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OFFICE OF
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STATE OF ARIZONA

4515 NORTH 7TH AVE .

PHOENIX, ARIZONA 85013

PHONE : ( 602) 271-5161

July 12, 1972

Mr . James D . Sell
American Smelting and Refining

Company
Southwestern Exploration Division
P . 0 . Box 5747
Tucson, Arizona 85703

Dear Mr . Sell :

I appreciate very much your letter of July 5th regarding
your stratigraphic work west of the Vekol and Slate Mountains .

Your remark in your abstract of the paper given at the
GSA Tucson meeting in 1968 that Paleozoic rocks extended at
least 25 miles west of previously described units arouses my
curiosity . This would seem to put these outcrops in the
Sauceda Mountains or under some of the adjoining basalt hills .
I wonder if you could give us a more definite location by
section, township and range or some other identification for
the outcrops you describe without revealing any information of
economic value to your company .

The reason we are anxious to secure this information is
that the purpose of the Geology Section of the Commission, in
addition to its work as advisor to the Regulatory Section, is
to encourage oil, gas, helium and geothermal exploration in
the state . From time to time we have inquiries regarding out-
crops of sedimentary rocks by geologists for oil companies fol-
lowing the play by Humble, so we are anxious to know of all
areas in the state where sedimentary rocks may be examined .

Under separate cover we are sending you a copy of a
Preliminary Tabulation of Stratigraphically Significant Water
Wells in Basin and Range Province of Arizona, which may be of
some interest to you . We have had a little cooperation from
the mining companies regarding drilling in mineral exploration .



Mr . James 0 . Sell
July 12, 1972
Page Two

Again we are primarily interested in stratigraphic information
and, of course, have no interest in the mineral content of any
rocks found . If you could send us the logs of any such drill
holes or let us know of any holes drilled by other companies,
we would greatly appreciate your cooperation .

Sincerely yours,

Edward-A . Koester
Staff Geologist

EAK :st
r ~.



THE GEOLOGY AND ORE DEPOSITS OF THE VEKOL MOUNTAINS

PINAL COUNTY , ARIZONA

y
Stanford University Ph .D. thesis submitted by Robert Halstead Carpenter,

July, 1947 .

GENERAL GEOLOGY
Summary

The rocks in the Vekol Mountains range in age from pre-Cambrian to
Quaternary, and comprise one of the most complete columner sections in the
Basin Range province of Arizona .

The oldest rock is the fine-grained, greenish-gray schist, which has
been correlated with the pre-Cambrian Pinal schist of southern Arizona .
It is intruded by a granite which is believed to be of Tertiary age .

The Apache group, estimated to be more than 1,500 feet thick, . includes
the Pioneer shale, the Barnes conglomerate, the Dripping Spring quartzite
and the Mescal limestone . A basalt flow, which is usually included in the
Apache group, overlies the Mescal limestone . This group rests unconformably
on the schist basement .

The overlying Troy quartzite, of doubtful age, was deposited on the
eroded surface of the Apache basalt and Mescal limestone . This formation,
the Apache group, and the basement rocks, have been intruded by diabase
tentatively regarded as Middle or Lower Cambrian age .

I

The upper fifty-foot cross-bedded member of the Troy quartzite, the
Santa Catalina formation , and the thin Southern Belle quartzite lie above
the lower Troy . All contain Cambrian brachiopods . These are succeeded by
the Upper Cambrian , Abrigo formation. Resting on the Cambrian rocks is an
Upper Devonian section composed of three units tentatively designated :by
the writer as the Picacho de Calera formation, the Martin-limestone,, and
the Lower may formation . The Lower Mississippian Escabross limestone
follows, and is separated from the Lower Pennsylvanian Naco limestone by a
distinct shale marker bed . The Paleozoic section, measured at Promontory
Ridge and at the Vekol mine, is approximately 1,681 feet thick . (See Plates
4 and 8 .) The entire section of Paleozoic and Apache rocks is essentially
conformable in dip and strike , but is separated by at least five disconformities .

. Y



Ref beck s e nil xc(.!- i _.C D Teal',
in . `¢% ' c1v 3N3 gF.~.5° G~~ositc^t f oil C :C,C"Ac£ Yaco 11Tt~.estontr. '{ e probably a-\.
Cretaceous c nt ray ~r . c3 „nr~ i t .

Tae reel bcdz and cu ,rtzitas agVaa ~r to rude V-Plim A i o loo: c y c ted
~.'w J1rxG. 1 tt L°Gnd .zzl cd tones. The i'fa' ta1" cre intexilb^ i de G j `v `w <.nd . :r :4 tic

ue r e top.* cite r 1 .es, e ad f: ti s of cc'm itiva

P e . .m i.na ,* R T)oi , Strategic T tx l Div . 's . .G. !Sos i942 . -. . . . a... _ . . a ._ _ .

! 'hyo:l to por yry are rc r ;~. to the Tertic: y . .'. "QZff, ec' : :r ^ "iw wS~ ,
o law e ba .t are believedd to be Q ester ry . ' aer:r ,c , :1`i vx €.
recent alluvium are distributed i hr at=t the areas €n d mcr3-,s a :,%1 a'~ l txvi L

Be, chs --- Algonkian
T rocks of the Ache e group v r de .Beribe and des-le-wi od. a C x.:^ rim

by Rtuaco. y in his work in t e Pay and £w'iiexrda area of central z1vs. C a . Ue

1 3c ae, ' . L . 'B2z Copper posits of Rey mid HIRE, Ar1zo t . M .fix.. .

MT -.32 .
inciuled the scan:an con. .,oarate, the ion,.~er shale, the or. ;=c~a
tbe Dripping Spring quwtzite and the Tra y quartzite within ';air, gvzp .
m `tn* ed others, hcwwvor, consider the A aacbe group as ecu:'.va ? cnt to the

Dar M . H. Resum of l~ri2 1c . 119 i on x 11-ureen (W
saes, . 36.

G Canyon aeries . Furthermore : Darted, .Pound evince, po".a d. czi; u ier

. 10 .

€ ..!'Troy t, i i°, Page 21 i hich arc : teG the 'i ro : rCgz 4i e .p&CM
groin . V r that re on, tb,,. Troy w ite is 'not o is red a p °t of the
Apache group in this report .

in the Vekol )Z untains, the rocks of e ache f rou,) .'O I: 32-expOnec
in the south-central part of the in ruii ge ,, to a limited e tent d .z1i ;
the southern fringe of the a and the no rto d*n edge of the c: s L i e. .

e Plate 3 .) A.?, . are ,e represented except a Se ra cc lazi i t O .
They fo a a zecti€ r, eat .iated at it .than 1,500 feet in ti c . zs¢ , rt
uncon'==bly oa the schist basement .

o t r
I

st;C l i con MV ate (?)
A fou sca More d patches of co w a e ccnsistin ; :' 713:t; c-par z

pebbles in a sandy. triz containing numerous schi ;3U , CA
al comet between the cbiab and tae: '.on shale at ] z:cuG,hoast
end of Bitter Wells t in . These patches are but a fuss inche Vhic ;. a-a .
they can be traced laterally not r, arcs than ten to fifteen reek; . ey Gw l,:,,s
,v rd into moons ranrky shale contuinil ci c ian 1 quartz r oldale s .
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'ionser ol7 ti
' is farn tion asam.ist ?y ig^ly of maroon ; s ra t =zcy shale a

x3 p e ..stone and c u bzi e . The 1 2r V= t is predc n ntly arenti.ceous
with ne mx cus i the quartzite bade and cacr lions l sandy es v d shat y
cans; can &; the bed .in .a moda telj thick, d W,=.nS from s3~': inches to three
feet . In the central -x A u er pert t " Vie fort ation imp-re, sa n e1x 1es
pradcminate . TmTar i the • of the formation, the beds cantzAn abundant
ro=d or elongated spots of iThite or tan color . According cc R ou7i, these

•' Raneacma 9 F . L. The. C~'r 8~e Osi1.s Of Ray = Mtomi, AriZC' .. V.sr^ .G . S.

P. 5 .2. rr, . 40. _.

s ccuced by the local reduction 1 removal cf fer~, usinvu piymant . This
characteristic in king of the Pioneer sbzae identifies it from, zimilsr be s
in t DripjAng Spring quartzite . ' he estimated thick ss e c' this form-•tion
is 400 feet .

Barnes conglcmart,,te
This for ticn is mcia up of Xl.1.-resunded, eUipaoidal quartzite pebbles

r ing to 6 Inches in di=eter a in a conrse, erkosic matrix which
contains acoaaiaa l f ^ nts of red jc gar . ` pebbles generaU y lie with
their flat sieges rai&3 parallel to the t nd o bedding . The carting 16 poor
and, locally, the formation consists of code, srkosic sandstone with only
a f pebbles .

Then imm thic3s as of tlie f oration is 18 feet at the southern end
of Bitter Ulo11s sic 8out1r=rd, it thins rapid.,y, and, along the southern
~.l of ziaiu r e, no Barnes congl=erate is present . It appears to
overlie the P i er shsle conformably .

This fo:n wtian consists of t embers: to leer nisaive cua.,t ite,
the cent l , tin-bedded impure shale, and the uN.ei° bid cjaw4zite . It
lies c fc ably above the Barnes cowe c rate and Pioneer shale &d cons ormbly
bel the Mescal .i 3st nc .

Te l r anebar consists of hard, medium to fine-grained, radd h,
' 3 c ci z . (: bad ins,; is indistinct,, C,. .th occasional a 1 partinas

are avi r. . Tsard the top, t beds beo thin and. are in r rcaaated withh .
shy * =jkds _ and ^ly Wis. The thic es of this unit is artimad
et 225 feet

x e central?l mem Is =do upp `largely of arny to tan, t xly-bcdded,
en , ecuz sh: , thick often is veil-banded and frequently ao=nAhat platy .`

The individual beds use fro k of an inch to 2 inches thick. ?'h y grade
up€ e'd into .nl bedd , radium to fine - inc d, browna cu ;zite. It is
difficult to estimate tine thickness of thi s unit because or faulting and poor
exposure., but it is believed to be over 4OO feet thick.
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The v? ;v y r, jes from atnlUsb- x• ,e ~~ , v ~ fine-rs `a.#, Fr
qu •tzite mar the b arse,- to rzndiund wined., b ?.ed,, gray 'to ten. qmrtzite
beds aec the top . Tbe letter &ve fen Tour to ten feet thick., with: r haly
axt,ings hWtt:•een . At tbz top , the beds become thin , f3,%r g an.A rusty br wt`
anci. CM, infie3. 0Cdded With Ot. o .,3.y Da bbet'Lj, iiure limestone. s V the b.-:e of
the eoccl l i eetone . 11b e tr=zibion zone is generally ten bo tt'enty f t
wide . The e thiseimass o " uu ier unit is 1180 feet , at the couthorn end of
Bitter Wells Basin.

The Dripping SSriz quartzite vras deposited in eb tG w v r ter, for oo 3
c ,P a ka re noted. It is echo ed m .inly o fine, : i . .
Pebbles v:~.a:e four d only in a s etr nasty ow bands just above, the B N mse co ziltmare .•FJe .
IT-he thi n b-_&'. d ehele member in the middle or the formation helps to dieti uich
it from the Troy quest i descr bcd below .

ec nl ~.~ ta c:t .e
Y2 3 Vek 3l -,C}uC1tainc,, this fox aticn caaeiats of an : uff r =' ' r

of ten doic nitic lace:one . It ucue has a ribbed a , c mane cb mcte : •1Qtic
of e oeurec a other teas . (See Print 3 .) The ribbing is c: ed 1)y cherty
or cilicaouc l ex: c j inch thick int bedded with thin bended lima bca .,,e .
In comee e<go • redo 'she more resistant c :ety ere are So t. .t ,•
the ww .tl..e d curZ=e has a rough, TM d c; pe .ne . In o' ,=,, 1 he ribbingepais rmakl or absent. 1.

As z Duet •E ed Mate 1., the i e ~ca. limestone has a thr c': oln of X66
feet, including W
probably xep ceentc the :ncc.i in the are' for in ibis tr ue oe, h ecc .
limestone bas a normalh contact with e underlying Dripping qllmr,zite, .
Over 75 filet of A the base t lies above . Along ng the so tern eon e the
Range, e: zee" "'Umect is only a few feet thick ., and the Apache bw;at,
is .acin . Ap wear tly, early G yin s. erosion sari ed the bmmIt encld much
of -the 1Le cal limestone. from that a m& .

T.: true this aeas of the M•" scal limes ne is probably r p seemd byy
the acv . lime o thickness cvm on Plate 1 . ' Zor i hee sec c to have been
very-little assimilation of the ii t by the diabase. Ner nj gppecwe
to have been the main intrusive process exhibited by the didbwa .

A r ea r ble pate: has developed in the Eiesca.1 li aestox s jvzt s auxth
of Pr t ,may Ridge . Dr . A. C . Waters the writer concur that ;his cuate

~.~ Personal cc::a .r.ceb Lou
~ .~.

pattern has bear . developed by fractuang, solution and subssgucnt cc iq .c: :icnw
The 1 a inZ steps ere i ra :

. . Fracturing nor ml to the bedding .
2 . lix ion a.? lest r-lerg the fractures .
3 . eequent mpacbioa with arching +t a unaffected intex ediate

areas into the arcuate pattern.'
4 . Becrysta .ization al the, fra t reo
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The r c_ ~ ~x can be race laterally .' n
ad Ja, c:ant wi:.;::.=cc! areas . In. uoz e canoes., parti4L?13rly in hi oriiaJns o"f strong
i ibbi .̂ ;a it hao dvve :1 ;c with each intensity € s to • "oMm a rc k zi ~:1or -7.n ;
a3e eo:,'ance to ors intr a' sr cat .on ]. oo omra to. (&,: ' Print 6 .

T2e Pc:l.~'ozoic section i n the Vekol Mou tainv,,, 7 at:V.c ur ~ i on Prci 2 "Lory'
Ridge a-•.r1 at the Vrko]l mine, is a. rodLte 3y 1.601 feet Lhio:t. It rocs ctea
uarl•.:51ths can a ohQ1e o N .dt11e C nbx ian sue, end lix- tit e of pc Cambrian
Up cr Davonic ,, per Ni is i rpien and Lvmar F n• : sy;E vwaian

aund rich of the Devonian are not x _rcse t-~Z . .

'rhrse roc} a sentiaU,y cons stable in dip anti e 4ri :::'B -trial h" Mder:,yir '
rooks of the Apa< he group. There is an angular wacoaformit r
Pa ylvaniau Naeo 1i stone arkA the Overlying Creta eou ? rep bc- ;s .

Distribution
I the ve" , Mount .inap tie Troy c,u rtz to is .U-e,-gypw iai •t ? .ct c.'4,

along tho Svatl,;m: ;;or a 3 of Bitter weuue B: iia3 1; ` o : i sit ?
. ezte 'ai€ iZ eo'wbhern frmn e of the rain range a at t nwtb.4:_Ri% eM Of the

east ri 'ea- (See plate 3 .)

The?ozmeticn c sBiets o:? t' diatinot members ., tb ",=x wxiv „iv
U boor sd the t jeer cros bacIded wilt, . They a.o s „ .ra :;:d

by a b a :cb- 'on ; oba1 r n irs r. The :otion at .e east end. c c c onto . : .
ti . y, Shcr,n on Plate 4'. .' is as fo c ».

a . Strongly c rosy be dp rusty,, medium
c rcou qua site in 1 to 5-foot reds r i •a

V •d'~a acccxional fi1dukr,, y.r loT7 -br'C:71i n 34raplbpre roar

b . 1"S? .na be ed dar es with abundant bratchi¢pcdr . .10, a a•t:
.

------------- , - _UncoiXW"Hf dty? +•-rbti ---------------

c .

-

Well bendcd 1-foot quartzite he a irate be ded
is itt a ca. w x' * quartzite. 30 f''"";

I'Mr t.. M=zive :'vitre , c2••fi'-foams quartzite. with
kl'rubor occesicno.?, indistinct shale Ue. 71 feet

e. 6-inch . to 2-toot bear of quartzite a sil io cut,

, : . B i . dg, bE ll.T sasdetone with '~` lx. :b * 3-incll bmti; ,a. `. ~Pi i^ ct !l
'753,12 4",Totel



Uh-n"-' b ov sr ,, bi6b.1 • crci'sba "dde . a uarthY (j
.) ce:.1 EJ4 ; r:::•T ''? a Llc1.n ogone. ° "die .' t1 z ofthn contain ca:;i . .

The individual. adp ra +„'} "
. rrn rl O.3 .:4r ° o five Abel `. e. LL I+µ .

and conoict of :1io ium-j,,rvainad9 :'uv y ,°"ra'iadatone . r1. :Icy-farn cliff : .̀"5r
Print 9 .) Ya,?:' :v..'(: d the top are cc+ci a +` i , . { : S .in :at

Lrith ,roz bcdded ,•ua t zite . It in difficult to jac the c tat ° thi
Liege ' 'T.%. oqr 3°tnt and ~'.32:••' ove r l ~ ~.~Jq~~" I`'4uZ~n`7. [~~b.~, fc r '~ f.q od .Y •~.^"L'1 ~.a.J M1.I~ ..~.'aa~V1~~ i~~~..` t hot~a.

bed jecori o os nnmero s eand fi a11y: ns succeKe b r re 3 b ; -a .:
nd Memccous sand to gad :h e . The contact, io afbi trzx ii - l uvui ct
top oa the highazt p nines t cu ff:ite iced .

The b : h-.S o,iinS o t' e zone (b .) coTmi&x`ts o quartzite beau i ch ' o 1 mach in tbie
. e•sep .u mbedc d pr ; er sb•slev, ,.sad 14:aotC;wr E:ks~JcA'c ~,

nodules embedded in a ha. 3i. riz . In p3xmez, I3S ^ca as of it s' T sh .̀
along L ae . Smalls poorly ' ee* v d L'r eQa1.Lippd fou. :c1k in ie:iA..xlra

Aa MM CWr.iM.alaL4ica' .•

In .ieacM2y ' o n e Clo'he area* Ran on'. od: , j ..z •1-e !", may : " ` o ray

y~ anso 1 IF . :«-The Geology cd the f REN- F i. .; r ~ la. .b

P. 0. 12 Pg.

a part at? sib.;: Dripping r3 r l7,iu°daiq< w t` the r 9. 1 9 i

4; app Dcsr i s s, ' i t€ d Sam, i. ~. } c ,

aeiy'•,y'^na ted the Way aaa a distinct formation, He cw.C. .1."4f•Y:.ae1 'L he '' PTT

ounae•a•'t fo' .wM on a2 the,,.. Apache+ u believed '~ group, ~',r~.s ~~::T rcch n Re
-MS Ordovician and. Silurian amd was gr t&ttional into the Ups ez .' vcmian W Ma,Mn
l nea . For Met reaz , he placed bf .th the i ° x y add' the.. ? P ~ e rcm,"p
in the Cambrian.

YS n"";qucnt I i'k 1a hotm that the Ap.M,ohe r t Iz nt [, r c4at :'-,! °=an 2,
into the xeveni . StoyaasoW has t cured Wer 700 Bat of 'c r:;i1i '. xes

sS S-1-u+iMMQ- ., . A &+orr'b''.7.irai icu K 1bS~.:Laaona .S:+1e3.a.+oWe
3. A; Vol - 42 19k7 . r

'Mid and U' : : CUM= -s between the Troy end then, rIartils
in the Vei.S.o1 x ou taina, Wont O feet oaf middle =6 Up!' Ir MOM= W 5 .; .q a!i? :"cam '• ka W.2e~'ii,»
the Trry 'rc the U er Devonian . Darton if; 0250 to
S" -- ;On ." AC's Rest 'k f t'.rAzaF U Bull . d...0. f A .x*~. `, 2 pie xzacnt tn,- -ffnt , »

.,,... ..

}6

any of the Apahhe 8roupa 1e belicvea it i pcc b W o t o
verses of pz c terozoic time .
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DcirboyZ• points out tea imaon `ors. itj b ."t•,T -t-"Teen tth :-t
r

r~` 1)r~' :t N . E . Resuw. o V riMaa UkM ,q ; 1. z11 . 11,9, v.~: '"f~µ r
19-25 - 36-36-

t'-,he 'B• :°cy uarb ltc with t'th ri.n o ths• Tr.)y tc m . A ::a.,rc1
uncom!cr:a ity Is eonfiririd by the p °ersen e " f the v•: ic•;. lcw,
mad b;i ck,a zeUing of the bas-at <.aaa Iftoa': . :4.im t:::
in tai;: &apcrio district in the. Santa ('at.,, iz ot'l-4or

M . N. and cthe'l'ffi .'ffi. `6:OlL.gg1::Z Ore r 5f £ a:wi =7 the, A
Area Arizona . Bull . 151, Ariz. Bureamt of 1t *3 . -w7,

toyr , A. A . Ccrrelati©n o 1aAi ; oni P 1 o:ct :€ :: .
G.S.A. , Vol . 4% a. 41a•. .__ _ _ w_~ v . ~ ._ .. . ._ . . .» ..a, .

Stoyanc s so rata the Troy from tb( .°. Apachs g,tcw;• .d

it Overlaps - Mescal l 1stono , but b~ •cauze it CrT of:ico E~m rl : ~ . .~z . :a,7~.1 ., • x€i
aTwLm bly underlies younger i l e Ca thr : .!if 13 .t-a .

by . R . Cam ibel. ,a early as 1904, 1n tf;.e S "010Y °0y in D :~, € o,!-' oo.
the kkaao . Mountai in central Arizona-* • v ru ;y

Sane x--Zere=e

fN:s R a .a €a awl DS ;refl 2s pt 1 itu, (Val..) c ~l ii '' !
alai '.Rid as probably Y4f"Ie Cur- rian" ..«

.. ~.,.,.....«

. S ,y{ ,no also °s anti©w that in W.3i'"n• V:- %~`°'. xcvl },°F'Upl4 rr'j"n3 G uav the top, 1x, .

the Troy, there ,abundant, but. poor , pa `z: seer & r c cr;~~:r; : . ,

In tLva Vetl lfauta:' ine emu- foUctr:€,ag owideac°s s : be V''J
the ago of the Troy qu wtzite

1. A1•Lho it a r arontL.,y is c+ rd:' ,,nr !Lb1o I"% of lln e
1 scal 1-i:A"~-~=em it 10 s'egarztma Ana that ect °r iG rn ty
basalt fl .

2. There appears to be Y :t*1 1 cht-aw:!. ,-irk. 'o: fl-'t'° ~a . 1r'~ a ~s zr e{
UP-scat 1i nnsU, . The bae 1t is ,f t;in, j. lc *,, al1y e3xx t : :$
c° fitj rai';e, and the 1' ac 3 . : "tone L3 more than r fa.,:,t tUa .,i
ama::o . The over)rit f 1. er Troy to sit •).e.ast 100 a th c,,z:,

3 • 6.' '~o to -Lip cross beM ti'f1 M:,':C'3ed»', c tip. Troy E'sc'"d hr
zmie n c oily contain nx : auc Cmdo i l r :; ~ c iod but 00t•o
with .m arlyinZ S,in' . Catalina €aacds vi l • per r -

;v {Srr-Ie Diabatte bm i;t z .c l csU or ' 1 tt: f TM~~ . ~ 1t I.P r"
- -the low w*y to vvithin a ieer feetw of C he a 4'„ ztme t'htcid

mass.iva,,y cliff-forming i= i r il.y the . `tar "Zrr ' ma-tSCt. :'t,~'.dea



,. r

b Paso., this Y., '.a: e sbe-j• zatQ . : t.:z A It l •Up.Lar

Liesba G erosiafli au .ft'd;c3 . 11. Fi inilAl ±CE I ai Cc:,,

of di&'3aa eeh1:Le3, cobble a r • 11Y.- if tints inn ay,
char-by &:,-A t . ; L1 agreal1S 3S •at t'7 X , been dzYz ~ is td. or the, *lcn

TT.e ' riter believes the' u er -Tr it r' . r rr)z: 'rve:rni:
.n t 1u) Vek of M =taint i filch c C;t1 :izzv•€ 1 thr t 1 i Sarl C -W. zz, .1.i1
B 01e ti m .

Th sage or the Iowa? cz:ziv,--,~ ol:F'f --~"oMi ig and avura y
Aa cut].i and above$, there a,} eri to be a c efin:tte e1-., i.,J cii I W .. ~: :cam

3 bottom of -aim i r o the 5k .•~rc ? . No fos3 `],z 1a; 'a't.»- bo~e :~~
it es MAdd1e or Lo stir C thriam.; nor :W y ev:3.&„tr ; 7e,!:Q
to date a •G ae Agz•:;Aivb, e : : ,: . On C'i,
ahax n'Uirag of the aweec:, .3. croMioi surface .~ . ;:K a. a p

: ,, ~µy ' the would tend to date train unit a; defixi.t.:1y ;. as: A :~u .: I+c !^ . : ..

In the opinion of the 5iritez : `1 :T•'t bav mgioi"e3,31 ixvk o~io1#, 4 to
crab to see if ' un cuformity ii upki z!r(; •:z ti:cc; "°szr °4; I, w.
the Vokoi 21oun .dins a mn be trala ad to cexi rr .1 '7'z at , 4
found by Ban, Stgr , mod" other €s~~r2c''~wr~ to •h a nu~P'ef :;
the =.='qty pointerd out bar Darton inv 'five t1va e-Irl"j s'e c,rc ;r .

Dez b an p M . "fit. Reap of Arizona G o rk
. .,o .~

it .25•

TEE; Ma IN ' Ve:ccal Mouateina?

Santa cat lna Fo :ti
This fc a.• ion in 3,1 ., , exed along e; eaov front, ? Aei„x, mr . r.

a , to a limited extents a1oa(,"y its s'c •kitexAfrri `»n z1J,'&:, ut thrtr 1:.3":,sv r, :'a t
L

eafst rib a in the norttaeacter port of the Ve? of %lr tz-f.wir ; '

The motion c east (ml sue' Praa :r z°. I s, 13r yet V:;rp r '. R a c F : ='
4 .) it is 265 feet thick . T Imm • Bitty"tact CoXtgni& t ;. Of y i
4t ffi sill mc .b•SdYi:+iJW . c,in tlei'6i.1 •in J.1.r ro

c fine-g i dg &enaCCOW 1arvst :z,

"Itz central 175 feet is
v*t h :Sin, j to 1 inch, brr ,' i aecoiui ss : i at ' a ,e + r ; : s u, :~a p, ° ,a kt
cce it l'onctl Urmx}• 1 a one !beds a't: tinJ.i t,nti ' 'S,=xt . r r!1,

In f, top eet, t rua ;r }aec~ z z ars, oc~c.~ , : :rrw +..~ ; :rf l ?r~ir •
and. u Sl.irK3 e ciro s-b`il(i;z . 6dJ .'"L:.+4 .rVf-r•U . ,,Wds ze .~1,iaT6~.•',. roftl•; •u iv'i is 'rnn

of the za-zti 3 .
6 '

'Die Sm :mt Catw. ,i m f9x ,t t iwi• ':Lrr1 .a for . .t d by,

~' Sv , az vii A. A. Cm elaUi E (if 1tbii rziW ;'I~,

n».n.e. .~.,....., .c lryanw...«n.+..a.,.W .~.., .r. . . :.w. . .. ...,m+,~ . ..., . ... .•• . . ....+..., .•....,..a. .•.

&mh Ca .iu atc in18 urth o Tue
ara a su: cute formation cof' I W .jai's"n iK tt q se. 7.,e. on T: a. .e aM , i' ' c :: .lt,rro

~(y k
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Ab J4,SQ ' ' "i"ha, W., l "JrjmaCr Tray
T v" are, 3:xlYTiC }. .27 'dl/ ~ ~;~ mss ca sml .`r > wt P13: i 1 ' r t
»~'t~tC~t, "1b 2IZ Ti .iF "i a ri "b":4,. cal .a'i 3. bvSEL°hi t'spat'a 4ila 7:1 (v' :,T

Nferz! ~;,t: . 0c.tc .. n o In base gn ac: O :l

f~tae~ a~ . 1?01l 4z1 ' u a:Li r

In th DIa '2tainli, 's 21.ti :' r'Y t cn L t1'R': €:? ; t
2ront o ' the rzain range u in the cr,'izt 1,14167w . 'It 'c mi; to cf

.' be,c ec3 , 1 c ivvt,,- a b: .,oxi?~r ^Grr.~ sax b a 3.3 cwu qty
71.1 he bed r2:= e ask it 1 to r8 F,+«'?'i: thick . 1,11ve e: tY imp'.' Y7d,(we, :4 c,, , .• .~ "

''~ -~ ~,,~ 'f•

F:~i~ a1c:~t"'i Q°,.J it .{' ; w :b i'r.'+.' .9+ i,' eraj_'4,y,y Si;o pi,~tchTS Oil' Mr'- C'F. rs.:;. 3.« ;

ii..Y= snc'.'y.• nra l.w , oft ca wt+Sw .~r .L .tl. .!
Jf f.~G'a eCY"~''~+F~a3.9:A f.3.,:Yn.~YPr . . ~.i'ra.~"x~"l.I, :319r.! ;-ac, :6i.. y

° id in t1 m nta Ca'call E.x d upjvai? Troy

a : iii i tkLokno3f.3 c.T ap no >irneth y *3 fc-e t Inw, .t ;ru.r' ,(l .,'ct n,: ~.c:
end c th a3 'n range . To Uric, (ir 1;xt i2 i-Lt za': iti y y 'ts' ;:
21

. feet thic"IS a,r iu1.ay T ? P? .Oei:C?aa 13G~.~. '' . 11,1'A,'.°ta w.l'nvnl; r)'pe'.1%t'r to bft2 ) .r;
'rack Lion . ' s ins 4 r vt i ~t uth s^~a n . .l `

- C.`'d htca l-f'-na mbar than c gi u The l~. ' ,)Z,/ ,)Z,
dna+'~' vpd. ' „fn 0' te"' the amtfi? •'d.a,. a, Y~F " ~. .~ZT. Both
similar de.Vosi-dowa conditions ..

This formation is described by 8tc sno€1 In the Santo . Olat :. :s
and is eozidw od by him to be of Muddle Cambrian e .

.n 'rec. :3 .a ya ses of there b are f m. i 31 g .b .. et
,h s L a the central Section and al the s it,7c ru f t ; aT P, . . L-,, r.r e . .
"'cat-tored x- p were fi +3 in. the east ridgm . ,e R^bri 'f : .~
bec ,' a of ) soft; nature of the beds .

.'P BT .al Ry Point, in 'P e'Ve 1bxit L sa , Q1o bs. ,';~
r~ . ' e ez~t. ae asioU of 1i bt b n Urns ton : beds a fez irc 3 to a fo' a1, ki

ha '' C ~ ent l~r~tiwwa';P p1.°c5.2s4 ui c `. intr "~',' Fia t Icr' ?1 . a 1, -' I s lvvl;F: :
13~ au 4°,:~.E~t«1~it~ ~;P R'] if: eefl: F .'G b 4eiro U v,6 ~"~ f:+?Hm of t~:Aa,

ant?. Nj um eanYi ' PWi4Hi0lowt' M l ha { R •43WV«RnYM1Vr~ s3' Q:Z, ii f .1 .T 1

: L ,; Gz from 1 r tic "t on en to b to 6 inciraf,, ,''s'a'2 :tn ie'1 E1wt iz, a x .
thiLck.. Pit th tcp ' :.e 2 to 3 Z wt t€ u Jlimasits :,,xi be ft ^, .1l R. Ill 60(ytnuN
' hin- a • . ~ .7hri o :fir be =T ab to the Bin= n 1)
o~.tt' an ri ~'~ T$ scr thc'"11 Arizona . No fooei v are are i'l7kz : 1j, Sip' .,,u,:Vfi r an l' r:. °

.,-

r A. .` A .. Cerre .ab .cn of f1Uq:Lzmd; .3& ooma .C: 'o,F."iv t I ,
.P
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T.esa rocks are -well-exposed along ,the east front of the main range scsi east
ridges .

Picacho de Calera formation?
Sev cirty feet of cliff -forming, black do omitic lime stone and b r4a: `'`

blue and tan limestone overlies the Abrigo formation. Throughout the central
part of -the ravage t e ie bade are separated from the Abrigo by a distinctive
tan, coc, ae-grainad calcareous sandstone with well-rounded grains . This ar,;dctcna
is mias1n in the northern , and southern sections . The ?icacho de Calera? .e
*~,rated~ from the overlying Martin limestone by a cc se-grained, c . .careOV.
seuidu' no aith sub-rounded grains . This sandstone bed ran from 3-18 feet
in thickness end . is a continuous marker throughout the- area . .

The following section, me&ti=d on the cliffs about 500 feet southwest
oC P n~cory Ridge is characteristic of the Picacha de Calera? in the ?rekol
Mountains : (Top,

a . Tan, medium to coarse-grained, cross bedded sandstone
with calcareous cement. 14 feet

b. Soft, nodular ., reddish broom, sandy litt sstcne . 4 feet

a . Dark gray dolomitic limestone ith teal bands
faint outlines of brachiopods. 23 feet

d. Black, sugary dolomite. 2 feet't

e . Alternate blue and tan limestone . Sandy toward base . 22 feet

f . Tea, calcareous sandstone with well-rounded grains . 2 feet `'
r Total `fi`g feet

The above section comes favorably with Stoya 's description o
the Pie .oho de Cs era formation in the Picacho do Calera Hills twenty-fiv '
miles .: rth est of Tucson .* Stoyanow's section is as follows :

Sto ,ow, A. A. C~lation of Arizona Paleozoic Formations, Bull:.-
V01 .

.~,. .
4 147. ,&8 .

a. Br calcareous sandstone replete with fish . teeth, (Top)
Ptyct us aff. calceolus (Newberry and Worthen), tyro
species ei Cladodus -and one species of F (?)
have been identif ed .. 2 feet

b. Black dolomite . 25 feet



f

c . 1'' or?, c1y3tILUizr1 li4mstaxe largely m-ade of
calcified r al blodicsa and interbcddedd with thin,
rl r ', blue liuzatns ; =all €oa.iatites are sporadically
found ; no closer identification has yet been po ible . 2 feet

a. 3luc limestone. in beds, 2 to 4 feet thick com used of
large spherical stro atoporcids and algae *Lth abundant,
but iacorly preserved zaphretoid end favoaitoid corals . ZO feet .

e . YeUov talc ova an atone with ll-rounded mend
grains probably of sub-eolian origin . 1+ feet

• 73 f"-t

1do identifiable i fossils were found in this part of the U cr Devenian
section in the Vekol Mains . amver, because of the similarity cA the
section in the Vekk~]. cAmtains with the Picaclie de Calera formation in the
Picasho de C 1cra Hills and ccuarable stratigraphic position, the v i r
tentatively Q si natee this part of the Upper Devonian section LU) Picacho
de Calera for ti<on .

2 tin limestone
In the Vekol &ount .insp the Martin limestone i s well-exposed in the

cast ri eop along the cast front and in the central and southern sections
of t main range . Its thickness ranges frcm 85 feet along the southern end
of the =in ran; to 125 feet in the central area .

:̀ section exposed on Prrc nbogy Ridge is as follows :

a . H% y, gray limestone in 1-3 foot beds . 13 feet, (TOP)

b . Buff, thin-bedded-limestone.. inch to 1 foot beds. 17 feet

c . Buff, massive, cliff -fo ing limestone. feet

d. Thin bedf%dg buff limestone with inch quartz-lined.
18 feet

4: . Thin bedded, buff limestone. 23 feet

f. Soft, sba1.y limestone, poorly exposed. 12 feet

` e upper part c unit 3 is hi ,y f®ssiliferous . At ~ reticis
Liar s found in abundance with wide variation. rifer &_t cwdi Hall
ins fouad occasionally, together with o hr '2y preserved for= which
have not been idcntif'ich . proms 1 and Whitfield occur r .ic .2•y
in -this Gaza ho4zon .

12 $
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The `in liiats c eras first described by Rhea at Bisbee . There .,

' R€a p F . 7. `. ', a Geology € i Ore Deposits of 3icbee, Arizona. U. S.C S.
35-38 .1

it consists 1 e3 y of d= -L, may, bard,, ccrVact limestone 340 feet trick .
It is underlain by the Abrigo l lest one and overlain by the Esc brow limo ton .
" c F§rein li eetone is Upper Devonian . in ap . *0

X c me, F . L . Sam reference as above .
S
Vol. 42 . Rg .
toyeo7, A . Ap.~.? Correlation of Arizona Pal zoic Form tions, B .0 G.s.A.

Ma song, bench-fo °in„ I'm.estones which lie directly above the in
limctone in the V of f ins, rune from 38 to 57 feet in tbic ss.
On. 7ior ry Rides, the foLlowifg section is o OSCtt

a . Roughly-banded,,-light tan to site, cliff-fon inj, (Tea)
d.it s-grai quartzite with shy, calcareous bands . 12 feet.',-

b.- 6 inch to 3 foot beds of pir ,sh-fir limestone. 16 feet:

, ye ovish- to reddish-tea, tit,c. s h. to 6 inch
3x2 bly-Joiz:'--e , pearly bled lli=stong 3stone,
and cr one s sh . Atr a retioul s Q _-ix ). N L. t

51 feet

The upper quartzite rear In z .saving at the northern end of the east
ridges d along the eoi ra frmn e of the main m W . There is a hurl:,
th Sara S Zr central t of the r outs. The miner o the

ctioi rang"', from 38 to 45 feet, and is thicker t ra7 . the fringes of the
i

* eoy described this formation in PPgpereauce Caiman in the Santa

Stc7=5::p A . A. Correlation of Arizona P is Fo ti+ ,Bul l ., G. S . . .
Vol . 4 . . 137 .

Cata ina .vtai , t asty-five miles h of meson. It also is described
by !og in the Slate Mountains ., ten miles cast of the Vekol fintaizs .

7, i. G. The Geol and O Deposits of the northern aM o f the
Slate-, 2, untains, Pi Co mty, Arizona. ters Thesis ; Univ . of Ariz .

Uo & secy.n is as fps

13



°a. Thin beeAe rink mud stone, sandstona ,$ lir wstone and Mp)
1.c1 .th r =a tic er ~ yel2ow . s at sand light
.y y li t o beds . About 2 feet below the top in

a foot ee to bed o' coarse-grained, pink and
yep.2 o^ 2 friable srudsstone . 80 feat"',

b . Light bluo, fo iliforcuus limestone with Zcbi_zc aoria
etrituia, Ectzia op.* Schuc rtella' sp * and several
emal1 bracb1opods . 4 feet "

c . ' e a end pink, thin bid oandst , limatc ae and
shale. 12 feet.,

Total e"

The writer s czd ed the section described above . He believes the
roc lying bet en the leu tin 13 stone and the Eccabresm, li sto in the
Ve l !Kaun:"d equivt nt to the L -ar Oura j formation. described by R
in the Slate X=1 stain, even though no characteristic i. r OurzV fossils
were found in the VVkol section .

"ac,n,ba li ~^ eton
`s i& z e- t 1ir at f si pawWent outcrops ale the southern .

mrA eastern sides cC the main range and a3=g the crests of the east ridges
and hills.

it is a thichz bci d, non-magnesiena light to dark gray limestcne and
is g r gr ialarp although s beds we fine-grained . Crinvid stems
are Prevalent at certain Yoria =? .

This li of a averages € ut &O0 feet in tbickno s in the Vehol 1s!0 Wis .
In t center of the main rte, at Pr is Ridges it is 353 feet thick ;,

' at the Vcalml mine t d the northern end of the main rte, it is .10 feet
thick; and at 2354 Peak, just south of Cc perosity sinD it is a, .-d to
415 feet thick. Hadle reports a ma im a 9 rot-.t in t e R rd Wea

~ a J. B . CgjnLer Deqosi, W of the Rt d as Fixes. C ty, .s .
1i . -_ Rpport:,,_ vats c inr Division, U. S.G. S. . 1942 .

an the eastern ,,e of the mountains .

Gw r 3ya ` lonr 125 feet is massive, r w? bluish-gyp li stener
tees g 75 feet is bard 1intone with alternate dark ay, tan and

bl ub-gr bands ring f 6 inches to 5 feet ; the upper 200 feat is a
r sive gray limestone with occasional. cbertq horizons .

21a tp 20 to 100 feet af Escebr is altered to a piWdsh- color.
"' wsur^ ntr. frem a marker bad in the central banded z c:bo;a tat the
contact with the e_~7or1jing Zac0 limes' is Irregular: and pre ab1y xep sents
and. old erosion surf . Pray o jointing appears to be present, and u .oubtedlg,
.this and ground water action =rya effective in the for Lion of t L-, . zone
alteration. "sic bedding gradually fades upward into this s . ' On 2854 "

peak, clastic' dike s =cam in the ugper five fact of the Esc&brosa : c' .



tell-procerved foazilr ware difficult to find in the E cabro . a. ¢ai er
c xatro t t ac ,,2 the .c' a fossill of the Eacabrosa and a SyringoD a
coral wcrr tie only two defiriite1y identifiable , fossils found by the vr ter .
d1eyw roots numr Pentr ites 300 feet frcn the base 'of the Potion

11lidlay, J . B . Great poaits c2 the Re;. r . a, Final County,, Arr..
lie arc Strata c Minerals Division U. S. G. 8. 1.12.121r

.n the Rowcrd area.

According to Stoyan ,v the Eseabr©ss ) inestcm 'is L r Miasisai ian

as S oy no A. A. Correlation .vC Ari a Paleozoic ' time, 3u1,1 ..8 G.S .A.
Vol . kQ~;

in age . He state& "Uer P .ss issi +ian deposits knc n only in southeastern
Arizona" .

The Eccabroas l1 atc first described by Ram= at Bisbee .
Be describes it as "rather thick-bedded, nmarly tti to to dark gray, granular
l' stcmez, which close a 3naticn often shows to be made up very lar ly
of crinoid ate=%. avere thickness at Eiabee is 700 feet .

i aco li stoe
In the Vek of N contains, the Naco limestone onsists ei light gray : atone

beds i I toy feet thick, separated by sb partings . The, shale vi a Uzus y
era a -few inches 'bide : but a few are several feet thick. The shy is fine-
textured, and baba b in cca r . On a steep slope, it at rs readily
to form a series of step-like bencbee . .

The fo °ois s section, exposed on the ridge at the Vekol mine, is the
most c ein this area :

a . Alternate foot b of .:it jht r : ato a with a (TOP)
variable of silicificati rn and included l eb e
cf chart d s interbcd with 1 inch to t foot r
shale beds . Abundant fossild odds cm the weak
surfaces of y beds . T be top is not ex-posed. feet '

b. Coral .her bad containing numerous Campambylum
to usu. (O s). 2-8 feet '

c. 1 to !3 f dot beds or 1i t gray limestone lth
.occasional fossils, sepa ' by rod chaly partings .

M horizons very few feet. 97 feet

d. Soft, brick red shale with nodules . of baton and
ce a ion1 thin li sten bands . Gen W ly very
poorly exposed. 30 feet

e. Gray, massive beds 2 to 8 feet thick with infrequent
bands of chart nodules or Irregular cbert lenses . =, fact ':



WIWAw majority o h identifiable fosail are collected tram 1

s
motane-

bed 3 of unit a. Hang these :

Dic & stu € riemue ber and Ct
-L ar occidentals Gi y

Z RAN ~ aZLc ' tint VIOXCOU

Corns si u" Sib .• 021)
C %.r it ks (oven)

Cur b up.

rout br iozo ware fo%md 200ally, as 1l gas p .i.• ee and spine,
e >3 b . 7 a^v C as op ., and un c nti id r st podem x'eVuft
mar 3 za the : ,mast exxo€ beds just north of the Vei . Shoat town . Cri oid
sty ixrch in c . ater oxe numerous in the upper part of the Naeo.

The f&1c rg to were collected by B y faun the south slope -cti

wSlow, 4-n..K2'a,s Asti`4a :5lVLJ. =U AP"2SU .1.id AGU41M l.£1 -r4i x'apfi?:̀ c Rvcumtry? d 'izcnao .

k'rttdG a sketch o the Ce1 .6oZ'R' w U S. G IT Bull. 7 9b i C2 .

th-o at the VeQ1 mine and tyro determined by G. I . Girty 'o

Arizona Ce io y9 Bull. 119 AM= Bureau of
Mines 9- 74, ji&

C c~ e~ a oductus semi tiCulat a
Cnr^ Rh tw.7 Ai M ' and n
E`^ c' sen . ie es '?. .. R c .eratu

ncy 2~'i.? re i" •tenU b

OiM ty considered them fir' ?nny1vs niang coc .ng' to t
r part of the c= L est , of the Bisbee district .

A• co n to Zteyan c®Uec 0n the Veko 1. Mountains by ^

the writer also re rent the Lower a ylvr iar r.: e . of the Nato end amiably
equivalent to the W :iz f ails of Ok1ahoa .

The thick so eat ale E NCO , toe varies greatly throughout the r rea
because p cet-co Soar. On the east sine Bitter Wells Baelp it
is e tim d at .o than 200 fast thick. On the south side of Cop ercaity
Il i n, tha ussd ur ed thicknesss is 270 feet . At Ve . mine,, the exposed thickness
Is 11,' 5 SQ. The t is covered by terrace gravesle and alluvium .
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Me contact ho . at the base of the Rac : a3toue is fro-L-1 5 to 10 feet
mock,, a c fists of soft, hi,b1-jointed and "squz e d" rd shale with'
round:-d eraa of r i brr: , gray sandstone., iire3; cryataU. .i e 1 stcie
of -,n h h to 1 foots in di=eter t zed chert nodules ^ .ch have Tilli te

centers esl halos 1f 4, inch wide . Grit laxaz *s s sd bards conm sting
3 rgre1y log chest 2 cents occur Irregularly in this zcne . There usually
Is a rough ba.-dg in - is bed parallel to the contact, and bed din mov ut
h been effective locally . It is a persistent horizon throughout the .

Ta- d the mouth and of the r=Se o, 2854 pmk,, the contact bed is
scmuzvhtt different in appeerw= . The following section was noted at the
base o e ,1 eco 1i est :

. . Pebb ,w breceia with angular chart fr ant in a 1 float
: ,-what silicifi stag ehaly matrix .

2. Brick sad to chocolate colored, splinters s with a
few zouod chart nodules . 5 faav3

. Tan, diem-Srei d quartzite. 3 foot ,

4-. 1w9red shale to n roux aid chart nodules,
'with en aasionsal thin .y =dato ae bed

inch to 4 inches. thick .
Total

7 ft
t

A. .C . Wad Ian.,s aurg et5 to the writer that this h izoap is the
vicinity el the W=l urine, re eblee the cherry sills which now developing
in some y ert of 0hLal=a and Arkansas . said 5MV mm to consist of d and

oiinters-p-..-reed chart fragments =& nodules . They be eyed
to be result of weathering of line stone in Vie, and of the deposition

eroded atsria1 from adjacent hills of c ity limestone .

Mr the c ' t beef is an ancient coil, rapid zubnerrecce a gin y,,'
. ' .

sloping p ;tin would have been accesses prevent it Zrw being rimed
by suave ti spa .

2,1. .^ :3=o : ~ stone wag described by R isc at Bisbee from - Section

cn~; F . L . - a.` Gg.e~¢ ~; bra ~a~' ~~.~b e, Ariz . ~D.S.G.S.
"^ ."' . 21g 19040 ,~ . 4v

in Z =o sills new the Nwdcan basics. There.. it is characterized y . ; .
w col-md bade, c:hich consist largely of cesium carbonate and range
this os from a fair Inches to .10 feet. . Moy are described as bein; use

thing r thm the 2 sadbroea and are more apL'9 ai 1 ici in Yex re . ..The hick na ci

at Bisbee is estimated at 3=O ft.



t

Cretaceous Red Beds
_b a c red beds l q.u t ites, resin with.. a slight angu ux e ' ityt ho aCO 1 e ton + found in the s s ~ art of .n raise

in the rity Basin. P Table Traverse D shown on P1atp 5 illust tes
this eactica .

rata. )rzd t i .c as ear c 2 Q0 fast. Severl hundred feet e
a ti oaL.` . e ticn is believed to be present, but no measurement i ate
becauer fauy tin in the Taper bas .

A ba viea ca,2gloii to usuq is present . it consists o' sub-rounded
to s1 b-a ! ?.a:? gobbles rang:; : .m • inch to 11 inch in dis ter in a co .° -

0=43r ristrix. Silicifiea tic In MMY areas Piss resulted .
in c ccnqlf, crate dieting x e che1cec c pebbles held t wge er
In a chert o j r tri .. ^- orl- n identity of the constituent pebbles
is 3ix v ply .ek es of this unit varies from a few ides to
More then • .umnty-fiv feet. Loci, it fills ehaunra1s in Taco a ion
surb=-- . (Pej t 13 .)

The jer o' the section illustrated on Plate 5. + onaists largely
es bri red to y'el low bw=,n, splinterya siliceous a as4 sW,y silto
with occasional to 3.0 foot beds of ive, medium- i ed, pebbly quartzite .
A 5 foot bad of case, grey, arkssid atome is located about 190 feet
from the base. -

first boulder conglomerate was f d at 278 feet the b .
it is 3 feet thick, and. is items up of sub-rounded q . zite and limestone
o 'Wzrs, cobbles aid pebbles in a Acoselyy a nb~d matrix of coarse sue ."
A seaY boar cougw ms found at the top cc the n a M-1d parl, cc
the s Lion.. This b Uer horizon Is apaa zimate1y 25 feet thick, and is
ca eree1e to e a just described . A thirds at least feet acs, occurs
in the ,;g era tnmured p the section .

These real?z -e believed to be continental . The section illustratedon plate 5.• p xly re se nts deposition cf fine-grain ' ,, suits;, end
thin send and pebbly bees on a 21=4 plain. b ad e ce3 en ed, and. .,
boulder horizons d i cate deposition undw conditions in which stronger
cents p v led.

Me tee IM S rat ftie sufficient work in the upper p of s g . up
of row to d t riiue its contact with the -Lvaks tentatively d si. t as
13m co v rat.. it is p asible t the tc.-yWwt vi of dug tzifie, w : ch

lies directly ben=ch ~+ 230 feet of bon y ¢onet «rate is the C gerosity
Basin,q is the upper codt t o this unnod Cretacc .2 :^0rmtion. Or, it
may be that this ccng1o ,e afie and the 2,000 feet of conglonerate described

._

by y' in the d et-d area s be included.. 1urword; w be required

osits of wnrd Area, € y , 1~ rMa. ;
,"re •~ = s L F ztm Stratip„io Minerals Division,, U . B. 0. S.

to o ` s lea. For purposes of ipt gp the wri tentatively y1 was
the comet € t the, tc of r bi st v3 .traozw quartzite occurring in i
Cop



Ar e and 2 2 ation

e -1 e has no evidence of t age of sr rocks e=erit that they
overlie the R2co li do n uncan'o° 1,y, i n turn ., are overlain by vale e
believed to be L.c. el r Tertiary in ace . er aticm Red De I desorl'bed -
by r m in the ` son GVg twine are Gone 1mt eimilar 3 may be contea .rea .

4_rotng W . . ~: uceo,rn No u retains, An Ariz~ in 11mge Bull. G.S.A
S7O . 517 .c'iw n `"'a'. 1 `760,3 V

£o fOr3iL3 'ere fwd in the Vokol section, b er . The writer a ets to
see a further studof 'G ais problem.

GUM C ) m" irate?
o' e boua ? con late described above, ace .r at frequent

intervals wg -Who gist front of the Ma-In rangre . 'UhLost met ate" the P aura
mine,o'hey agar to ' se unconfo ly above wed beds ad. ¢iu, zitee .

At the he e n& the =In Vie, this c lc terate is c i' .3 ^zp d .
beneath the Quatex r volcenioe. r4. ac sicte of sub-rounded bau9s r nd
cobbles ev g be en 4 and 5 inks in diameter with occasional bmAders

much 3 Teat in dime r. Lineet € M quartzite are the main constituent
but a fey volme is a c i.ab ,pebbles why are present . 'Mrtri sties
f° pebble to coarse end-. The cementing rzterial Is s * im t U my. The
r s d is asu :€ i pare els the V of ride nd the bad - dip

about 45 S .W. Lbw osn't=erate appears to rest directly on a Eo l i atc
e lion surface an a on scattered patches of the basal Cret e= :~ .
At the piss, t ke.re the Bitter We road 'crow s t divide north of the
Vek 1 mim9 the Gil a co 4 =ata is well -posed . o.. (See Plato 2 .) 'It consists
of a 40 foot pebble end. cobble horizon., rich my de la ly r
into the thick tuff beads a f of 2917 peat .

Me f iat n and I due. city of the besemat rocks in the Ve of ,
Mme' ins indicates s tr structural activity during pre-C mbri€an ti .

gent--al strut u l t : . of use rocks, ShM as Plate 3 g, ;p b ly influenced
the dove: at G .̂ ter structures .

s ' the Alga ;ien, Apache Cep ejpa= to rest an a surf
;

of = relof9 indicating a period of ate, evasion atd quieza=ee s
period a' „a2d' c tine d throughout e AA time and the Paleozoic except
for wbothib distu ban _e due to the ba t of the thaw' . During
tie Ordaviais,, Silurian, and much o Onia ,, this leap l e host of
cm' 'wrn zones -was uplifted bred was being eroded,, or at least not receiving
s dints . Late P osoic rocks rye essentially c 'o bls in strike end dip
with t roc of, the Apad1w up.
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During the Permian, TAr a of erosion, ~~s1op the teat hu t have ti ndcrgo
a seeoua ezteri d period. `WL~ erosion, for no rocks of HoW tti i:1' appear to

be r esen. d. The basal conglomerate of the non-marine red led unit
ircbab C t ,ceoub age atr its angt oot for ity on the Barn l ;ree o g
in .icatinthe erd of t lg p iod of cae enee pp cbabl r p the beginning
of ' exte ive Jtt icp L remide . Terrti y etr tural disturbances cs =

t Bacia An, province .

The Vehol Mountains represent the eastern fle: CC a WrthWaSt trending
s olin. . otrueLure N The ms c ' the syncline iz a a n the eoutbinstezn
ac t" t' e main a Y e P An anticli Wad is indicated by the trend of . .
the beds on .a no ern end of the Slate about tea miles c rest
of the Vekol b t,ins. These structures b zblj rapr ce ;l the firet et
in the >vruetu al evolution s the nt din3 is .c part Arizona. The
gz 'a in rw ive s .y have accompanied this fo1din a or f allvjed coon eT r
it developed .

B : lx faulting clone two a jor oycte .TY the eoutr , . structural,
Nat= in the structural development of the Vekt . amt . yor hs .t
tendp p east dipping, normal aulte have fs d the n: ths'x treading
bike including the .n range and a ridged on the xthvaot. that
: tee g the east-wont and northwest trending Cam. city 1, fitter Wells
fault: divided the unkina into heh dietin t structural b ahat the
nwrthw r np and the central, and the coutbern East vast faults of moderate
dlaplac nt a,,; et have been adjustment faults r gated to both major -,
systems . Steep, ncrth-math faults play a minor role in the-structural picture .
Faulting the t major cyctma is believed to have continued
4i'e+ros he,"r late Tertiary into QVaaterm t.~yy time .

D zite a:'w'3y'r ' f$ rms large alUcg sheets end Mac t'ht trend tb a~r°4~re
Woo it intru ec ay 62 Z east-west fault zc s• . An east-west trends
r ali E o plug and dike cuts the Paleozoic mend C eouc rod ho the t Pr

byrY«

e y cunc nom east trend d northwest dip of the Oust s ry '`.
volcan ce along tbz z t4 s ru edge of the area may be due to recent tilting
to the northeast .

s c A of wch the Ve of MOON= r A part, trene
> pli c nor as va . ( late 3.) The axis

'e syncline is locatcd alb the Ztha0 of the main W WI range ;.
E s e .i i Hood; Illus aced by the swing trend of the Weet anus? red
be is clearly visible e ~und' 'f; ec a of Coerosity'B in . The trend'
o I boda on the easy: flub is shown ca ate 3. Their strike along the
seat ridges In two vicinity of t i line rozd at the nart rn eage o
the area is cou as t . Farther er uth, in the hills of t Reward a a,y
it is north-south. In hT main tee, ; ap beds strike a vuthnes ^ d ,
even e vent alg a southern fringe .

210= Ol .ris suggested alb, the east front i main age near
its north rn end . .i` b along the exposed edge +f' e ant are spa lmOoly
ho s tel, and, in a instances, dip slightly to the northeast. T bed ;
on adjacent ridge to the meet, dip lightly to the northeast . The b

.

is the adjacent de to ac, dip from 35 to 10 anal st . Tams

r
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f o1c .nn may resent mi r flexures on the synclinal f2 Dk or r have developed
by faulting.

Tile ;ee. (r aZ fo d-Ing on the norn adds ce 323. peak north off" the
H w mime anE adjaceaG e;o the C pero ity :'au1t 1m believed to be the
cult drag lb a fault rather than ti regional folding . 1t sout a •t.

tram" roughly zra1le1e the troth of the upw faults, and it die:; out -Within
a fir hundred feet . The beds am- .bm03y corn e. > broken by mall Warm
within the drag-fold. (Say Print 25.) J
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~_ AMERICAN SMELTING AND REFINING COMPANY
a

_~O SOUTHWESTERN EXPLORATION DIVISION

P. O. BOX 5747, TUCSON, ARIZONA 85703

1150 NORTH 7TH AVENUE

TELEPHONE 602-792-3010

July 20, 1972

Mr . Edward A . Koester
Geologist, OGCC
State of Arizona
4515 North 7th Avenue
Phoenix, Arizona 85013

Dear Sir :

Your letter of July 12 has been received . The various units of the
Apache Group and Paleozoic sediments are found in scattered outcrops
in the Sand Tank Mountain Range (Maricopa County) . The following tabu-
lation lists the major outcrops (mapped on 111 = 1 mile topo sheets) but
they may extend into an adjacent section for a minor distance . As mapped,
no outcrop contains a full sequence of all units and rarely is any specific
unit entirely exposed in any outcrop .

In this tabulation "Apache Groups' includes the Apache Group and/or Troy
Quartzite, "Lower Paleozoic" is Bolsa Quartzite and/or Martin Limestone,
and "Middle Paleozoics" is Escabrosa Limestone and/or Naco Limestone .

T .7S . , R.1W .
SW 1/4, 27
SW 1/4, Section 35

. T.8S. R .IE .
SE U4, Section 6
NE 1/4, Section 7
SE 1/4 and
N 1/2, Section 8

T .8S ., R .1W .
NW 1/4, Section 2
NE 1/4, Section 3
Center, Section 20
SE 1/4, Section 20
S 1/2, Section 21
SE 1/4, Section 23
SW 1/4, Section 24
SW 1/4, Section 25

Lower Paleozoics
Apache Group (?) and Lower Paleozoics

Lower Paleozoics
Lower Paleozoics

Lower Paleozoics

Apache Group and Lower Paleozoics
Apache Group and Lower Paleozoics
Middle Paleozoics
Apache Group
Apache Group
Lower Paleozoics ) See : Bryan, K ., 1925, USGS
Lower Paleozoics ) Water Supply Paper 499, P-56
Apache Group



Mr . Edward A. Koester - 2 - July 20, 1972

NE 1/4, Section 26
N 1/2, Section 28
NE 1/4, Section 35
NW 1/4, Section 36

Lower Paleozoics
Apache Group
Apache Group and Lower Paleozoics
Apache Group and Lower Paleozoics

The farthest west exposures were not ground checked, but were spotted
during a helicopter flight . These are probably Apache Group and Lower
Paleozoics and were found along the north-south boundary between the tier
of Sections 14-23 and Sections 15-22 in T . 8 S ., R . 3 W .

would be interested in hearing of any further detailed work being done
in the region .

i would also appreciate another copy of your report "Preliminary Tabulation
of Stratigraphically Significant Water Wells in the Basin and Range Province
of Arizona" .

Sincerely,

ZJames D . Sell

JDS :lad
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OFFICE OF

( tt and (Sao T,anme naftnn ftnmmthMtan
STATE OF ARIZONA

4515 NORTH 7TH AVE .

PHOENIX , ARIZONA 85013

PHONE : (602) 271-5161

July 25, 1972

Mr . James D . Sell
American Smelting and Refining Company
Southwestern Exploration Division
P . 0 . Box 5747
Tucson, Arizona 85703

Dear Mr . Sell :

We wish to thank you very much for your letter of July 20
and the information regarding the detailed location of outcrops
of rocks of the Apache Group and Paleozoics in the Sand Tank
Mountain Range . I assume that this information is not of a
confidential nature and that we may release it to any interested
geologist .

We are sending you another copy of our recent report on
stratigraphically significant water wells, as well as a new dry
hole map of the state .

Hoping we can further reciprocate your kindness, I am

Sincerely,

i / -za .
Edward A . Koester
Staff Geologist

EAK :st



AMERICAN SMELTING AND REFINING COMPANY
ASARCO SOUTHWESTERN EXPLORATION DIVISION

P. O. BOX 5747, TUCSON, ARIZONA 85703

1150 NORTH 7TH AVENUE

TELEPHONE 602-792-3010

July 31, 1972

Mr . Edward A . Koester
Geologist, OGCC
State of Arizona
4515 North 7th Avenue
Phoenix, Arizona 85013

Dear Sir :

Your letter of July 25th and the Well Location Map No . 3 arrived .
Thank you for this additional information .

As you assume, the information regarding the Apache Group and
Paleozoic outcrops in the Sand Tank Mountain Range is not a
confidential nature . However, ASARCO would appreciate acknowledg-
ment of the information source wherever it is appropriate .

Sincerely,

James D . Sell

JDS :tad
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OFFICE OF

Ott and 6u Q uurruattrM Qlznnrtha tnn
STATE OF ARIZONA

4515 NORTH 7TH AVE.
PHOENIX , ARIZONA 83013

PHONE: (602) 271-5161

June 15, 1972

Mr . James D . Sell
American Smelting and Refining

Company
1130 North Seventh-
Tucson , Arizona 85705

Dear Mr . Sell :

We are interested in your, paper " Sedimentation in
Southwest Pinal County", the abstract of which is pub-
lished in the program of the 196 8 meeting of GSA . I
have not found any publication of this article, and if
there has been publication I would appreciate receiving
a separate of it . If not , could you send us copies of
your measured sections in this area . Of course , we are ,
not interested in the mineral content of any of the units, }
merely the stratigraphic information .

You probably know that Humble Oil andwRefig....&o:a{sanq
has started a deep . test in Section 4£=T8S-RBE_...`'? The fact , e t
that they expect to drill this well to -a -depth of 12,000 / "
feet indicates a thick stratigraphic interval here, and we
wish to obtain any information pertaining to measured sec-
tionstions in the mountains of southern Arizona .

Thanking you for your cooperation, I am

Si erelq yours'

p u ~ .
Edward A . Koester
Staff Geologist

EAK :st

l~ Q~-G~ ( _ p . L J h-i ( F(I~j Elclf F L G 1 " 4 G'



AMERICAN SMELTING AND REFINING COMPANY0
CO SOUTHWESTERN EXPLORATION DIVISION

P. O . BOX 5747, TUCSON , ARIZONA 85703

1150 NORTH 7TH AVENUE

TELEPHONE 607-797-30,0

July 5, 1972

Mr . Edward A . Koester
Staff Geologist, State of Arizona
Oil and Gas Conservation Commission
4515 North 7th Avenue
Phoenix, Arizona 85013

Dear Mr . Koester :

Please pardon the delay in answering your letter of June 15th, as
have been on vacation .

The paper you refer to was only presented verbally at the 1968 meeting
in Tucson, with the abstract printed in the GSA Abstracts . No other
publication of the material is anticipated .

During our reconnaissance the stratigraphic sections were not measured,
but were only estimated as to thickness of the various units . All units
are much thinner than those found by Carpenter in the Vekols and Hammer
in the Slate Mountains t, the southeast and east . (Carpenter, R . H .,
1947, The Geology and Ore Deposits of the Vekol Mountains, Pinal County,
Arizona : Stanford Univ ., PhD Thesis, 110 pages . Hammer, D . F., 1961,
Geology and Ore Deposits of the Jackrabbit Area, Pinal County, Arizona :
Univ . of Arizona, MS Thesis, 156 pages .)

The Humble test will be of interest and I presume information will
ultimately be available .

Sincerely,

/a

James D . Sell

JDS :lad



Ex;wn Hths Tes-WeI!
Exxon Corp . has stopped

drilling test wells in Southern
Arizona while it analyzes geo-
logical data taken from its
four existing holes, a company
spokesman said yesterday .

D. I. Bolding, public rela-
tions manager, said the firm's
fourth stratographic test well.
near the border town of San
Luis, about 18 miles south of
Yum~,, was plug ed last Sat-
urday at a depth (1 11,444 feet .
Drilling had begun on Jan . 15 .

THE ARIZONA DAILY STAR

Drilling
Bolding said Exxon is

analyzing the earth samples
taken from the four wells in
order to come up with a map of
the layers of rock beneath the
earth's surface in Southern
Arizona. The area is one about
,, hick geologists know little .

The samples are to be com-
pared with the results of ex-
tensive ,ennhysical testing
done throughout the area by
Teledyne Corp . for Exxon dur-
ing the past two years . Tele-

dyne set off small explosions
and then recorded the shock
waves in an attempt to gain a j
rough picture of the state's I,
geology.

Exxon drilled its first- well-
last June near Eloy . Since i
then, it has drilled three oth-
ers: a shallow well located
about 60 miles, northwest of
Gila Bend: a 12 .01; 0-foot well
in Tucson . which Boding said
is the deepest in the state ; and ,
the well near Y uma .
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and in most cases . the study boundaries shown on the map are not intended to be i \
' ••__ __

2
interptedas the actua' study boundaries . Rather, they a Intended to sh the

f i th tl t l
I .

YBarbara E. Bowers o n a area .y to one aspec geo ogygeneral area of concern and may only app
of interest andld i at his rd hI hi h

oInc e a eae rea er s oun order to use t s map, t
refer to theses In the iimdiate area and those in surrounding areas . The nuiters
on the map refer to the Hot on the nap of correopanding authors, scbools . and

Thus map is a compilation of the locations of study of theses and dissertations dates completed . FroiTi this . the reader Should refer to the two lists of Arizona _________
concerning Arizona geology . The con1lation includes both theses done within and theses and dissertations to determine the title of the study and the nature of the
outside the State of Arizona and is conlete through Oecenter .l978 . degree . The reader should also check the general category for the appropriate quad-

In order to facilitate the use of the two theses and dissertations lists published rant and all those within the "General Arizona" grauping for related theses .
in this digest and In the A .G .S . Digest . Vo1un XII as e master bibliography for the Because of slight differences in the mechanics of grouping the general theses

M lmap, the map was divided Into the sao quadrants used in the lists, and the studies 10for the nap and for the lists, the two classification schens may not correlate - . p..., 0 iO 20 30 lO i es

were grouped by the quadrants in which they occur . precisely . Those theses appearing on the nap in the general quadrant categories 0 0 O O 0 5 KiInui
The theses were arranged chronologically and alphabetically, assigned a nijther, nay not appear in the saii quadrant categories in the lists . The user should always -

and plotted on a base map of the State . Studies covering large areas or nuiirous check the entire appropriate list if he cannot easily find the title for which he
widespread individual localities were grouped into general' categories, either is searching .
general quadrant categories, or a General Arizona classification . Only those The authors would like to acknowledge the assistance of Sarah White-Harvey,
with specific, easily definable locations were plotted on the nap . All those re- who drafted the final copy of the map . Special thanks are due the Geology Department Estricteal to the "general" classifications were not plotted . Those with boundaries of the University of Arizona for its patience in allowing the authors to work in
overlying two quadrants were listed as occurdng In both . its library at hours when access was ordinarily unavailable . x

______________

1Gulf Mineral Resources Co . Tucson, AZ 85705
Copper Co . , San Manuel , AZ 85631

PLATE2
L ___

iiu• i13' 112

I . Furrlngton, Yule Unhvrsity, 1891 . 416. Neluon, Univeruity of Arluonu, 1966 .
2. Robinson, Yule University, 1903 . 417. Parker, San Diego State University, 1966 .
3. Kellogg . Colur6lu Un1ver1ty . 1906 . 418 . Pushley . Univeruity of Arizonu, 1966 .
4. Noble, Yule Vvtveruity . 1909 . 419. Reed, University of Arioona, 1966 .
5. Steoblng, Co1ur1u Un1vr1ty, 1912. 420. Reid. Unlveruity of Rrizone, 1966 .
6. Stewart, Co1u,la Unloeruity, 1912 . 421 . 500dlfer, University of Arizonu, 1966.
7. Blunchard, CRluithia Unioerslt9, 1R13 . 422 . teaser . University of Aricono, 1966 .
8. Chpin, Stanford Uoleeruity . 1913 . 423. SheikS, Unioerolty of Ariooa. 1966.
9 . Cochren, Unlveruity of Arizona . 1914. 424 . Sndth, Uniceroity of Arioooa, 1966 .

10 . leery, Rule Unioerslty, 1914 . 425 . 16mm, Unioeroity of Michigan, 1966 .
11 . Joseph-Huokeoitch . Unloersity of Arizona, 1916 . 426 . Tilford, Arizona State Univeroity, 1966 .
12 . Onber, Yule Unloerolty, 1916 . 427 . Young, WCOhington Unloerolty . 1966 .
13 . Bryan, Rule University . 1920 . 428. Agasie . University of Arizona, 1967 .
14 . Longeell . Yule Unioersity, 1920 . 429 . A9onbrood. Unloeroity of Arloona, 1967 .
15 . Gordon, University of Arizona, 1922 . 439. ariscoe, University of Arizona, 1967 .
16 . WIloon, UniverOlty of Arizona, 1922 . 431 . Broderick . Univernity of Aricona . 1967 .
17 . Benedict . Mass . Inst . of Technology . 1923 . 432 . Borgoyne, University of NRna Mexico, 1967 .
19 . Lav000 . UniversIty of Arizona . 1923 . 433. Cavteell . Aniveraity of drlzvna . 1967 .
2R . Lenrayc, Stanford Univernity, 1923 . 434 . Cetioay, Univeroity of Arizona, 1967 .
21 . Short, Harvard Rnloernity, 1923 . 435 . Saab, Univerolty of Arieoou . 1967.
23 . Shoenaker, Anloernity of Arleona, 1924 . a36 . brand, Unloerolty of Arizona . 5967 .
26 . Webber. University of Arizona, 1925 . 037 . Hatchell, Univernity of New Mexico, 1967 .
26 . Brown, Univernity of Arloona, 1926 . 430 . Johonun, Univernity of Arizona, 1967 .
27 . Ayren, Unioernity of Michigan, 1927 . 439 . Knight, Uoioeralty of Arloona . 1967 .
26 . Bruhn . University of Arizona, 1927 . 440 . Lease, Univernity of Hew Mevico, 1967 .
29 . Ileineman, Unloeraity of Arizona, 1927 . 441 . Lee . Unloeroity of Anyone, 1967 .
30 . Saith, SnioerSity of Arleona . 5927 . 442 . Leger, University of Arleona . 1967 .
31 . Woodell, University of Ar1ona . 1927 . 443. Luvvhitta, Poonsyloaoia State Uolversity, 1967 .
33 . FeisS, Anleernity of Arizona . 1929 . 444 . Luepke, Unlvernity of Arizona . 1967 .
34 . Park, Anivernity of Arizona, 1929 . 445 . Lynch, Roiveroity of Arizona, 5967 .
35 . Eckel, Unlaursity of Arleona . 1930 . 446 . Mere, Anivernity of Arizona . 1967 .
3b . Hoanehalder, Unloernlty of Minnoani-Rolla, 1930 . 447 . Moore . Stunfard Unlvernity, 1967.
37 . Gehhardt, Unloerolty Of Rriaone, 1931 . 448 . Malleno . Univernity of Rrlaona, 5967 .
38 . Lausen, University of Arizona, 1931 . 449 . nassereddin . University of Arizona . 5967 .
39 . Thomas, Univenoity of Arizona, 1935 . 451 . Regan, BRstan College, 1967 .
40 . Hernon, Unleernity of Arizona, 1932 . 452 . ScYeldt . Unioernity of Arizona, 1967 .
62 . Titcoat, Univerolty of Minnensta, 1932 . 453 . Aeoor. Univerolty of Arizona, 1967 .
64. Stewart, Unioernity OP Arion9, 1933 . 45A . Ozone, University of Arizona, U9b8 .
45. Hernon, University of Arizono, 1934 . 455 . Blacet, St6nford University, 1960 .
46. Keppel . Coluthia Unioersity . 1934. 456 . Brennan, Univeroity of Nevade-Reno. 5960 .
47. Oishop . Unloeroity of Arizona, 5935 . 458 . Denney . University of Arizona, 1968 .
48. Salbralth, Univernity of Arizona . 1935 . 6b9 . totes, University of Arizona, 1968 .
49. Higdon, University of Arizona, 1035 . 465 . Hunch, Univernity of Arizona, 1968 .
50. Lee and Borland, Univernity OP Arizona, 1935 . 461 . Joneo . University of Arizona . 1968.
51. Gillinghani, Unioersityof Arizona, 1936. 462 . May . Unioersity of Arizona . 1960.
52. Kartchner, Stanford Vnaernity . 1936 . 463 . Nyc, Uniaeroity of Arizona, 1968.
53 . Danhan,, Univeroity of Arizona, 1937 . 464 . Percioun, Unloeroity of Arizona, 1968 .
54 . Ranor, Univernity of Arizona, 1937 . 065 . Perry, Linivernity of Arizona, 1960.
56. Alberding, Unioeroity of Arizona, 1938 . 466 . Petorson . Univernity of Arizona . 1960.
57. Cook, Univeroity of Arizona, 5938 . 467 . Pfin.nan, Unlaernity oP Arizono, 1906 .
58. Petor000 . University of Arizona, 1938 . 469 . Plot . Unioeroity of Arizona, 1965 .
59. Alnon5, Univernity of Arizona, 5938 . 472 . Scholtz, Morthern Arizona Anloeroity, 1968 .
ho. Skiar . California Inst. of Technology . 1938 . 473 . Szabo . Univnrsity of None Mexico, 1968 .
61 . Aleoin, Unioarsity of Arizona . 1939 . 470 . Thoa,poon, Northern Arizona Univernity, 1968 .
62. tnlOoo, University of Arizona, 1939 . 475 . Weag, Univeroity of Arizona . 1968 .
63 . Legge . Univernity of Arizona . 1939 . 476. Braan . Aniveroity of Arizona, 1969 .
66. Hack, Harvard Anioernity, 1945 . 477 . Or000, Univerolty of Arizona, 5969 .
65 . Harolenan, University of Arizona . 1940 . 478 . Butler, Unlveroity of Arizona, 1969 .
66 . lIogue, Aniaernity of Arizona, 1985 . 466 . Deal . Arizona State Univeroity, 1969 .
67 . Kahn, University oP Arizona, 1949 . 485 . Donlap . University of Arizona, 5969 .
60 . Muyaga, Unlveroity of Arizona . 5940 . 482. Erickoon . Aniaeroity of Arizona, 1969 .
69 . Popoff . Univernity of Arizona, 5948 . 403. toenoen . Aniversity of Arizona, 1869 .
70 . ShieldS, Aniveroity of Arlzooa, 1940 . 484 . FodOr, Arizona State Univeroity, 5969 .
71 . Sopp, Anivernity of Arizona . 5940 . 405 . AaaaOCi . Coluabla Univernity . 1969.
72 . Strahler, Col .nr6ia Univeroity, 1949 . 406 . Gornitz . Colve,hia Anioersity, 5969.
73 . Carpenter, Stanford Aniveroity, 1941 . 487 . Grono, Univernity of Arizona, 1969 .
70 . Johnson, Uoiaernity of Arizona, 1941 . 480 . Kook . Unloernity of Arizona . 1969 .
75 . Jones, Aeiveraity of Arizona . 1941 . A89 . Laughlin . Uniozrsity of Arizono, 5969 .
77 . Bardell, University of Arizona . 1941 . 491 . Lees, Teoas Tech, 1969 .
79 . Kauffman . Coluia University, 1942 . 492 . Liaingoton, Univeroity of Arizona, 1969.
00 . Marvin, Ungoernity of Arizona . 1942 . 893 . Marjanlemi, Aniveroity of Arizona, 1969.
81 . Mayoga . Unioernity of Arizona . 1942 . 494 . Matter . University of Arizoov . 1969 .
82 . Mintz . Coliaabia Anioersity, 1943 . 495 . Micklin, University of Arizona, 1969 .
63 . Kartchner . University of Arizona, 1946 . 496 . Moger, Univeroity of Arizona . 5969.
65 . KoOno . Colathla University, 1945 . 497 . Michoilo, University of CellfOrnia-Oerkeley . 1969 .
87 . Cederstroa, University of Arizona, 1946 . 499 . Patch . Anivernity of Arizona . 1969.
89 . Carpenter, Stanford Unloeroity . 5947. 508 . Pederoon . Arizona State University, 1969 .
90 . Peth, University of Arizona, 1947 . 002 . Sndth, Cali7ornle Inst . of Technology . 1969 .
91 . Kleroch, Anivernity of Arizona . 1947 . 503 . Spanglar, University of Arizona . 1969 .
92 . Laring . University of Arizona . 1947 . 596 . Stockleon . Arizana State Univeroity, 5969 .
93 . PattisOn . Stanford Univeroity, 1947 . 585 . Apdike . Arizona State Unloeroity, 5969.
95 . Ada,oo . Penecylvania State University, 1908 . 686 01St . Univernity of Arizona . 1969 .
96 . Harnhbargor, Uniaeroity of Arizona . l94U. 087 . Young . Colorado School oP Mines, 1969 .
97 . Miller, Colunkia University, 1908 . 509 . Billingoley, Northern Arizona University, 1970 .
90 . Price, University of Arizona, 1946 . 510 . BrOwn . Arizona State Univernity . 1970 .
on . Walker, Haroard Univeroity, 1948 . 511 . Caroon, Stanford Univernity, 1970 .

100 . Whitcon6 . University of Arizona . 1948 . 512 . Clary, Arizona State Universlt, 5970 .
101 . Winters, Colu66ia Unloeroity, 194A . 513 . Clay, Anloerolty of Arizona, 1970 .
102 . Aleols, University of Arizona, 1949 . 514 . EastoiOod, Snioerslty of Arizona . 1975 .
103 . Creasey, University of California-Los Angeles . 1949 . 555 . Prank . Univeroity of Arizona, 1975 .
105 . Hoaser . Unioenslty of Arizona . 1949 . 516 . Kntght, University of Arizona, 1970 .
186 . Mahard . Ctlunbia Unloersity, 5949 . 557 . Leneeru . Unioeroity of Arizona, 1970 .
187 . Penn . UniAernity of Arizona . 5949 . 516 . Laughon . Unlveroity of Arizona, 5970 .
100 . Thones . California lnot. of Technology, 1949 . 521 . Matio, Unlvernity of Arizona . 1970.
son . Broefield, Uniaeroity of Arizona, 1950 . 522 . Merrill, Arizona State Unioerslty, 1970 .
110 . Couloon . Aniveroity of Arizona . 1950. 523 . Pettengill . Northern Arizona Univerolty, 1975 .
111 . Hughes . Anloersity of Arizona . 5950 . 524 . Puckett . Univeroity of Arizona . 1970.
153 . Ludden, University of Arizona, 1950 . 507 . Throop, Arizona State Anloernity, 1970 .
114 . Mears . Coli.,tia University, 1950.

i
528 . heat. Univeroity of Arizona, 1978 .

Uni it f Arizona 1971A ldA29115 . Ostrander, Iowa State Univers ty, 5950.
116 . Webnr, University of Arizona . 1950.

vero y o , .rno ,.
031 . Oenfer . Northern Arizona University, 1971 .

157 . Aetiiany, Univeroity of Arizona . 1951 . 532 . Ulake . UnlAersity Of Arizona . 1971 .
119 . Bryant, Unioersity of Arizona . 1951 . 533 . Caneran . Arizona State Unioerslty, 1971.
128 . CellaAan . Univernity of Arizona, 5951 . 534 . Chanpney, Unioersity of Arizona, 1971 .
122 . Buff . Univeroity of Arizona, 1955 . 535 . Chenuer . Orighani Rayon Onioerslty . 1075 .
123 . Sattartheaite, baa State Aniversity, 1951 . 536 . Davis . UnlAersity of Brizone, 1971 .
124 . Wallace, Snlnaroity of Arizona . 5955. 537 . Evano . Univernity of Arizona . 1971 .
125 . ailliazO, University of Illinois, 1955 . 539 . SotteSfeld . UniversitY oP Arizona . 1971 .
526 . 4illiaev, University of Arizona . 1051 . 541 . Kieffer, California Inst . of Technology . 1971 .
127 . Bejnar . University of Arizona, 1952 . 542 . 6068115 . Arizona State University, 1971.
120 . Chee . UniAernity of Arizona . 1952 . 143 . Lanes' . Aniversity of Arizona, 5971 .
129 . Neoies, Pennsylvania State Unioeroity . 1952. A44 . Lytle . Univeroity of Arizona . 1971 .
130 . Papke . Uniaeroity of Arizona . 1952 . 545 . McCabe . Northern Arizona Univeroity . 1975 .
131 . Weller, Unloerotty of Tolna . 1952 . 546 . Mcturry . Arizono State Univeroity, 1971 .
132 . Zirkle, Unineroity of Illinolo, 595z . 587 . Mar06 . Univernity of Urizona . 1971 .
133 . Raker . Stanford Unioeroity, 19A3. 540 . Montgooery . Unloernity oP Arlanna, 1971 .
134 . ChrOnic, Coloetie UniversIty, 1953 . 550 SclMeidt, Ueieer,9t3' *6 AvOrOee . 197k .
530. Eaeosen . Snivernity of Arizona . 1953 . 551 . Stewart, Univeroity of Arizona . 5971 .
136. Gould, Univeroity of So . California . 1053 . 552 . Stuckleso . Stanford Unioersity . 5971 .
137. Grandy . Univerulty of Arizona . 1953. 053 . SUnnier . Stanford Univernity . 1971 .
130. HIllebrand . University of Urizona . 1953. 504 . ThorsOn . University of California-Santa Barbara . 1971 .
139. Baydon, University of California-Ourkeley . 1953 . 555 . Aerbeek, Pennsylovnla State University, 1971 .
549. Boelner . University of Arizona . 1953 . 556 . Aldal, University of Arizona . 5971.
541. Appleilorn, University of Minnesota . 5954 . 580 . Barrett . University of Utah . 1972 .
542. Belden . Unioerslty of Arizona . 1954 . 559 . BartOs, Unloersity of Arizona, 1972 .
543. Brittaln . Unioernity of Arizona . 1954. 060 . Dladh . Untoersity of Arizona . 1972 .
144. Dlckennan . Anioersity of Arizoina . 1954 . 561 . Boyce . Northern Arizona University . 1972 .
145. Gastil, University of Celifornia-Derbeley, 5954 . 062 . BUrgert. Northern Arizona Unloeroity . 1972 .
546. Oardinn . University of Wisconsin -Madison . 1954 . 564 . Coslns . Arizona State Univeroity, 1972 .
148. Merrin . University of Arizona . 1954. 565 . Dalton . Northern Urizona University . 1972 .
149. Schwartz . Aninersity of Arizona, 1954 . 566 . Drake . Colunbia Uninersity . 1972 .
158. Warga . Unlaernity Of Arizona . 1954 . 567 . DominO, Unioersit of Arizona . 1972 .
151 . Anderson, Unioersity of Arizona, 1955. 668 . Greybeal • University of Arizona . 1972 .
153. Bollin, University of Arizona . 1955. 569 . Haof, University of Arizona, 1972 .
154. Orltt, Ueloeroity of Urizona . 1955 . 070 . Harricon . Univeroity of Arizona, 5972 .
156. Doaio, Unioersity of Arizona . 1950 . 571 . Aazenbooh, Uniaeroity of Arizona, 1972 .
158. JohnSton . Uninernity of Utah. 1955 . 572 . Hendricks, Northern Arizona Univernity, 1972 .
159. ilurtz. Unlaersity of Arizona, 1950 . 873. Ililloan . University of Cincinnati . 1972 .
160 . Maine. University of Utah . 1955. 574 . Aliiieo, Aniveroity of Arizona . 1972 .
161 . Packard . Anioeroity of Wlsconoin.Madtson, 1955 . 575 . Iberall, Unioerslty of Arizona, 1972 .
162 . Sabins, Role University, 1955 . 577 . Leoenthal, Univeroity of Arizona . 1972 .
163 . Silner, California Inst . of Technology . 1950 . 570. Lynch, University of Arizona . 1972 .
164 . 550mb, Iowa State Unioerolty, 1985 . 581 . MalOne . Arizona State Unloeroity, 1972 .
160 . Wallace . University of Arizona, 1955 . 5U2 . Marohall . Morthern Arizona University, 1972 .
166 . White, University of California-Berkeley . 1955 . 563. MOOrOS . University of Arizona . 1972 .
160 . Ziebell . Univernity of Illinoio, 1950 . 594. Odd, University of Arizona . 1972 .
169 . Clark, Unioersity of Arizona . 1956 . 566. South . Univerulty of Arizona, 1972 .
171 . Epis, Uninersity of Californla-Oerheley . 1956 . 507 . TotteR, University of Arizona . 1972 .
172 . Omen . Unloersity of Texas-Austin, 1956 . U80 . Wadall . Arizona State University, 1972 .
173 . Hook . University of Brizona, 1956 . 589 . Weber, Indiana State University, 0972 .
174 . Jeronie . Unioernity of Utah, 1950 . 591 . Anderoon . Arizona State University, 1973 .
175 . O'Orlen, University of Teoas-Auotin . 1956 . 592 . Aylor, Arizona State University, 1973 .
175 . Plofker, University of Arizona . 1906. 593 . Bladh . University of Arizona . 5973.
177 . Aehkeneer, Ueioersity of Teoas-Austln, 1906 . 594 . Chakarun, University of Arizono, 1973 .
170 . RobertSon, University of Teoas-Aastin, 1956 . 895 . Condlt, Northern Arizona University, 1973 .
179 . Botledge . Unieernity of Te000-Auntin, 1956 . b97 . Earl . Unioeruity of Arizona . 1973.
106 . Smith, Uni versity of Arizona, 1956. 598 . Ganbel 1 • Northern Arizona University, 1973.
101 . Smith. Univernity of Teoao-AoStln, 1956 . 599 . Jacobs . Univeroity of Arizona. 1973 .
162 . Strobell, iale Uninnrvlty . 1950 . 600 . Janoen . University of Arizona . 1973 .
104 . Underneood . Univernity of Te000-Austin, 1956 . 501 . LenanO . Northern Arizona University . 1973.
106 . Witbind, Unloerolty of Colorado . 1956 . 602 . Lewio . Origheo Anung UnIversity, 1973 .
107 . Wood . P . A. , Univeroity of Arizona, 1956 . 603 . Llngley . Western aaohington State Unloerolty . 1973 .
108 . Woad, H . H . , Unioersity or Arizona, hAS . 604 . Mayer, Dartauth Collene, 1973 .
109 . Woodyard . Univernity of 10000-Austin, 1056 . 605 . Aurroy . Northern Arizona Univeroity . 1973 .
190 . Uanherjee. University of Arizona, 1957 . 686 . Scofield . Queens College . 0 . 9 . , 1973 .
191 . Uennett, University of Arizona, 5957 . 607 . Searv . Unioersity of Wyoming, 5973 .
192 . Brennan . Univervity of Arizona, 5957 . 609 . Shank . Urizona State Unloerolty, 1973 .
293 . Brereton . St. Loam Snioerslty, 5957. 689 . St000noon . Northern Arizona Angoersity, 1973 .
194 . Burnette, Unloersity of Arizona, 5957 . 610 . Atoeoer . University of Oregon . 1973 .
196 . 50000 . Coluobia UnlAersity . 1951 . 511 . Seldnrski, Coliaiibia Unionroity, 1973 .
197 . Glllernan . Unioerslty of Teoas-Austin, 5957 . 613 Thayer, Unioerslty of Arizona, 1973 .
100 . Hinckley . Univeroity of Utah, 1957 . 615 . ian Pleat . Univeroity of Arizona, 1973 .
199 . Jones, Unioervity of Arizona . 1957 . 616 . Walen . Western aoohington State Univeroity, 1973 .
266 . (ideal . University of Arizona . 1957 . 657 . WallIck, University of Arizona . 1973 .
251 . Layton, Univeroity of Arizona, 1957 . 650. Wanleon . Johns Hopkino Univernity, 1973 .
282 . MacKallOr . Univernity of Urizona, 1957 . 619 . Alexander. Northern Arizona University . 1974 .
283 . McClynends, Univernity of Arizona . 1957 . 620. 01155 . Arizona State Univeroity, 1974 .
254 . Rogers, Uninersity of Callfornia-Barheley, 1957 . 621 . AOyer . Aniaervity of Arizona . 1974 .
205 . St. Clair . University of Arizona, 1967 . 622 . BrlscOe. Northern Arizona tnivernlty, 1974 .
206 . Siroos . Indiana Unioernity . 1957 . 623 . Brook. University of Arizona . 1974 .
207 . Smith, University of Arizona, 1957 . 624 . Cheaoeinen, Nortnern Arizona Unloeroity, D97A .
266 . Solik, Unioeruity of Arizona, 1957 . 625 . Cordivlola, University of Cincinnati, 1978 .
299 . Tyrrell . Yale Unioeruity, 1007. 626. Deoio . Univaroity of Arizona, 1074 .
250 . Ran Hem, Uoinerslty of Arizona . 1957 . 627 . Donnelly . Stanford University, 1974.
211 . Welder, University of Urizona, 1957 . 029 . Predericksen, University of Arizono, 1974 .
212 . WhItney . Uoinersity of Brirona, 1957 . B3U. Pis, California Inst . of Technology . 1974.
213 . Acber, University of Arizona . 1950. 631 Jones . University of Arizona, 1974 .
215 . Orowna. Unloerolty of Arizona, 5950 . 632. Eluth . Morthern Arizona Unioeroity, 1974 .
216. Colby, University of Arizona . 1958 . 633. Knob . Colorado School of Mines . 1974 .
217 . Crutcher, Unioernity of Teoas-Austin . 1958 . 634. Lame, Unloersity of Arizona, 597A .
219. Halndl . Unioersity of Arizona, 1958 . 635 . Launten, Arizona Stata Univeroity . 1974 .
220. lieyaian . University of Arizona, 1958 . 636. LinIng . University oP Brizone . 1970.
221 . Kerno, University of Arizona . 1958. 637. Ludeig . California Inst . of Technology, 1974 .
222 . Kinnisan, Unloeroity of Arizona, 1956 . 630. Merrill . Arizona State University, 1974 .
223 . Lonny, Uninersity of California-Berkeley, 1950 . 639. Moore . Univernity of New Meoico, 1974.
22U . Moore . University of Arizona . 5950. 640. Nonaell, Stanford University, 5974 .
226 . Pierce . Unioersity of Arizona . 1950 . 641 . Packard, University of Arizona . 1974 .
226. Sirrlne, Unioersity of Teoan-Austin, 5958. 642 . Pickens, Arizona State Anloernity, 1974 .
220 . Williams . Calietia Uninernity, l95U. 643. Pope, Arizona Stata Snloernity, 1970 .
230 . WIlson, Stanford University, DOUO . 641. Sandorn. Northern Arizona Unioersity . 1974 .
231 . nryner . Unioersity of Arizona, 1050 . 646. Schlodarer . Unixernity of Arizona, 1974 .
232 . Duseck, Colanbia University . 1909 . 647. Scott, University of Teoas-Oallas, 1974.
233. Donald . University of Arizona . 1959. 648 . ScOtt . Northern Arizona University . 1974 .
234. Gray, University of Arizona, 1959 . 649 . Shakel . Unioeroity of Arizona . 1974 .
235. Hodgson. Yale University, 1950 . 650. Sharoionit . Univernity of Arizona . 5970 .
237 . losiler, Sninerolty of Arizona . 1909 . 6D1 . Slnnmns . Arizona State Unloersity, 1974 .
239. Michel, Uninerolty of Arizona, 1950 . 653. Spatz . University of Arizona . 1974 .
241 . Raabe . Unioersity of Arizona . 5950 . 654. Turner. Northern Arizona Unioerslty . 1974.
242 . Sears, University of Arizona, 5909 . 655. 900 Arsdale, Unineroity of Cincinnati, 1974 .
243. Shawalaker, Princeton Univervity, 5050 . 656. Aice. Arizona State University, 1974 .

of ArizonaWilkin U i it 5974650244. Abdel-Gawed, Colwnbia Snioersity, 1960 .
245. Akers, Aninarsity of Arizona . 1060 .

,s . n vers y ..
659. Zellnski . Wee Meolco Inst . of Wining and Tech . • 5974 .

247. Bolanar, University of Cincinnati • 1960 . 660 . Applobauai . UniversitY of Arizona . 1075 .
248. Burroughs . Unioersity of Arizona . 1060 . 663. Bankin, University of Arizona . 5975 .
249. Cherokupalll . Colu66la University, 1960. 664 . Oannatt . Unioersity of Arizono, 1975 .
255. Clay, University of Arizona . 1960 . 665 . Bradshaw. Northern Arizona University, 1975 .
252. Wedge, University of Arizona . 1960 . 666 . Oudden . University of Arizona . 1975 .
203. Wodges, University of Oivconsin - Piadivon, 1960 . 667 . Clayton . Arizona State UnIversity, 1975.
254. Horoath, Unioerslty of Utah, 1060 . 66U. Conyers . Arizona State University, 1975.
255. Laughlin, University of ArizonA, 1960. 660 . Daneber . Northern Arizona University, 1975 .
256. Maddoo, University of Arizona, 1960 . 670 . Davis . Southern MethodIst University, 1975 .
257 . Mathian . University of Arizona . 1954 . 671 . Dolloff . University of Arizona, 1975 .
259 . MoOre. Unioernity of Arizona . 1960 . 672 . llykstre . Dartaiouth College . 1975 .
261 . Sabels, Uoioersity of Arizona, 5950 . 673. Pielden, Arizona State University . li7U.
262 . Schlah . Anioersity of Kansas, 1060 . 674 . Oaodoff . University of Arizona . 1979 .
264 . studebaker, UnIversity of Arizona, 1960 . 675 . Grococh, University of Colorado, 1075 .
265. Taylor, University of Arizona . bOo . 676 . Howell . University of Toronto . 1975 .
266. Tivacpan, Unloersiiy of Arizona, 1960 . 677 . Jolnnston . University of Arizona, 1975 .
267 . Waller, University of Arizona, 1960 . 679. Kent. Northern hrizona UnIversity . 1075 .
260. Wilson, Unloerslty of Orizona, 1050 . 600. Kinapp . University of Arlzooa . 1975 .
269 . narrlngtan, Coluthia Ueloersity . 1961 . ABS . Kostura, Bowling SPoon State University, 1975 .
270 . Buchi, University of Michigan . 1061 . 663. Ladd . Unloarsity of Arizona, 1976 .
271 . Eo .esee, University of Arizona, 1961 . ' Light . llOrthei'Oi Arizona University . 1975 .
273. 81685 . Anioarsity of Oklahnna . 1961 . 665. Little, Arizona State University . 1975 .
274 . Gardon . Anlnersity of Kansas . DM61 . 600. Lufholrn, Northern Arizona University . 1975 .
270 . Uray . University of Arizona . 1061 . 607. McDonald . Northern Arizona Unioersity, 1975 .
276 . Groanstein, Uninersity of Arizona . Dg6D . Martinsen . Northern Arizona University . 5975 .
275 . Mavwaer . Uninersity of Arizona, 1961 . 609 . MOhon . University of Arizona, 1975 .
279 . Jinks, Unioersity of Arizona . 1961 . 699 . Read, Oklahoea State University, 1975.
201 . McColly, University of Arizona, 1961 . 691 . BeAd . Northern Arizona University . 1075.
202 . Marlowe, University of Arizona, 1961 . 602 . RobartsOn . Arizona State University . 1975.
293 . Miller, University of Arizona . 1961 . 693. Salvador, Stanford Anloersity, 1R75 .
205 . Ulson, Unioersity of Arizona, 5961 . 696. ScOtt . Northern Urizona University . 1975 .
206 . Peterson . Stanford University, 1961 . 600. AnitA . University of Arizona . 1975 .
297 . Portugal . Univernity of Cincinnati, 1961 . 690. Stordavant, PennsylnenHa State University, 5075 .
289 . Sell, University of Arizona, 1961 . 750 . TennOn, Anioersity of Arizona . 1975 .
291 . Ateinkraus, Michigan State University, 1901 . 752 . Turok, Arizona State University, 1975 .
293 . Vildiz, University of Arizona . 1961 . 7U3 . UllOr . University of Arizona . 1975 .
2M4 . Aienbrnad, Unioersity of Arizona, 1962 . 704 . Yan Kooten, Arizona State University, 1975 .
295 . Baker, Unioersity of Michigan, 1962 . Onnrich-Aerbeek, Pennsylvania State University . 1075.
297 . Barter, University of Arizona, 1962 . 706 . Auld . Northern Arizona University . 1976.
290 . Oibarnae . Uninersity of Arizona . 1962 . 709 . Berry . Princeton University . 1976 .
2n9 . Bock . Unionroity of Arizona. 1062 . 750 . Oittson, University of Arizona, 1976 .

. Boseob, columbia Uninersity, 1962 . 711 . Bladh . University of Arizona, 1975 .
301 . chaaeoey . University of Arizona, 1962 . 713 . than . Colenbia University, 1976 .
302 . Erickson, Unioersity of Arizona, 1962 . 714 . Christenson, Arizona State University, 1976 .
303 . Ettinger . University of Arizona . DM62 . 715 . Clerk, University of Leicester, Great Britain, 1976 .
306 . fisher, Unioersily of Kansas . 1062 . 716 . ConOlay, CAlifornia Inst. of Technology . 1976 .
365 . Graybaal, University of Arizona . 1962 . 719 . DeWitt . Unioersity of Arizona . 1976 .
306 . Green, Gniwersity of Arizona . 1062 . 720 . Effler . Unioersity of Cincinnati, 1976 .
307 . Austnfson . Haroard University . 1062 . 722 . Harrison, Mortiiarn Arizona University, 5976 .
SUB . Ibrahie, University of Arizona, 1962 . 723 . Aenkle, Northern Arizona Oniversity, 1976 .
309 . Bairn . Pennsyiaania State Unioernity, 1962 . 724 . Hoelle . University of Arizona . 5976 .
311 . MacKenzie, Pennsylvania State Unioersity, 1962 . 725 . Jonen, University of Arizona . 1976.
312 . Mouat, Uninersity of Wisconsin-Madison, 1962 . 726 . Kessler, University of Arizona, 5976 .
313 . Peterson . University of Arizona, 1962 . 727 . Kiven . University of Arizona, 1976 .
314 . Pilkington, University of Arizona, 1g62 . 725 . 68val . Northern Arizona University, 1976 .
328 . Seff . Voioersity of Arizona. 5962 . 729 . LanAO . 66lzero9t of Arizona. 1076.
316 . Sharp . Aninerslty of Arizona, 1962 . 73 Larson, University of Arizona, 1976 .
317 . Sorauf, University of Kansas . 1062 . 732, McCaln, northern Urizona University . 1976.
350 . Stein, University of Arizona . 1062 . 733 . MtthOO . Northern Arizona Unioersity, 1976 .
319 . Still • Harvard University . 1962 . 734 . Pleader, University of Arizona . 1976 .
320 . Streits, University of Arizona, 1962 . 735 . Phillips . University of Arizona, 1976 .
321 . Wertz . University of Arizona . 1962 . 737 Powers Teaas Tech 1976 .
322 . WillIams . Sninersity of Arizona, Sg62 . 739 Reed Northern Arizona University 1976
323 . Wood . Uniowrsity of Arizona, 1962 .
324 . Badon, University of Kansas . 1963.
320 . Beedaraet, University of Kansas . 1063 .
326 . Catanzaro, Coluoeia University . 1063.
327 . Craeford . Pennsylvania State Gnioersity . 1963.
32g . Davenport . University of Arizona, 1963 .
330. Giles, Miami University of Ohio . 5063.
331. Handoergar . Unloersity of Arizona, 1963 .
332. Koffnan . University of Arizona, 1963 .
333. llollyday . University of Arizona, 1963 .
334. Kzight, Sooth Dakota School of Mines and Tech . • 1963.
335. McCullough, Ueioersgty of Arizona, DM63.
336. Nato . University of Arizona, 1963 .
337. Meyers, Unioersity af CalIfornia-Berkeley . 1963 .
330. Montgomery . University of Arizona, 1963 .
339. Nelson . Snioersity of Arizona, 1963 .
340. PetersOn . University of Arizona . 5963.
341 . Pine, University of Arizona . 5963.
342 . Platt, University of Arizona . 1963 .
343. Smith, UnIversity of Arizona . 1963 .
345. Wood . Unioursity of Arizona, 1063 .
34k. Arnold, Unloersity of Arizona . 1994.
347. Assadl, Uoioersity of Arlzooa, 1964 .
346. BroOke . University of Utah, 1964 .
340 . Bryant . Stanford University . 1964 .
358. Chaffae, University of Arizona . 1964 .
352 . Cunningham . University of Arizona, 1964 .
353. Diery, Anioersity of Arizona . 1964 .
354 . Dubin, Sniverslty of Arizona . 1954 .
306. Glassell, Stanford University, 1964 .
357 . Heoley . University of Arizona . 1964 .
306. Wichey . University of Arizona . 1964 .
350 . Kothavala . Barvard University, 5964 .
360 . Loeejoy, University of Arizona, 1064 .
361 . Lowery, Arizona State Gisioersity, 1064 .
302 . McCoy, Unioersity of Arizona . 1964 .
363 . Menihi . Unioersity of Arizona . 1964 .
366 . Perry . Anioersity of Arizona . 1960 .
360 . Petersen, Col,bla Unioersity, 1964 .
366 . Pipbin, Unioersity of Arizona . 1964 .
367. Rohrbacker, Unioersity of Arizona, 1964 .
369 . Sea. University of Arizona, 1964 .
370 . Taisazian, University of Arizona, 1964 .
371 . WatsOn, University of Arizona . DM64 .
372 . Whitacre, Unioersity of Arizona, 1964 .
374 . Al-Hashiei . Ininersity of Missouri-Bolla . 1965 .
370 . Byar, See Diego State University, 1965 .
376 . Bhayan . University of Arizona, 1065 .
377 . Bibernian, Snioersity of Arizona, 1065 .
37g . Blegbroagh . Unioersity of New Mexico, 1065.
300 . Cluecannelli, Unioernity of Arizona, 1965 .
301 . Clarke . University of Arizona . 1065 .
382 . FaIr. University of Arizona . 1965 .
303 . Pernande :, Uninersity of Missouri-Rolla, 1960 .
3U4 . Gale, Staofnrd Uninursity, 1965 .
305 . Ollean, Uoioersity of Arizona . l9bA .
386 . Gray . UniOernity of Arizona, D965 .
367 . Lootens, University of Arizona . 1965 .
306 . McKenna . University of Arizona. 1065 .
360 . McLain, Unioersit3, of Arizona, 1965 .
391 . MIles . Uninersity of Arizona . 5965.
392 . Mm, University of Urizona, 1965 .
3M4. Bobinson, Unioersnny of Arnzona, 1960.
3M5 . Schafroth, Anioersity of Arizona, 1965 .
396 . Uy, Nasa Meoico Inst . of Mining and Tech . , 1965 .
307 . WeaRer . University of Arizona . 5965 .
395. Weiss . Colunkif University, 195G .
390 . Wells, University of Arizona, 1565 .
480 . zenthrano, Ueioersity of Misnouri-Ralla, DABS .
401 . Aba Ajaisieh . Unioersity of Arizona, 1966 .
482 . Aoedisian .Arizona State Unloersity, 1966 .

766 : Bobinson, University of Arizona . 1076 .
74D . on. . Unioo,ity of Arizona . 1976 .
743 . Sc66fleld, University of Arizona, 1976 .
744 . sadgeley . Arizona State University, 1975 .
75 . Shackalford, University of SO . Calif-Los Angeles . 1975 .
746 Sherrer . San Diego State University, DM75.
747 . Sunason, Arizona State Unioersity, 1976 .
746 . Sean, University of Arizona, 1976 .
749 . Aarga, University of Arizona . 1976.
751 . Watkins . Colorado School of Mines, 1976 .
702 . W.itz . University of Arizona . 1076.
753. Wells, University of Cincinnati, 1976 .
754 . Wanti.orth, Cornell University, 1976 .
7• White, Sniversity of Arizona, 1976 .
756 . Winter, University of Brizona . 1076 .
757 . Witter, University of Arizona . 1976 .
760. Brassier . University of Arizona. 1977 .
762 . Cloran, Arizona State University . 1977 .
763. Collins, Unioernity of Neoada-Reno, 1977 .
764. Cuffney . Colorado School of Mines, 1977 .
7H5. Deslauriers, Arizona State University . 1977 .
766. Edson, University of Arizona . 1977 .
77. Prast, Unlversily of Arizona . 1977 .
768 sass . University of Arizona . D977.
79g Gassaaay San Diego State University 1977 .
778 Gordon Arizona State University 5977 .
77D. Gray Arizona State Unloersity . 1077 .
772 Green . University of Oklahona, 1977.
773 . hanson, University of Idaho, 1977 .
iN . 66ffn . University of Wyoming, 1977 .
776 . 66lay . Arizona State University, 1977 .
777 . Honey, University of Arizona . 1977 .
770 660011 . UniversIty of Arizona, 5977 .
779 . Ijirigo . University of Arizona, 1977 .
766 . Jennings, hrizona State Snivervity, 1977 .
766 . Header, University of Arizona, 1977 .
700 . Po,ira, Northern Arizona Unioersity, 5977 .
708 . Reches, Stanford Unioarsity . 1977 .
707 Roden, University of T000s-Austin . 1977 .
789 . Rogers, University of Arizona, 1977 .
75 Achenker, University of Arizona, 1977 .
790 Siglco University of Arizona 1977 .
791 Sternberg . University of Arizona, 1977 .
792 . Sicht . University of Arizona, 1977 .
7g3 U9dike . Arizona State University, 1977.

Ward . Arizona State Snioersity, 1977 .
7o5 . Welsch, Arizona State University . 1977.
706 . Wilson . University of Arizona, 1077 .
7o7 . WvhletZ, Arizona State University . 1977 .
790 . Bodnar, Unioersity of Arizona . 1978 .
7g, 66yd, University of Arizona . 1970.
ooo. ornoodsall, Northern Arizona University, D97U.
662 . Christie . Unioersity of Arizona, 197U
603 . Christisan, University Of Arizona, Di70.
984 . cor, Arizona State University . 1970 .
006 . Enon5, Northern Arizona University . DM78 .
987 . Evans . University of Utah . 1979 .
u. eel . Northern Arizona Unloersity . 1978.
. Sri,,, Unioersity of Arizona . 1970 .

010 Aust Rice University 1970 .
OlD. Hardino, University of Arizona, 1070 .
012. Hargan . Unioersity of Arizona, 5970 .
823. Aillier, Arizona State University, 5970 .
014. H66hes . Northern Arizona University, 1978 .
ais. Hulse. University of Arizona . 1978 .
616. Isarangkonn, South Dakota School of Mines and Tech . , 1975.
617. Janders, Arizona State University, 5970 .
818. Johnson, Unioersity of Teoas-Aostin, 1970 .
810. it,lar, Arizona State University, 1978 .
020. University of Arizona, 1978.
521. KOski, Stanford University . 1975 .

663 . Coolny, University of Arizona, 5966 .
484 . Uirhs, University of Arizona . 1966.
405 . HanSon, University of Arizona, 5966 .
406 . Aurbour . University of Arizona . 1966 .
407. Hardas. University f Urizona, 1966 .
log . Heatwole, Unioersity of Arizona . 1966 .
Hon . Horton, Unioersity of Arizona, 5966 .
410. Jeasnitt . Unioernity of Arizona, 1966 .
411. Galley, University of Arizona . 5966 .
412. Laidley, Unioersity of Arizona . 1n66 .
413. Long, University of Arizona . 5966 .

SUnfordUnlvei'sity,1966 .

802. 68oas, Northern Arizona University, 1976 .
023. Auth . University of Arizona, 1978 .
024 . Lelanan, University of Arizona, 1970 .
ODD . Lytie-Webb, University of Arizona . 1970 .
526 . nPadden, Aniversity of Arizona . 1979 .
027 Mainzer University of Utah 1970.
028 Parker University of Arizona 1978.
3o Roshing . University of ArizovU, 1970 .

831 . Saab . University of Arizona, 1970 .
032 . Staab, Northern Arizona University . 1970 .
033. Sullivan, Unioersity of Nasa Meoico . 1970.
634 . Surles, University of Arizooa, 1976 .

ITCflIO0.GEOLO5jOaj 5000en . ,15toM, eIncreIe-I,,s ARIZONA



r. ./7-4 S

J-7-6, 1741

I

c`r / W4 /SAP 1J I cue ~1!"n tj r C :f

Iza





I

- - Iflr Vl VVflll11 lliv 1M1171 /, V1 IllL UINII1' L) L)1 Li- 1L Ll

`11 United States Geological Survey is making a series of
standard topo,g'aphic illapd to cover the tinted States. T uia
\vOIk huha been in progres since ltiS2, an(1 the published neaps
cover utore than 47 percent of the couutr•v, exclusive of outlying
possessions .

The snaps are published on sheets that measure about 1G by
20 irnches• Order the general phuti adopted the cotnltry is
divided into r1 b uadrangles bounded by ]parallels of latitude and.

meridian, of longitude, These quadrangles are mapped on
different zs(sales, the scale use}eeted for e~icll snap being that which
is best adapted to general use iii the development o£ the country,
and consequently, though the st lndard leaps are of nearly uni-
form size the areas that they 1e1)resent are of (liflerent sizes .
On the ]on'er vlargiii of each in u p are 1 ~ uliiited gin 1)]sic scales
showing (listI1lces ill feet, meter:,, miles, rind kilometeh. lu
addition, the scale of the leap is show by a fi'actiou expressing
a fixed ratio betsveen linear measlrnements on the nla1 1 and cor-
responding distances ou the ground. For example, the scale
,~ means that 1 unit on the niap (such as 1 inch, ii foot, or 1
lueter) repr(.~eut5 62,50O of the ,s,une units oil the earth's snrface .

Although some areas are stuv-eved an(1 some neaps ai'e con-
piled all (1 published on special gales for apecia} purposes, the
standard topographic surveys and the resulting leaps have for
lnauv years been of three types, differentiated as follows :

1.~ Surveys of areas in wllic}1 there are I ~lrobleuls of great
public im lortluce-relating, for exlun1lle, to mineral develop-1
nlent irrigation , or reclaunation of svvain 1a areas are made with
snflicient detail to be used in the pltb}icatiou of lllaps on a
scale of 3 ~.o (1 inch-one-half'lnile) or (1 in(h--2,000 feet),
with a colttonr interval of 1 to 100 feet, accordi~~g to the relief
of the particular area luapped .

2. Survuvs of areas in which there are problems of average
public importance, such a . most of the basin of the 1lississippi
arn(1 its tributaries, are ureic with slillieient det~lil to be used in
the publication of leap; on a .5csle of (1 rode-nearly 1
mile), with a contotu int(1Va} uf' 10 to 10(I feet .

:i, ,5arvej•s of area in sv-]licll the Inoblent,~ are of minor.
public. importance, such as much of the mountain or desert
region of Arizoiua or Ne~v 11lcxico, and the high mountain area
of the nortllWCst, are made vv°itll snfli(~iernt detail to be used in
the publication of snap,- on a x,tle of (1 inch- nearly 2
Miles) of 1 inch =nearer ~l luiles), with a contour interval
of 20 to 250 feet .

1 le aerial camera i .- nmV lleiIi ' ll ((1 in mapping . i'rolu ti le
in{blInatiou recorded oil the p}lotograp}ls, pl~lnilnetric lullps,
`vllicll show olllti (haulage an(l crnltnre, have been nl,lde for some
areas in the i cited states . I v the ii e of stereose sic [)lottingl
apparatus, aerial pllotograplI • sere utilized al~o in the makirng of
the regular topogi'aphie neaps, vVllicb sllon' relief llr \\'l I as
d1 linOlge lull cultare .

A topographic snrv'ev of .11a~1 i h:l-' been in progress since
1895, <md iuearly° I-1 Ilerrent of it-' :ue<I Ills nor been snapped .
About 1> 1er >eut of ti l( 7'earitorvhas been covered by u n ~s. 1
on a scale of (1 inrb=oeai v rnilc~) . For most of the
renlainiler of the area Snrv'er e(1 the ula h }published are o f a. 1
s(lie of (I in ('h=rneaily 4 nliJC,') . For sonic areas of par-
ticular eeouomic im1)orta Ii cc . cov-ering about 4,300 square nlilestiw ma pu

1 _ ( (.~ t ne<n•}v 1 mile)l~ ' li~lnd al( ~ on l .:11( f ( 1 l' n(I -
or Merger. Tn addition to the arch covered by to l s gta l hlie lea l )s. ,
slbont 11,30O 5(lu<ire mile,; of -oathea:•tern Alaska bas been
covered by planlllletr1(' 111ap .s 01 I (51l(5 of and 2()O1•

The 1lawaiian Islands hate been surveyed, and the resulting.
lnalrq are published on it scale of

A survey of Puerto Rico is now ul progress . The scale of
the published 111111)5

r1'l~e featlu'cs sbowll on topo ap}lic snaps may be arranged in
three groups-(1) water, m eLding seas, lakes, rivers, canals,
>vS'anl1ls, and other bodies if water ; (2) relief; -including
mountains, hills, valleys, au(1 t}ler features of the laud surface ;
(3) culture (works of man), suh as towns, cities, roads, rail-
roads, <uld boundaries. The Jylnbols used to represent these!
features are sllowu and explailtd below . A~ariatious appear on
sonic earlier nlaand a(iditimal features are represented on
some special luap5•

All the water features are 'epresented in blue, the smaller
streams and e1lnah IIV -'iugle flue lines and the larger streams
by double lines . The larger streams, lakes and the sea are
accelltuate(l by blue water liming or blue tint . Intermittent
streams-those whose beds are try for a large 1fart of the year-
areare shown by lines of blue (lots and dashes .

Relief is shown by contour lines in brown, which on a few
maps are su1} plemeuted by b a slnding showing the effect of light
thrown front the nortllw'est ac piss the area represented, for the
purpose of giving the appear4 ce of relief and thus aiding in
the interpretation of the coat r lines. A contour line repre-
sents an imaginary line on tl ground (a contour) every part
of which is at the saule altitu e above sea level . Such a line
could be drawrn at anJ altitu, but in practice only the con-
tgnls at certain regular irnterr~ls of altitude are shown . The
datmn or zero of altitude of th Geological Survey snaps is mean
sea level . The 20-foot eotuto ' would be the shore line if the
sea 511oal(l rise 20 feet aboveimeau sea level. Contour lines
show the sha1 ~)e of the hills liountains and valleys , as well as
their altitude. Successive cop*our lines that are far apart on
the map indicate a gentle sl q e, lines that are close together
indicate it steep slope, and lies that run together indicate a
cliff.

'l'ime manner in which conbur lines express altitude form,
1111(1 grade i ahoWn in the figw•e below .

L~ Lmluum~~"Clllilll,llA III 110.n~~ ~ IUms~C, A~-_ - G~%~~/ G ~~-

'llle sketch represents a river valley that lies between two
hills. In the foreground is the sea, with a bay that is partly
enclosed by a hooked sand bar . On each side of the valley is
a terrace into which sma}1 streams have cut narrow g ullies .
'I'lle hill on the right has a rounded summit and gently shop-

STANDARD SYMBOLS

CULTURE
(printed in blacks

ing spears separated by ravines. Zhe spurs are truu edit ., ,
} fi ~" ; rtheir lower en(ls by a se<1 (lifft the hill at the left

sc<Ir 1, froln vvlmRh 1abruptly < it the v'~tllev in a steel) 1. .
"

~
rtLV . ". .agra(l 1 fallt (i\\ <I\ x11(1 fornls an inclined tableland that is ~~ ~t1~.,~_ _a ,t

ersed by It few shallow gullies. On the nla1 1 each of these
features is represented, directly beneath its l)ositiml in the~ . .
sketch, bar contour lines .

The contour interval or the vertical distance in feet between
one contour and the next, is stated at the bottom of each map .
This iliterval differs according to the topography of the area
mapped : 1 i t a flat conntrJ v it may be as small as 1 foot ;of in a
mountainous region it may be as great as 250 feet. In order
that the contours may be read more easily certain contour lines,
ever- fourths or fifth, are lu:lde heavier than the others and are
acconl1mnied by figures showing altitude . The heights of man~ Y.
points-such as road intersections summits surfaces of lakes
and beuclullarks-are aho given on the map in figures, which .
show altitudes to the nearest foot only . More precise figures
for the altitudes of benchmarks are given in the Geological Snr-
vey's bu}letim ou spirit leveling . The geodetic coordinates of
triangulation and transit-traverse stations are also published in
bulletins .

Lettering and time works of man are shown in black . Bound-
aries, such as those of a State, county, city, land grunt, town-
ship, or reservation, are shown by continuous or broken lines of
different kinds and weights . Public roads suitable fbr motor
travel the greater 1part of the year are shown by solid doubleb
lines ; Iuooi' I)ublic roads and private roads by dashed double
lines >; trails by dashed single lines. Additional I)ublic road
classification if available is shown by red overprint .

Each quadrangle i s designated by' the name of a city, tow'llb >.
or 1wonllnent natural featnl'e within it, and On the lllaro'11L5 of

the map are printed the names of adjoining qua((rangles of
which nlal)5 have been published. 1\lore than 4,100 quad-
rang'les in the United States have been surveyed and nla1)5 of
them similar to the one on the other side of this sheet have
been published .

Geologic maps of come of the areas shown ore tile to)ogra)llie
maps have been published in the form of folios. Each folio

dcrgroundincludes lua1ps showing the to iograpli3', geology, a n b~ 1 b ~
structure, and mineral deposits of the area luapped, and several
pages of descriptive text . The text explains the leaps ;uld
describes the topographic and geologic features of the country
and its mineral 1products . T «o hundred twenty-five fohos ."
been published. k.

.

,x In al1 S of each M~ate and of A1•as ., t tiInder_ 1,1 and Hawau sting
the areas covered by to logra )lei( e maps aua ., geolo ~~ic folios pub-., 1 I ~ .
lisped by the t,'uite(1 states Geological Survey clay be obtained
fi(-e. Copies of the standard topographic rnl+})s ma y be obtained.
for 10 cents each ; sonic s})ecia} nla}s are sold at different prices.
A discolult of 40 percent is allowed on an order amounting; to
~5 or snore at the retul price . 's'he discount is allowed on an~' 1
order for mumps alone, either of one kind or in rely assortment,
or for maps together with geologic folios . Time geologic folios
are sold for 2$ cents or more each the 1)ri(~e (le lending on the1
size of the folio . A circular describing the folios will be sent :
on request .

Applications for maps or folios should be accompanied key °' '
cash, draft, or money order (not postage stamps) and should be "~.
addressed to .

1'HI: I)IRECTOR,
United Stales Geoloy cal Survey,

November 1937 . Washin tort D. C.
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