. SI one and conglomerate of the 

Middle member.-The middl be . 
feet in thickness, is present on~ mem thr whIch ranges from 250 to 300 

has stripped it from the area sO~hn~~ of .the. Verde ~iver; erosion 

topographically forms broad flat the. r~vel. The mIddle member 

rounded hil1s such as occur nort:r:~s t~It M a few gently rolling and 

northwest of Black Mountain in th C e ormon Pocket area and 

forms a moderate slope above th .e ow and Henderson Flats. It 

west of Black Mountain where er ~ m~er walls of Sycamore Canyon 

member also crops out north O;lOn IS especially active. The middl, 

leaves the west side of the qu d an :outh of the Drake road where it 

within a mile rad' . a r~n? e north of coordinate N. 1440000' 
IUS CIrcumsCrI bm th . t. '" 

N. 1,430,000 and E. 420 000' and gem ersectlOn of coordinates 

Canyon to where it leav~s the nor::rt~ along the course of Sycamore 

The principal rock in this memb ea.s ~orner of the quadrangle. 

, ,', with conglomerate sandsto edr IS sIlts~ne, but it is intercalated 
. , ne, an some hmesto Th' 

ranges In color from reddish brown to . ne. e sIltstone 
I i ',' 
,j , 

i , 
j ,:' 

member, zones of thin la It graYIsh red. Throughout the 

inches to 3 feet thick. MaZ:':: s:lt:~nate with beds ~hat are from 6 

weathering and form we k d ne beds are relatIvely resistant to 
bed a roun ed ledges Som f th . 

s are calcareous and contai d 1 . e 0 e sIltstone 
into gray limestone. n no u es; they have been traced laterally 

Few of the conglomerate beds ar h' 
bed at the top of the membe' e t lCker than 3 feet, although one 

25 percent of the middle me~~r nearl;r 10 feet in places. ' Probably 

so-called "intraformational I conSISts of conglomerate beds' the 
1 cong omerates" of th S' I 

. g omerate hE;ds are very lenticular and e upal. The con-

and upward mto siltstone Th m~ny grade both lateraIly 

ate include pale-brown t~ paJ e ~av.ell constItuents of the conglomer­
e-re SI tstone (Some of which is lami. 
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), and light-brownish-gray to medium-gray limestone. rle peb-" 

range from ¥2 to 5 inches in diameter, but more commonly are , 

inch or less; they are well rounded. The ma.trix is usually -a pale. 

to reddish-brown siltstone. 
, The sahdstone is limited to perhaps three or four beds that .are 

in comparison with the other rocks of this member. The sand­

is light brown to pale reddish brown, fine grained, and ~erally 

forms resistant, rounded ledges. Some beds are calcareous and show 

prominent cross lamination. They commonly range from 5 to 10 feet, 

in thickness. ' 

Limestone is the least common rock type in the middle member. 

Only a few beds are present in most sections. Locally a dark-plnkish- -, 

gray aphanitic sandy cross-laminated limestone occurs at the ,base of :~ 
the member. ,This limestone weathers into a pitted surface and is ,~, 

lighter on the weathered than on the unweathered surfaces. It wedges ~}; 

, . , 

;, 

laterally and commonly is 1-1% feet thick, though in a few places it 

is almost 5 feet thick. .j., 

The contact between the middle and upper members is placed at the J 

, 

base of the lowest reddish-orange to light-brown friable large scale 

cross-laminated sandstone. The sandstone weathers into slabs several t, ' 
inches thick and is typical of the sandstone throughout the up~r mem- ." 

her. Inasmuch as the upper member is predominantly a sequence of 

medium- to coarse-grained sandstone, its basal contact is prominent. 

Upper member.-The upper member of the Supai formation ranges 

from 650 to 150 feet in thickness, and is present only nortp. of the 

Verde River. This member forms a wide peripheral band around ' '" 

Black and Casner Mountains, and comprises nearly half tHe rocks I 

that make up the precipitous Mogollon Rim, which projects into the 

northern part of the quadrangle and extends along Sycamore Canyon 

where it has been cut into the Colorado Plateau. In the northwest 

quarter of the quadrangle most of the upper member of the Supai ,is 

covered by lava and gravel so that inliers of this member occur in ' 

many of the drainage systems which traverse the beds of lava and 

gravel. , 

The contact between the middle and upper members is characteriZed ' 

by a sharp break in topography and lithology. In contrast to the ' 

slope-forming, dominantly ,siltstone sequence of the middle member, 

the upper member is a sequence of sandstone and a few interbedded ' 

siltstone beds that form cliffs, buttresses, and pinnacles. 

, This member contains about eight times as much sandstone as silt- , 

stone. The sandstone has a distinct outcrop and color which is not ' , 

readily confused with lithologic characteristics in other members; it : 

is dominantly reddish orange though some is light brown to moderate . 

reddish brown. Most of the 'sandstone is cross laminated on iI. large , 
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I 
8cele; -and, the rock weathers into slabs and plates. The sandstone 
~ds generally are .very friable and form a sandy soil. Some are cal­
careo.JIB and most are medi urn to coarse grained. The bedding is 

., massIve; some beds measure more than 150 feet in thickness and, 
I COl IDDlgulonlY'findclude a few partings or lenses of flat-bedded silt'stone. 
I rre ar 01 ing due to penecontemporaneous deformation is con-

spicuous in the upper member at Sand Flat (coordinates N. 1,446, 500; 
E. 421,200), but was not seen anywhere else. 

Intercalated in the upper member are beds of pale-reddish-brown 
siltstone which range from a few feet to almost 30 feet in thickness, 
and probably averages 6-8 feet. The siltstone beds show irregular 
wavy laminae. Cross laminae, in most places are absent and the 
horizontal bedding of the siltstone beds is us~ally very ~oticeable 
where they separate strongly cross-laminated sandstone. The siltstone 

, weathers into rounded ledges. 
The. contact bet~een. the upper member of the Supai and the 

Coconrno sandstone IS difficult to determine in places. Because there 
are no siltstone beds in the Coconino of other areas, and because at 

' c~ose range the crossbed~g in the upper member of the Supai re­
sembles that of the Coconmo, the contact is arbitrarily plar:~d at the 
top of. the uppermost flat or horizontally bedded red siltstone. How­
ever, In many places talus blocks of the Coconino sandstone conceal 
parts of the upper Supai so that locally it is difficult to locate the 
uppermost siltstone. The Coconino sandstone is typically buff to 
cream, but locally may have the same reddish color as the Supai. How­
ever, the color boundary commonly is in close coincidence with the 
top of the uppermost flat-lying bed of the Supai. The Supai h~s 
horizontal-bedding planes, throughout, whereas the Coconino has 
huge! sweeping planes that separate individual wedges or sets of cross­
beddmg. The structures of the eolian Coconino sandstone are on such 
a large. scale that they have very shallow angles and are almost hori­

. ~ontal ~n places. The low angles of these parting planes add difficulty 
In placmg the contact on the basis of the highest horizontal-bedding 
plane. From a distance, a greater length of the contact can be observed 
and the boundary at once becomes evident. ' 

AGE AND CORRELATION 

The Su~ai formation, as originally defined by Darton (1910, 
~. 25-21) m the eastern Grand Canyon region of northern Arizona, 

- mclud~d about 800 feet of red sandstone and shale underlying the 
Coconmo sandstone and overlying the Redwalllimestone. As defined 
by Darton the Redwalllimestone included rocks of both Mississippian 
and Pennsylva~ian or ~ermia~ a¥e, but Noble (1922, p. 59-62) rede­
fined the SupaI formation, asslgnmg to it about 250 feet of red shale , 

GEOLOGY OF THE CLARKDALE QUADRlLNULJ!;, 1 ... U", 

purple and gray limestone with chert and red calcareous sandstone 
formerly included in the Redwall. Noble also redefined about 300feet 
of red shaly siltstone and fine-grained san~stone from the top of !he 
Supai and assigned to it the name HermIt shale. When x:edefinm~ 
the Supai formation, Noble (1922, p. 62) regarded the entIre SupaI 

as probably Pennsylvanian in age.. . . . . , , 
The Supai formation, as now classIfIed, IS PermIan and ~~syl~ 

vanian. Work by Huddle and Dobrovolny (~945) has resulted i'n an 
attempt to define the age of the Supai f?rma~IOn more closely. They 
stated that the formation transgresses time lInes and probably ranges 
in age from Des Moines (Pennsylvanian) through Leonard (Per­
mian). In addition, they reported that the lower ~ember pr0:OO~ly 
ranges from Des Moines through W olfcamp,. and l~terfingers With 
the underlying Naco formation (Pennsy1vaman). Also, the~ cor­
related the middle member of the Supai with the Abo formatIOn of 
N'ew Mexico and assigned it to Leonard age and po~ibly in part to 
Wolfcamp age. They assigned the upper ~ember entirely ~ Leonard 
age and equated it with the Yeso formatIOn of New M~XICO. , 

In recent years there has been a tendency amo~g geolO~lSts to sepa.-
rate beels of Pennsylvanian age from the SupaI formatI~n. In the 
Clarkdale quadrangle, however, the lack of an unconfor~ty, the ap­
parent absence of fossils, and the similarity of litholo.gy I~ the P~nn~ 
sylvanian and the Permian beds make this separation Imprq.ct~caI. 

Ransome (1904, p. 44-54) introduced the term. N aco fo~ lIme­
stone of Pennsylvanian age overlying the Escabrosa llillestone of early 
Mississippian age in the Bisbee quadrangle .. Later, the limits' o~ th~ 
Naco were extended northwestward from BIsbee to the Globe-MIamI 

area of Arizona. 
Huddle and Dobrovoh1Y (1945) further extended the limits north-

ward into the Pine-Payson area of central Arizona, which is about 
50 miles southeast of Jerome. Here, they differentiated strata of 
Pennsylvanian age from the Supai formation and referred them to the 
Naco formation. The Naco-Supai contact was placed above a sequence 
of gray limestone and shale beds and below a sequence of beds con­
sisting of sandstone, shale, and some limestone. They regar.de~ the 
Naco as of Pennsylvanian age, ranging from Lampasas to VIrgil. 

Jackson 1 and Winters (whose stratigraphic work in the Fort 
Apache area of Arizona has not been published but is q~oted by 
Jackson) removed the Pennsylvanian beds from the SupaI ~nd as­
signed them to the N Reo. The similarity between the PermIan and 

1 Jackson, R. L., 1951, The stratigraphy of the Supai formation along tll1! Mogollon 
River, central Arizona: Unpublished thesis in files of thp. University of Arizona. 
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& ...... STRATIGRAPHIO RELATIONSHIP 

Pennsylvanian rocks forced these workers to select for the contact an THIOKN ~.. • 

1 

arbitrary plane above the highest bed ('.ontaining a marine Pennsyl- d to ges from 500 to 650 feet in thickness m . 
vanian fauna- The Coconino san s n~ ran McKee (1934, p. 82) at Pine, Ariz., 

quadrangle. Accordmg to 1 ) the Coconino is 1,000 feet 
Winters 2 regarded the Pennsylvanian-Permian boundary proposed 55 miles southeast of th~ quadrang eM N' (1951 p.533-534) 

by Huddle and Dobrovolny (1945) as an arbitrary one which forms which is the thickest sectlO~ known. b c ~~ff (bout 65 miles 

\

' an unnatural break in a continuous rock sequence that has similar a section of the Coconmo at Au rey s a 
lithology and faunal .assemblages; therefore, he assigned 410 feet to hell\,!;ur4~d of the quadrangle) which totaled 4O? feet. Noble (1922t~" 

! the proposed boundary. Winters' Naco formation has an uppermost d tl' kness of 30 feet of Coconmo sandstone near e reporte a HC d C rea Farther 
bed of gray ripple-marked fossiliferous thin-bedded limestone, which end of Kanab Canyon of the Gran a~yon. a. The 
.is overlain by gray reddish-brown claystone that grades upward int() near the Arizona-Utah border, the Cocom~o dlsappea~hward 
noncalcareous siltstone and sandstone. From fusilinids present in the of the Coconino sandstone therefore m,creases so~ , . 

i l~mestone, Winters established a Virgil age for the upper Naco. the north boundary of the State. . ' . 
West of Fort Apache, where Winters had worked, Jackson S found The Coconino sandstone conformably overlies

h 
the ~u~a~:~;~:, 

fossils of Des Moines age at Fossil Creek, in the Pine-Payson area, in asses laterally into its upper part t roug III • 

the highest fossiliferous unit of the Naco. Jackson stated that the dis- Ithfn the quadrangl~, exposurCes fa VI' 0nroasbalendfsotrontheea~~U::w o~~::~~. 
tribution of the lithologic assemblages between the Fossil Creek and h S d the ocon 
the Fort Apache areas clearly indicate a regression of the Pennsyl- tact bep~::;t~i: c~~t:~:~s on the side of inaccessible cliffs. The con-
vani'an sea toward the south and southeast as sedimentation exceeded 538 
subsidence. He sug.gested also in his stratigraphic work, the name lact is discussed on page . '. d to and the overlying Toro~ 

The contact between the Coconmo san s ne I 1 f the Coco-
Packard Ranch member for a subdivision of the Supai (lower half formation is sharp. The crossbedded upper ~v~ so. b 
of lower member in this report) which he could trace to the easi-. He nino sandstone are beveled to a s~ooth plane to' anl'ldhtht~bsrolswonvesr~:~~w::, 
stated that his Packard Ranch member becomes more calcareous east- f fi Ish orange g thin, horizontal layer 0 ne gray - f f n Horizontal heds of 
ward and intertongues with the Naco, and is evident, therefore, that which forms the base of the Toroweap orma 10. I beds of the 
the basal part of the Supai is of Pennsylvanian age in that area. the Toroweap are in marked contrast to the large sca e cr~ss d atop the 

Gilluly, Cooper, and Williams (1954) have slihsequently assigned Coconino. Basal beds of the Toroweap form a narrow. an 
th~ name Naco to a group, subdivided into several formations. Coconino that can be seen for miles along the Mogollon RIm. 

COCONINO SA.NDSTONE 

DISTRIBUTION 

The Coconino sandstone which is believed to he an eolian deposit, 
underlies much of the plateau of northern Arizona. Its occurrence 
in the northern part of the Clarkdale quadrangle marks its southern­
most limits in this area. Within the quadrangle, the Coconino crops 
out almost continuously around the upper margin of Black Mountain. 
Pre-Tertiary erosion has removed a considerable part of the formation 
around the south and west margins of the mountain, so that in many 
places only thin remnants are left. 

The Coconino standstone is a prominent feature RJong the Mogollon 
Rim where it forms the highest cliff in the upper wall. In the north­
western part of the Clarkdale quadrangle, much of it is covered by lava 
and gravel, and the largest surface exposures in the quadrangle are in 
the Sand Flat area. 

• Jat'bOD, op. ('\t. 
• Idem. 

From work in western Arizona, Longwell (1928, p. 39) ~::m~~:y~ 
1 C . Toroweap contact was an uncon 

certain whether t 1e oconmo-. . , M K (1938 p. 15), 
or a surface separating rocks of dIfferent OrIgm. c ee , a 

. b l' d that the two formations are conformable o~~r 
howevel, e leve h . nditlons 
wide area and that the Toroweap re~resents ~ c I an~e ~~e~~ef basal 

sedimentation. McKee noted par~ICu1a~1~: . e d~c t 0 an inte:val of 
conglomerate, and other evidence whIch mIg m ~ca e d that "ex-

. precedinu deposition of the Toroweap. e. argue f tl 
'I tensive truncatio~ of sloping laminae in tbhe ~?con~o ~~e~: ;~i!e 
, surface can be accounted for only by a eve mg 0 se 

unconsolidated. " 
LITHOLOGY 

The Coconino sandstone is a massive very pale-orang~ t~ gray:~ 
fine- rained conspicuously crossbedded qu~rtz san s ne. 

most outsta;ding and characteristic features of thIS hOm~g~~~us !~d 
mation are its uniform massiveness, large-scale cross e mg, 

uniform fineness of grain size. 
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. Almost all th~ sand grains in the Cocohino are of quartz but they 
mclude very mmor amounts of clay and iron oxides, and scattered 
traces of felds~~r and heavy minerals. The grains generally are wen 
cemented by sIhca. In places the sandstone is almost as resistant as 
qu~rtzite; elsewhere, it is moderately firm to friable. The grains are 
umformly small (0.125-0.25 millimeter) and are rounded to sub­
an~,llar. . M~st of the grains are pitted and frosted; some grains are 
stamed WIth Iron oxide but a few are clear. 

Iron oxides and clay like impurities form thin threadlike lines be­
tween ~aminae as observed on surfaces broken oblique to the planes 
of lammae. These impurities are red to lavender and are as much as 
several inches thick at the base of the large wedge-shaped crossbeds. 
Some brown to purplish-brown diffusion bands are cut at an angle 
across the lamination planes. The smooth surface of these slabs have 
an attractive color banding. 
, The entire formation consists of sweeping crossbeds us much as 
50 ,feet long, which' are truncated and then overlain by other Cl'OSS­

beds, so that the beds form irregular wedO'es. Each wedge consists 
of thin, inclined laminae which forn:: subp:rallel concave curves thnt 
flat~n downward and become tangential to a plane of truncation at 
theIr lower ends. The wedges differ considerably in thickness and 
the cross-Iamina~ dip at angles of 15°-30°. The dip vf a majority of 
the fo.r~et b~ds ~n tl~e Clarkdale quadrangle is to the south, and this 
prevailmg dIrectIOn IS responsible for the shape of the erosional pin­
nacles and peaks between Henderson and Cow Flats. Here the peaks 
have asymmetrical profiles and the slopes are more gentle on the 
south than on the north. This erosional pattern apparently is caused 
by the sandstone on the south sides weathering along dip slopes of 
~h~ crossbeds, w.hereas that on the north sides breaks along vertical 
Jomts to form chffs. 
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The Coconino, therefore, must also be of Permian age. ::foot­
especially Laoporus, correlate with ~yo~s sandstone of polo­

mdo, and others (McKee, written commumcatIon, 1955). 

TOROWEAP FORMATION 

DISTRIBUTION , 
The Toroweap formation was defined by ~cKee (1938, ~ .. 12) 

from his extensive studies in northwestern ArIZona. He subdiVIded 
the Kaibab limestone-originally described by Darton (1910, p. 

)-into the Toroweap formation and the Kaibab limesto~4> (r~­
stricted). This division was based on unconformable relatlOnslup 
between the two formations, on characteristic faunas of each forma­
Lion and on distinctive lithology of each formation. 
I~ the Clarkdale quadrangle the Toroweap formation occurs only 

in the northern part, and it extends no more than 23,4 miles south of 
the north boundary. The Clarkdale quadrangle is about the southern 
limit of the formation in this part of Arizona. The Toroweap forms 
II narrow band immediately above the Coconino sandstone and below 
the Kaibab limestone in the summit areas of Casner Mountain and 
the Mogollon Rim. North of Sand Flat and east of the Perkinsville­
Williams road the formation crops out from benetith the lava about 
11/2 miles east of Sand Flat and forms a part of the Mogollon Rim. 

THIOKNESS AND STRATIGRAPmC RELATIONSHIP 

, The thickness of the Toroweap fortriation in the Clarkdale quad~ 
, rangle ranges from 150 to 165 feet a:> measured at three loCalities 

within a distance of 9% miles. The thIckness of the Toroweap meas­
ured by McKee (1938, p. 181-188) in Aubrey Cliffs, w~ich is nort~­
west of Seligman, Ariz., is 299 feet thick. It is 361 feet thICk (McNaIr, 
1951, p. 535) at South Hurricane Cliffs i:h the Grand Canyon region. 
The Toroweap becomcs thicker from the quadrangle toward the 

The Coconino sandstone typically weathers into slabs and blocks 
and readily splits into individual thin beds with smooth even sllr­
faces along the bedding planes. Strong northeastward- and north­
westward-trending joints in the northeast corner of the quadran(Jle 
have also been a factor in causing the sandstone to weather i;to . 
blocks. Ripple marks occur locally on the surfaces of slabs. 

northwest corner of the State. ' 
The Toroweap formation conformably overlies the Coconino sand-

stone with a sharp contact. The ' conspicuous crossbedding of the 
Coconino is beveled on top and covered by horizontal bedding of the 

Toroweap. ' 
The Kaibab limestone overlies theToroweap formation and the con-

AGE AND OORRELATION 

Darton (1910, p. 21, 21) proposed the name Coconino for the ex­
posur~s of the sandstone in the walls of the Grand Canyon. The 
Hermlt shnl.e below the. Coconino in the Grn.nd Canyon region hIlS 
?oon determmed by WhIte (1929) as late early Permian in age from 
Its flora, and, according to McKee (1938, p. 211), the Kaibab lime­
stone above the Coconino is definitely of middle Permian (Le0I11ml) 

t.nct between these formations is easily recognized. The upper part of 
the Toroweap consists of soft mudstone and si~tston~ beds w~ich 
readily break down into slopes, whereas the Kaibab lImestone IS a 
cliff-forming unit. The contact is placed immediately below the up­
permost yellow massive sandstone at the base of the Kaibab limestone. 
This sandstone grades upward into the overlying limestone, ~nd is 
believed to be reworked Toroweap. The upper contact of the Toro-

If 
! 
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weap is a gently undulating surface. In most places the contact, 
,*here exposed, is on the face of a cliff, so cannot be studied in detail. 
Talus from the overlying Kaibab limestone commonly conceals it. 
McKee (1938, p. 28-35) cited many places in other parts of the 
region where there is evidence of an unconformity between these 
two formations. . 

LITHOLOGY 

The Toroweap formation, defined by McKee (1938, p. 12, 17), 
includes those beds of sandstone, limestone, and gypsum unconform· 
ably beneath the Kaibab limestone and conformably above the Co· 
conino sandstone. At the type locality in Toroweap Valley in the 
Grand Canyon area, McKee (1938, p. 13, 17-28) divided the formation 
into three members: upper red member (a) that represents a time of 
receding sea, middle liIhestone member (f3) that represents a time of 
a sustained sea, and lower member ('Y) that represents a time of 
advancing sea. He reported that eastward these members lose their 
identity through in~rfingering of units where the formation consists 
of sandstone only. For this reason, he divided the formation laterally 
into western and eastern phases and designated the intermediate area, 
where sedimentary types are mixed, as the transitional phase of depo· 
sition. . 

In the Clarkdale quadrangle the lithology of the Toroweap indicates 
that it is a part of the transitional phase where possibly the members 
of the western phase are partly formed and intertongue with sand· 
stone of the eastern phase. Here the formation can be subdivided 
lithologically into three main units, which consist from bottom to top 
of red to buff sandstone, calcareous sandstone and arenaceous lime· 
stone, and alternating red and buff sandstone, siltstone, and some 
shale including a few white fine-grained pure sandstone beds inter­
calated. These units may be the easternmost, recognizable equivalents 
of McKee's three units. 

The basal rock unit is a grayish-orange medium-grained argillaceous 
sandstone, which grades upward into a grayish-orange-pink to light. 
gray fine-grained calcareous sandstone in the eastern part of the 
quadrangle. The uppermost 2 feet of this unit is a white coarse· 
grained clean sandstone. Bedding is massive, and the unit commonly 
forms a cliff. Westward this unit of sandstone grades laterally into 
pale-reddish-brown and grayish-orange very fine grained calcareous 
sandstone which is in beds 1- 10 inches thick. This unit is progressively 
calcareous and thicker from east to west. It ranges in thickness from 
9 feet in the eastern part to 15 feet in the western part of the Clarkdale 
quadrangle. Probably this unit is laterally equivalent to the lower 
red member ('Y) of McKee's western phase of deposition of the Toro­
weap formation. 

GEOLOGY OF THE CLAnKDALE QUADRANGLE, ARIZ. 

In the Clarkdale quadrangle, the most prominent unit of the Toro­
weap formation is the middle unit. The eastern part of this unit is 
vln'y calcareous sandstone which grades laterally to the west into a 
very sandy limestone. The unit increases in thickness west'Waro from 
15 to about 80 feet, but ~verages about 50 feet throughout the area.. 
It forms a massive cliff and because of its yellowish-gray. color, which 
is in contrast to the darker units above and below, it appears at a 
distance as a narrow ribbon visible for many miles along the upper 
part of the Mongollon Rim, above the precipitous Cocomno Cliffs. 'i 

East of the quadrangle the middle unit of the Toroweap loses its 
identity in a sequence of sandstone beds that constitute the eastern 
phase. The basal few feet of this unit is composed of siltstone which 
contains n. light-green ish-gray and grayish-orange-pink mottling. 
The unit as a whole characteristically weathers into cavities: several 
inches in diameter, that appear to have been formed by the weathering 
out of fossils; however, these cavities are the result of differential 
weathering, for no fossils were seen in the Toroweap formation in 
this locality. This unit probably grades laterally into the middle or . 
limestone member (f3) of McKee's threefold division of his western 
phase. 

Above the arenaceous limestone-calcareous sandstone (middle) unit 
is a sequence of alternAting grayish-orange to buff and pale-reddish­
brown sandstone and siltstone and some shaly mudstone. This upper 
unit averages about 90 feet in thickness, and is a typical redbed series. 
Most of the rocks in this sequence are very friable, soft, and bre8.k 
down easily into slopes. The unit is progressively more thin bedded, 
more calcareous, and includes more redbeds westward from the Clark­
dale quadrangle. In the eastern part of the quadrangle, in contrast, 
redbeds are absent and the section consists of light noncalcareous 
sandstone only. A few light-gray to white and a few variegated red­
dish-brown clean sandstone beds are intercalated in this sequence. 
The upper unit probably is equivalent to the upper red member (a) 
of McKee's western phase of deposition. 

AGE AND COllBELATIO. 

McKee (1938, p. 217) reported that the marine fauna of the Toro­
weap formation is not yet well enough known for critical analysis. 
Because the overlying Kllibnb limestone (as redefined by McKee) has 
been definitely established as being of middle Permian (:Uonard) age, 
and because the upper part of the Supai formation and the Coconino 
sandstone are definitely Permian, the Toroweap formation must be of 
Permian age. 
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contains n. light-green ish-gray and grayish-orange-pink mottling. 
The unit as a whole characteristically weathers into cavities: several 
inches in diameter, that appear to have been formed by the weathering 
out of fossils; however, these cavities are the result of differential 
weathering, for no fossils were seen in the Toroweap formation in 
this locality. This unit probably grades laterally into the middle or . 
limestone member (f3) of McKee's threefold division of his western 
phase. 

Above the arenaceous limestone-calcareous sandstone (middle) unit 
is a sequence of alternAting grayish-orange to buff and pale-reddish­
brown sandstone and siltstone and some shaly mudstone. This upper 
unit averages about 90 feet in thickness, and is a typical redbed series. 
Most of the rocks in this sequence are very friable, soft, and bre8.k 
down easily into slopes. The unit is progressively more thin bedded, 
more calcareous, and includes more redbeds westward from the Clark­
dale quadrangle. In the eastern part of the quadrangle, in contrast, 
redbeds are absent and the section consists of light noncalcareous 
sandstone only. A few light-gray to white and a few variegated red­
dish-brown clean sandstone beds are intercalated in this sequence. 
The upper unit probably is equivalent to the upper red member (a) 
of McKee's western phase of deposition. 

AGE AND COllBELATIO. 

McKee (1938, p. 217) reported that the marine fauna of the Toro­
weap formation is not yet well enough known for critical analysis. 
Because the overlying Kllibnb limestone (as redefined by McKee) has 
been definitely established as being of middle Permian (:Uonard) age, 
and because the upper part of the Supai formation and the Coconino 
sandstone are definitely Permian, the Toroweap formation must be of 
Permian age. 



546 , " , CONTRIBUTIONS TO GENERAL GEOLOGY 

KAIBAB LIMESTONE 

DISTRIBUTION 

Darton (1910, p. 28) changed the name Aubrey limestone of Gilbert 

(1875, p. 177) to Kaibab limestone, bec~use the term Aubrey had been 

~dopted by the U. S. Geological Survey for the group of which this 

lunestone forms a part. ~r~m detailed ,work in the Grand Canyon 

area, Noble (1914, p. 70) dIVIded the KaIbab 'limestone into members 

because large pa;rt:s of it are not limestone, but sandstone, red beds, and 

gypsum. Follow~ng the w~rk of Noble, other workers, especially 

McKee, hav? studIed the Kalbab limestone in great detail. In 1938, 

McK~,pubhshed the results of his study; he reported that the Kaibab, 

ns orlgmally defined, contained the deposits of two, rather than one, 

advances and retreats of the sea. He therefore divided the Kaibab into 

tw~ form~tio~-the Kaibab limestone and the Toroweap formation. 

ThIs class~ficatI.on and te.rminology is used in this report. 

, The KaJbab lImestone IS restricted to the northern part of the Clark­

dal~ quadrangle where it occupies summit areas as a narrow white 

perIpheral ?and near the top of Casner Mountain and along the 

Mogollon RIm. In many places, overlying basalt conceals the Kaibab 

but the basalt has been eroded from large areas of the flat plateau sur~ 
face, north of Henderson Flat, and in these places the Kaibab is 

exposed. Even a~ a distance the Kaibab can easily. be differentiated 

fr~m the underly~ng Toroweap, and, like the Toroweap, it can be 
traced for many mIles along the Mogollon Rim. 

, TKICXNE8S AND STRATIGRAPHIC RELATIONSHIP 

, 'A complete section of the Kaibab limestone does not exist in the 

Qlarkdale quadrangle. The limestone is thickest where it is protected 

fro~ present e~osion by oveilying basalt, but even in these places, a 

conSIderable part of it had been removed before extrusion of the ba­

salt. ~he maximum thickness of the Kaibab limestone in the quad­

rangle IS abou~ 250 feet. About 2 miles north of the quadrangle and 

on the west SIde of Sycamore Canyon, McKee (1938, p. 186-187) 

measured ~ complete section of Kaibab that totaled 360 feet. 

The KaIbab lImestone unconformably overlies the Toroweap. The 

contact between the two formations is gently undulating in the Clark­

dale ~uad:angle, and. although this does not prove an unconformable 

rel~tIonshIp, th~ detaIled work of McKee (1938, p. 28-35) in northern 

ArIzona, est~b~Ishes the unconformity. In the Clarkdale quadrangle, 

the contact I~ III most places inaccessible, for it is concealed by talus 

from the Kal b~b. ThIS contact is considered to be at the base of a 

yellow ~ne-graIlled sandstone which grades upward into limestone of 

the Kalhab. The sandstone appears to be reworked sediment from 
the Toroweap formation. 

GEOLOGY OF THE ' CLABltDALE QUADRANGLE, ARIZ. Ml, 

, The Kaibab limestone is in places -exposed at th6 surface but' e1s&o 

where is covered by basalt of probable Tertiary or later age. A _~ .. 

spicuous unconformity exists between the Kaibab and the o.verl~ 

basalt. ' 
LITHOLOGY ,.\ , 'r, ,t>' 

The Kaibab is a heterogeneous mixture of rook tYJ?0S, only partiof 

"'hieh are limestone. It consists of ~s of sandy '.JimeStbne '~d san~: 

Stone that a.lternate with layers of chert. Although the Kalbab .as 
trot studied in great detail in this inV'estigation, its litholo~ ~d ~ ... 

eral character suggest that in the Clarkdale quadrangle It 18 char­

acteristic of facies 2 of the beta member aa described by McKee (1938, 

pA5, 46-47) • , 

The'Kaibab as a whole is relatively thin bedded and commonly forms 

a cliff or a steep slope composed of small cliffs and ledges. M~~ of the 

bedding planes are distinct and some are abundantly f?ssiliferous, 

especially containing large brachiopods o~ the genu~ Dwtyoawsfiru8. 

Chert is increasingly abundant upwards ill the sectIOn and, on the 

surface of the plateau, in places where the Kaibab has been eXposed, to 

erosion, fragments of chert weathered from the formation blanket the 

surface. , 

At the base of the Kaibab is a grayish-orange fine-grained ~lcareous 

sandstone 6-18 feet thick, which grades upward into a very pale.-, , 

orange to pale-yellowish-orange sandy limestone. The san?stone con­

tains very fine wavy laminations, but generally bas a mRSSlve appear­

ance. This sandstone seems definitely to consist of sediments of Toro­

weap age reworked by the transgressing Kaibab sea. The sandstone in 

many places contains horizontal lavender streaks which represent ar­

gillaceous impurities. It weathers as a cliff wall but is slightly re.­

cessed with respect to the overlying limestone. Rocks of the Toroweap 

below the basal sandstone of the Kaibab are much softer, and thus 

form slopes. , ' ,L 

The limestone beds of the Kaibab range from 1 to 8 feet in thic1m~ 

are moderate to very sandy, and are very pale orange to pale yellowisq. 

orange and light gray. The bedding is fairly regular. The light­

gray limestone is generally less sandy than the pale-yeUowish-orange 

limestone. Scattered calcite crystals (1-4 ~llimetera)" I,Ll"e charac­

teristic. Sand grains are fine and uniform in size, are subrounded to 

subangular, and are predominantly of quartz. , , " '''I 

, , The sandstone beds are conspicuous in .th~ sequehce abollt ,150-200 

feet above the base of the Kaibab. ' They are' yellowish 'gray to near1,. 

,white, calcareous, fine grained and SQ$ewhat ftiil.ble. The sand grains 

~ subro~ded to subangular. : Cl'9SS~dingj$ p~t but not prom. 

ine!lt. ,The bedding of the sands~n~, i~more, ~~v.~ ~ ~hat :of 
:. ' . :'. " . .' ,"" . , ' ,' . . , .. .. 

420029-118---6 ,,. ,",,:;",1, '" 'c, , :', ' f 'J '!: 1', . ... : ,,' 
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&t8 .' OOJlTBlBlnIQNS' roOJ:Nma.u, . GEOLOGY " 

the limeston~ ,and rtnges in thickness from sennl met to u much u 
1-6 feet. . '. . I 

Only a :&w thin beds of chert are present in the lower part of the 

Kaibab. The chert is more abundant towards the top, and particul&rly . 

80, about 280 feet up. Much of the chert occurs as large balls almost I 

6 ,inches in diameter. The resistance of chert to weathering result. 

injts accumulation as chips and blocks ~ntrated on the surface of . 

the Kaibab. Th6 ebert is dull yellowish gray to Dearly white and 

shows relict textures of sand grains. The weathered sUrfaces of the I 
chert are grayish orange,or darkbrown. . 

AGB AIm OOlUlELAttO. 

The Kaibab limestone is Permian in age. McKee (1938, p. 217) 

reported that'he had established a middle Permian (Leonard) age by 

the brachiopod fauna of the formation. He correlated the Kaibab 

with the upper part of the Leonard formation of Texas and believed 

it to be equivalent to the San Andres formation of New Mexico, the 

Chiricahua of Stoyanow in southern Arizona, and probably the 

Phosphoria formation, in part of Utah, Idaho, and Wyoming. 

l1NCONFOBll!lTY AT THlllllASE OF THE TEBTIABY BOCKS 

t. Based upon the proximity of rAwer Triassic rocks of the Moenkopi 

formation' (Price, 1949) in Sycamore Canyon to the north of the 

Clarkdale quadrangle, it is evident that during the interval between 

Triassic and late Tertiary, the area was uplifted and tilted to the I 

northeast. If Jurassic or Cretaceous sediments were ever deposited 

In this region, erosion, since then, has erased all evidence. Erosion 

. removed about 2,100-2,300 feet of Paleozoic rocks from the W oodchute 

Mountain area, and 8,200-8,600 feet from the Mingus Mountain quad­

rangle, farther south (Anderson and Creasey, 1957). An unknown 

thickness of Precambrian rocks probably have been eroded. A surface 

marked by considerable relief was formed by erosion of these rocks. 

Tertiary basalt and gravel of the Hickey formation accumulated on 
this erosion surface. 

CENOZOIC :ROCKS 

Lacustrian depoeits and thick accumulations of other sedimen~ 
which consist mostly of coarse materials but contain 80me fine sedi­

ments, were deposited in many valleys and in basins of central .Arizona 

as ' a. result of uplift and crustal disturbances during late Miocene or 

early Pliocene tiine. Furthermore, interbedded lava flows indicate 

that volcanism was widespread in this region. The thickness of the 

deposit is variable, and for IOOet areas is llIdmoWn. Ih some localities .. 
• Price, W. E., ;Jr., 1948, Rim rocb of Sycamore Canyon, Arizona: Unpubll~ed tlIe.t. 

111 mIlS of the Unlvel'8lq of Arhlona. 

GEOLO~"f ,;9F,/J.l~Jl( -CLA:~~E,. qV~~GLE, ) ARIZ. 

. . . fi e, . which exceeds several thou-

=!7:r::f::,~s.-K:e d:;,:~m= n!:1y barren. 01_ fossils
f
, ~~b:~ 

'. , be d ted isely through discovery 0 v_.,., 
locally have they en a p~ec be considered tentative. 
remains. In most places, theIr age must. . of the 

' Within the Clarkdale quadrangle Cenoz(uc rocks COIlSlE\t ld 

Hickey formation of probable Plio~~e age; t~~~ e:~::~ie~th: 
ville formations, which are tentatIve y corre a avel' and 

and which are younger t~an the
h 
~icke~~ Q~~~~e;rforn::ation 

Recent river terrace and rlverwas eposl.. t I 

· t d from the Perkinsville and Verde formatIOns by struc ura , 
IS separa e . . d 
physiographic, and, in part, litholOgIC eVl ence. . 

HICKEY FORMA.TION 

DISTRIBUTION 

The Hickey formation was named by Ande~~ an~~:~:~ ~~!~ 
from exposures of lava flows and gr.avel on Hie. ey And ~on and 

· . t south of W oodchute Mountam. Accordmg to e est 

IS JUs d I' Lonesome Valley on the w 
Creasey some of the lava an grave ~n I rt of the Hickey 
. d f H' k and Mingus Mountams a so are pa 

~:"~tion~c ;t, physical continuity between hr<JCks o\~; = 
formation in Lonesome Valley and those on t e s~ M ta' : 

Mountain is broken by the margina~ fault a~6ng ~mgu:. oun
oon

: 

From the summit area of this mountam, the HIckey orma Ion ex 

rthward into the Clarkdale quadrangle. . 

no The Hickey formation in the Clarkdale quadrangle IS,;: : ~arge 
te t confined to the high topographic features. Areas Wi c . s ruc~ 

~; have been lowered and isolated from the larger ~ ~:; 
captions. The sedimentary rocks of the Hick.ey fo::~o~ :orth.! 

CI kd I d Ie appear to be stream depOSIts, co 

w:r~- a:~ ~~:t{:~~ward-trending relict channels beneath the volca~ic 
flows. Judging from the pattern of outcrops (pI. 45), ~w~~:a~~ 

channels seem to be represented: one trends northeastw: rth d 

southwest corner of ~~e quadranglhe, adnd ~e ot;~ ge~ C::yon~:~d 
from Jerome' they Jom near the ea wa rs 0 . 

extend from there in a northeasterly di~ection, and pas.~ th~oUg!:: 
t . de of Black Mountain. Other mmor channels trl u ~ . 

=o~ ones are presen~ in many places at the base of the volcaruc fto~ 
of the Hickey formation. h f Wood! 

· The volcani~ rocks of the Hickey formation ~~ver t e t?P 0 s 'Moun: 

chute Mountain and extend southward as a caPPI~g on Mingu th . 

ta' On the north side of W oodchute Mountam~ they occur on h e 

to~: of ridges which radiate out from the mountam .. r;:~ pa~ .. 
of the volcanic rocks occur· northward frottL~ erome. m . • angmt 

wall block of the Verde fault. . Much· of the· Hickey pr~b:a~~y :e~~~.: )} 
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e&~t*at-d frondhe .Terorrle'arelf. for some dfstantle ptbbably as faulted 
segm~nts, under the' younger Verde formation. 'In the central pa.rt 
of ~e q1iadl'a.~le the Hickey' blatlkets the Antel6pe Hills, and occul'S 
ai Mlated rerltnltrtts on both sides of the Verde River in the vicinity ° . o~mon Pocket. ~lfOOk and Casner Mountains ' are also capped 
ltlth Hickey for~&tion. Atop the plateau it fobns outliers' and parts 
~f R. broad, vo1ea.ttic sheet thttt extends far to the north over the plateau 
surface. 

, tJi10lDttlllB Alfl) 8TlU.TIGlLAl"JIIO :aELATIOn~ 

, R.egionalI!, the lIickey formation is variable in proportion of vol­
came to sedI.ment~ry rocks. Flows coalesce and interfinger with each 
~ther and WIth thICk deposits of detrital material which accumula.ted 
In ~alleys a~d basins. In the Clarkdale quadrangle, the Hickey for­
matIon c~nslsts of much ~ore volcanic than sedimentary rocks. 

The thICkness ?f the Hickey formation is extremely variable owing 
to the fact that It accumulated on a highly irregular surfac: The 
quadrangle has no complete sections because erosion has remov~ dif­
ferent amounts from the t.op of the formation. 
WThe most conspic~ous exposure of the Hickey formation occurs on 
. oodchute Mountam. Here, about 1,400 feet of volcanic flows occur 

plus a.bout 50 feet of gravel in minor channels at the base of the flows. 
In ~he Antelope Hills in the central part of the quadrangle, the vol­
camc rocks of th~ Hickey formation range in thickness from 100 to 
3?O feet. The thlCkness of the volcanic rocks of the Hickey forma­
t~on on Black Mountain ranges from almost 50 feet on the northeast 
sl~e to more than 500 feet on the southwest side. On Casner Moun­
tam and on the part of the plateau which projects into the northern 
pa:n of the q~adrangle these volcanic rocks are as much as 250 feet 
thICk and are even thicker to the north away from the plateau edge. 

,!?e channels containing the sedimentary rocks of the Hickey for­
mation range from a few feet to more than several hundred feet in 
d~pth. The ~axim~ thickness of the sedimentary rocks of the 
Hickey formatIOn wIthm the Clarkdale quadrangle is on the west side 
of Black Mountain along Sycamore Canyon. 

Defo?Dation and erosion followed accumulation of the Hickey 
!ormatlOn SO the younger Verde and Perkinsville fonnations overlie 
It unconformably. In the southwest corner of the Clarkdale quad. 
rangle Quarternary gravel beds, which extend southwestward' into 
Lonesome Valley, mask.the Hickey f~rmation. This grave] may rep­
!esent the means by WhICh the extenSIve pediment surface was carved 
m the valley. 

LITlIOLOGY 

, 8edi~ntaoru rook.!.-The sedimentary deposits of the ' Hickey 
fonnatIon in the Cl~rkdale quadrangle are believed to be relics of 
fonner stream depOSIts beneath the volcanic rocks and they consist of 
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Dia~rials that are variable both ,in compoeitionand in gtamf size. 
Also, the thickness of these deposits within the quadrangle ranges from 
a few inches to about 200 feet. The gravel grades from fine to coarse 
and includes some silt and sandy beds and lenses: The degree of sorte 
ing ap.d the fonnation of bedding differ greatly. The sandy beds 
8.re well sorted and many are intercalated as lenses within beds that 
contain large boulders. These rest in a matrix of unso~ cobbles, 
pebbles, and silt. There are also local, well-bedded gravel beds 
throughout the formation. Most beds contain some angular to BUb­

rounded boulders 2-4 feet in diameter, although the average diameter 
of the gravel probably is 2-8 inches. 

The degree of consolidation of the gravel in the Hickey formation 
is variable, and in many places the gravel beds are so weakly bound 
together that they do not withstand weathering. Elsewhere the gravel 
is welllithified with lime cement and clay matrix. ~ 
. Gravel of the Hickey formation includes lithologic repJ.:e8entativeB 

of the Paleozoic formations within the quadrangle; a small amount of 
I basaltic material derived from the penecontemporaneous Tertiary 

volcanic rocks of the Hickey formation; and Precambrian rocks that 
consist of quartz diorite porphyry, Deception rhyolite, breccia of the 
Spud Mountain volcanics, foliated rocks that include hornblende schist, 
alaskite, aplite, quartz porphyry, and rocks that resemble those of the 
Grapevine Gulch formation and gabbro. Basaltic gravel of Ter­
tiary age forms 11 minor percentage of the total deposits. Inasmuch 
as the channels that contain these gravel deposits are below all the 
lava flows in the quadrangle, the presence of lava among the gravel 
indicates that some volcanism was active in the region to the south 
and east of the quadrangle before the major outpouring of lava during 
Hickey time. Probably the source of the gravel was to the southwest 
of the Clarkdale quadrangle, although more information on the Pre­
cambrian rocks of central Arizona is necessary before a more positive 
statement can be made. Many of the gravel deposits of Precam­
brian rock types appear to have been derived from sources of restricted 
occurrence. Anderson (oral communication, 1953) stated that foliates 
such as the hornblende schist are common in the Prescott qua4-
rangle where the grade of metamorphism is higher than in the Min,gus 
Mountain quadrangle. Furthennore, he reported that there is no 
alaskite and very little aplite in the Mingus Mountain quadrangle-, 
whereas Krieger G has mapped these rocks in the southeastern corner 
of the Prescott quadrangle. The breccia of the Spud Mountain vol~ 
canies has been mapped by Anderson and Creasey (1957) along the 
west margin of the Black Hills in the Mingus Mountain quadrangle, 

• Krieger, M. R., A study of the geology of the Prescott qudrallJle, Am .. unpublished 
report. . 

e&~t*at-d frondhe .Terorrle'arelf. for some dfstantle ptbbably as faulted 
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pa:n of the q~adrangle these volcanic rocks are as much as 250 feet 
thICk and are even thicker to the north away from the plateau edge. 

,!?e channels containing the sedimentary rocks of the Hickey for­
mation range from a few feet to more than several hundred feet in 
d~pth. The ~axim~ thickness of the sedimentary rocks of the 
Hickey formatIOn wIthm the Clarkdale quadrangle is on the west side 
of Black Mountain along Sycamore Canyon. 

Defo?Dation and erosion followed accumulation of the Hickey 
!ormatlOn SO the younger Verde and Perkinsville fonnations overlie 
It unconformably. In the southwest corner of the Clarkdale quad. 
rangle Quarternary gravel beds, which extend southwestward' into 
Lonesome Valley, mask.the Hickey f~rmation. This grave] may rep­
!esent the means by WhICh the extenSIve pediment surface was carved 
m the valley. 

LITlIOLOGY 

, 8edi~ntaoru rook.!.-The sedimentary deposits of the ' Hickey 
fonnatIon in the Cl~rkdale quadrangle are believed to be relics of 
fonner stream depOSIts beneath the volcanic rocks and they consist of 
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Dia~rials that are variable both ,in compoeitionand in gtamf size. 
Also, the thickness of these deposits within the quadrangle ranges from 
a few inches to about 200 feet. The gravel grades from fine to coarse 
and includes some silt and sandy beds and lenses: The degree of sorte 
ing ap.d the fonnation of bedding differ greatly. The sandy beds 
8.re well sorted and many are intercalated as lenses within beds that 
contain large boulders. These rest in a matrix of unso~ cobbles, 
pebbles, and silt. There are also local, well-bedded gravel beds 
throughout the formation. Most beds contain some angular to BUb­

rounded boulders 2-4 feet in diameter, although the average diameter 
of the gravel probably is 2-8 inches. 

The degree of consolidation of the gravel in the Hickey formation 
is variable, and in many places the gravel beds are so weakly bound 
together that they do not withstand weathering. Elsewhere the gravel 
is welllithified with lime cement and clay matrix. ~ 
. Gravel of the Hickey formation includes lithologic repJ.:e8entativeB 

of the Paleozoic formations within the quadrangle; a small amount of 
I basaltic material derived from the penecontemporaneous Tertiary 

volcanic rocks of the Hickey formation; and Precambrian rocks that 
consist of quartz diorite porphyry, Deception rhyolite, breccia of the 
Spud Mountain volcanics, foliated rocks that include hornblende schist, 
alaskite, aplite, quartz porphyry, and rocks that resemble those of the 
Grapevine Gulch formation and gabbro. Basaltic gravel of Ter­
tiary age forms 11 minor percentage of the total deposits. Inasmuch 
as the channels that contain these gravel deposits are below all the 
lava flows in the quadrangle, the presence of lava among the gravel 
indicates that some volcanism was active in the region to the south 
and east of the quadrangle before the major outpouring of lava during 
Hickey time. Probably the source of the gravel was to the southwest 
of the Clarkdale quadrangle, although more information on the Pre­
cambrian rocks of central Arizona is necessary before a more positive 
statement can be made. Many of the gravel deposits of Precam­
brian rock types appear to have been derived from sources of restricted 
occurrence. Anderson (oral communication, 1953) stated that foliates 
such as the hornblende schist are common in the Prescott qua4-
rangle where the grade of metamorphism is higher than in the Min,gus 
Mountain quadrangle. Furthennore, he reported that there is no 
alaskite and very little aplite in the Mingus Mountain quadrangle-, 
whereas Krieger G has mapped these rocks in the southeastern corner 
of the Prescott quadrangle. The breccia of the Spud Mountain vol~ 
canies has been mapped by Anderson and Creasey (1957) along the 
west margin of the Black Hills in the Mingus Mountain quadrangle, 
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and Kreiger has mapped large areas of the breccia in the PrescoU 
quadrangle. 

Volcanic rock8.~The volcanic rocks of the Hickey formation con­
sist almost entirely of basalt flows, but contain small amounts of 
detrital accumulation of basalt, andesite flows, and thin beds of pumi­
ceous tuff. . 

The individual flows range in thickness from about 20 to almost 
60 feet, but probably average 40-50 feet. They are massivEr-although 
in places somewhat vesicular--and some have scoriaceous tops. 
Btecciated zones consist of angular fragments and blocks of both 
scoriaceous and massive material. Columnar jointing is common and 
is most frequently observed on steep slopes or cliffs where talus does 
not obscure the tiers of the flows. 
, The basalt of the Hickey formation is typically medium gray to 
grayish black on fresh surfaces but weathers brown on exposed sur­
faces. Megascopically it is mostly porphyritic with an aphanitic 
groundmass. A majority of the phenocrysts are glassy olivine, or 
iddingsite pseudomorphs after olivine, but augite and feldspar 
crystals have been recognized in hand specimens. Under the micro­
scope the basalts appear completely holocrystalline. The textural 
varieties range from intergranular, where interstitial augite occurs 
in an aggregate of grains and not in large crystals, to subophitic, 
where the plagioclase and olivine crystals are separated by inter­
stitial pyroxene and scattered iron ores. Intergranular textures are 
the most common. 

The mineralogy of the basalts consists of a typical olivine basalt 
assemblage. Minerals present are olivine, plagioclase, pyroxene, 
magnetite, and some calcite. The olivine crystals are euhedral and 
are porphyritic or glomerophorphyritic; olivine also is present in the 
groundmass. Some olivine phenocrysts show rims, as well as whole 
crystals, which are altered to iddingsite, and still others are serpen­
tinized. The interstitial olivine in the groundmass is less altered than 
the phenocrystic olivine. Plagioclase feldspar occurs as phenocrysts 
but more commonly is confined to the groundmass. The plagioclase 
is between Aneo and An70• The pyroxene is a greenish-gray augite 
with a weak purplish tint. The plagioclase and pyroxene appear to 
have two distinct associations within the groundmass; in some rocks 
the plagioclase feldspar is in euhedral prisms in a matrix of olivine 
and pyroxene, whereas in other rocks interstitial plagioclase separates 
euhedral pyroxene prisms. Magnetite occurs either as dust particlea 
throughout the rock, or as sCattered grains of coarse size. The rock is 
a. light gray where the magnetite is in large grains, and grayish black 
where the magnetite is disseminated as fine dust. Calcite in the basalt 
is assunied to'be Secondary; . '; . 

GEOLOGY OF THE CLARKDALE ' QUADRANGLE, ARIZ. 

I Basalt in :dikes, which are present at the base of the> Mogollon 
escarpment just north of Henderson Flat and on top of Packard Mesa 
above the Verde River, is similar in mineralogic structure'and assem .. 
blage to that in the flows. Some of the dikes also have calcite amyg-: 
dules. Many dikes that are too small to map, are present along the 
Jerome-Perkinsville road ill the vicinity of Woodchute Mountain: . ':0. 

In areas where there is little topographic relief, the basalt deco~ 
poses at the surface and forms a thin layer of brown powdery soil 
The residual soil contains abundant angular fragments and bouldere 
with rounded edges which were derived from the lava. 

Included in the volcanic rock series are local biotite- and horn­
blende-bearing lava flows, which probably are andesites but which are 
too small to differentiate on plate 45. Localities in which these rocks 
were noted are on top of the hill at First View Pass on the Jerome.. 
Perkinsville road (coordinates E. 432,500; N. 1,374,500), at the base 
of the volcanic rocks of the Hickey formation southwest corner of 
the quadrangle (coordinates E. 406,500; N. 1,371,000) and in the hill 
which projects into the west boundary of the quadrangle (coordinate& 
N.1,371,000). Similar rocks may occur elsewhere among the volcanic 
rocks of the Hickey formation. In the Prescott quadrangle, to the 
southwest, Krieger 8 separated biotite and hornblende andesites from 
th~ upper Tertiary (~) rocks; large areas of andesite occur in the 
Paulden quadrangle. 

The tuffaceous and basaltic sedimentary rocks of the Hickey fOl!­
mation are composed of pyroclastic materials and of matetials derivoo. 
from the basalt flows, which accumulated in local depressions during 
lulls of volcanism. The rocks are pale red, grayish red, and light 
brownish gray and are well sorted and bedded. The detritus is nearly 
all basalt; it ranges from microscopic particles to pieces the size of 
hickory nuts, all of which are sub angular to subrounded. Locally 
the sedimentary rocks contain vitric and crystal fragments. Opalirie 
material commonly fills the interstices surrounding large particles. A 
good exposure of these sedimentary rocks is in the roadcut leading 
to the summit of Black Mountain on the east side. Thin wedges of 
rocks also are present between flow-layers on Woodchute Mountain. 
They have been described by Anderson and Creasey (1957) and occur 
along Highway 80A where it crosses the summit of Mingus Mountain. 

A single deposit of tuffaceous sedimentary rocks, that contains 
largely pumice, quartz grains, and a few scattered crystal grains of 
olivine, pyroxene, and unidentifiable minerals, is present in the sout:iv 
west corner of the quadrangle (coordinates N. 1,376,000; E. 407,500)'. 
This deposit is in beds 3h-l inch thick. They are white and gray in 
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and Kreiger has mapped large areas of the breccia in the PrescoU 
quadrangle. 

Volcanic rock8.~The volcanic rocks of the Hickey formation con­
sist almost entirely of basalt flows, but contain small amounts of 
detrital accumulation of basalt, andesite flows, and thin beds of pumi­
ceous tuff. . 

The individual flows range in thickness from about 20 to almost 
60 feet, but probably average 40-50 feet. They are massivEr-although 
in places somewhat vesicular--and some have scoriaceous tops. 
Btecciated zones consist of angular fragments and blocks of both 
scoriaceous and massive material. Columnar jointing is common and 
is most frequently observed on steep slopes or cliffs where talus does 
not obscure the tiers of the flows. 
, The basalt of the Hickey formation is typically medium gray to 
grayish black on fresh surfaces but weathers brown on exposed sur­
faces. Megascopically it is mostly porphyritic with an aphanitic 
groundmass. A majority of the phenocrysts are glassy olivine, or 
iddingsite pseudomorphs after olivine, but augite and feldspar 
crystals have been recognized in hand specimens. Under the micro­
scope the basalts appear completely holocrystalline. The textural 
varieties range from intergranular, where interstitial augite occurs 
in an aggregate of grains and not in large crystals, to subophitic, 
where the plagioclase and olivine crystals are separated by inter­
stitial pyroxene and scattered iron ores. Intergranular textures are 
the most common. 

The mineralogy of the basalts consists of a typical olivine basalt 
assemblage. Minerals present are olivine, plagioclase, pyroxene, 
magnetite, and some calcite. The olivine crystals are euhedral and 
are porphyritic or glomerophorphyritic; olivine also is present in the 
groundmass. Some olivine phenocrysts show rims, as well as whole 
crystals, which are altered to iddingsite, and still others are serpen­
tinized. The interstitial olivine in the groundmass is less altered than 
the phenocrystic olivine. Plagioclase feldspar occurs as phenocrysts 
but more commonly is confined to the groundmass. The plagioclase 
is between Aneo and An70• The pyroxene is a greenish-gray augite 
with a weak purplish tint. The plagioclase and pyroxene appear to 
have two distinct associations within the groundmass; in some rocks 
the plagioclase feldspar is in euhedral prisms in a matrix of olivine 
and pyroxene, whereas in other rocks interstitial plagioclase separates 
euhedral pyroxene prisms. Magnetite occurs either as dust particlea 
throughout the rock, or as sCattered grains of coarse size. The rock is 
a. light gray where the magnetite is in large grains, and grayish black 
where the magnetite is disseminated as fine dust. Calcite in the basalt 
is assunied to'be Secondary; . '; . 

GEOLOGY OF THE CLARKDALE ' QUADRANGLE, ARIZ. 

I Basalt in :dikes, which are present at the base of the> Mogollon 
escarpment just north of Henderson Flat and on top of Packard Mesa 
above the Verde River, is similar in mineralogic structure'and assem .. 
blage to that in the flows. Some of the dikes also have calcite amyg-: 
dules. Many dikes that are too small to map, are present along the 
Jerome-Perkinsville road ill the vicinity of Woodchute Mountain: . ':0. 

In areas where there is little topographic relief, the basalt deco~ 
poses at the surface and forms a thin layer of brown powdery soil 
The residual soil contains abundant angular fragments and bouldere 
with rounded edges which were derived from the lava. 

Included in the volcanic rock series are local biotite- and horn­
blende-bearing lava flows, which probably are andesites but which are 
too small to differentiate on plate 45. Localities in which these rocks 
were noted are on top of the hill at First View Pass on the Jerome.. 
Perkinsville road (coordinates E. 432,500; N. 1,374,500), at the base 
of the volcanic rocks of the Hickey formation southwest corner of 
the quadrangle (coordinates E. 406,500; N. 1,371,000) and in the hill 
which projects into the west boundary of the quadrangle (coordinate& 
N.1,371,000). Similar rocks may occur elsewhere among the volcanic 
rocks of the Hickey formation. In the Prescott quadrangle, to the 
southwest, Krieger 8 separated biotite and hornblende andesites from 
th~ upper Tertiary (~) rocks; large areas of andesite occur in the 
Paulden quadrangle. 

The tuffaceous and basaltic sedimentary rocks of the Hickey fOl!­
mation are composed of pyroclastic materials and of matetials derivoo. 
from the basalt flows, which accumulated in local depressions during 
lulls of volcanism. The rocks are pale red, grayish red, and light 
brownish gray and are well sorted and bedded. The detritus is nearly 
all basalt; it ranges from microscopic particles to pieces the size of 
hickory nuts, all of which are sub angular to subrounded. Locally 
the sedimentary rocks contain vitric and crystal fragments. Opalirie 
material commonly fills the interstices surrounding large particles. A 
good exposure of these sedimentary rocks is in the roadcut leading 
to the summit of Black Mountain on the east side. Thin wedges of 
rocks also are present between flow-layers on Woodchute Mountain. 
They have been described by Anderson and Creasey (1957) and occur 
along Highway 80A where it crosses the summit of Mingus Mountain. 

A single deposit of tuffaceous sedimentary rocks, that contains 
largely pumice, quartz grains, and a few scattered crystal grains of 
olivine, pyroxene, and unidentifiable minerals, is present in the sout:iv 
west corner of the quadrangle (coordinates N. 1,376,000; E. 407,500)'. 
This deposit is in beds 3h-l inch thick. They are white and gray in 
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alternating bands which 'are reminiscent of varved sediments. Most 
of the light beds generally lue 'coarse grained and are composed. almost 
wholly of pumice fragments, but they contain some quartz grains and 
scattered dark minerals; all grains are rounded to subrounded. Com­
parable pumice-bearing, tuffaceous sediments were recognized by 
Anderson and Creasey (1957) in one small area in the Mingus Moun­
tain quadrangle ab.d Krieger (written communication, 1955) has 
found similar beds associated with andesite in the Pauldren quad­
rangle. Widespread occurrences of rhyolitic tuff are common near 
Prescott and farther south. 

AGE Am> OORRELATION 

The age of the Hickey formation is unknown because no diagnostic 
fossils have been discovered in it. Kreiger 1 and Anderson and Creasey 
(1957) had assigned the Hickey to the Pliocene (~), but this age deter­
mination is based largely on inference which can be summarized as 
follows: (1) Much of the satisfactory dating of the Cenozoic hasin 
deposits in central Arizona, which are similar to the Hickey forma­
tion, has been made to the Pliocene epoch (Gidley, 1922 and 1926; 
Knechtel, 1936, p. 86-87); (2) fragmentary antelope and llamalike 
camel bones found in late Tertiary ( ~) rocks near Prescott do not pre­
elude the possibility of a Pliocene age (Anderson and Creasey, 1957); 
(8) the complexity of geologic events subsequent to deposition of the 
Hickey formation does not favor a Pleistocene age for the Hickey; 
and (4) general similarity to gravel of early Pliocene age, 20 miles 
south of Prescott near Milk Creek in the Walnut Grove basin (Ander­
son and Creasey, 1957). 

The possibility exists that gravel at the base of the Hickey is sig­
nificantly older than gravel deposits such as those in Lonesome Valley 
which are higher in the section. The youngest formation older than 
the Hickey known in the vicinity of the Clarkdale quadrangle is 
the Moenkopi formation of Triassic age. Any gravel that accumu­
lated between Moenkopi and the beginning of Hickey time might be 
included in the basal gravel of the Hickey formation, for there is 
no criterion by which they could be separated. Price (1950a, p. 505-
507), who studied these gravel deposits about a mile north of the 
Clarkdale area in Sycamore Canyon, believed that they are probably 
Miocene to Pliocene in age. 

Robimlon (1913) recognized three general periods of volcanic ac­
tivity of the San Franciscan field in,the Flagstaff-Williams area of the 
plateau-first period, basalt flows; second period, andesite and rhyolite 
flows; and third period, basalt flows. In the Clarkdale quadrangle, 
two periods of volcanism are recognized-older basalt flows (Hickey) 

Y Xrleger, K. R., op. elt. 

and ..rounger basalt flows (Perkinsville and Verde). It is pOBlibl6't~t 
" Rob· , first • od b .. the volcanic rocks of the Hickey represent mson s -pen 

salt flows and that the younger Tolcanic facies of the Perkin&rille and 
Verde re~resent his third-period basa.lt flows. Robinson (1913, p. 88)­
stILted that some of the basalt of the third period flowed off t~8'e~ of 
the plateau and reached the lower country to the south, ,,:hic~ 18 pre-, 
cisely the relationship of the volcanic flows of the Perki~lle and~ 
Verde formations. Robinson (p; 91-92) placed the ,firat-perIod b~salt 
in late Pliocene. He arrived at this age determination by ?<>rrel~t~ a 
supposed peneplain, upon which the older basalt rests, w~th a sunil~r. 
feature in the physiographic cycles of southern Nevad.a m the Basm 
and Range province. How~ver, significant data obtamed by Koons 
(1945) on the prelava surface of erosion, indicates that earl! co~pts 
of a buried peneplain are not supported by the facts. Robmson s age 
designation, therefore, seems inconclusive. . . ' 

Lake deposits of the Bidahochi formation m the HOPI Bu~te Country 
east-northeast of Flagstaff are of middle or late Phoce~e age 
(Williams, 1936; Hack, 1942). Stratigraphically, this fo~atIoh has 
been shown to be older than the oldest lava of the San FranCIscan field 
by Childs (1948, p. 378) who traced a pediment which truncates the 
Bidahochi formlttion .from the Hopi Buttes to northeast of Flagstaff, 
where Robinson's first-period basalt is above the pediment. He there­
fore suggests a very late Pliocene or early Pleistocene age for the oldest 

basalt. . , d cad 
In the Clarkdale quadrangle evidence shows. that erOSIOn pro u 

about 1 300 feet of relief after the accumulation of the Hickey. but­
before the accumulation of the Perkinsville and Verde formatIons. 
This erosion, int.roduced by regional uplift, resulted in s?uthward 
drainage, which generally has persisted to tl1e present, and this patt:em 
was well established before the accumulation of the lava of the Perkm~­
ville and Verde formations. This sequence of physiographic events m' 
relation to the general periods of basalt flows in the quadrangle, con'" 
form to the' sequence described by Robinson (1913, p. 99r-9ts) for-th~ 
Flagstaff region, Koons (1945, p. 179-189), for the western ~rand 
Canyon region and to those of Maxson (1950, p. 14) from work m the 
Grand Canyon: Koons correlated the stages of eruption in t~e Ui~ 
ret volcanic field with the stages postulated by Colton (1937) m t~e San 
Franciscan field, and he stated that the oldest flows antedate'cuttmg of 
the Grand Canyon. . ' ' 

From his studies on the age of the Colorado RIver, Longwell (1946'f 
p. 832) suggested that the plateau was uplifted in late Miocene or early 
Pliocene time. This age is tentatively based on the fact that the 
Muddy Creek formation is the youngest formation through which th~ 
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alternating bands which 'are reminiscent of varved sediments. Most 
of the light beds generally lue 'coarse grained and are composed. almost 
wholly of pumice fragments, but they contain some quartz grains and 
scattered dark minerals; all grains are rounded to subrounded. Com­
parable pumice-bearing, tuffaceous sediments were recognized by 
Anderson and Creasey (1957) in one small area in the Mingus Moun­
tain quadrangle ab.d Krieger (written communication, 1955) has 
found similar beds associated with andesite in the Pauldren quad­
rangle. Widespread occurrences of rhyolitic tuff are common near 
Prescott and farther south. 

AGE Am> OORRELATION 

The age of the Hickey formation is unknown because no diagnostic 
fossils have been discovered in it. Kreiger 1 and Anderson and Creasey 
(1957) had assigned the Hickey to the Pliocene (~), but this age deter­
mination is based largely on inference which can be summarized as 
follows: (1) Much of the satisfactory dating of the Cenozoic hasin 
deposits in central Arizona, which are similar to the Hickey forma­
tion, has been made to the Pliocene epoch (Gidley, 1922 and 1926; 
Knechtel, 1936, p. 86-87); (2) fragmentary antelope and llamalike 
camel bones found in late Tertiary ( ~) rocks near Prescott do not pre­
elude the possibility of a Pliocene age (Anderson and Creasey, 1957); 
(8) the complexity of geologic events subsequent to deposition of the 
Hickey formation does not favor a Pleistocene age for the Hickey; 
and (4) general similarity to gravel of early Pliocene age, 20 miles 
south of Prescott near Milk Creek in the Walnut Grove basin (Ander­
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and ..rounger basalt flows (Perkinsville and Verde). It is pOBlibl6't~t 
" Rob· , first • od b .. the volcanic rocks of the Hickey represent mson s -pen 
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basalt. . , d cad 
In the Clarkdale quadrangle evidence shows. that erOSIOn pro u 

about 1 300 feet of relief after the accumulation of the Hickey. but­
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was well established before the accumulation of the lava of the Perkm~­
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t1ver cuts. The' :Muddy Creek formation is believed to be as old as 
MiOCene. ' " , " . 

. The local Cenozoic volcanic history of the Clarkdale quadrangle 
~a! b~ correlated with the general history of the Colorado Plateau, 
whlCh IS based on relationship of the lava to topography. Although 
~he , chronology of t?e volcanic history is clear in each area, attempts 
to date these events m terms of absolute geologic time is difficult. 

, The earliest series of plateau lava flows aud those of Woodchute and 
Mingus Mountains are probably contemporaneous, but this cannot be 
proved. Undoubtedly, lava from differAnt centers coalesced with 
other lava that erupted within the same general period. The location 
ofth~e areas o~ coalescence is unknown because of the similarity of the 
extrusIv.e materIal from the different centers. Woodchute and Mingus 
Mountams are composed of a very thick sequence of lava flows and a 
few interbedded sedimentary deposits, therefore, they probably are 
close to a locus of extrusion. 

Basaltic dikes north of Henderson Flat are considered to be feeders 
for the volcanic ~ows in the Hickey formation for the following 
reasons: These dl~es .are not spatially associated with the young 
basalt of the PerkmsvIlle and Verde formations which for the most . , 
part, flowed south mto the quadrangle from the plateau. With the 
e:r:ception of Black Mesa southwest of Perkinsville, no centers of erup­
tIon of the young lava flows are recognized within the Clarkdale quad­
rangle. In contrast, dikes spatially associated with the volcanic flows 
of the Hickey formation are common throughout the quadrangle. The 
spatial relationship of dike to flow is particularly close on the Sycamore 
Canyon side of Casner Mountain. 

INTERMEDIATE BA.SALT 

Basalt flows intermediate in age between those of the Hickey and 
those of the Perkinsville and Verde occur west of Black Mountain 
along both sides of Sycamore Canyon. On the west side of the canyon 
they occur at the intersection of coordinates N. 1,420,000; E. 453,000 
ftnd N. 1, 424,000; E. 456,000. Also north of here two very small 
exposures are present. On the east side of the canyon the only ex­
poSure occurs nt the intersection of coordinates N. 1,418,000; F. 
456,500 • 
.. 'The intermediate basalt ranges in thickness from 50 to 150 feet and 
consists of several flows. The lowermost flow r6Sts on a smooth surface 
of the Supai formation which is inclined slightly southward. The 
northernmost isolated patch of basalt on the west side of Sycamore 
Canyon is a plug. No gravel is associated with these lava flows. 
", Both megascopically and microscopically the intermediate basalt, 
which is typical olivine basalt, is similar to other basalt flows in the 
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quadrangle. It is holocrystalline throughout, with an ln~ular 
texture. As seen in thin section, the phenocrysts consist of olivine. 
plagioclase, and augite, separated by interstitial olivine, plagioclase, 
&Ild aggregate augite. The plagioclase is calcic labradorite; the olivine 
is partly altered to iddingsite. A high percentage of magnetite grains, 
distributed throughout the groundmass, also 0CC11r in the bafla1t. -

The lava of the Hickey formation is older than the intennediate 
basalt, which was first recognized because of its relationship to toPog­
raphy. The base of the basalt flows is ISOO feet lower than the bue 
of the lava of the Hickey which indicates the amount of erosi~n ",hieb 
must have taken place here between too two periods of extrtlsio~ 
There is no gra'tel beneath the intermediate basalt. Gto.vel beneath 
the lava of the Hickey on Black Mountain are in channels whieh are 
at 'a higher altitude than the topographic tmrfaoo upon \'thich the 
intermediate basalt rests. If the surface upon which the intermediate 
basalt now rests was present at the time of deposition of the Hickeyi 
then there should be gravel beneath the intermediate lava owing to 
its relationship to topography at that time. 

The volcanic rocks of the Perkinsville and Verde are younger than' 
the intermediate basalt, which was extruded before the eanyon-cutting 
phase of Sycamore Canyon. This is indicated by the presence of 
basalt on both sides of the canyon. The volcanic rocks of the Perkins­
ville and Verde, on the contrary, were extruded after the area had 
become incised, because these flows occur near the bottom of the present: 
canyon. It is unlikely that the intermediate basalt is equivalent to 
the Verde or Perkinsville and extruded from separate vents on the two 
sides of the canyon; there is no evidence of a vent on the southeast 
side. 

The intermediate basalt represents a local phase of volcanism most: 
closely related in time to the latest general time of volcanism (Perkins.; 
ville and Verde) rather than to the older time (Hickey). Only a 
tentative age can be assigned to the intermediate basalt, and Pliocene 
(¥) to Pleistocene (n age is favored. 

V1!IRDB FORMA.TXON 

DIBTBlBUTIO. 

Jenkins (1923) was the first to map, study, and describe the lake~ 
, in the drainage basin of the Verde River. He assigned to these beds 

the name Verde :formation. Th~ lakebeds are confined to this basin on 
the west by the Black Hills; on the east and north by the deeply 
dissected Mogollon Rim; and on the south by hills of volcanic roc~ 
The Verde formation is a thick sequence of limy lacustrian deposits; 

' tli~8;reill extent,of which covers more than 300 square miles, including 
a maximum width of 15 miles and a length of 40 miles. The northwest 
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limits of this formation occur in the southeast quarter of the Clarkdale 
quadrangle. ; 
." Marginal to, and intertonguing with the fine-grained lakebed facies 
of .the Verde formation is a gravel facies. This facies extends west­
lVatd from Clarkdale almost to Jerome, but northward it diminishes 
in width toward the SOB Canyon area where it forms a narrow band 
&f.gravel cropping out from beneath the fine-grained carbonate facies. 
Isolated patches of gravel occur near the junction of the Verde River 
and Sycamore Creek. A few patches of the gravel are present on the 
south slopes of Black Mountain and in the upper part of Sycamore 
Canyon. 
, The volcanic rocks of the Verde formation consist of basalt flows 
interbedded with the gravel and fine-grained carbonate rocks. Basalt 
flowed down Sycamore Canyon and then followed the course of the 
Verde River canyon. Remnants of this flow are exposed intermittently 
along the inner walls of Sycamore Canyon. The largest continuous 
segment of the flow is exposed from the confluence of Sycamore 
Canyon and the Verde River canyon, south along the Verde River to 
a point about 3 miles north of Clarkdale, where it is concealed by 
younger lakebeds of the Verde formation. 

THIobEas AND STRATIGRAPHIC RELATIONSHIP 

,The total thickness of the Verde form.ation is not known because a 
complete section is not exposed. Jenkins (1923, p. 71) reported that 
~he log data from a well above the smelter at Clarkdale, together with 
the thickness of additional beds exposed nearby at the surface, indicate 
a total thickness of 1,400 feet or more for this area. Also, with in­
formation from a well 2 miles south of Camp Verde at the south end 
of the drainage basin of the Verde River, plus the surface exposure, 
he obtained a total minimum thickness of 2,000 feet. Mahard (1949, 
p. ,104) measured an incomplete but detailed section along the west 
bank of the Verde River, 1 mile north of the smelter, which totaled 
733 feet. He also measured. ·a section 1,040 feet thick 2 miles north of 
where U. S. Highway 89A crosses the Verde River. These figures of 
Mahard must be increased by an unknown thickness lying below the 
present river level if a complete thickness is to be calculated. Within 
the Clarkdale quadrangle, a little more than 1,000 feet of the Verde 
formation is exposed. . 

Following deposition of the Hickey forlllation, a prolonged period 
9£ erosion ensued, and this was followed by faulting .and uplift rela­
tive to the areas to the west and north of the .quadrangJe. . Accumula­
t~~n of the Verde formation followed shortly the~after; and it is in 
UnConformable relationship with all the older formations with which 
it cOmes into ~ntact. The gravel a.ndJava of the Perkinsville fol'lD.&-
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tion accumulated at about the same time as the Verde an«:I they are 
tentatively correlated with it. Qua~rnary gravel ?eds ha.ve sub~ 
quently formed as pediment veneers, terraces, and rIVer wash on ~e 
Verde formation. . '.:' . 

South from the junction of Sycamore Canyon and Verde RIver 
C&llyon, two flows are exposed along the walls of· the river gorge, 
The lower lava has been interpreted by Mahard (1949) to have flowed 
down SOB Canyon, and the upper lava from Sycamore CB.nyon~ 
Observations by the writer, however, indicate that both fiQwed fr~m 
Sycamore Canyon. The older flow is a single layer of basalt; Its 
base is at an altitude of 4,000 feet in Sycamore Canyon but descends 
below the present Verde River bed opposite SOB Canyon-a drop 
in altitude of about 550 feet. In the mouth of Sycamore Canyon, 
this older flow is about 50 feet higher than the younger, showing that 
Sycamore Creek cut down its floor about 50 feet between the time of 
the first and second lava flows. Downcutting during this interval 
may have removed all vestige of the early flow up ~ycamore Cany~n. 
The lava in SOB Canyon is almost accordant WIth the underlymg 
Supai formation that dips about 15°. E; this gives the eri'on~o~s im: 
pression that the lava flowed do".'n SOB Canyon. :tctualJy It ~spar~ 
of the Hickey formation which was deformed d~lrmg the perIOd of 
structural adjustment which . preceded deposition of the la,:"as of tM 
Verde formation. . This structure, is .\10 southern extension pf. a mono:, 
cline which is prominent about 1% miles to then.o~th. It. has been 
referred to by Mahard (1949, p~ 122) arid Jenkins (1923, Pn'(O) as th~ 
"Railroad Bend Structure" (SE16 page 5'78). ~P.e l!J.va . in SOB 
canyon is a continuation of o~e of the flows of Hl.ckey ag~ . pp.rt1y cov­
ered by the Verde formation to the southwest . . ~ :. ..,.:, ,.\ ! 

Outside the limits of the Clarkdale quadran,gle, .other loccurrenc~ 
of lava has been reported interbeqded w~t;tI. the lakebed~'1 .. ¥altarq. 
(f949, p. 1b~1l8) reported two thi~ ia~a flows iJ.lterbeade~. with . th~ 
lakebeds ata point 8 miles north of Camp Verde ;wher~ the Mont.e~ 
zuma Castle hjghway folJows th~, valley of Dry Beaver Q~eek. ,He 
stated that 100 feet of lakebeds separate the lower and upper flow~, 
which are 23 and 34 feet thick, . respectively, and that t~ey can be 
traced northward to House Mountain. Jenkins (1923, p. 69) wrote 

, I . I • I 

that the old Verde 'lake was formed through the damming of the Verde 
River by surface lava flows. About 6-8 miles south of Camp Verde, 
lava and lakebeds are interbedded in about equal amounts. 

LITllOLOGY .' 

Most of the Verde formation consists of fine-grained carbonate 
rocks including limestone, calcareous sandstone, limy siltstone, and 
marl. Marginal. to, and intertonguing with these carbonate rocks 
that are interpreted as lake deposits, are gravel beds accumulated as 
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fans along 'Steep hills that probably surrounded the basin. Inter­
bedded with the~ two types of rock in parts of the basin are basalt 
flows which are considered a part of the Verde formation. These 
three rock types are described separately below. 

Fine-grained carbonate facies.-The fine-grained carbonate rocks of 
the Verde formation consist of limestone, calcareous sandstone, and 
calcareous clay which are' lenticular, and variable in proportion from 
pJace to place. Mahard (1949, p. 104-105) concluded from studies 
of two sections, which he measured 5 miles apart, that none of the de-

, tailed units recognized in either section could be correlated. He also 
noted that the uppermost beds in both sections are largely composed 
of limestone. He stated-. . 
the Verde formation I, not composed of beds which were uniformly spread over 
Wide areas but instead Is bunt up of thin lenses of material of varying composI­
tion, the lenses overlapping and interfingering with one another. 

Limestone is the most conspicuous lithologic type in the Verde 
formation, probably because of its normal light color and its resist­
ance to erosion. Most of the beds are characteristically white, though 
some are light gray or pink. The rock is very hard, impure, aphani­
tic, and vuggy. Jenkins (1923, p. 77) suggested that the hardness 
probably has resuJted from reprecipitation. The beds, which range 
from 1 to 10 feet in thickness, weather into shelves or ledges, and 
some cap hills. Most of the limestone beds are argillaceous, and con­
tain many rounded grains of quartz. Small tubelike structures, about 
the diameter of a pencil, and several inches long, are present in many 
of the beds; these tubes closely resemble plant stems. 

Sandstone, siltstone, and marl alternate with limestone beds. These 
rocks are most abundant near the margins of the formation and in 
the lower parts of exposures. Most of them are pinkish gray to 
grayish orange. A majority of the sandstone beds are fine grained 
and calcareous, and most of the grains are rounded quartz. The 
siltstone and marl are likewise calcareous. These lithologic types 
are not as resistant to weathering as limestone. They are friable, 
and weather into slopes, to form colluvial material. 

Saline deposits are reported about 20 miles south of the Clarkdale 
quadrangle in the Verde formation in the vicinity of Camp Verde by 
Jenkins (1923, p. 73-75). He stated-
here must have been the deepest portion of the old lake In which the strati 
were farmed , for here Its l!edhnents are thicl{est, and here deposits of salt. 
(sodium sulf.ate, principally) are found in quantities, showing that at timet 
where the lake evaporated down to brine the only remaining portion of Ih. 
body of water was at this place. 

Gravel facies.-The gravel deposits are gray and consist of coarse 10 

fine gravel, sand, and silt. Sand and gravel both are very lenticular, 
and many small channels of gravel are cut throughout the sand layers. 
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The lithology of the gravel differs from place to pla~ and reflects the 
types. of bedrock surrounding the basin of accumulatIOn. The gravel 
consists of abundant Precambrian rock fragments below J ero~ 
whereas largely rocks of Paleozoic and Ter:-iary ages a~ co.mmo~ 
found ' on the south slopes of Black Mountam. The gravel ~ Syca­
more Canyon, beneath and above the intracanyon ?asa1t flow, IS co~­
prised mostly of rock types from the Mogollon RIm. . The gtavel 18 

progressively much finer towards the area of ~ne-gr~med. carbona.te 
deposits. These beds appear to have been de~os~ted p~lmarlly B;B fans, 
which extended into the old Verde lake, penodlcally mte~rupt1~g ae- , 
cumulation of fine-grained lake deposits. The result IS an mter-
fingering of gravel and lake deposits. . ' . '. 

Ora vel of the Verde formation weathers mto a loose, mcoherent 
Burface accumulntion on the tops and sides of hills, and well-preserved. 
exposures are few. The best exposures of these deposits are along 
U. S. Highway 89A between Jerome an~ Cottonwood, w:here roadc~ts 
reveal the details of bedding and plamly show the mterfingenng 
relationship between gravel and lakebeds. . . 

Volcanic rocks.-Lava of the Verde formation is basaltic rock S1Dll­
lar to that which occurs in other formations of the Clark~ale ~uad­
rangle. The flows are holocrystalline olivine basalt, showmg mter­
granular texture. Interstitial pyr.oxene ~I7stals ?Cc~r 88 agg~~ 
Probably a little more secondary mterst1~I~1 c:alcl~e IS f?und m these 
rocks than in other basalts. Columnar Jomtmg IS typIcal but there 
is no evidence of pillow structure in the flows, indicating that the old 
Verde lake may have been dry at the time of extrusion. 

AGE AD OORllELATION 

No diagnostic fossils have been found in the Verde formation. 
Jenkins (1923, p. 76-77) found a few poorly preser;ed gastropods, 
similar in appearance to some fresh-water types, whIch he collected 
south of Black Mountain (coordinates N. 1,404,000; E. 468,500). 
From a collection of mollusks made by Mahard (1949, p. 119) from 
the summit of a lakebed mesa, 1 mile north of the Clarkdale smelter 
on the west side of the Verde River, the following genera were identi­
fied: Sphaeriwm sp., Ly1l1fTt(J,ea sp., Physa sp., 0fr.am,U8 sp., Pup~la , 
sp. Mahard stated that species of these genera mdlcate an enVIron­
ment of submerged plants in a body of water not more than 10 feet 
deep. This may account for many tubelike structures, in some of the 
limestone, which appear to be plant stems. 1 

Jenkins (1923, p. 77) suggested that the Verde formation is late 
Tertiary or very early Pleistocene in age, because he considered the 
lava, with which the Verde formation is associated, to be of late '1:'er.­
tiary age. Mahard (1949, p. 126) similarly postulated a late Pli~-

560 '":: ~ I CONTRIBUTIONS TO GENERAL GEOLOGY 

fans along 'Steep hills that probably surrounded the basin. Inter­
bedded with the~ two types of rock in parts of the basin are basalt 
flows which are considered a part of the Verde formation. These 
three rock types are described separately below. 

Fine-grained carbonate facies.-The fine-grained carbonate rocks of 
the Verde formation consist of limestone, calcareous sandstone, and 
calcareous clay which are' lenticular, and variable in proportion from 
pJace to place. Mahard (1949, p. 104-105) concluded from studies 
of two sections, which he measured 5 miles apart, that none of the de-

, tailed units recognized in either section could be correlated. He also 
noted that the uppermost beds in both sections are largely composed 
of limestone. He stated-. . 
the Verde formation I, not composed of beds which were uniformly spread over 
Wide areas but instead Is bunt up of thin lenses of material of varying composI­
tion, the lenses overlapping and interfingering with one another. 

Limestone is the most conspicuous lithologic type in the Verde 
formation, probably because of its normal light color and its resist­
ance to erosion. Most of the beds are characteristically white, though 
some are light gray or pink. The rock is very hard, impure, aphani­
tic, and vuggy. Jenkins (1923, p. 77) suggested that the hardness 
probably has resuJted from reprecipitation. The beds, which range 
from 1 to 10 feet in thickness, weather into shelves or ledges, and 
some cap hills. Most of the limestone beds are argillaceous, and con­
tain many rounded grains of quartz. Small tubelike structures, about 
the diameter of a pencil, and several inches long, are present in many 
of the beds; these tubes closely resemble plant stems. 

Sandstone, siltstone, and marl alternate with limestone beds. These 
rocks are most abundant near the margins of the formation and in 
the lower parts of exposures. Most of them are pinkish gray to 
grayish orange. A majority of the sandstone beds are fine grained 
and calcareous, and most of the grains are rounded quartz. The 
siltstone and marl are likewise calcareous. These lithologic types 
are not as resistant to weathering as limestone. They are friable, 
and weather into slopes, to form colluvial material. 

Saline deposits are reported about 20 miles south of the Clarkdale 
quadrangle in the Verde formation in the vicinity of Camp Verde by 
Jenkins (1923, p. 73-75). He stated-
here must have been the deepest portion of the old lake In which the strati 
were farmed , for here Its l!edhnents are thicl{est, and here deposits of salt. 
(sodium sulf.ate, principally) are found in quantities, showing that at timet 
where the lake evaporated down to brine the only remaining portion of Ih. 
body of water was at this place. 

Gravel facies.-The gravel deposits are gray and consist of coarse 10 

fine gravel, sand, and silt. Sand and gravel both are very lenticular, 
and many small channels of gravel are cut throughout the sand layers. 

GEOLOGY OF THE CLARKDALE QUADRANGLE, AlUZ. 561, 

The lithology of the gravel differs from place to pla~ and reflects the 
types. of bedrock surrounding the basin of accumulatIOn. The gravel 
consists of abundant Precambrian rock fragments below J ero~ 
whereas largely rocks of Paleozoic and Ter:-iary ages a~ co.mmo~ 
found ' on the south slopes of Black Mountam. The gravel ~ Syca­
more Canyon, beneath and above the intracanyon ?asa1t flow, IS co~­
prised mostly of rock types from the Mogollon RIm. . The gtavel 18 

progressively much finer towards the area of ~ne-gr~med. carbona.te 
deposits. These beds appear to have been de~os~ted p~lmarlly B;B fans, 
which extended into the old Verde lake, penodlcally mte~rupt1~g ae- , 
cumulation of fine-grained lake deposits. The result IS an mter-
fingering of gravel and lake deposits. . ' . '. 

Ora vel of the Verde formation weathers mto a loose, mcoherent 
Burface accumulntion on the tops and sides of hills, and well-preserved. 
exposures are few. The best exposures of these deposits are along 
U. S. Highway 89A between Jerome an~ Cottonwood, w:here roadc~ts 
reveal the details of bedding and plamly show the mterfingenng 
relationship between gravel and lakebeds. . . 

Volcanic rocks.-Lava of the Verde formation is basaltic rock S1Dll­
lar to that which occurs in other formations of the Clark~ale ~uad­
rangle. The flows are holocrystalline olivine basalt, showmg mter­
granular texture. Interstitial pyr.oxene ~I7stals ?Cc~r 88 agg~~ 
Probably a little more secondary mterst1~I~1 c:alcl~e IS f?und m these 
rocks than in other basalts. Columnar Jomtmg IS typIcal but there 
is no evidence of pillow structure in the flows, indicating that the old 
Verde lake may have been dry at the time of extrusion. 

AGE AD OORllELATION 

No diagnostic fossils have been found in the Verde formation. 
Jenkins (1923, p. 76-77) found a few poorly preser;ed gastropods, 
similar in appearance to some fresh-water types, whIch he collected 
south of Black Mountain (coordinates N. 1,404,000; E. 468,500). 
From a collection of mollusks made by Mahard (1949, p. 119) from 
the summit of a lakebed mesa, 1 mile north of the Clarkdale smelter 
on the west side of the Verde River, the following genera were identi­
fied: Sphaeriwm sp., Ly1l1fTt(J,ea sp., Physa sp., 0fr.am,U8 sp., Pup~la , 
sp. Mahard stated that species of these genera mdlcate an enVIron­
ment of submerged plants in a body of water not more than 10 feet 
deep. This may account for many tubelike structures, in some of the 
limestone, which appear to be plant stems. 1 

Jenkins (1923, p. 77) suggested that the Verde formation is late 
Tertiary or very early Pleistocene in age, because he considered the 
lava, with which the Verde formation is associated, to be of late '1:'er.­
tiary age. Mahard (1949, p. 126) similarly postulated a late Pli~-



GONTRIB'UTIONS TO , 'GENERAL GEOLOGY 

hene or Pluistd~ene nge for the Verde formation. This is based on 
Robinson's (1913) conclusions that all igneous activity asSociated with 
the San Francisco Mountain area falls within these time limits. 
However, as previously stated (page 555)' Robinson's dating of the 
earliest lava was based on invalid ,evidence. ' 

The lava, which is interbedded with the lakebeds of the Verde for­
mation and which represent'! the y<;mngest period of volcanism recog­
nized in the area, may be correlative with Robinson's third-period 
basalt flows. Robinson (1913, p. 93-95) placed these lava flows in the 
Quaternary period (Pleistocene) because of the relationship of the 
lava to topography and the lack of appreciable erosion. He noted 
that the third-period flows followed youthful drainage courses (as 
shown by the lava in Sycamore Canyon) and flowed off the plateau 
edge, which shows little subsequent recession. 

From studies of the glaciation of San Francisco Mountain, Sharp 
(1942) found evidence of 'Wisconsin glaciation which spread outwash 
later covered by third-period basalt flows of Robinson. This, of 
course, dates the basalt at base of the San Francisco Mountains, but it 
does not show that the Perkinsville and Verde lava flows are cor­
relative with Robinson's third-period basalt flows. Maxson (1950, 
p. 14) favored a Pleistocene age for young lrtva that has flowed down 
tributary canyonR'to the Grand Canyon Ilnd caseac1ed down the walls 
of the Grand Canyon. However, it is not intended here to conclude 
that all lava fldws which have flowed over canyon walls or on canyon 
floo~ are Pleistocene, but to indicate that they may be of the same 
general period ·of extrusion in this region. 

The Verde formatioIl; accumulated after, the major movement of 
the Verde fault which elevated and blocked out the Black Hills on 
the easi, of which. Woodchute Mountain is a' part. The block faulting 
of the Black Hills may have started in late Tertiary time. The geo­
logic history following th~ accumulation of the Verde formation in­
cludes the formation of three pediment l.evels (Anderson and Creasey, 
1957) on the Verde formation, and the dissection of lakebeds of the 
Verde by erosion so that the present relief is now more than 1,000 feet 
in the area. 
, A tentative age assignment from late Tertiary (probably Pliocene) 
to Pleistocene is inferred. 

' Even though a precise age cannot be determined for the Verde 
formation, the relative age in relation to other formations within 
the quadrangle seems clear. The Verde is doubtless younger than 
the Hickey, and is correlated with the Perkinsville. This correlation 
is based on the belief that structural control was the cause of ac­
cumulation in both formations, and in relation to the present erosion 
cycle. Both the Verde and the Perkinsville accumulated after fault· 
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ing of the Hickey, and uplift of the Black Hills mountain block. . 
Volcanism during accumulation is a. feature common to both forma.:­
tions. The lava flows of the Perkinsville which spread south ove~ , 
the rim of the plateau into the northern part o~ the Clar~da.le quad­
rangle, are interpreted as contemporaneous WIth those mtercalated 
in the Verde. 

PERKINSVILLEI FORMATION 

DI8TllIBtJTION 

The Perkinsville formation is named from the excellent exposureS 
of gravel and intercalated lava flows o~ the north side of the Verd~ 
River near Perkinsville. This formatIon, for the most part, crops 
out in the northwest quarter of the Clarkdale quadrang],e; although 
a broad but short belt extends southward along the weste~ part ~ 
the foothills on the northwest side of Woodchute Mountam. The 
formation extends far to the west of the quadrangle in a sheetlike 
deposit, consisting of gravel in~rcalated with lava; it ~so extends 
northward in old surface depreSSIOns on the plateau.. ' . . t 

A period of erosion followed deposition of the f!lcke~' ~orma.tI?nt 
Subsequent to this erosion, there was strong tectonI.c aC~IV!ty, WhICh. 
consisted chiefly of normal faulting, but also of mIld tIltmg. of ~he 
strata. The topography of structural troughs where the Per~svill~ 
accumulated largely controlled the distribution of the formation. I 

THICKNE8:3 AND 8TRATIGltAl'HIC llELATION8HIl' 

The thickness of the Perkinsville formation is variable, owing to 
the mode of accumulation. The thickest part within the Cla~kdale 
quadrangle is between Black Mesa and the Orchard fault. (coordmates 
N. 1,4<>1,400j E. 411,750) where a drill hole cut through 20~ feet of 
gravel before reaching the sandst~ne ~urf~c.e .of ~he SupaI below. 
The relief on formation outcrops III tlllS VICInIty IS about 300 feet, 
indicating total thickness of about 500 feet. Exposures elsewh~re 
in the quadrangle jndicate thicknesses of 300 feet or more whl~h 
seem to be normal. . . 

The P~rkinsville unconformably overlies all older formatIOns m 
the Clarkdale quadrangle. The only younger depos~ts are overly.ing 
Quaternary terrace gravel beds al?ng the Verde ~lver at Perkins­
ville and perhaps vestiges of pedIment gravel whIch could not be 
differentiated. Riverwash also is present but is not shown on the 
geolpgic map of the area. 

LITHOLOGY 

Sedilmentary roclcs.-The sedimentary rocks of the Perkinsv~e 
formation consist primarily of coarse to fine gravel, but sand, .silt, 
and some limestone are also present. The gravel beds were derIved 
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chiefly fro~ two source areas. Those north of the Verde River are 
from the rIm sector of the plateau farther north. They consist of 
a~most 60 percent basalt; but also contain sandstone from the Coco­
rimo, several. rock types from the Supai formation, and limestone 
from the Kalbab, and ch~rt. The Toroweap, which is friable for the 
most part, probab1y contrlbu~ed materialJ.y to the matrix of the gravel. 
Gravel south ~f the Verde RIver was derived chiefly from the Wood­
chute Mountam block and the hills· west of the southwestern part of 
th.e Clarkdale q,uadrangle, and was spread northward to the Verde 
RIver area. Ba~alt constitutes almost 60 percent of these gravel beds. 
The~ also conta~n rock types representative of all the Paleozoic and 
TertIary formatIOns in the southern part of the quadrangle. Cobbles 
and boulders of Precambrian rocks are abundant, in contrast to a 
lack ,of these types north of the Verde River. Most Precambrian 
~~~ types aPP?ar to have been derived from gravel deposits of the 

IC ey formatlOn, rather than directly from Precambrian bedrock 
The gravel of the Perkinsville formation is increasingly coars~ 

toward ~ourceareas; sand and silt deposits are abundant near the 
Verde RIver. Go~d exposur~s of sand and silt occur along the rail­
road east of the hIghway bndge near Perkinsvi1le and gravel beds 
are well. exposed ~or several miles up Munds D:aw south of the 
~erde RIver. and m the. northward-trending canyon on the north 
SIde of the rIver at Perkmsville. The gravel is fairly well bedded 
rounded, and evenly sorted. Bedding is less evident to the north 
~nd to the south, aw~y from the Verde River, for the gravel weathers 
~to loose, .unconsolIdated accumulations on the tops and slopes of 
hIlls, maskmg the character and detail of depositional structures. 

West and northwest of Black Mesa, along the west boundary of 
t~e Clarkdale quadrangle but south of the Verde River is a white 
hm.est?ne bed a~ut. 4-6 feet thick, which is interbedded with gravel. 
~hI.S limestone IS thIcker and more prominent west of the quadrangle 
hmits t?an near Black Mesa. The limestone is more resistant to 
we~the~mg than the gravel beds and therefore forms a weak ledge 
whICh mterrupts the gentle sloping profile of the gravel hills Frng­
~ents of detrita~ sediment are scattered throughout most of the 
hhmestone. The lImestone breaks into heavy very irregular anO'ular 
c unks. 0 

Volcanic rooks.-The volcanic rocks of the Perkinsville formation 
ex~pt those on Black Mesa and two isolated exposures that form a 
thrn band between gravel beds just s:)uth of the mesa came from 
north of ~he Cla~'~d~le quadrangle. TheRe flows were all extruded 
probably m the VICInIty of Bill Williams Mountain which is 13 miles 
north o~ the Clarkda~e quadrangle, and flowed south along topographic 
depressIOns and dramage courses to spill over the plateau rim. One 
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point of entry into the Clarkdale area is where the Railro~ falJ,lt ~ 
splits into several branches, and forms a notch in the r~ of the 
plateau. The other point of entry was in the northwest corner of the 
quadrangle where there appears to have been an erosional recess 
that funneled and guided the flows. The lava flowed over irregular 
topography in that part of the quadrang1e, but farther south it flowed 
over an even surface of gravel. Here the lava flows fanned out and 
spread with a uniform thickness of about 50 feet. t· 

The lava of the Perkinsville formation is normal olivine basalts-­
except for one flow which is andesite. The lava flows generally 
have a fresher appearance than do the Hickey and intermediate 
basalt in the quadrangle. They have relatively uniform texture, but 
differ in porosity. The tops of some flows are scoriaceous and amyg­
daloidal; the amygdules are composed chiefly of calcite. Lower parts 
of the lava flows are massive and dense. Nearly everywhere the 
basalt flows are grayish black to dark gray on fresh fracture. They 
weather into irregular, lumpy surfaces, and detached blocks form 
rounded surfaces. The residue forms a fine brown to gray soil. 

The basalt flows of the Perkinsville formation are generally holo- . 
crystalline and porphyritic. Phenocrysts are chiefly olivine a.nd show 
a glomeroporphyritic texture. The oEvine crystals are changOO, in 
part, to iddingsite. In a few places where they are scarce, they may 
have been altered to magnetite. A few phenocrysts of augite and 
plagioclase feldspar are present. The basalt shows, for the most 
part, a distinct intergranular texture where interstitia.l augite occurs 
as an aggregate of grains and not in large crystals. Some of the 
augite is slightly purple indicating a titaniferous variety. The plagio­
clase is calcic labradorite. The groundmass is composed of small 
feldspar laths (labradorite) containing augite, olivine, and magnetite 

grains. 
Only one small occurrence of andesite has .been noted. It is 114 

miles north of the junction of the Drake and Perkinsville-Williams 
roads. The rock is light gray containing prominent, black, horn­
blende needles that are in strong contrast to the background. The 
rock is an olivine-hornblende andesite with a pilotaxitic texture­
one in which the groundmass occurs as a felt of microlites. The 
hornblende is oxyhornblende, which has an extinction angle that 
reaches a maximum of 5°; part of the hornblende is replaced by 
magnetite. The olivine is microporphyritic, and some liypersthene 
is present. The microlite crystals of plagioclase feldspar are toO 
small to be determined, but they are assumed to be composed of 
calcic andesine. . 

AGE AND (lOBULATION 

No fossils have been found in the Perkinsville formation, therefore, 
its precise age is not known. Tentatively, the Perkinsville is believed 
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road east of the hIghway bndge near Perkinsvi1le and gravel beds 
are well. exposed ~or several miles up Munds D:aw south of the 
~erde RIver. and m the. northward-trending canyon on the north 
SIde of the rIver at Perkmsville. The gravel is fairly well bedded 
rounded, and evenly sorted. Bedding is less evident to the north 
~nd to the south, aw~y from the Verde River, for the gravel weathers 
~to loose, .unconsolIdated accumulations on the tops and slopes of 
hIlls, maskmg the character and detail of depositional structures. 

West and northwest of Black Mesa, along the west boundary of 
t~e Clarkdale quadrangle but south of the Verde River is a white 
hm.est?ne bed a~ut. 4-6 feet thick, which is interbedded with gravel. 
~hI.S limestone IS thIcker and more prominent west of the quadrangle 
hmits t?an near Black Mesa. The limestone is more resistant to 
we~the~mg than the gravel beds and therefore forms a weak ledge 
whICh mterrupts the gentle sloping profile of the gravel hills Frng­
~ents of detrita~ sediment are scattered throughout most of the 
hhmestone. The lImestone breaks into heavy very irregular anO'ular 
c unks. 0 
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north o~ the Clarkda~e quadrangle, and flowed south along topographic 
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point of entry into the Clarkdale area is where the Railro~ falJ,lt ~ 
splits into several branches, and forms a notch in the r~ of the 
plateau. The other point of entry was in the northwest corner of the 
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The lava of the Perkinsville formation is normal olivine basalts-­
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differ in porosity. The tops of some flows are scoriaceous and amyg­
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grains. 
Only one small occurrence of andesite has .been noted. It is 114 

miles north of the junction of the Drake and Perkinsville-Williams 
roads. The rock is light gray containing prominent, black, horn­
blende needles that are in strong contrast to the background. The 
rock is an olivine-hornblende andesite with a pilotaxitic texture­
one in which the groundmass occurs as a felt of microlites. The 
hornblende is oxyhornblende, which has an extinction angle that 
reaches a maximum of 5°; part of the hornblende is replaced by 
magnetite. The olivine is microporphyritic, and some liypersthene 
is present. The microlite crystals of plagioclase feldspar are toO 
small to be determined, but they are assumed to be composed of 
calcic andesine. . 

AGE AND (lOBULATION 

No fossils have been found in the Perkinsville formation, therefore, 
its precise age is not known. Tentatively, the Perkinsville is believed 
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to be Pliocene (¥) to Pleistocene (¥) hi age, and is correlated with of a. high percentage of Precambrian fragments, but are gtiy where 
the Verde. The reasons for this age assignment have been discussed they consist chiefly of Paleozoic fragments. " . 
in connection with the Verde formation which is believed to have 

RECENT ALLUVIAL RiVER TERRACES AND RIVERW ASH accumulated contemporaneously. 

The terrace sediments were deposited by the Verde River upon its 
QUATERNARY GRAVEL flood plain at a time when the river had attained ~ temporary base 

DISTRIBUTION level and was broadening its valley by lateral planatIOn. Subsequent 
Quaternary gravel covers a sn;J.aU part of the area within the Clark- rejuvenation of the river has resul~ed in ~utting downward, sideward, 

dale quadrangle, and is confined to three widely separated localities. headward, and removing the earher sedIments except for segments, 
One of these is in the southwest corner where a large sheet of Quater- now terraces along the flanks oftha valley. , 
nary gravel forms the floor of Chino Valley. Another gravel locality r Alluvial ~rraces and riverwash occur mostly in and along the chan­
is in the valley of the Verde River. Here the gravel extends from a nel of the Verde River from a point about 3 miles north of Clarkda.le, 
locality westo'f Clarkdale, through Clarkdale, and southeastward into south to where the river leaves the quadrangle. In the Packard 
the Mingus Mount&.ln quadrangle, where it is very extensive. The Ranch area where the Verde Rjver and Sycamore Creek join, terrace 
third area in which the gravel occurs is on the southeast side of Black ' · deposits and riverwash are present, but the ter~ace dep.osits are so 
Mountain along the east border of the quadrangle. Here, also, the small that they were included with the riverwash m mappmg. Alo~g 
gravel is part of a thin, alluvial veneer that extends eastward from the the Verde River at Perkinsville, the riverwash and the terrace depOSIts 
quadrangle. are differentiated. . 

THIOKNESS AND STRATIGRAPHIO RELATIONSHIP 

The Quaternary gravel in all three localities described above occurs 
as an alluvial veneer on fiat, but gently sloping, pediment surfaces. 
The gravel ranges in thickness from a few inches to as much as 30 feet, 
but commonly is less than 5 feet. The pediment surfaces are trenched 
by channels which increase in depth toward the Verde R~ver. The best 
exposures of these gravel beds are in some of the channels that U. S. 
Highway 89A crosses between Clarkdale and Cottonwood. At these 
localities exposures of the carved surface of the Verde formation 
beneath the gravel show the remnn.nt of It pediment. 

The gravel unconformably overlies all older formations with which 
they come into contact. In turn, the gravel deposits along the Verde 
River have cut terraces and are covered by riverwash of Recent age, 
which has collected in the drainage systems that dissect them. 

LITHOLOGY 

The Quaternary deposits consist of fine to coarse gravel that is 
subrounded, but poorly sorted and occurs in a matrix of fine-grained 
sediment. The gravel beds are not consolidated, except 10cal1y where 
cemented by caliche. Most of the beds contain rock types of Precam­
brian and Paleozoic ages and also Tertiary basalt. Only the gravel 
southeast of Black Mountain is barrell of Precambrian rock types. 
The Quaternary gr8jvel in the southeastern part of the quadrangle has 
a high percentage of Precambrian fragments; whereas gravel in the 
southwest corner of the quadrangle has a high percentage of Paleozoic 
fragments. The gravel beds are dark reddish brown where composed 

The alluvial river terraces are 5-10 feet high and border the WIde 
. wash of the Verde River bed. The deposits consist of a wide succes­

sion and mixture of unconsolidated clay, silt, sand, and gravel; 
finel~ stratified. Most of the sediment .was deriv~d from rocks of 
Paleozoic age, and, locally, much of the SlIt was d~rlved from hetero­
geneous poorly sorted lake beds of the Verde formatIOn. . 

The thickness of the riverwash has not been determmed, however, 
, the deposits are not believed to be very thick. The r~verwash contrasts 

strongly to the terrace deposits in that the was.h IS. generally much, 
coarser; it consists of fine to coarse gravel, WhICh IS poorly sorted. 
During floods large boulders are carried d?wnstream, and as the floods 
ebb, finer sediment is deposited and fills m and around the boulders. 

STRUCTURE 

GENERAL FEATURlD8 

The structural features of the Clarkdale quadrangle are here limited .­
to the deformation recorded by the Paleozoic and Cenozoic rocks; 
not enough Precambrian rocks are exposed in the quadrangle ~o.w.ar- . 

: rant a discussion of Precambrian structural features. In the adJommg 
;, Mingus Mountain quadrangle Precambrian features have ' been de-
~ scribed in the comprehensive report by Anderson and Creasey (1957). 
t Although the physiographic boundary between the Colorado Pla- , 
" teaus province and the Basin and Range provin~ is along ~he Mogollon 

Rim in this region (Fenneman, 1931), the area mcluded m the Clark- , 
: dale quadrangle closely resembles a southern block of the Color~do ' 

Plateaus province in which erosion has cut deeper (to PrecambrIan 
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I !pCks in Prescott area) than farther north, but where major uplift is 
essentially vertical along normal faults. : The structural types in the 
quadrangle differ little if any from those farther north in the main 
plateau. Therefore, the Prescott-.Terome-Clarkdale area may be 
thought of as blocks raised higher than the more northerly plateau 

, blocks, and stripped of much, and all in some areas, of Paleozoic and 
. Mesozoic formations. These views concur with and are outlined in 
more detail by McKee (1951, p. 486). 

DEFORMATION OF PALEOZOIC AND CENOZOIC ROCKS 

No evidence of any orogenic disturbances in the Clarkdale quad­
rangle occurs from the close of Precambrian through the time in which 
the Kaibab limestone of Permian age was deposited. Statewide, as 

'far as known, the local pre-Devonian· disturbance southeast of the 
Pine-Payson area (McKee, 1951, p. 488) is the only occurrence during 
Paleozoic time. Minor epeirogenic disturbances are reflected by 
changes in lithologic character and ,unconformable relationship be­
tween the different Paleozoic formations. Similarly, the interval 
which separates the Kaibab (middle Permian) from the Moenkopi 
(Early and Middle ( ~) Triassic), recognized by Price (1949) a mile or 
so north of the quadrangle, is marked by a conspicuous unconformity 
that indicates epeirogenic disturbance only. 

A general early period of deformation in the Clarkdale quadrangle 
is postulated to have taken place between the time when the Moenkopi 
was deposited and that when the Hickey formation accumulated, The 
sedimentary rocks in the quadmngle do not indicate whether there was 
more than one episode of disturbance, and if so, when such occurrence 
might have taken place during this broad interval of time (post-Lower 
Triassic-Pliocene ~ ) . 

However, McKee (1951, p. 494) stated-
the first extensive uplift in Arizona nfter the pre-Cambrian probably came 
during the Upper Triassic epoch. At that time the region south of the Colorado 
Plateau apparently was uplifted for the Shinarump of Late Triassic age wu 
deposited as a broad sheet of gravel over much of northeastern Arizona and ad· 
joining areas. 

McKee (1951, p. 495-496) further cited evidence for Cretaceous 
uplift in southeastern, southern, and southwestern Arizona where 
,many gravel and conglomerate beds were deposited durin~ this epoch. 

A second major period of deformation in the area, after the ac­
cumulation of the Hickey formation, but before the deposition of the 
Verde and Perkinsville formations also is postulated. This deforma­
tion was the strongest subsequent t.o Precambrian time. Strata were 
elevated, tilted, and faulted, and locally, faults pass into monoclinul 
folds. 

GEOLOGY OF THE CLARKDALE QUADRANGLE: ARIZ. 56U, ", 
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.,Included with this late peri~d o~ def.ormat~on are·minor faults whi~ ~ <', . , ,;~ 
displace the Verde and PerkinsvIlle formatIons. These faults rep~ ! '.l 

sent recurrent movement along previous fault planes. ;;'1' ' 
I ' 

EARLY PERIOD 01' DE:rOJUlATIOll 
" 

Deformation that affected the rooks of Paleozoic age ~)Dly, in ~ 
Clarkdale quadrangle, resulted in gently tilting these rocks to t~ " 
northeast and in displacement by faults. Uplift and tilting 'Of the 
strata are indicated by the sedimentary rocks of the Hickey formll'-' 
tion. These are stream gravel beds, left as relics of a former north ... 
eastward-trending drainage system. They rest on Precambria.n in th~ 
southeast corner of the quadrangle and on upper Paleozoic roc~s in th~ 
northeast corner. The gravel contains fragments of Preca,mbrian an,~ 
early Paleozoic rocks so could only have come from the southwest.. 
Similar gravel has been reported in the area north of the Clarkda.l~ 
quadrangle by Price (1950a) and in Oak Creek canyon by Mea.r:s 
(McKee, 1951, p. 498). Further evidence of pre-Hickey uplift and 
tilting lies in the fact that the volcanic rocks of the Hickey formati~ 
overlap successively older rocks from northeast to southwest. The 
Paleozoic rocks in this area also once extended from the pr~sent plateau 
area to the south and west, as pointed out by McKee (1951, p. 486). 
To what degree the strata were tilted can only be estimated becaU8& 
later deformation has further changed the structure. Probably th~ I 

dip was a few degrees. , I.:; 
Faults, which displace Paleozoic rocks, but not the Hickey for:m.8.­

tion of late Tertiary age, are present in the foothills on the east and 
north sides 'of Woodchute Mountain. One such fault, which has --$ 
vertical displacement of about 150 feet, occurs at the intersection of ~ 
'ordinates N. 1,378,000 and E, 430,000. Another minor fault is presexlt 
at the intersection of coordinates N. 1,375,000 and E. 439,000. Othe~ 
~mall faults are also present in these areas. Movement on the Bessie 
fault (1 mile east of .Terome), which is related to the. pre-Hick~ 
period of deformation, was recognized by Anderson and Creasey · 
(1957) in the Mingus Mountain quadrangle, but has not been recog­
nized in the Clarkdale quadrangle. . ' , , .. 

The Coyote fault in the southwest corner of the Clarkdale qu~ 
rangle, which is the major marginal fault on the west side of Wood­
chute and Mingus Mountains, gives evidence of at least two mou­
ments. The first is related to the pre-Hickey; the second is rela~d 
to the post-Hickey. .. 

Before the accumulation of the Hickey formation the. west bl~k. 
along the Coyote fault was uplifted relative to the east block so that 
the Martin limestone of Devonian age was brought into j~aposition 
with the Redwall limestone of Mississippian age. The 'evidence ,of 
this is shown by the lava flows of the Hickey formation that rest on 
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the Martin west of the fault and on the Redwall east of the fault. 
The vertical1displacement for this movement near the south boundary 
of the quadrangle is about 500 feet. Southward in the Mingus Moun­
tain quadrangle, the initial movement on the fault had a minimum 
vertical displacement of 800 feet, as determined by Anderson and 
Creasey (1957). 
, The second movement along the fault was reverse to the first; the 

I West block moved down relative to the east block. The Hickey forma­
tion is displaced about 250 feet vertically at the south boundary of 
'the quadrangle, and the displacement decreases to a few feet just north 
of where sectio!l D-D' crosses the fault as shown on plate 45. 

In the northeast quarter of the Clarkdale quadrangle the age of five 
faults can be determined with respect to the Hickey formation. Four 
of these are older than the Hickey and one is younger. The faults 
1Vhich are older than the Hickey formation and therefore belong in 
the early period of deformation include both northeastward- and 
northwestward-trending structures. Some faults in this area occur 
where the Tertiary rocks are not present, so that no clear-cut evidence 
exists to determine whether they are older or younger than the 
Tertiary rocks. 

Faults, in the central part of the quadrangle near Mormon Pocket 
and 2 miles north of Perkinsville, mayor may not belong to the early 
structural period because the age cannot be determined with respect to 
the Hickey formation. However, east of where the Perkinsville-Wil­
liams road leaves the north edge of the quadrangle, and north of Sand 
Flat, the northwestward-trending faults are dominant, and some do 
not displace the Hickey formation. Here, they fan out and form a 
geries of step faults, where the downthrow is on the same side of the 

- ~veral subparallel faults. 
In the northwest quarter of the quadrangle a northwestward-trend­

mg fault is concealed beneath the volcanic rocks of the Perkinsville 
formation except for a short segment exposed in Bear Canyon. The 
stratigraphic throw on this fault in Bear Canyon is about 600 feet 
with the south side upthrown. In cross section A.-A.' (pI. 46) the fault 
shows a vertical displacement of 550 feet. Similarly, a cross section 
drawn from the most southerly outcrop of the Coconino about 1,000 
feet west of the Railroad fault southwesterly into section 27 indicates 
that a fault displaces the Paleozoic rocks about 500 feet. This fault 
presumably occurred in the early period of deformation because the 
upthrown block was eroded level with the down thrown block before 
the accumulation of the Perkinsville. The formation accumulated 
soon after the late period of intense deformation so that in most places 
the formation accumulated in structural troughs and against fault 
scarps (Orchard fault). 

GEOLOGY OF THE CLARKDALE QUADRANGLE; ARIZ. 511 

Many faults in the northern part of the quadrangle strike N. 500 W. 
and N. 45 0 E., and where the dips could be measured are essentially ., 
vertical. The displacement ranges from 50 to 150 feet, but most com­
monly are about 50 feet. Well-defined joint systems, common to the 
northeastern part of the quadrangle, are similar in strike,to the faults 
and are also essentially vertical. Price 8 who mapped an area of 
Sycamore Canyon about 8 miles long north of the Clarkdale quad­
rangle, noted that all the faults in that area also had a northeasterly 
or northwesterly trend. He stated that the northwestward-trend~g 
faults are most prominent, and dip at high angles between 700 -900 

• . 

He mentioned also that the northwesterly faults tended to produce 
grabens and were definitely older than the basalt on the plateau. 

The time of the early period of deformation can only be inferred'. 
McKee (1951, p. 494) stated that the first uplift, for which there is 
evidence in Arizona after the Paleozoic era, came during the TriasSic 
period when the region south of the Colorado Plateau was uplifted 
to form the source for the Shinarump conglomerate of Late Triassic 
a.ge which was deposited as a broad sheet of gravel throughout much 
of the northeastern part of the State. However, the sedimentary 
evidence, particularly in southern, southwestern, and western Arizona 
(McKee, 1951, p. 495-496), shows that, there, deformation was regional 
during Cretaceous time. Evidence cited by Babenroth and Strahler 
(1945, p. 149) indicates that the East Kaibab monocline and 8.S8O- , 

ciated faulting in the Grand Canyon area clearly formed during Late 
Cretaceous to early Tertiary time (Laramide time) . The early period 
of deformation in the Clarkdale quadrangle may have occurred at 
this time. 

LATE PERIOD OF DEFORKATlON 

The strongest deformation in the area since the close of the J>t.e­
cambrian era occurred in the late period of deformation and the 
structural features are characterized chiefly by northward to slightly , 
northwestward-trending normal faults. In general the only recogniz­
able folds are very minor and gentle monoclines. However, locally 
they may be strong, where the strata did not yield to faults, at least 
above the basement rocks. 

The late period of deformation resulted in block faultiIlg and uplift. 
One block, however, relative to adjacent blocks, became the horst block 
of Woodchute and Mingus Mountains. On the north side of Wood­
chute Mountain, transverse faults occur between the marginal 
longitudinal faults. . 

Structural features occurring in this period of deformation pro­
duced the major topographic features and the present drainage system. 
This deformation also produced the basins in which the Perkinsville 

• Price, W. E., Jr., op. cit. 
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'the quadrangle, and the displacement decreases to a few feet just north 
of where sectio!l D-D' crosses the fault as shown on plate 45. 

In the northeast quarter of the Clarkdale quadrangle the age of five 
faults can be determined with respect to the Hickey formation. Four 
of these are older than the Hickey and one is younger. The faults 
1Vhich are older than the Hickey formation and therefore belong in 
the early period of deformation include both northeastward- and 
northwestward-trending structures. Some faults in this area occur 
where the Tertiary rocks are not present, so that no clear-cut evidence 
exists to determine whether they are older or younger than the 
Tertiary rocks. 

Faults, in the central part of the quadrangle near Mormon Pocket 
and 2 miles north of Perkinsville, mayor may not belong to the early 
structural period because the age cannot be determined with respect to 
the Hickey formation. However, east of where the Perkinsville-Wil­
liams road leaves the north edge of the quadrangle, and north of Sand 
Flat, the northwestward-trending faults are dominant, and some do 
not displace the Hickey formation. Here, they fan out and form a 
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of deformation in the Clarkdale quadrangle may have occurred at 
this time. 
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northwestward-trending normal faults. In general the only recogniz­
able folds are very minor and gentle monoclines. However, locally 
they may be strong, where the strata did not yield to faults, at least 
above the basement rocks. 

The late period of deformation resulted in block faultiIlg and uplift. 
One block, however, relative to adjacent blocks, became the horst block 
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• Price, W. E., Jr., op. cit. 



672 CONTRIBUTIONS TO GENERAL GEOLOGY 

JUid Verde formations accumulated but other factors also influenced 
the accumulation of these formations. 
, The late period of deformation probably took place in late Tertiary 
tilhe, and is a part of the deformation that produced the Basin and 
Range province. The deformation Occurred after the accumulation 
• of the Hickey formation (Pliocene1) and before the deposition of 
the Per.kinsville and Verde formations (Pliocene or Pleistocene). 

FAULTS 

Verde fault.-The Verde fault extends north-noriliwestward from 
J.erome, with a sinuous trace, to about a mile north of Perkinsville, 

. where it ends again!i!t a transverse fault. Southward from Jerome, it 
extends southeastward along the east margin of the Black Hills, of 
which Mingus Mountain is a part. The Verde fault has the greatest 
vertical displacement of any fault in the Clarkdale quadrangle. 
'. The dip of this fault plane differs along the strike and generally 
becomes steep~r toward the north. South of Jerome, the fault has a 
dip as low as 45° E. At Jerome, the dip is about 60° E., and, about 
1 mile north, the dip is 55° E. To the north, the dip of the fault plane 
becomes steeper, and 2% miles north of Jerome, the dip is as much as 
80 0 E. 

Just north of where coordinate N. 1,380,000 intersects the Verde 
fault, a pod-shaped block is wed sed along the fault plane. South of 

. Jhis block, the Verde fault characteristically and persistently dips to 
the east, but north of it, the Verde fault dips to the west. In the 
vicinity of this pod-shaped block is a point of minimum vertical dis­
placement along the Verde fault, which had a scissorslike movement; 
the fault both north and south of the block is the normal type. A~ 
alternate interpretation is that two different faults intersect. Either 
interpretation is possible, but as there is no break in the trend of the 
faulting, the Verde fault is regarded as a single structure throughout. 
The northern segment dips 60°- 80° W., but most commonly 75°-80° 
W. . Small blocks (horses) of mappable size are wedged along the 
fault plane and are common of this segment. 

About 21;3 miles north of the south boundary of the Clarkdale quad­
~ngle the Verde fault splits into two branches, although it is possible 
that the split may be due to the intersection of two different faults. 
The west branch is essentially vertical where it parts from the Verde 
fault. To the northwest, along the trace of this branch, the dip of 
the fault plane is 75°-80° W. This branch dies out about 4 milee 

I northwest from where it parts from the Verde fault. 
1he stratigraphic throw on the Verde fault differs greatly along its 

length. In the vicinity of Jerome, it is about 1,500 feet; about 1% 
miles north of Jerome it is only 450 feet. Part of the difference is due 

GEOLOGY OF THE CLARKDALE , QUADRANGLE, ARIZ. . 573 v.:' 
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to the transverse HftYnef! faulrw1ir~ 16ins the V~rd~ fault jUst north -~ 
of Jerome. The Haynes fault is a northward dipp~g no~l fault : 
having a stratigraphic throw of about 750 feet, WhICh accounts for ,:: . 
much of the northward decrease in the throw on the Verde fa'Olt. The ··f 

remainder (300 feet) must take place between Jero~e and a 'point 1~ _~ 
miles to the north. Where coordinate N. 1,378,000 mtersects the mam ; . 
branch of the Verde fault, the throw is only 150 feet. The western' ' 
branch of the Verde fault, 2% miles north of Jerome, has ~ vertical '~ 
displacement of 50-75 feet (west side down), whereas the m~n eastern :.< 
branch has a vertical displacement of about 100 feet (east SIde. do~). , 
This is near the hinge point of the Verde fault. North of the JunctIon 
of the two branches in the vicinity of Bakers Pass tank, the throw 'On 
the Verde fault is more than 400 feet (west side down) ; it is about -
445 feet where the Verde River crosses the fault at coordinatS'N. 1,4~0,- ... 
000. Where the fault ends against a transverse fault, the vertIcal 
displacement is more than 400 feet. . . . . ' . ' . South of the Verde River, an eastw~rd-trendmg fa~lt; whIch IS 
younger than the Verde fault, but whIch formed d~nng the same " 
period of deformation, displaced the Verde fault a httle more than, 
100 feet laterally. . . . Movement also occurred on the Verde fault dunng the Precam- , 
brian' it has been discussed at length hy Anderson and Creasey (1967) ,. 
who ~tated that the maximum vertical displacement of the'. P~m- , 
brian movement is about 1,000 feet; the maximum total net slip, whi~~ 
includes Precambrian and later displacement, is about 3,300 feet; Its ' 
approximate bearing and plunge are N. 85° E. and 50° El ; .and ~e 
rake is about 66° S. These calculations are based on the assumptIOn 
that the intersection of a small mass of Deception rhyolite defines a 
point on the Verde fault that can be recognized on both: the hanging 
wall and the footwall of the Verde fault. 

Reverse drag on the hanging wall of the Verde fault nort~ of Jerome 
indicates movement during the early period of deformatIon. How .. 
ever this is local and may be due in part to adjustment of the fault 
block during, or following, the main faulting. '. Anderson and Creasey (1957) reported recurrent movement along 
the Verde fault during or after the accumulation of the Verde forma.- , 
tion: Where the recurrent movement was recognized, the ~ erde f~ult 
plane dips 35°-45° E., and .&-12 inches of crushed gravel h~ agamst a slickensided wall of Precambrian rocks. It was not posslble to d~ 
termine the vertical displacement because of no reference planes for 
measuring it, and because deposition and faulting may have occurred 
simultaneously. 
, Fault oompleaJ 'lWrth of Hopewell.-The most complexly faulted 
area in the Clarkdale quadrangle is east of the Verde fault and north 
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JUid Verde formations accumulated but other factors also influenced 
the accumulation of these formations. 
, The late period of deformation probably took place in late Tertiary 
tilhe, and is a part of the deformation that produced the Basin and 
Range province. The deformation Occurred after the accumulation 
• of the Hickey formation (Pliocene1) and before the deposition of 
the Per.kinsville and Verde formations (Pliocene or Pleistocene). 

FAULTS 

Verde fault.-The Verde fault extends north-noriliwestward from 
J.erome, with a sinuous trace, to about a mile north of Perkinsville, 

. where it ends again!i!t a transverse fault. Southward from Jerome, it 
extends southeastward along the east margin of the Black Hills, of 
which Mingus Mountain is a part. The Verde fault has the greatest 
vertical displacement of any fault in the Clarkdale quadrangle. 
'. The dip of this fault plane differs along the strike and generally 
becomes steep~r toward the north. South of Jerome, the fault has a 
dip as low as 45° E. At Jerome, the dip is about 60° E., and, about 
1 mile north, the dip is 55° E. To the north, the dip of the fault plane 
becomes steeper, and 2% miles north of Jerome, the dip is as much as 
80 0 E. 

Just north of where coordinate N. 1,380,000 intersects the Verde 
fault, a pod-shaped block is wed sed along the fault plane. South of 

. Jhis block, the Verde fault characteristically and persistently dips to 
the east, but north of it, the Verde fault dips to the west. In the 
vicinity of this pod-shaped block is a point of minimum vertical dis­
placement along the Verde fault, which had a scissorslike movement; 
the fault both north and south of the block is the normal type. A~ 
alternate interpretation is that two different faults intersect. Either 
interpretation is possible, but as there is no break in the trend of the 
faulting, the Verde fault is regarded as a single structure throughout. 
The northern segment dips 60°- 80° W., but most commonly 75°-80° 
W. . Small blocks (horses) of mappable size are wedged along the 
fault plane and are common of this segment. 

About 21;3 miles north of the south boundary of the Clarkdale quad­
~ngle the Verde fault splits into two branches, although it is possible 
that the split may be due to the intersection of two different faults. 
The west branch is essentially vertical where it parts from the Verde 
fault. To the northwest, along the trace of this branch, the dip of 
the fault plane is 75°-80° W. This branch dies out about 4 milee 

I northwest from where it parts from the Verde fault. 
1he stratigraphic throw on the Verde fault differs greatly along its 

length. In the vicinity of Jerome, it is about 1,500 feet; about 1% 
miles north of Jerome it is only 450 feet. Part of the difference is due 
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having a stratigraphic throw of about 750 feet, WhICh accounts for ,:: . 
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remainder (300 feet) must take place between Jero~e and a 'point 1~ _~ 
miles to the north. Where coordinate N. 1,378,000 mtersects the mam ; . 
branch of the Verde fault, the throw is only 150 feet. The western' ' 
branch of the Verde fault, 2% miles north of Jerome, has ~ vertical '~ 
displacement of 50-75 feet (west side down), whereas the m~n eastern :.< 
branch has a vertical displacement of about 100 feet (east SIde. do~). , 
This is near the hinge point of the Verde fault. North of the JunctIon 
of the two branches in the vicinity of Bakers Pass tank, the throw 'On 
the Verde fault is more than 400 feet (west side down) ; it is about -
445 feet where the Verde River crosses the fault at coordinatS'N. 1,4~0,- ... 
000. Where the fault ends against a transverse fault, the vertIcal 
displacement is more than 400 feet. . . . . ' . ' . South of the Verde River, an eastw~rd-trendmg fa~lt; whIch IS 
younger than the Verde fault, but whIch formed d~nng the same " 
period of deformation, displaced the Verde fault a httle more than, 
100 feet laterally. . . . Movement also occurred on the Verde fault dunng the Precam- , 
brian' it has been discussed at length hy Anderson and Creasey (1967) ,. 
who ~tated that the maximum vertical displacement of the'. P~m- , 
brian movement is about 1,000 feet; the maximum total net slip, whi~~ 
includes Precambrian and later displacement, is about 3,300 feet; Its ' 
approximate bearing and plunge are N. 85° E. and 50° El ; .and ~e 
rake is about 66° S. These calculations are based on the assumptIOn 
that the intersection of a small mass of Deception rhyolite defines a 
point on the Verde fault that can be recognized on both: the hanging 
wall and the footwall of the Verde fault. 

Reverse drag on the hanging wall of the Verde fault nort~ of Jerome 
indicates movement during the early period of deformatIon. How .. 
ever this is local and may be due in part to adjustment of the fault 
block during, or following, the main faulting. '. Anderson and Creasey (1957) reported recurrent movement along 
the Verde fault during or after the accumulation of the Verde forma.- , 
tion: Where the recurrent movement was recognized, the ~ erde f~ult 
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measuring it, and because deposition and faulting may have occurred 
simultaneously. 
, Fault oompleaJ 'lWrth of Hopewell.-The most complexly faulted 
area in the Clarkdale quadrangle is east of the Verde fault and north 

.. 
" 

, 
,~ 

" 1 
, .. 

l 
" 
,. 
:~ 
.~ . 

t , 
';0. 

.' 
\ , 

~ ~ . 
, , 

t 
'1 

" j 

I 

~ 

! 

I 
'j 



574 CONTRmUTIONS TO GENERAL GEOLOGY 

of Hopewell, where mnny closely spaced faults have disturbed the 
strata. Because of the mapping scale, many faults in this area are 
not shown on plate 45. All are normal faults and are parallel, to 
subparallel except a few which have sinuous traces. Most of them 
dip east, but a few dip west. Generally those that dip east have the 

, greatest stratigraphic throw. 
The net stratigraphic throw across this faulted area, is difficult to 

determine precisely, but the general approximation was calculated at 
several places. In each of three evenly spaced sections, drawn per­
pendicular to the general strike of the faults, the sum of the strati­
graphic throws of the westward-dipping, normal faults was subtracted 
from the sum of the eastward-dipping faults to determine the net 
displacement. One cross section, drawn N. 65° E. through the inter­
section of coordinates N. 1,372,300 and E. 440,000, showed a net throw 
of about 650 feet with east side down. Another section north of the 
first and trending N. 75° E. through the intersection of coordinates 
N. 1,379,100 and E. 440,000, revealed a net throw of about 235 feet 
with the east side down. The third section, still farther north, in 
the vicinity of Bakers Pass, drawn N. 70° E. through the intersection 
of coordinates N. 1,385,500 and E. 440,000, indicated a net throw of 
about 250 feet with the west side down. The fact that to the south, 
the sum of the throws on the eastward-dipping faults is greater than 
the westward-dipping faults, and that to the north near Bakers Pass 
the reverse is true, seems significant when compared with the move­
ment on the Verde fault in this area. Nearby is the place where the 
Verde fault plane changes in dip from east, through the vertical, to 
west. The net stratigraphic throws of the fault complex north of 
Hopewell indicate a hinge-type movement like that on the Verde 
faul~own on the west, north of the hinge, and down on the east, 
south of the hinge. 

Bessie fault and other small faults.-A few faults in the Clarkdale 
quadrangle displace the Verde formation. Largest of these is the 
Bessie fault, which is exposed in the quadrangle for 1 mile. To the 
north, it becomes obscured by the gravel facies of the Verde fOMIl&­
tion, and to the south, it is exposed in the Mingus Mountain quad­
rangle for a short distance before it dies out. The Bessie fault in 
the Mingus Mountain quadrangle (Anderson and Creasey, 1957) 
Seeme to have had three periods of movement, but in the Clarkdale 
quadrangle only two periods can be ascertained. During the first 
periQd the Redwalllimestone was moved down on the east into juxta­
position with the Precambrian rocks. This displacement was about 
550 feet. The second movement was during or after the accumula­
tion of the gravel facies of the Verde formation and displaced theee 
gravels abou1; 50 feet. The Bessie fault is essentially vertical where 

CLARKDALE 

U. S. Highway 89A crosses,and no,:tll'~ard i~ flattens until at a 'point " 
one-ha1.f mile north of the hIghway It dips 55 E. 

The Bessie fault and other small faults which displace the Verde 
formation are present in the vicinity of Hop~well. E~st of and , 
parallel to the Bessie fault, and east of Jerome m DeceptIon G~ch, 
post-Verde faulting is well exposed in the rOll.dcut of U. S. High- . 
way 89A. . block' tM ' Ooyote fault.-The Woodchute-Mingus Mountam 1Il 
southwest corner of the quadrangle is bounded on the west by ~he 
Coyote fault, which also had two periods of movement.. The earher " 
movement occurred before the accumul~tion of the ~Ickey forma.­
tion' the lava of this formation rests on Precambnan rocks west 
of the fault because the Paleozoic rocks had been eroded after the 
west block was uplifted during the early deformation. (See page 
5(9). Later movement on the C~yote fau~t occurred after the ~c­
cumulation of the Hickey formatIOn, and IS contemporaneous WIth , 
the major movement on the Verde fault. Displaeem~nt on these t~o 
fa.ults resulted in the elevation of the Woodchute-Mingus Mount&in 
hl~. ' ~ The Coyote fault which shows post-Hickey movement has a str e 
length of about 1 mile in the Clarkdale quadr,angle. !he nort~ end 
of this fault is approximately where cross sectIOn V-D (pl. 1) mt:er-
lOOts the trace of the fault. North of this point the Hickey f~rmatlOn 
is not dislocated. Southward, the Coyote fault extends mto the 
Mingus Mountain quadrangle where it is referred to by Anderson and 
Creasey (1957) as a fault zone; although it is poorly exposed as much 
a8 15 miles south of the Clarkdale quadrangle, segments are re~g­
flized. The lava, which overlaps the fault, north of cross, sectIOn , 
D-D' doubtless is the same lava cut by the fault along the south 
boundary of the quadrangle. The vertical displacement of !he Coyote 
fault can be determined from the base of the lava on ~oth sIde~ ~f the 
fault. It ranges from a knife edge where cross sectIOn D-D mter-
sects the fault to nearly 250 feet at the south boundary of the Clark­
da.le quadrangle. In the Mingus Mounta,in qu~drangle, ~derson 
and Creasey stated that the maximum vertICal dlsplacement 18 about 
1,200 feet. 'I t f Orohard fault.-The Orchard fault, which is several ml es eas 0 

, the Coyote fault, extends northward along coordinate E. 420!000 from . 
the west flank of Woodchute Mountain to a point abou~ 2 ~les north 
bf the Verde River, where it is concealed by the PerkmsVllle ~orma­
tion It is a normal fault and dips to th~ west. The fault 18 well exp~sed, except where the gravel of the Perkinsville format~on was 

• , deposited against and overlapped the fault scarp, and, even In these 
, localities where erosion locally has removed the gravel, tra.ceB of the 
'fll.u1t are revealed. 
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, the Coyote fault, extends northward along coordinate E. 420!000 from . 
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, localities where erosion locally has removed the gravel, tra.ceB of the 
'fll.u1t are revealed. 
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1

,>:1 On the west flank of Woodchute Mountain, the dip of the fault 
" plane ranges from 8[)~ W. to vertical. Here, the vertical displace­

, ttieiit is about 250 feet. F rom the point where the Haynes fault 
I> offsets the Orchard fault, northward to Perkinsville, the dip of the 

fault 'decreases to 700 -80 0 W. The vertical displacement is difficult 
i, . to determine along the fault between these two points because the 

gravel of the Perkinsville formation conceals the Paleozoic rocks in 
the downthrown block. Therefore, only the approximate vertical 
displacement can 'be given; it is about 600 feet where coordinate N. 
1,400,000 intersects the fault. Just north of Perkinsville, the fault 
plan~ dips '60 0 -65 0 W., the lowest recorded along its trace. In this .,' 
area, the minimum vertical displacement is probably about 250 feet, 
although it could be as much as 550 feet. 

Like the Verde formation, the Perkinsville is in fault contact with 
\, the Paleozoic rocks in ·places where recurrent movements occurred 

along preexisting faults (Orchard fault). The precise displacement 
cannot be ' determined, but it is believed that the movement was not 
much more than 50 feet. The evidence for this minor adjustment 
includes the outcrop pattern, and faceted and minutely striated peb­
bles of the gravel along the fault plane. These zones of faceted 
pebbles are ho more than an inch or so wide. 

The Orchard fault is offset more than 500 feet laterally by the 
I transverse Haynes fault, and also by a small one about %, mile to the 
1, i $buth. However, some faults parallel and subpai·allel to the Haynes 

fault are cut by the Orchard. , 
Ha'!fM8 fault.-The Haynes fault extends from the Verde fault 

at Jerome, northwestward across the north slope of Woodchute Moun­
tain for about 4%, miles, seemingly where it dies out. It is a normal 

, transverse fault that dips about 700 -800 N. The relative displace­
ment of the Haynes fault is unique, because the other transverse 
faults between the Verde and Orchard faults are downthrown on the 
south. 

In the vicinity of Jerome the Haynes fault becomes compound, 
and the stratigraphic throw of this compound zone is about 750 feet. 
About 1 mile west along the fault the stratigraphic throw is about 100 
feet less. Farther to the west, but east of the Orchard fault, only 
the vertical displacement, about 500 feet, can be measured by using 
theba.se of the Hickey fonnation. This may not be significant be­
cause the base of this fonnation is in-egular in this area. West of the 
Orcnard fault, the approximate vertical displacement of the base of 
the Hickey formation is 15,0 feet. 

Asthe vertical displacement decreases to the west along the Haynes 
fault, it is possible that there was rotation along a hinge west of the 
Orchard. fault and that west of this hypothetical hinge, the Haynes 
continues as a southward-dipping fault. A fault with the south 
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side downthrown on the projection of the Haynes was ~ot con.it~ted 
with the Haynes fault on the map because such connectIOn co~i n~t 
be found in the field and because the relative movement of each 18 

r 
reversed. . , . 

· Railroad fault.-The Railroad fault extends from the Verde.Rlver, 
· northwestward along the west side of Packard Mesa, to the bo~dary 
, of the Clarkdale quadrangle and beyond. At the south~est corn~r of 
.i the Packard Mesa the fault bifurcates. One branch swmgs eastward. 
· to an almost due east course and passes near the juncture of Syc~ore 
I Creek and the Verde River and extends beneath the Verde for~atlOn. 
1, The other branch continues southward acro~s the Verde Rlver as 
1 far as SOB Canyon, where it seemingly dles o~t. ' O~ these twa 
. branches, the one to the east has the greater st~~b~aphlc thro.w, 

I 

t .... 

On the west side of Packard Mesa in the vlcml.ty of coordmate 
N 1 426 000 the Railroad fault bifurcates, and still farther jnorth 
oo"tw~en 'He~derson Flat and the quadrangle boundary, the fault h~ 
a.t least four prominent branches. Only the eas~rnmost branch 18 

,exposed along its full strike le~gt~, and det.a1ls of the ~te~ 
branches are concealed by the PerkinSVIlle formatIon. . ' . 

The Railroad fault is a normal type with the west SIde do~t~wn. 
~h '. I 
" I 

About 2* miles north of the Verde River the fault plane. dlPs 75 W . 
From here to the north it was not possible to measure the dlP because of 
poor exposures, but the relationship of the trace of the fault to the 
topography indicates steep or vertical dips to the west. At the:south­
west corner of Packard Mesa near coordinate N. 1.,410,0~ tM fault 
dips 800 W South of this point, the branch whlch swmgs to the 
east becom~ slightly steeper on the curve and .dips 85

0 
SW. T~e 

other branch, which continues to the south, remams at a const~nt dIP. 
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of 80 0 W. . . bo d· 'te' f ItS 
The stratigraphic throw on the Railroa~ and su r ma ~u . , 

is variable· where coordinate N. 1,410,000 mtersects the fault, It IS . ., 
about 800 feet. South of this point, where the branch v~~ to th~ 
east it is 600 feet. On the branch that continues to the so~th It 18 about 
150 feet. To the north where coordinate N. 1,426,000 mtersects t~e 
fault a branch trends westward. The throw on the east branch 18 

about 250 feet, and on the west branch it is about 500. fe~t. The 
total throw on both branches is essentially the same as It IS,. to the 
south, where there was a single plane of ~ovement. ~orthwest of 
Henderson Flat, where cross section A-A (pI. 45) .mtersects the 
fault zone, the fault has four branches, three of. WhICh are down- '.' 

I.' thrown on the west, and the westernmost branc? IS down thrown o~ 
the east. The net stratigraphic throw across thIS group. of faults IS 
the west side down about 450 feet. This figure was obtamed by sub-

I tracting the stratigraphic throw of the westernmost upthrown block 
from the total throw of the downthrown blocks of the thtee ~astern 
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branches. The data show that the Railroad fault decreased in throw 
about 350 feet to the north as it approached the Colorado Plateau. 

Other laults.-Other faults of the late deformation that merit con­
sideration are for the most part along the west margin of the quad­
rangle. 

The many faults between Black Mesa and coordinate N. 1,380,000 
1re all the normal type. These faults trend about the same as the 
others in the quadrangle. Only three have continuity along the 
strike and have a stratigraphic throw of 150 feet or greater. One 
trends east-northeastward along the Chino-Perkinsville road, south 

. of coordina.te N. 1,390,000. This fault is downthrown on the south 
and has a stratigl'aphich throw of about 300 feet. It displaces another 
moderately large fault that trends northwestward near the quad­
rangle boundary. The latter fault splits into two branches where it 
curves sharply to the west. The blocks form a step like arrangement 
across these branches and are successively downthrown to the north­
west. The:only other-large fault in this area is the eastward-trending 

I fault at the south end of Black Mesa, which dips 80° S. and has a strati­
graphic throw of about 400 feet. This fault is probably the extension 
of the eastward-trending fault, south of the Verde River in the central 
part of the quadrangle, but this intetpretation cannot be proved, 
because of cover by the Perkinsville formation. 

FOLDS 

A few folds in the Clarkdale quadrangle consist of local steepening 
of the dip and indicate drag in areas of strong faulting. Minor 
undulations or gentle warps are present in places. Nearly every­
where, except in the vicinity of the plateau, the pre-Perkinsville and 
pre-Verde strata have a homoclinal dip to the northeast, and probably 
average between 6° and 100. These strata were tilted, in part, during 
the early period of deformation; but most of the tilting resulted from 

. the late period oi deformation, as shown by the fact that the Hickey 
formation dips to the northeast also. Furthermore, restoration of 
fault blocks to their position in pre-Hickey time will not produl» 
an acceptable reconstruction of the geologic conditions that existed 
at the time of deposition of this formation. Some warping and 
tilting must have taken place during the late period of deformation. 

The most pronounced fold in the quadrangle is a monocline, which 
is along the Verde River, about 1 "inile south of its junction with 
Sycamore Creek (coordinates N. 1,400,000; E. 453,(00). Here, the 
beds of the Supai formation strike about N. 100 E. and dip as much 
as 60

0 E. The lava which flowed down Sycamore Canyon rests against 
the flank of this fold. Overlapping both the lava and the Supai 
formation are lakebeds of the Verde formation with a normal dep­
ositional contact. As a result of sagging and compaction during or 
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shortly after their deposition on the steep hill slope of the SUI?ai 
formation, the lakebeds dip about 15° E. away from the lItooply m;. 
elined beds of the Supai. Jenkins (1923, p. 70) reported this structure 
in his report on the lakebeds which he named the Verde formati~ 
and concluded that the lava and the lakebeds: were faulted ,~inst the . 
Supai. Later Mahard (1949, p.122) visited this locality and reported 
that the lakebeds and lava flows of the Verde are not in fault relation­
ship with the Supai formation. The Verde formation doubtless rests 
on the Supai with a normal depositional contact. , 

This monocline extends to the south beneath the Verde formation 
and is exposed again in SOB Canyon where lava. of the Hickey 
formation, which rests on the Supai, is also involved in the flexure. 
The lava of the Hickey dips steeply to the east there. Mahard (1949) 
believed that these lava deposits were part of a post-Hickey flow which 
flowed down SOB Canyon before the deposition of the Verde forma­
tion. However, the lava flows were tilted by folding (pre-Verde 
flexure) and are not initial flow attitudes. . 

PHYSIOGRAPHY 

Most of the present topographic features have resulted from the 
latest period of deformation, and subsequent erosion has carved t~ 
faulted and tilted bedrock to form the present surface. The dominant 
physiographic features in the quadrangle include Woodchute Moun­
tain, which is the northern part of a fault block; the Colorado PlatealM 
which is bounded on the south by a. precipitous cliff (Mogollon Rim)" 
that overlooks the lowland to the south; eroded fault scarps and small 
cuestalike ridges between W oodchute Mountain and the plateau; and 
pediments on the flanks of Woodchute and Black Mountains. 

The drainage of the quadrangle is external. Although the drainage 
of the main part of the plateau north of the quadrangle is northward, 
many youthful streams have eroded deep through its margin (Mogol; 
Ion Rim) and drain south in the quadrangle. ' 

W oodchute M owntain.-W oodchute Mountain along the south-cen­
tral part of the quadrangle is the north end of a short mountain ra~ 
ealled the Black Hills-an elongated fault block about 20 miles long 
and 6 to 12 miles wide. The Black Hills are bound on the west by the 
Coyote fault and on the east by the Verde fault. . 

The eastern profile of Woodchute Mountain is broken by 8. prS­
nounced escarpment caused by the Verde fault. It separates the higher 
and much steeper cliffs of W oodchute Mountain from the lower long, 
smooth, rounded fingerlike ridges that extend out to form the foot­
hills. 'fhe fault scarp is thoroughly dissected so that the only topO­
graphic expression of its position is an abrupt change in slope. At 
present the valley of the Verde River is being exhumed so that most 
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branches. The data show that the Railroad fault decreased in throw 
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of ,th~ long, unifotmly sloping foothills are composed of coarse gravel 
of. the Verde [.formation. 
"; ,Woodchute 'Mountain is steep and dissected on the north and west. 
mhe north side has long irregularly trending and sloping spurs 
separated by ,youthful canyons, the courses of which are influenced 
~. the structure. 

The summit of Woodchute Mountain is relatively flat and mesalike. 
It is controlled largely by the flat attitude of the lava flows that cap it. 
Woodchute Mountain is at an altitude of 7,834 feet which is about the 
same altitude as Mingus Mountain to the south. 
, The valley of the Verde River bounds Woodchute Mountain on the 

east and the relief between the two is about 4,500 feet. Lonesome 
Valley bounds the mountain on the west, and the relief between the 
cellter of the valley and the top of the mountain is about 3,000 feet . 
. , Oolorado Plateau.-The dominant physiographic feature in the 

·northern part of the quadrangle is. the south edge of the Colorado 
Plateau. Here, the Mogollon Rim, the precipitous cliff that marks the 
south edge of the plateau, rises abruptly from the valley of the Verde 
River. Many steep-sided, narrow canyons of which Lonesome Pocket 
and Sycamore Canyon are examples have been carved into the plateau 
and along its borders. Dissection has resulted in isolating some areas 
from the main plateau mass to form flat-topped buttes and mesas. 
Black Mountain is an example. 

The plateau is more than 6,400 feet in altitude and has a relief of 
~bout 1,800 feet. The resistant sandstone of the upper member of the 
Supai formation and the monolithic Coconino sandstone comprise 
two-thirds.of the height of the escarpment. The other third is clifF­
forming units of Kaibab limestone and basalt flows. About 150 feet 
of the Toroweap formation forms a slope. 

Area beflween Woodchute Mountain and Oolorado Plateau.-The 
~r£a~e of the area between the Col.orado Plateau and W oodchute 
Mountain, although dissected, is gently inclined toward the Verde 
River on each side. The altitude of this surface ranges from about 
5~OOO at the base of the higher land masses to about 4,300 feet near 
the Verde River. Many eroded fault scarps interrupt this area of 
low relief and add a general cuestalike appearance to the topography. 
Also, resistant units in the Supai formation, and differential weathe .... 
ing between the base of the Supai and the underlying Redwall lime­
stone, add to this cuestalike appearance. 

In the area of the Perkinsville formation, lava and gravel ha" 
Covered earlier irregular topography and reduced the relief to • 
relatively even surface. Gravel fanned out towards the Verde Rinr 
from the W oodchute Mountain block and from the plateau scarp, 
during its formation, and filled in structural troughs and depressioDi. 

GEOLOGY OF THE ·CLARKDALE ,QUADR~GLE, ARIZ. : ,681 'X 

'...: The1ava flowed over the Mogollon Rim into the ,valley of the Verde ~, 
River, covering lower graveJ~ and these lava flows in turn ",ere cov- " 
ered by more gravel. ".. ~, \ '! 

Pediment8.-Pediments, which form relatively smooth slopes, a.re " 
limited to the bases of certain parts of Woodchute and Black Moun- J :J ~ 
tains. In the valley of the Verde River a low level pediment surface \ . t I 

was carved on the Verde formation in the vicinity of Clarkaale and i~, 
south beyond the Clarkdale quadrangle boundary. Part of a pedi- ~ 
ment surface which was cut on both the Verde and the Supai forma- ' . 
tions extends from the southeast side of Black Mountain beyond the -; 
umits of this quadrangle. The pediment surfaces dip only a : few 
degrees and are mantled with a veneer of gravel. Planed, bedrock !. 

surfaces below the gravel veneer are clearly exposed in the valley 'of ,. 
the Verde River. The pediments have been trenched subsequent to l;' 

their formation by a dendritic arrangement of gulches and arroyos 
and the flat-topped interstream remnants are covered with a veneer pf v 

red gravel which ranges in thickness from a few inches to perhaps 30 
feet. The depth of dissection increases progressively toward the " 
master streams. 

In the southwest corner of the Clarkdale quadrangle on ,the west 
side of Woodchute Mountain is part of the vast surficial deposit of r 
gravel which extends far to the west in Lonesome Valley and forms 
a veneer on a pediment surface. ' I. 

Drainage.-The drainage of the Clarkdale quadrangle is dendritic. " 
The master through-flowing stream is the Verde River which enters 
the west-central part of the quadrangle and follows a meandering 
course southeastward. The chief tributary of· the Verde River in the 
quadrangle is Sycamore Creek. All the drainage lines in the quad- , 
rangle extend to the Verde River, except for some in the ~uthwest 
corner of the quadrangle that reach the Verde River by a circuitous 
route-through Granite Creek in the Prescott and Paulden quoo- , 
rangles. . . 

The Verde River is perennial and locally braided. Sycamore Creek ,. 
is perennial below Summers Spring, 4 miles above its mouth . . All .' 
other streams in the quadrangle are ephemeral, and flow only when ' 
water is supplied by local storms. At such times the flow rarely 
lasts for more than a few hours at anyone locality. ., 

I 

GEOLOGIC HISTORY 

The geologic history of the Clarkdale quadrangle is moderately clear '.' 
from the present back to the time when a prolonged interval of erosion , 
had reduced to flatness the surface of the Precambrian rocks. Upon 
the surface which was cut across the structural planes of the Pre­
cambrian rocks, sediments apparently accumulate<;l ,from nearby Pre-
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of ,th~ long, unifotmly sloping foothills are composed of coarse gravel 
of. the Verde [.formation. 
"; ,Woodchute 'Mountain is steep and dissected on the north and west. 
mhe north side has long irregularly trending and sloping spurs 
separated by ,youthful canyons, the courses of which are influenced 
~. the structure. 

The summit of Woodchute Mountain is relatively flat and mesalike. 
It is controlled largely by the flat attitude of the lava flows that cap it. 
Woodchute Mountain is at an altitude of 7,834 feet which is about the 
same altitude as Mingus Mountain to the south. 
, The valley of the Verde River bounds Woodchute Mountain on the 

east and the relief between the two is about 4,500 feet. Lonesome 
Valley bounds the mountain on the west, and the relief between the 
cellter of the valley and the top of the mountain is about 3,000 feet . 
. , Oolorado Plateau.-The dominant physiographic feature in the 

·northern part of the quadrangle is. the south edge of the Colorado 
Plateau. Here, the Mogollon Rim, the precipitous cliff that marks the 
south edge of the plateau, rises abruptly from the valley of the Verde 
River. Many steep-sided, narrow canyons of which Lonesome Pocket 
and Sycamore Canyon are examples have been carved into the plateau 
and along its borders. Dissection has resulted in isolating some areas 
from the main plateau mass to form flat-topped buttes and mesas. 
Black Mountain is an example. 

The plateau is more than 6,400 feet in altitude and has a relief of 
~bout 1,800 feet. The resistant sandstone of the upper member of the 
Supai formation and the monolithic Coconino sandstone comprise 
two-thirds.of the height of the escarpment. The other third is clifF­
forming units of Kaibab limestone and basalt flows. About 150 feet 
of the Toroweap formation forms a slope. 

Area beflween Woodchute Mountain and Oolorado Plateau.-The 
~r£a~e of the area between the Col.orado Plateau and W oodchute 
Mountain, although dissected, is gently inclined toward the Verde 
River on each side. The altitude of this surface ranges from about 
5~OOO at the base of the higher land masses to about 4,300 feet near 
the Verde River. Many eroded fault scarps interrupt this area of 
low relief and add a general cuestalike appearance to the topography. 
Also, resistant units in the Supai formation, and differential weathe .... 
ing between the base of the Supai and the underlying Redwall lime­
stone, add to this cuestalike appearance. 

In the area of the Perkinsville formation, lava and gravel ha" 
Covered earlier irregular topography and reduced the relief to • 
relatively even surface. Gravel fanned out towards the Verde Rinr 
from the W oodchute Mountain block and from the plateau scarp, 
during its formation, and filled in structural troughs and depressioDi. 
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Pediment8.-Pediments, which form relatively smooth slopes, a.re " 
limited to the bases of certain parts of Woodchute and Black Moun- J :J ~ 
tains. In the valley of the Verde River a low level pediment surface \ . t I 

was carved on the Verde formation in the vicinity of Clarkaale and i~, 
south beyond the Clarkdale quadrangle boundary. Part of a pedi- ~ 
ment surface which was cut on both the Verde and the Supai forma- ' . 
tions extends from the southeast side of Black Mountain beyond the -; 
umits of this quadrangle. The pediment surfaces dip only a : few 
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the Verde River. The pediments have been trenched subsequent to l;' 

their formation by a dendritic arrangement of gulches and arroyos 
and the flat-topped interstream remnants are covered with a veneer pf v 

red gravel which ranges in thickness from a few inches to perhaps 30 
feet. The depth of dissection increases progressively toward the " 
master streams. 

In the southwest corner of the Clarkdale quadrangle on ,the west 
side of Woodchute Mountain is part of the vast surficial deposit of r 
gravel which extends far to the west in Lonesome Valley and forms 
a veneer on a pediment surface. ' I. 

Drainage.-The drainage of the Clarkdale quadrangle is dendritic. " 
The master through-flowing stream is the Verde River which enters 
the west-central part of the quadrangle and follows a meandering 
course southeastward. The chief tributary of· the Verde River in the 
quadrangle is Sycamore Creek. All the drainage lines in the quad- , 
rangle extend to the Verde River, except for some in the ~uthwest 
corner of the quadrangle that reach the Verde River by a circuitous 
route-through Granite Creek in the Prescott and Paulden quoo- , 
rangles. . . 

The Verde River is perennial and locally braided. Sycamore Creek ,. 
is perennial below Summers Spring, 4 miles above its mouth . . All .' 
other streams in the quadrangle are ephemeral, and flow only when ' 
water is supplied by local storms. At such times the flow rarely 
lasts for more than a few hours at anyone locality. ., 
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GEOLOGIC HISTORY 

The geologic history of the Clarkdale quadrangle is moderately clear '.' 
from the present back to the time when a prolonged interval of erosion , 
had reduced to flatness the surface of the Precambrian rocks. Upon 
the surface which was cut across the structural planes of the Pre­
cambrian rocks, sediments apparently accumulate<;l ,from nearby Pre-
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cambrian hills during early Paleozoic time and filled in the lower parts 

of the surface. These sediments, which are poorly sorted and variable 

in composition, indicate a mixture of detrital fragments which had 

lit,tIe. transportation. They probably represent, to a large extent, 

Pegohth reworked by the wave action of an advancing sea of Cam-

I brian ( ~) age which spread over the area from the north and 

northwest. 
I~ it is assume.d that the basal Paleozoic rocks are the Tapeats sand­

stone of CambrIan age, then this area of deposition represents the 

sO.titheast margin of the shelf that bordered the Cordilleran geosyn­

clme. The seas which at the beginning of Cambrian time covered only 

the extreme western part of Arizona, transgressed southeastward as 

the basin was depresse? The transgression of the sea seemingly ex­

tended farthest south mto the Jerome area during deposition of the 

Tapeats sandstone ( ~) as shown in the eastern part of the Grand 

Canyon. Whether the Bright Angel shale and the Mauv limestone of 

Cambrian age were ever deposited in the Jerome area is not known 

although both are present about 47 miles west-northwest of Jerom~ 
near Walnut ~reek Ranger Sta~ion in the Camp Wood quadrangle. 

After regresslon of the CambrIan sea, the Jerome area was a site 

either of erosion or of nondeposition, because there is no record of 

Ordovician nor Silurian deposits in central Arizona. Although the 

relati.ons~lip between the ~apeats sandetone( n and the overlying 

Martm lImestone of Devoman age appears to be gradational in the 

Clarkdale quadrangle, Krieger 9 has found a p'ossible unconformity 

between the TapeatsU) and the Martin limestone which suggests 

perhaps, the hiatus or unrepresented interval of time. ' , 

The Martin limestone was deposited in a Late Devonian sea which in , 
a general way, followed the trend of the Cambrian ( ~) transgression 

from the northwest. The first deposition of the Martin must have 

been in waters agitated by currents, because the basal unit is a clastic 

crossbedded limestone. The Devonian sea deposited this basal uni~ 
concordantly on the Cambrian ( ~) sandstone. AlthouO'h the bulk of 

the Martin is' dolomitic limestone, the 'abundance and distribution of 

sand ~nd clay impurities clearly indicate that a source of terriginous 

materIal was present throughout the accumulation of the formation. 

Local beds of limy sandstone accumulated where for a time detrital 

~m~urities predominated. Coral reefs in the upp~r part of the Martin 

mdlCate that locally, at least, the sea was relat~vely shallow. 

'Yhen the area was later inundated by the early Mississippian sea, 

whIch encro~ched from the north and northwest, the uppermost strata 

of the Martm were reworked and redistributed to form thin wavy 

conglomeratic beds of sand. As the sea advanced, the blui~h-gra~ 

1 Krieger. M. B.o op. elt. 
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oolitic .1ime~~ne ~f th~ lower '~mber' 'o'{ 'the : :n.Jd·~aii lim~£brie~ waS 

~eposiied, in it. As deposition ci>~inlie4 I>ed~:' h(~tgh~~gray crinohial 

limeston~ were l~~d down.. Afte~ de~iti(~)l1 ~ft?~ ~i'inoida~ limeStone; 

more calcareous oolites were laid d.6~.' Toward ;;M , ~lose 'of early 
Mississippian. time, the sea withdrew"from the .~re~ ,t;Oward the geosyn7 

cline to the Ii9rthwest. Erosion Of Redwalllimest;one surface followed 

retreat of the ' sea, and an irregu1~f.' Isurface with la;''reiie'f 'Of ' 30 f~et' or 

so was carved: ' . '. ' . . . ', ' . ' : 
, • ' . I '~j ~ • , ~ •• ~. ... • \ , 

The Clarkdale area, m what prooably was la'te 'Pennsylvanian time" 

see~ingly was a mud flat, marginal t<? a marine :b~sin, th~1 ~aterS: of 

whIch had transgressed from the northwest .to connect wIth ' marme 

waters froni the southeast. In 'the, low areas, ·on. tM eroded sUrface of 

the Redwall, limestone conglom~rate and chert,breccia col1ected. ' A 

few thin beds of liniestone in the lower part of the redbeds oft-he 

Supai formation may represent e~tended fungues of deposits formed iIi' 
these seas. - . . ' 

permian deposition was a continuation of thePennsyjvanian, a~ 

shown by the redbeds of the Supai"which ' ~ccum~l~ted to ~ great 

thickness. ,These sediments, perhaps in. part, 'reJ>i'¢serit a. mud flat 

environment marginal to a marine basin, and in part, deltaic depbsi~ 

brought in . by a drainage systeni ' from the ' north. , The upper .part 

of the Supai interfingers with the overlyirig CoConino sandstone. 

Because ,there is 3. vertical alternation between these two formati~ns~ 

it is assumed that sedimentation was' oonti?uous throughout much 

o~ the area, during the changes :from e~viro:oments 'of deposition of 

Supai time to those of the Coconirio time. ' . I 

, Deposition of the sand of the Coc,onmo beg~n at the clo~ of Sup~ 
sedimentation when the red silts~ild sands were covered byoolian 

sand transported into the area from the nortli. The sand was de~ 

posited as large dunes, and the area' became a desert, which stretched 

far to the ~or~h and pr~b~bly: W th~ ~ut~. ~us, the Climatic ,~a:n~ 
from the tIme of depOSItIon of the Supal ,to tpat of the Cocomno wa's 

perhaps one of gi-adual change toward aridity. . '. . 

An encr'oachment from the northwest of the sea; in which sediment1 

w:ere deposited during Toroweap time, cauSed the termination of 

Coconind deposition. , This is in,dicated by the !eriuirkably leve1 con~ 

tact, where the uppermost beds of the Coconino were beveled and the 

sands reworked while · still UI1COhs9lid~ted,. for there is no ' surface 

of relief 'at the top of the Coconino sandstone .. The lithology of t~e 

Toroweap indicates a shallo'w oscillating sea . . The arid 'to Semiarid 

c!imate represented by the Coconino persistSci ' throughout Toroweap 

tIme. The average grain size of the sediments in the Clarkdale 

, quadrangle IS fine, and it is assumed that the surrounding topography 

was flat and featureless. The Toroweap Sea regresSed to the northweSt 
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cambrian hills during early Paleozoic time and filled in the lower parts 

of the surface. These sediments, which are poorly sorted and variable 

in composition, indicate a mixture of detrital fragments which had 
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Pegohth reworked by the wave action of an advancing sea of Cam-

I brian ( ~) age which spread over the area from the north and 

northwest. 
I~ it is assume.d that the basal Paleozoic rocks are the Tapeats sand­

stone of CambrIan age, then this area of deposition represents the 
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After regresslon of the CambrIan sea, the Jerome area was a site 

either of erosion or of nondeposition, because there is no record of 

Ordovician nor Silurian deposits in central Arizona. Although the 

relati.ons~lip between the ~apeats sandetone( n and the overlying 

Martm lImestone of Devoman age appears to be gradational in the 

Clarkdale quadrangle, Krieger 9 has found a p'ossible unconformity 

between the TapeatsU) and the Martin limestone which suggests 

perhaps, the hiatus or unrepresented interval of time. ' , 

The Martin limestone was deposited in a Late Devonian sea which in , 
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been in waters agitated by currents, because the basal unit is a clastic 
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concordantly on the Cambrian ( ~) sandstone. AlthouO'h the bulk of 

the Martin is' dolomitic limestone, the 'abundance and distribution of 
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materIal was present throughout the accumulation of the formation. 

Local beds of limy sandstone accumulated where for a time detrital 

~m~urities predominated. Coral reefs in the upp~r part of the Martin 
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1 Krieger. M. B.o op. elt. 
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after,the ,To.roweap had been deposi~!l. During the hiatus that ,fol. 
lowe~ ,channels were e~ed locally but no great time elapsed as in· 
,(Jicated by the minor amount of erosion aCcomplished and by faunal 
' ~vidence froJIl the Toroweap and the overlying Kaibab limestone. 

Follc;>wiD3 this ~ eroeion .. period, the Kaiba.b sea; !lPl'ead into ~h~ 
Cla.rkdil.leq~adrangle . and; .deposited the Kaibab limestone. In the 
~~adrangle, ,these sedimentS, in general, consist ~f alternate layers that 
range from sandy limestone to limy Sandstone, but westward they 
·grade into beds of limestone, and eastward into pure sandstone of the 
.shore facies. 
. '. From th~ ,end of Kaibab deposition ih middle Permian time, when 

.~he sea withdrew toward the west, there is no evidence of sedimentary 
:deposition in the Clarkdale quadrangle until Late Tertiary time. 
~owever, the-pileeerme· of Lower ' Triassic rocks to the north allows 
reasonable inference to be made concerning the gap in the geologic 
bistory of the area. The Moenkopi formation of Early Triassic age 
Tests unconformably on the Kaibab limestone in Sycamore Canyon, 
about 2 or 3 miles· northeast of the quadrangle. The'time represented 
by the unconformity was sufficiently long to allow the consolidation of 
'sediments deposited during Kaibab time which ,are represented in the 
Triassic conglomerate beds and, as indicated by fossils, was equal 
to the duration between middle Permian (Guadalupian) and early 
part of Early J'riassic (pre·Meekoceras). The Moenkopi is a con­
tinental red bed deposit in the Sycamore Canyon area, which was 
formed on a vast flood plain covered with streams, lake basins, and 
playas. According to McKee (1938) ,the Moenkopi occupies a low, 
~at area that bordered an Early Triassic seaway on the northwest. 
'Because there is an average thickness of 250 feet of these sediments in 
Sycamore Canyon, the top being erosional, they most likely once 
·extended farther south and covered the Clarkdale quadrangle. It is 
probable that the Shinarump conglom~rate and Chinle formation of 
Triassic age. extended throughout the Clarkdale area too. 
lf the clastic sediments of the Shinarump conglomerate and Chinle 

formation were ever deposited o",er the Clarkdale quadrangle, it is 
then necessary to postulate that a region somewhere to the south and 
·southwest was uplifted (Late Triassic uplift) before or during that 
time of deposition to provide the source material. 

Assuming that the Shinarump and Chinle were deposited in the 
Ij. I" 
area, it can be inferred that an uplift perhaps in Cretaceous or early 
Tertiary time then followed, because the strata were tilted, faulted, 
.and eroded before deposition of the Hickey. (Pliocene ¥). McKee 
,(1951, p. 495-496) has pointed out the evidence for uplift during 
-Cretaceous time and Babenroth.and Strahler (1945) have shown that 
the. Kaibab monoclinal flexure' occurred during early Tertiary time. 

There ~ no ~vidence in the qU;8i4'~~ tha~ ~~ ueed.for ~ 
the. crustal disturbances which ,ocqurI:ed.., ~.een ,the M.opi. and 
Hickey times of deposition. The disturbance could be .La;~ Tri$ssic, 
Early Creta~us, or early Tertiary, or 'a combination of these times. 

Gently dipping sedimenta:ry,:rocks were truncated by,,~r~ion so 
that the oldest ·Pa.leozoic ·rocks were e~P9~, to the sou1'}1West, an~ 
progressively younger strata exposed ,to · t)l.~ . ·northeast. ;Upon .~ 
surface the drainage during Pli~ne( w) time, cut deep . cha.nn~ 
leading northward. The stream .gravel .w:hich ~umulated in t~~ 
channels forms part of the Hickey formatiQn, . and reflects a solP'~ 
in the direction of Prescott. Some of. th~se gravel beds were. carried 
in their channels far northward in the area that IS now the Colorado 
Plateau. At the same time volcanism in the form of widespread erup­
tions of basalt and, locally, of' g.ndesite, occlll'red mostly from local 
vents or fissures. The basalt, in the Hickey formation, overlapped 
successively younger rocks ranging in age from Precambrian in the 
BOuthwestern part of the Clarkdale quadrangle, to Pel'IJlian in tM 
northeastern part of the quadrangle. An extremely thick sequence 
of flows on W oodchute Mountain indicates that it was a site of ex­
trusion, probably fissure eruptions. Vents of Bill Williams Mountaill 
at Williams, Ariz., of the Sa.n Francisco. Mountain at Flagstaff, and 
others, likewise contributed lava flows that accumulated in the plateau 

• part. of the Clarkdale quadtangle. ., _ 
. After the accumulation of the Hickey formation the area of the 

Clarkdale quadrangle was subjected to a period of strong deformatiQ¥ 
which tilted and block-faulted the rocks. These structural feat~ 
are referred to as the late period of deformation in the quadrangAe 
and occurred probably during late Tertiary ~~e.. Duriil~ this crus~ 
disturbance, the Woodchute-Mingus M01lI?-tain block was elevated 
along boundary faults; most of the normal faults which ~xtend north 
and northwest acroSS the area were formed; and the plateau was u~ 
lifted relative to . the Basin an~ Range p:rovince to th~ south 8.lJ~ 
BOuthwest. It was from this time of deformation that the present 
southward flowing drainage originated. ,. . , 

This late period of deformation in the Clarkdale area. initiated,l a 
~gorous cycle of erosion. Much of the Hickey formation, was eroded, 
and the escarpment of the plateau 'Was carved. While erosion was cut· 
ting away the land, a brief and localized spurt of volcanism took 
place. Basalt, intermediate in age betwooB: Hickey and Perkinsville 
or Verde rock, was extruded on the west side of Black Mountain. 
This basalt rests on the middle and uPPer members of the 'Supai 
formation, whereas basalt flows 'of the Hickey formation rest dn 
Coconino sandstone. This difference in age is a means oideterihining 
the. amount of erosion that took place -betvveeI1 'the Hickey time of 

.ps4 .'; !l " ?D~IBUTIO~S: :x:.?: J1EJ?RAL GEO~GY'.I' . 

after,the ,To.roweap had been deposi~!l. During the hiatus that ,fol. 
lowe~ ,channels were e~ed locally but no great time elapsed as in· 
,(Jicated by the minor amount of erosion aCcomplished and by faunal 
' ~vidence froJIl the Toroweap and the overlying Kaibab limestone. 

Follc;>wiD3 this ~ eroeion .. period, the Kaiba.b sea; !lPl'ead into ~h~ 
Cla.rkdil.leq~adrangle . and; .deposited the Kaibab limestone. In the 
~~adrangle, ,these sedimentS, in general, consist ~f alternate layers that 
range from sandy limestone to limy Sandstone, but westward they 
·grade into beds of limestone, and eastward into pure sandstone of the 
.shore facies. 
. '. From th~ ,end of Kaibab deposition ih middle Permian time, when 

.~he sea withdrew toward the west, there is no evidence of sedimentary 
:deposition in the Clarkdale quadrangle until Late Tertiary time. 
~owever, the-pileeerme· of Lower ' Triassic rocks to the north allows 
reasonable inference to be made concerning the gap in the geologic 
bistory of the area. The Moenkopi formation of Early Triassic age 
Tests unconformably on the Kaibab limestone in Sycamore Canyon, 
about 2 or 3 miles· northeast of the quadrangle. The'time represented 
by the unconformity was sufficiently long to allow the consolidation of 
'sediments deposited during Kaibab time which ,are represented in the 
Triassic conglomerate beds and, as indicated by fossils, was equal 
to the duration between middle Permian (Guadalupian) and early 
part of Early J'riassic (pre·Meekoceras). The Moenkopi is a con­
tinental red bed deposit in the Sycamore Canyon area, which was 
formed on a vast flood plain covered with streams, lake basins, and 
playas. According to McKee (1938) ,the Moenkopi occupies a low, 
~at area that bordered an Early Triassic seaway on the northwest. 
'Because there is an average thickness of 250 feet of these sediments in 
Sycamore Canyon, the top being erosional, they most likely once 
·extended farther south and covered the Clarkdale quadrangle. It is 
probable that the Shinarump conglom~rate and Chinle formation of 
Triassic age. extended throughout the Clarkdale area too. 
lf the clastic sediments of the Shinarump conglomerate and Chinle 

formation were ever deposited o",er the Clarkdale quadrangle, it is 
then necessary to postulate that a region somewhere to the south and 
·southwest was uplifted (Late Triassic uplift) before or during that 
time of deposition to provide the source material. 

Assuming that the Shinarump and Chinle were deposited in the 
Ij. I" 
area, it can be inferred that an uplift perhaps in Cretaceous or early 
Tertiary time then followed, because the strata were tilted, faulted, 
.and eroded before deposition of the Hickey. (Pliocene ¥). McKee 
,(1951, p. 495-496) has pointed out the evidence for uplift during 
-Cretaceous time and Babenroth.and Strahler (1945) have shown that 
the. Kaibab monoclinal flexure' occurred during early Tertiary time. 

There ~ no ~vidence in the qU;8i4'~~ tha~ ~~ ueed.for ~ 
the. crustal disturbances which ,ocqurI:ed.., ~.een ,the M.opi. and 
Hickey times of deposition. The disturbance could be .La;~ Tri$ssic, 
Early Creta~us, or early Tertiary, or 'a combination of these times. 

Gently dipping sedimenta:ry,:rocks were truncated by,,~r~ion so 
that the oldest ·Pa.leozoic ·rocks were e~P9~, to the sou1'}1West, an~ 
progressively younger strata exposed ,to · t)l.~ . ·northeast. ;Upon .~ 
surface the drainage during Pli~ne( w) time, cut deep . cha.nn~ 
leading northward. The stream .gravel .w:hich ~umulated in t~~ 
channels forms part of the Hickey formatiQn, . and reflects a solP'~ 
in the direction of Prescott. Some of. th~se gravel beds were. carried 
in their channels far northward in the area that IS now the Colorado 
Plateau. At the same time volcanism in the form of widespread erup­
tions of basalt and, locally, of' g.ndesite, occlll'red mostly from local 
vents or fissures. The basalt, in the Hickey formation, overlapped 
successively younger rocks ranging in age from Precambrian in the 
BOuthwestern part of the Clarkdale quadrangle, to Pel'IJlian in tM 
northeastern part of the quadrangle. An extremely thick sequence 
of flows on W oodchute Mountain indicates that it was a site of ex­
trusion, probably fissure eruptions. Vents of Bill Williams Mountaill 
at Williams, Ariz., of the Sa.n Francisco. Mountain at Flagstaff, and 
others, likewise contributed lava flows that accumulated in the plateau 

• part. of the Clarkdale quadtangle. ., _ 
. After the accumulation of the Hickey formation the area of the 

Clarkdale quadrangle was subjected to a period of strong deformatiQ¥ 
which tilted and block-faulted the rocks. These structural feat~ 
are referred to as the late period of deformation in the quadrangAe 
and occurred probably during late Tertiary ~~e.. Duriil~ this crus~ 
disturbance, the Woodchute-Mingus M01lI?-tain block was elevated 
along boundary faults; most of the normal faults which ~xtend north 
and northwest acroSS the area were formed; and the plateau was u~ 
lifted relative to . the Basin an~ Range p:rovince to th~ south 8.lJ~ 
BOuthwest. It was from this time of deformation that the present 
southward flowing drainage originated. ,. . , 

This late period of deformation in the Clarkdale area. initiated,l a 
~gorous cycle of erosion. Much of the Hickey formation, was eroded, 
and the escarpment of the plateau 'Was carved. While erosion was cut· 
ting away the land, a brief and localized spurt of volcanism took 
place. Basalt, intermediate in age betwooB: Hickey and Perkinsville 
or Verde rock, was extruded on the west side of Black Mountain. 
This basalt rests on the middle and uPPer members of the 'Supai 
formation, whereas basalt flows 'of the Hickey formation rest dn 
Coconino sandstone. This difference in age is a means oideterihining 
the. amount of erosion that took place -betvveeI1 'the Hickey time of 



. -.; , , IA cONfRlBU1r-o·L s-'..u,. '0" ':':'J..:.'R'...Ii .' G- E' j,(~ _lo..Jo.~' .~ . . -:-. I~' --I------:-=-=-==-=-==-=::-:-:==~::_::=_:_:::_=:_=;_;;;_"'7;;';;;_-_=..._r_--_ 
IN.1V !'lNE n..lJ UlJUUI GEOL09Y, ,9F ~ .P~¥-E . QU~¥NG~, 

!mi~tions ' ~~q. . th~t ' of th~ ' interiri~i'a~' , ~8.salt'. ' Furtherin~re th~ 
in~rlhedia~',b~aU. is present on ~th " sid~~' of tlie present Syca~o~ 
Ca~yo~, which In~lc~tes that ,the floor of ~y~a~ore CanY<)ll was not 

apprecIably . ~ower than the base of the . lava at the tim~ that they 
,were extruded. . '. . , '., 

; / ~ ~rosion progtess~d ,during what pr6h!1b1y was Plioce~e or Pleisto: 

~!IDe time, gravel deposits of the Verde forrnati'ort started to accumula~ 

along t~e eft:St side , of the horst block o.f tlle W'oodchute and MIngus 

~ountalDs, and at the same time gravel of 'the PerkinsVille formation 

was accumu1ati~g be~ween 'Y~odchute M~untain alid the plateau to 
,t~e nor~h. WhI~e t~IS depOSItIon was taking place, Sycamore Creek 

~as actIvely cuttlDg Its canyon. During ~his episode, volcanic activity 

was r~newed. Lava flowed across anddamnied the south end of the 

valley of the Verde River. ' This barrier impounded a lake in which 

the lakebeds /of the Verde' were depositkd . . Lava also flowed off the 

plateau. in the northern part of the Clarlrda:le quadrangle and spread 

as a thlD sheet over the lower gravel of the Perkinsville and some 

lava fl.owed down SycaMore Canyon. Gt~vel continued to ~ccumulate 
dong the east side of the horst block oi the W oodchute and Mimms 

Mountains, ,and intarfingered with the :iakeoeds' whereas betw:en 

Wo~dchute¥oUhtain and the plateau, 'the gravel ~f the Perkinsvill~ 
contlDued to accumulate. . 

After t.he deposition of the Verde and Perkinsville fo~ations, .the • 

la~~barrIer at the south end.of the valley of the Verde R~ver presum­

ab!y was br~ached, lowering the base level of the : drain~ge. ThiS 

reJ~v~nated ~he streams and caused the meanders of the Verde River to 

be lDCIsed a~a superposed upon the underlying structure. Accelerated 

~ream erOSIon also caused -deposits of the Verde 'foi'mation in Syca­

more Canyon to be removed. ' , 

$ome tiII16 ~fter, o~ during the accumul.atio~ of the P~rkinsviile and 

Ve~de formatIOns, there was a minor recurrent movement /lolonO' some 

df the ,faults which displaced strata of these formations. I'> , 

Changes in base level have resulted in the formation of pediment 

surfaces at different levels in the valley of th~ Verde River and ter: 

races h~ve been formed along the Verde. River. Although the drain­

~ge whIC~ traverses the Clarkdale area contains wash materia] there 

l~ no extensive deposition at the present time. ' 

MINERAIJ RESO"lTRCES 
'. I' 

• • 
I 

The mine:t;al ~esources of the Clarkdale quadrangle include copper 

!J,:q.d some assOCiated gold and. silver, building stone, and limestone. 

~lthough all these, except the lImestone, have-been produced commt'r­

clally, the only prodq.ct of. C9nsiderable -value has been the copper. 

c,. The coppe~ depQsits are all in, the.sou~h~rn~ part pf ~he q~ap.gle 

~d.center aroun,d Jerome; ~ey aJ:e chj.efil .o~ twa typ~ :.m~Iy'8 sWfide 

~pl~tpent bodies of Precam~ian age, and. TerUary lava !lon~ gra;y:el 

which . have been impregnated wi~h s,:!pergeJ?e .chrysocolla. ,The 

massive sulfide deposits consist of an aggregate of sulfide minerals, 

such as pyrite, chalcopyrite, sphalerite, and galena i, -gangue minerals 

&fe/scarce or absent .. . The ore deposits of the; Jero~e area h!J,ve been 

studied recently in great detail by. Anderson !).nd Creasey (1957) •. 

.. the Redwall, which is a relatively pure li~estone, has been,exploited 

as a source of lime in fl. few places. It was quarried from small. pits, 

imd presumably used as a flux. ; Local~y . some linrestone jhas .been 

quarried for road aggregate and :railroad ballast. : . ,. I 

,J Sandstone is the only resource th~. is being actively ~ploited at 

present in the quadrangle. Many smal~ ,quarry sites dot· the land­

~pe in the northern part . of the quadrangle, near the. Mogollon· ~im 

:where the sandstone of the upper m.ember of the Supai and the Co­

I)()¢no. ,crops out. Probably the . ~atest .qua.rrying .activity in . the 

quadrangle is near Sand ,Fiat .east of the Perkinsville-Willia~ road 

in Coconino County, where the .coconino sandstone is quarried. Red 

sandstone of the, upper member. of the Supai ' is . quarri~ betw~ 

Black Hills tank: and Rafael tank,north of coordinate N. t, 430,000 

and, east of Perkinsville-Williams road. A number of qu~rrjes are ~ 

~e northwest corner of the ·quadrangle, ne~r . where coordinate. E. 

410,000 intersects the Yavapai-Coconino County'line. Here an inlier 

of-Coconino .sandstone and Supai formation crops out, and both for, 

mations are quarried. . . ' , 

The sandstone beds of the upper member of the Supai and of the 

CoconiD(~ are strongly crossbed<;led, on a large scale and split readily 

along the crossbedding planes, so that large fia.t, smooth ,sheets ,and 

slabs of sandstone can . be obtained· with little effort. Th~ beds 

range in thickness from 1 to 8inc.hes or more and ha~e uniform tex­

ture. Sand grains range from medium to fine grained. Different 

types of cement or bond of the grains produces a number of colors. 

Although. the Coconino sandstone is buff, i~ general, it lo~ly ta.ng¥ 
between grayish orange and grayish yellow because 'of slight dif­

ferences in the proportion of its it9n oxide and· (or) ,siliceous bond. 

Likewise, the generally reddish ' ora;nge of the Supai has 'a, cement of 

~cium carbonate and a matri,x pfclay" which differs in prbpOrtio~ 

So that in some places the rocIfsare pale ted, and in others ~e lavender 

or moderate red. ..' , , 

.... Most.of the quarry sites are-looated . where ~dirid~a.l !~f.O~· Q." 

thin and easy to split, :because ·thin .1lagstone colilma.b.ds a higher 

iimrk~tprice than t~ic~ ;bl~ks! ."In 'qu~rrying, ~n operato~ :llity ·p8...qe 

to cut through a thIck bed W find thin-bedded rock, but, generally 
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!mi~tions ' ~~q. . th~t ' of th~ ' interiri~i'a~' , ~8.salt'. ' Furtherin~re th~ 
in~rlhedia~',b~aU. is present on ~th " sid~~' of tlie present Syca~o~ 
Ca~yo~, which In~lc~tes that ,the floor of ~y~a~ore CanY<)ll was not 
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he. selects ~ Bite whe~ the ro~lt is chiefJ.!' thin bedd~d, usually in 1- to 
3:Inch bedS. Subordiitate to the thht bedded 'lmd eItSy splitting quali· 
~les of the ,~k~ the location M the quarry is next governed by the 
color of the rock. The most popular' colors are red, lavender, and 
yellow. Buff to gtayish-orange rock is ~very commonplace and not 
in great demand. ' 
. The ~an~stone quarries 'a.r'e open pitS, of :which many are worJnjd 
~to a hIllSIde. The overburden or waste is cleared away bv h~nd or 
. f 1 J " m a ew p aces, by bulldozers. Some drilling and blasting are done: 

, Ii row of holes ~s drilled 6-8 feet back from the face, and blasting 
char~ ~ put In the holes; but this method is wasteful. For lifting 
or sphttmg the beds, wedges usually are driven into notches. 

The stone is quarried chiefly for flagStone which may be as much 88 

2 inches thick with a minimum of 18 inches on '8. side. Most of the ' 
flagstone is in slabs about 4--'6 feet square. Stone that is more than 
2 inch~ th~c~ is quarried for building putposes. At the quarries the 
stone IS nelther cut nor prepared in any way for the market. It is 
sold in the dimension that it was quarried, the size only determining 
whether ~t is' flagsto~e or "cutting stone." Flagstone is used chiefly 
fol' ~:rterlor soops, sIdewrdks, and "platforms; The larg~-diihension 
stones are cut by stone dealers into strips 2-4 inches thick and about 
?% i.nches wide, for use as exoorior deco'ration or veneers by the build­
mg mdustry, and the fery large pieces are cut into building blocks. 

The production of stone in the Clarkdale quadrangle is estimated 
at 50-100 tons per month, but at times operations halt during the 
winter. Individual producers commonly quarry out a truckload and 
sell it at Dtake, Arit., where there is a cutting machine and loading 
dock. Th'e 'Stone is shipped from there to the West Coast. At the 
quarry, flagStone sells at $12 per ton, and cutting stone at about $6-$8 
per ton. The largest producirtg quarries are northwest of the Clark­
dale quadrangle from where the sandstone is shipped to Ashfork. 
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he. selects ~ Bite whe~ the ro~lt is chiefJ.!' thin bedd~d, usually in 1- to 
3:Inch bedS. Subordiitate to the thht bedded 'lmd eItSy splitting quali· 
~les of the ,~k~ the location M the quarry is next governed by the 
color of the rock. The most popular' colors are red, lavender, and 
yellow. Buff to gtayish-orange rock is ~very commonplace and not 
in great demand. ' 
. The ~an~stone quarries 'a.r'e open pitS, of :which many are worJnjd 
~to a hIllSIde. The overburden or waste is cleared away bv h~nd or 
. f 1 J " m a ew p aces, by bulldozers. Some drilling and blasting are done: 

, Ii row of holes ~s drilled 6-8 feet back from the face, and blasting 
char~ ~ put In the holes; but this method is wasteful. For lifting 
or sphttmg the beds, wedges usually are driven into notches. 

The stone is quarried chiefly for flagStone which may be as much 88 

2 inches thick with a minimum of 18 inches on '8. side. Most of the ' 
flagstone is in slabs about 4--'6 feet square. Stone that is more than 
2 inch~ th~c~ is quarried for building putposes. At the quarries the 
stone IS nelther cut nor prepared in any way for the market. It is 
sold in the dimension that it was quarried, the size only determining 
whether ~t is' flagsto~e or "cutting stone." Flagstone is used chiefly 
fol' ~:rterlor soops, sIdewrdks, and "platforms; The larg~-diihension 
stones are cut by stone dealers into strips 2-4 inches thick and about 
?% i.nches wide, for use as exoorior deco'ration or veneers by the build­
mg mdustry, and the fery large pieces are cut into building blocks. 

The production of stone in the Clarkdale quadrangle is estimated 
at 50-100 tons per month, but at times operations halt during the 
winter. Individual producers commonly quarry out a truckload and 
sell it at Dtake, Arit., where there is a cutting machine and loading 
dock. Th'e 'Stone is shipped from there to the West Coast. At the 
quarry, flagStone sells at $12 per ton, and cutting stone at about $6-$8 
per ton. The largest producirtg quarries are northwest of the Clark­
dale quadrangle from where the sandstone is shipped to Ashfork. 
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United Verde 

EL~VA rl'IOHS. 

Ext(;Dsion. 
Sta 

Co11ur-
550.-
800 -
950 

lioO - -
1200 
1300 - -
1400 
1500 
1600 -
1700 

E1ev. 
- - - 4908.4.0 

- - - - 4573.17 2.3'1.5"L 

4333.6i1'5'.' 1 

- - - 4176.63J,r;""q, 
- - - 4020. 27l, \ 3 . 5 '# 

- - - 3906 • 69) 9 ~ .~. q 
.- 3807.20 

3708.40 
- - - 3609.40 

3508.70 
- - - 3408.60 

~., 

United Verde. 

To 

To 

To 

To 

Sta E1ev • 
. 25. ' - - - - - 5467.00 
50' - - ·5427.74 
80 - - - ·5416.00 

160 - - - - - - 5329.75 
300-·, - - .. -5206.76 
400· - - -5113.56 
500 - - - - - - , , 5011.81 
600 - - . - . ' 4924.33 
700 - ... - . ' . 4825.45 
bOO· " . . 11725.33 
900- , ' 4625.p4. _ i~ 

1000 - - . '- - - '4525.42 
1200 . - - . ' 4325.13 
1350- - - - . - , 4173.92 
1500 . - . - -4023.46 
1650 . - - -: . '3873.58 
1800 - . - - - ·3723.72 
1950 - - - - - - 0 - 3573~ 70 
2100 - -. . - - - - . 3423.70 
2250 - - - - , . - 3275.70' 2. '0-: 

,· 2400 ' ' , ' - -"' : ~-- - ,-,, 3123.70 ..;., - -~ ~_. '. -. '...... ." ... ' - ' ''' . 4 .. _ . - ' 
2550 
2700 
2850 
3000 

change 

change 

COORDIHATES. 
U.V. underground to U.V.X., 

North 11080.89 
East - 4399.87 

U. V. sur..t'ace to U.V.X" ADD 
South 12746.16 
'aest -6584.59 

ADD 

cha.nge U.v. sur .... ace to u.v. "lll'Jderground. 
Nortll 1665.27 
East 2184.72 

cbange U.V. u:1uerground to U. V. sur .... ace, 
South 1665.27 
Hest 2184.,27 

.-
#-

ADD 

ADD 

;. I;' " 

\ 
.. .! .-

The orlgln 0"" the-U.V.X. coordinate system is the 
center o~ the Audrey Shart ~hose coordinates ure: 

n 12000, E Rooo 

. , ' . .. - ' 

United Verde 

EL~VA rl'IOHS. 

Ext(;Dsion. 
Sta 

Co11ur-
550.-
800 -
950 

lioO - -
1200 
1300 - -
1400 
1500 
1600 -
1700 

E1ev. 
- - - 4908.4.0 

- - - - 4573.17 2.3'1.5"L 

4333.6i1'5'.' 1 

- - - 4176.63J,r;""q, 
- - - 4020. 27l, \ 3 . 5 '# 

- - - 3906 • 69) 9 ~ .~. q 
.- 3807.20 

3708.40 
- - - 3609.40 

3508.70 
- - - 3408.60 

~., 

United Verde. 

To 

To 

To 

To 

Sta E1ev • 
. 25. ' - - - - - 5467.00 
50' - - ·5427.74 
80 - - - ·5416.00 

160 - - - - - - 5329.75 
300-·, - - .. -5206.76 
400· - - -5113.56 
500 - - - - - - , , 5011.81 
600 - - . - . ' 4924.33 
700 - ... - . ' . 4825.45 
bOO· " . . 11725.33 
900- , ' 4625.p4. _ i~ 

1000 - - . '- - - '4525.42 
1200 . - - . ' 4325.13 
1350- - - - . - , 4173.92 
1500 . - . - -4023.46 
1650 . - - -: . '3873.58 
1800 - . - - - ·3723.72 
1950 - - - - - - 0 - 3573~ 70 
2100 - -. . - - - - . 3423.70 
2250 - - - - , . - 3275.70' 2. '0-: 

,· 2400 ' ' , ' - -"' : ~-- - ,-,, 3123.70 ..;., - -~ ~_. '. -. '...... ." ... ' - ' ''' . 4 .. _ . - ' 
2550 
2700 
2850 
3000 

change 

change 

COORDIHATES. 
U.V. underground to U.V.X., 

North 11080.89 
East - 4399.87 

U. V. sur..t'ace to U.V.X" ADD 
South 12746.16 
'aest -6584.59 

ADD 

cha.nge U.v. sur .... ace to u.v. "lll'Jderground. 
Nortll 1665.27 
East 2184.72 

cbange U.V. u:1uerground to U. V. sur .... ace, 
South 1665.27 
Hest 2184.,27 

.-
#-

ADD 

ADD 

;. I;' " 

\ 
.. .! .-

The orlgln 0"" the-U.V.X. coordinate system is the 
center o~ the Audrey Shart ~hose coordinates ure: 

n 12000, E Rooo 

. , ' . .. - ' 



1300 Lev(; l (8:36 ~ 
G~;9, :J03, etc.) 

Gold Ore 

Conslo.;~or i., te Ora 

8-::)1-08 

... 
10,000 Tons 

10,000 T-:ms 

6,000 Ions 
4,000 Tons 

8,000 Tons 

!. 
, 

.J 

.,J 

@ 
. .i 

J 

10% to CJ~ Cu. 

6(11 
,'0 to 4% Cu. 

.40 oz. Au. 

.15 oz •. Au. 

8% to 6% 
(Country Abandoned) 

In DrIdi tlon probub1y 100,000 Tons lo '.':-gr<~ de 
silicious ~utori&l in the cu~rtz zone on the 950 and 
eoo levels. SO;:l e of this ~:~'ill be gold are (.10 07) 
'.' i th no cop~cr ~ imd the baL.nce lO\,:..:..gr;].de copper 
ore (1% to , ... -%.) . 

1300 Lev(; l (8:36 ~ 
G~;9, :J03, etc.) 

Gold Ore 

Conslo.;~or i., te Ora 

8-::)1-08 

... 
10,000 Tons 

10,000 T-:ms 

6,000 Ions 
4,000 Tons 

8,000 Tons 

!. 
, 

.J 

.,J 

@ 
. .i 

J 

10% to CJ~ Cu. 

6(11 
,'0 to 4% Cu. 

.40 oz. Au. 

.15 oz •. Au. 

8% to 6% 
(Country Abandoned) 

In DrIdi tlon probub1y 100,000 Tons lo '.':-gr<~ de 
silicious ~utori&l in the cu~rtz zone on the 950 and 
eoo levels. SO;:l e of this ~:~'ill be gold are (.10 07) 
'.' i th no cop~cr ~ imd the baL.nce lO\,:..:..gr;].de copper 
ore (1% to , ... -%.) . 
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. ' FIGURE 3 

UNITED VERDE EXTENSION MINE 

i 

OUTLINEOF DIORITE ON MINE LEVELS 

N 

t 
SCALE-1"=40Q' 

OUTLINE OF SULPHIDE BODY ON MINE LEV ELS 
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