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WELCOME TO T HE U N I VERS ITY OF ARIZO NA 

The Uni vers i ty of Ari zona extends greeti ngs and a cordia l we i come to the 
members and guests of the Cordi I I eran Section of the Geo l ogi ca l Society of 
Ameri ca i n  i ts annua l meeti ng on Apr i l 11 and 1 2 , 1 952,  a nd to the Pa c i fi c  
Coast Branch of the Pa l eonto l og i ca l  Soci ety , the Sei smo l ogi ca l Soc ie ty of 
Ameri ca , and the Minera l ogi ca I Society of Ameri ca , associated societ ies meet
i ng on the Uni vers i ty campus on these same dates . 

The Uni versi ty i s  p l eased to make ava i  l ab le  i ts fac i  I i t i es for- these meeti ngs . 
You are i nv i ted to v i s i t  the var ious d iv i si ons of the Uni versi ty and to become 
acqua i nted wi th the work bei ng done . The Co l l ege of Mi nes is outstand i ng for 
i ts i nstruction ,  experimentat ion ,  a nd research i n  geo logy and mi nera l ogy , and 
in m i n i ng and meta l l urgi ca l  engi neer ing .  The col l ege opera tes in c l ose co
operat ion wi th the Arizona Bureau of Mi nes and the U .  S .  Bureau of Mi nes , 
both of wh i ch have offi ces on the campus, a nd with the Col l ege of Engi neeri ng .  

Some of  you may wi sh to v i s i t  the Ari zona State Museum , wh ich  conta i ns 
very outsta nd ing col l ections of materi a l  s ,  parti cu la r l y  those perta i n i ng to man '5 
hab i tat ion of the Southwest through prehistori c t ime . On the first f l oor of the 
Uni versi ty l i brary bui l d ing  is the ga l l ery conta i n i ng twenty-fi ve outstandi ng 
pa i nti ngs made avai l ab l e  to the Uni versi ty by the Kress Foundat ion of New York 
C i ty .  The Laboratory of Tree Ri ng Research is l ocated i n  the west stad ium 
bui l d i ng .  

I t  i s  m y  hope that you wi I I  have a most p l easant ti me and a successfu l  series 
of meeti ngs and fi e l d  tri ps . 

II 

Ri chard A .  Harvi I I  
Presi dent 
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r GREET I N GS OF T HE ARIZ ONA GEOLO GICAL S OCIETY 

T he Arizona Geo log i ca l  Soci ety extends greetings and best wi shes to the parti c i pants 
i n  the fi e l d  excursions that have been arranged i n  connection wi th the meeti ngs of the 
Cord i l l eran Section of The Geo l og ica l  Soc iety of Ameri ca in Tucson, Ari zona , Apri l 1 1  -
1 2, 195 2 ,  The Arizona Geo log i ca l  Society hopes that th is  bri ef i ntroduction to some of 
the geo l ogica l features of Ari zona wi I I  resu l t i n  a better understanding and apprec iat ion of 
Arizona geo l ogy, The Soc iety wou l d  l i ke to em phasize that a l though we do have consider
a b l e  geo l og ica l  i nformation about certa i n  areas in the State, there are many unso l ved 
prob l ems and many areas in Ari zona have been studi ed on ly  by reconna issance methods . 
Perhaps some of the parti cipants i n our fi e l d tr i ps wi l l return a nd he l p  us to obta i n  add i t iona l 
geo l ogi ca l i nformation . 

P r e s i d e n t  
Cha r l es A, Anderson 

1 952 
S, F .  Turner 
Ro l a nd Mul chay 
John H, Feth 

S e c r e t a r y - T r e a s u r e r  
L ,  A ,  Hei nd l  

C o u n c i l o r s  
1 953 

B .  S .  But l er 
L, K .  Wi I son 

AC K N OWLEDGMENTS 

V i c e - P r e s i d e n t 
E. D .  Mc Kee 

1 954 
El dred D .  Wi l son 

Theo , A .  Dodge 

T he Excursion Commi ttee extends gratefu l thanks to the i ndi v idua l s  and organ izations 
that have contri buted to the f ie l d  excursions and to th i s  gui debook. The Commi ttee is 
grea t l y  i ndebted to the Uni vers i ty of Arizona for the provi s ion of regi stra tion faci l i t i es and 
secretari a l  hel p and to the Uni ted S tates Geo log ica l  Survey and the Ari zona Bureau of Mi nes 
for many extended courtesies and hel pfu l suggestions . Thanks a re especia l l y  due to the 
Magma Copper Company, Ray Div i s ion of the Kennecott Copper Corporat ion,  Phe l ps Dodge 
Corporat i on, Cast l e  Dome Copper Com pany,  I nspi rat ion Conso l idated Copper Com pany,  
a nd Ar i zona Port land Cement Company for grant ing perm iss ion to  v is i t  thei r respective 
m i ning propert i es .  The ass i stance g iven by the Ari zona Hi ghway Patro l in traffi c contro l 
i s  gratefu l l y  appreciated . 

The successfu l preparation of th i s  gui debook i s  credi ted to Mrs . Margaret I .  Good of 
the Uni vers i ty of Ari zona Mi meographi ng Bureau for her t i re l ess efforts i n  comp let i ng th i s  
guidebook a nd for her i nva l uab l e suggest ions to  the Gui debook Commi ttee regardi ng pre
parat ion of manuscri pt and i l l ustrati ons . 

Mr , B ,  W ,  S imons of Tucson Photo-Engraving Corporation has been most coopera t ive 
i n  the preparat ion of the i l l ustra t ions, 
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E X C U R S I O N  C O M M I T T E E S 

GENERA L 

John W, Harshbarger (Chairman )  
Andrew F ,  Shride 
El dred D. Wil son 
George A, Kiersch 

Andrew F ,  Shride (Editor )  
Edwin D ,  Mc Kee ( Asst , Editor) 
John W, Ha rshbarger (Asst , Editor ) 

G U I DEB OO K 

F IEL D T R I P  LEA DERS 

Trip 1 - Ground-water Prob l ems of Queen Creek Area 
L ,  C, Halpenny a nd S. F, Turner 

Trip 2 - Stra tigra phy of Tucson Mountains 
Donald F ,  Brya nt and John F, Lance 

Trip 3 - Santa Cata l ina Mountains a rea 
B ,  S ,  Butler a nd F, F .  Grout 
Ca l vin S .  Bromfie l d  

Trip 4 - Economic Geo l ogy - Ajo Porphyry Copper 
Staff, New Cornelia Mine 

U, S ,  Geo l ogica l Survey 
U ,  S, Geo l ogica l Survey 
Arizona Burea u of Mines 
University of Arizona 

U ,  S ,  Geo l ogica l Survey 
University of Arizona 
U ,  S ,  Geo l ogi co I Survey 

U ,  S ,  Geo logica l Survey 

University of Ari zona 

University of Arizona 
U .  S ,  Geo l ogica l Survey 

Phe l ps Dodge C<:>rpora tion 

Trip 5 - Stratigraphy , Structure , and Economic 
Eldred D .  Wilson 
Hubert J .  Stee l e  
George A .  Kiersch 

Geo l ogy Typica l of Southern Arizona 
Arizona Burea u of Mines 
Magma Copper Company 
University of Arizona 

Otis M, C l arke, Jr . 
Ne I s Peterson 
Andrew F ,  Shride 
John W ,  Ha rshba rger (Moderator )  

T R I P ARRA N GEMENTS 

L,  C,  Ha l penny ( Housing ) 
Jo:,n Feth (Mea l s )  

PHOT OGRAPHY 

Tad Ni cho l s  

CARAVA N  A ND TRANS PORTATION 

Ray Di v , ,  Kennecott Copper Co , 
U .  S .  Geo logica l S urvey 
U .  S .  Geo l ogica l S urvey 
U .  S .  Geo l ogica l Survey 

U .  S ,  Geo logica l Survey 
U ,  S .  Geo l ogica l Survey 

Tucson,  Arizona 

Phil l ip Johnson and Don Coates U .  S .  Geo l ogica l Survey 
Stan ley Day She l l Oi I Compa ny 
University Students ( F l agmen ) University of Arizona 
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S C HEDULE 

Wednesday, Apri I 9:  4:30 - 1 0:00 PM 

Regi stration for pre-meeti ng t r i ps , Each of these tr i ps i s  schedu led for a l l 
day Thursday ,  Apri I 1 0 , 

Thursday ,  Apri I 1 0 :  8:00 AM 

Tr i p  1 - Ground-water prob l ems of Queen Creek a rea , 
Tr i p  2 - Stra ti graphy of Tucson Mounta i ns .  
T r i p  3 - Santa Cata l ina Mounta i ns area . 
Tr i p  4 - Econom i c  Geo l ogy - Ajo Porphyry Copper. 

A l l caravans assemble at Pima Ha l l  pa r k i ng l ot, 

F r i day ,  Apr i l 1 1 : 

Cordi I I  eran Secti on Meeti ngs (campus ) 

Saturda y, Apri I 1 2: 

Cordi I l e ran Section Meeti ngs (campus ) 
Last regi stration for post-meeti ng excursi on , 

Sunday, Apri I 1 3: 7:30 AM 

Tri p 5 - Structure , S t rat igraphy ,  and Economi c  Geo l ogy typ i ca l  of 
southern Ari zona , 

Caravan assembles in a uto pa rk  east of Chemistry-Phys i cs bui l d i ng .  

6:00 PM 

Caravan ar r i ves G lobe , Ar i zona , 

Monda y I Apri I 1 4: 8 : 00 AM 

Ca ravan assemb les one m i l e  west of G l obe a l ong U , S ,  H i ghway 60-70 , 
Excurs ion wi l l  v i s i t Cast l e  Dome and I nsp i ra t ion Copper propert ies and 
return to G l obe for l unch , 

1 :00 PM 
Caravan assembles eost of G l obe a l ong U . S .  Hi ghway 60-70 for excursi on 
to Salt R ive r  Conyon. 

4:00 PM 

Cara van di ba nds at Becker's Butte , Sa l t  Ri ver Canyon , Road l og 
conti nues to Hol brook ,  Ari zona. 

v 



EXC URS I ON INSTRUCT I ONS 

1 ,  I n  order to  comp l ete t he  p l a nned f ie l d  tri ps , i t  i s  necessary that the cara va n s ta rt each 
morning at  the announced t ime (Schedu l e ,  p. v ) ,  Your cooperat i on wi l l  be grea t l y 
apprec i a ted , 

2 ,  A mimeogro phed copy of assemb l y  instructi ons for the fi e l d  t r i ps wi l l  be gi ven  to each  
person at the time of registra t i on, Pl ease fo l l ow these assemb l y  i nstructi ons , 

3, P l ease have your cor serviced at night  i n  order to depart prompt l y  i n  the morni ng . Be 
sure that you have a fu l l  tank a f  gas on a l l  t r i ps l ea vi ng Tucson,  especia l l y Tri p 5 as  
there wi l l  be no gas  availa b l e  un t i l you reach Super ior, 

4. A numbered p l acard wi II be gi ven to each car dr i ver for a ttachment to the rear wi ndow. 
Th i s  number desi gnates pos i t i on i n  the cara van , 

5, Pl ease do not pass another excurs i on car wh i l e  cara van i s  enroute un l ess tha t  car has 
dropped out of l ine, 

6, If a car has dropped out of l i ne for a part i cu l a r  reason , that car may resume i ts p roper 
pos i tion a t  any subsequent stop, 

7, If you have ca r troub l e ,  p l ease stop on the s i de of the road and a l low carava n to pass . 
On Trip 5 a tow truck equi pped for ma k i ng mi nor repa i rs wi l l  be ava i l a b l e  for serv i ce 
at the end of the caravan, 

8. Doub l e  pa rk i ng wi l l  be necessa ry at schedu l ed s tops , P l ease dri ve as c l ose as possi b l e  
to adjacent l ine and park about one foot between bumpers. P l ease fo l l ow i nstruct i ons 
of f l agmen at a l l  t i mes. 

9, It i s  suggested that the per�on accompanyi ng the car dr i ver i n  the front sea t keep h im 
i nformed of  stops , danger po i nts , a nd poi n t s  of i n terest noted in  the  road l og .  The 

dri ver wi l l  a l so apprec i a te havi ng the road l og read to h im whi l e  enroute , 

NOTE: The term ilo'c l ockil as  used throughout the road l ogs indicates the d i rect i on for 
observa t i on; 1 2  o ' c l ock  is stra i ght ahead , 9 o ' c l ock  is 90 degrees to the l eft I 
3 o'c l ock i s  90 degrees to the r i ght , 
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I N T R O D U C T I O N  

Edwi n D ,  Mc Kee 
Univers i ty of Ari zona 

G e n e r a l S t a t e m e n t 

The geo l ogy of southern Arizona cons ists of features typi ca l of the Bas i n-and- Ra nge 
Prov i nce , Rugged , l i neor mounta i n  ranges with northwest-southeast trends are sepa rated 
by broad ,  f l a t  va l l eys , The mounta i ns ,  a l though composed of var ious rock types repre
senti ng many geo l og i c  ages a nd deformed i nto var ied structura l patterns , neverthe l ess , 
have the i r  out l i nes l arge l y  determi ned by up l i ft a l ong major fau l t  p lanes , The va l l eys , 
on the other hand , are under l a i n  chief l y  of a l l uvia l debr i s  eroded i n  the mounta i ns a nd 
transported to the l ow lands by runni ng water , mud f l ows , and gravi ty. 

The strati graphi c record in southern Ari zona (Ta b l es 1 a nd 2) i nc l udes rocks of both 
ear l y  a nd l a te Precambrian age,  of nea r l y  a l l  the Pa l eozoi c a nd both the la te Mesozoi c 
systems and of consi derab l e  but l arge l y  undetermi ned parts of Tertiary and l a ter t ime . 
Ear l y  Precambr ian rocks are most l y  schi sts , and gnei sses known as the Pi na l  Schi st a nd 
severa l gran i t i c  un i ts , Late Precambrian i s  represented by l i tt l e-a l tered l i mestones , mud
stones , orthoquartzi tes a nd congl omerates of the Apache group . 

Pa l eozo ic  deposi ts of southern Arizona are composed large l y  of norma l mari ne l i me
stones a nd reworked detr i ta l sedi ments of she l f  seas that extended northward from a Sonora 
geosync l i ne , The deposi ts are of modera te th i ckness a nd represent a l l but the Ordov ic ian  
and  S i l ur ian periods over much of  this area , A l ong the eastern border o f  the sta te ,  rocks 
of Ordovi c ian  age a l so are present , 

Sediments of Tr iassi c and Jurassi c age are a bsent i n  southern Arizona and those of 
Ear l y  a nd Late Creta ceous , i n  contrast to most of the Pa l eozoi c ,  are part l y  mari ne but 
large l y  cont inenta l , They consi st of much graywacke and subgraywacke a ccumu la ted i n  
very great th ickness i n  narrow, rapi d l y  s ink ing troughs , Cenozoic depos i ts are ent i re l y  
conti nenta l and la rge l y  o f  va l l ey-fi l l  type , 

I gneous rocks of the southern Arizona region are extreme l y  vari ed both i n  age a nd type 
(Tab l e  3 ) ,  They i n c l ude grani tes of two pri nc i pa I ages-- Precambrian and post-Pa l eozoi c-
and great masses of d iabase of uncerta i n  age;  some i s  a t  l east as young as  l a te Pa l eozoi c ,  
Hypa byssa l rocks a nd vo l cani c f l ows a nd erupti ve materia l s  are large l y  of Cretaceous a nd 
Tertiary to Recent age a nd i nc l ude dac i tes , andesi tes ,  basa l ts and many others , Large 
vol umes of tuff and agg l omerate are character i s t ic  a nd f lows , especia l l y basa l t i c ,  cover 
wide areas , I n genera l , the ac id and i ntermediate types are ear l i est and the basa l ti c  l a test. 

Genera l i zat ions concerni ng structures in southern Arizona ranges have l i tt l e  va l ue be
cause of the wi de var iat ion represented , Northwest-southeast trends of the mounta i ns i n
d i ca te a consi stent pattern of  la te up l i f t ,  but ear l ier structures a re  of  many types , Large 
thrust fau l ts a re a feature of many ranges a nd comp l exity of structure resu l ti ng from the 
a ctiv i ty of more tha n one period i s  common , In some ranges fo l d i ng is s ign i fi cant ;  i n  
others hi gh-ang l e  fau l ts are promi nent fea tures , 



Geomorphi c processes imposed upon the products of structura l deformation are of a 
type characterist i c of a r id  and semi -a r i d  regi ons, They i nc l ude many bed-rock surfaces 
and a sharp l y  defi ned c l i ff-s l ope topography in the mounta i ns ,  broad pedi ment surfaces 
at  mounta i n  bases , and steep-wa l i ed arroyas or f l a t-bottomed p layas in the va l I ey centers , 

The fol l owi ng tab l e  i s  a compi l a tion of data on the sedi mentary rocks of southeastern 
and east-centra l Ar izona covered by fi e l d  tr i ps l ogged in this guidebook . The pri nc ipa l  
strat igra ph ic  un i ts are presented from youngest to o l dest i n  descend i ng order . Descr i pt ions 
a re ,  of necess i ty ,  genera l ized and thi cknesses approxi mate l y  average for the a reas 
concerned, 

TABLE  1, - GE NERAL I ZED  STRAT I GRAPH I C  SECT I O N OF SOUTHERN ARI Z O NA 

Quaternary a nd Recent A l l uv ium , 
Distr i buti on : Va l l eys between a l l  ranges i n  southern Arizona . 
Th ickness: Ma ximum is  hundreds of feet , a ccurate boundary d i fferent iat ion from 

ear l i e r  depos i ts not possi b l e  i n  most areas , 
Charocter : Grave l s , sands , c l ays from border i ng ranges depos i ted as  fans, l a ke or 

p laya deposi ts , Unconso l ida ted , 
Fauna : Mamma I bones uncommon , 

Gi l a  Conglomerate . 
Age : Pl e i stocene and P I  iocene , 
Type : Gi l a  Ri ver , east of Ariz , - N .  Mex , l i ne ,  Gi l bert ( 1 875 ) .  
Distr i bution : Va l l eys o f  S ,  E .  Ariz . a l ong a nd tri butary to G i  l a  River , westward a t  

l east as far as Tucson and Superior . 

Whi teta i l Cong l omerate , 
Age : Tert iary (pre- Gi l a  congl omerate ) ,  
Type : Whiteta i l  Gul ch and Whi teta i l  Spri ng near Gl obe , Ransome ( 1 903 ) .  
Distr i bution : Va l l eys i n  v ic i n i ty of Ray ,  Super ior ,  Miami , a nd Gl obe , north to Sa l t  

Ri ver. 
Th ickness : Maximum of 1 000 ft . (f), 
Character : A l l uvia l fan depos i ts ,  most l y  we l l  conso l i dated,  i nc l ud i ng grave l s ,  sands 

and c lays , Separa ted from Gi la  cong l omera te by daci te f l ows . Beds affected 
structura l l y. 

Fa una: None known. 

Sono i ta Group. 
Age : Upper Creta ceous ( La te ) .  
Type : Sono i ta f la ts near Patagoni a ,  Stoyanow ( 1 936) . 
Formations : (descending)  Fort Cri ttenden ,  Fort Buchana n .  
Thi ckness : Proba b l y  thi ckest i n  extreme S , E ,  Ariz" 4000 F t .  a t  Santa Ri ta Mts . i  

Upper Cretaceous deposi ts a t  Chri stmas 3000 ft , 
Character : Beds of cong lomerate,  hard gray and ye l l ow sandstones , sha l es of various 

co lors. Near Chri stmas ,  Upper Cretaceous rocks i nc l ude many a ndes i ti c  f l ows 
a nd pyroc lasti c materia l s  i n  add i t ion to detri ta l sedi ments , but the i r  re l at ion to 
Sono i ta group i s  not known . 

Fa una : P lant rema i ns ,  d i nosaur bones , mo l l usks , 
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Bi sbee Group , 
Age : Lower Creta ceous (Comanche ser ie s ) ,  
Type : B isbee ,  Dumb le  ( 1 902 ) .  Des igna ted a s  group by  Ransome ( 1 904 ) .  

Revi sed by Stoyanow ( 1 949). 
--

Formations : (descend i ng)  C i ntura fm" Mura l l imestone , Lowe l l  fm . ,  Mor i ta fm" 
Glance congl omerate. 

Thi ckness : 4600 ft , (f) at B isbee , Probabl y ori gi na I I  y much more for Lower Cretaceous 
deposits 2 1 , 000 ft , in S . W. N ,  Mex . .  and 1 6 , 000 ft . in Huachuca Mts , 

Di stri buti on : Mar i ne depos i ts conf ined to S .  E, Ariz , (B i sbee ,  Patagonia ) ;  Lower Cre
ta ceous (? ) cont i nenta l deposi ts occur a cross southern Arizona , referred to in Tucson 
Mts , as Recreat ion red beds and Amo l e  arkose , 

Cha racter : Arkosi c ,  poor l y-sorted basa l congl omerate ; red to brown sha l y  mudstones , 
cyc l i c  beds of sandstone , sha l e  a nd limestone , massi ve gray  l i mestones . Cont i
nenta l deposits to  N ,  W ,  conta i n red a rkose , gray  sha l y  mudstone , gray  l i mestone , 
much vo l cani c mater ial , 

Fa una and f l ora : Large , var ied mari ne fauna (most l y  mol l usks) a t Bi sbee . Fresh water 
mol lusks and p lants in conti nenta l depos i ts , 

Snyder Hi l l  Formation , 
Age : Mi dd l e  Perm ian ( Leona rd) , Corre l ated with Ka i ba b  fm, of northern Ariz . a nd 

San Andreas l imestone of N .  Mex , 
Type : Snyder Hi I I ,  west of Tucson , Stoyanow ( 1 936 ) .  
Th ickness : 1 200 ft, Th ins northward from S , E ,  Ar iz . Not recognized north of Tucson 

Mts. 
Character : Domi nant l y  thi ck-bedded , massi ve , l i ght gray to bla ck l i mestone ; thi n ,  

do l omi ti c beds ,  most l y  near top; fi ne-gra i ned  sandstone i n  l ower part , 
Fauna : Many bra chiopods and mol l usks , horn cora l s ,  cr inoids ,  bryozoa ns , sponges , 

echi noi ds , 

Und i fferentia ted Perm ian Formations , 
Age : Between Upper Pennsy l va n ian depos i ts ( i nc l uded i n  Naco) and Midd l e Permian  

( Leonard age )  beds of Snyder H i l l  fm . I n  s imi l a r  strat i graphi c posi t ion i n  east
centra l Arizona a re the Supa i  fm , of red sandstone and m udstone , and the over l y ing 
whi te ,  quartzi t i c  Coconi no sandstone , 

Thi  ckness : Estimated 2000 ft . 
Distri bution : S ,  E ,  Ar iz ,  north to vi c i n i ty of Tucson . 
Character : (descend ing )  Thi n- ,  f l a t-bedded orthoquartzi te ; gray ,  massi ve l i mestone ; 

a n  a l ternat ing sequence of b lack sha l y  mudstones and other detri ta l  sed iments , 
l oca l l y conta i n ing many gypsum beds , 

Fauna : Gastropods , pe l ecypods and a few brach iopods i n  l imestone . 

Naco L imestone . 
Age : Pennsy l vanian ;  as ori g ina l l y defi ned a l so i nc l uded Permian . 
Type : Naco Hi l l s near B isbee , Ransome ( 1 904 ) ,  
Thi ckness : 2500 ft . i n  S . E .  Ariz .  to 500 ft, i n  east-centra l Ari z ,  
Chara cter : Re lat ive l y  thi n-bedded cyc l i c  depos i ts ,  mos t l y  l imestone i n  southern Ari z "  

progress ive l y  more detri ta l beds northwa rd . 
Fauna : Many brachiopods , fusu l i ni d s ,  cora l s ,  cri no ids ,  ech i noi ds , 
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Parad i se Forma tion , 
Age: Upper Missi ssi ppian , 
Type : Chi r i cahua Mounta i ns ,  Stoyanow ( 1 926 ) ,  
T h i  ckness: 1 35 ft , ; restri cted to extreme southeastern part of Arizona , 
Character : L imestone , th in- to thi ck-bedded ,  crysta l l i ne ;  a l ternati ng wi th sandstones 

a nd sha l es ,  
Fauna: Sma l l  brach iopods , tri l obi tes , many Arc hi medes , 

Esca brosa L imestone , 
Age : Lower Missi ssi ppian, Corre lated wi th Redwa l l  l imestone of northern Ariz . 
Type: Escabrosa Ridge near Bi sbee , Ransome ( 1 904 ) ,  
Th i ckness : 700 ft , i n  S , E ,  Ar iz , ;  350 ft , i n  Gl obe area ; 50  ft , i n  east-centra l Ariz , 
Character: Th i ck-bedded , l i ght gray l i mestone , most l y  crysta l l i ne ,  l oca l l y  cri no ida l , 

forms mass i ve c l i ffs, 
Fa una: Brachi opods , cora l s ,  cr ino ids ,  bl astoi ds , bryozoans . 

Marti n L imestone , 
Age : Upper Devon ian ,  
Type : Mount Mart in  near Bi sbee , Ransome ( 1 904 ) ,  
Subd iv i s ions : North o f  Santa Ri ta Mts " Marti n l i mestone i s  restri cted b y  Stoya now who 

recogni zed add i t iona l Devonian formations,  i , e ,  Pi cacho de Ca l era be low, " Lower 
Ouray"  above , 

Th i ckness: 350 ft , i n  S , E ,  Ari z ,  to 50 ft , i n  east-centra l Ariz . 
Character: Dark gray ,  hard , modera te l y  thi ck-bedded l imestone ; i nc l udes some ca l 

careous sha l e , 
Fa una : Bra chiopods (common ), f i sh teeth,  stroma toporoi ds, 

Abri go Li mestone , 
Age: Cambria n ,  
Type: Abr igo Canyon near Bisbee , Ransome ( 1 904 ) .  
Subd iv i s ions : Abri go restr i cted by  Stoyanow who recognizes 3 uni ts (geograph i ca l )  

a bove , i , e ,  Peppersauce Canyon sandstone , Ri ncon l imestone , Copper Queen 
l imestone ; a l so new uni ts be low, i , e ,  Santa Cata l i na fm " Cochise fm , The l ast 
two are of Mi ddl e Cambrian  age ; the others Upper Cambrian , 

Thi ckness : 800 ft , throughout S , E , Ariz , north to Santa Cata l i na Mts , Much th i nner 
between Santa Cata l i nas and Gl obe , Absent from vi c i n i ty of G l obe northward . 

Character : Upward trans i t ion from sandstone to sha l e  to l i mestone , Midd l e  Cam br ian 
beds most l y  green and brown sha l e ,  some quartz i t i  c sa ndstone ; Upper Cam br ian 
mostl y thi n-bedded l i mestone , sha l e  near base , i ntraformationa l cong lomera tes , 

Fa una: Numerous tr i l ob i te zones , brachiopods common , 

Bo l sa Q uartz i te ;  Troy Quartz i te , 
Age: Midd l e  Cambrian (base of Pa l eozo ic ) ,  
Type: Bo l sa Canyon near Bi sbee , Ransome ( 1 904 ); Troy Mtn , near Ray ,  Ransome ( 1 9 1 5 ). 
Thi ckness: 450 ft , throughout most of S , E ,  and east-centra l Ariz" extreme l y  vari ab l e  

due to unconform i t i  es , 
Character : Resi stant , coarse-gra i ned , cross-bedded quartzi te ; loca I l y cong lomera ti c ;  

co lor varia b l e  but much purpl e  and brown , 
Fauna: Few bra chiopods near top ,  a bundant tra i l s ,  
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Apa che Group . 
Age : Late Precambrian (probab l y equa l s  Unkar-Chuar of Grand Canyon ) ,  
Type : Gl obe quad . ,  Ransome ( 1 903 ) .  Redefi ned , Ransome ( 1 9 1 5 ) ,  

Redefi ned , Darton ( 1 932 ) .  
Formations : (descend ing )  Mesca l l im estone , Dri pping Spri ng quartz i te ,  Barnes con

g l omerate,  Pioneer sha l e ,  Scan l an  cong l omerate . Loca l l y basa l t  over l i es the 
Mesca l .  

Thi ckness : 1 400 feet , Confi ned to region of east-centra l Ar iz .  (between Li tt l e  Dragoon 
Mts , and Mogo l l on Rim ) .  

Character : Much arkosi c quartz i te ;  si l i ceous mudstone ; cong l omera te beds wi th con
spi cuous wel l -rounded grave l s ;  l i mestone typi ca l l y thi n-bedded , cherty and 
do lomiti c ,  l oca l l y  conta i ns a l ga l  structures, massive , I n truded by diabase i n  
many p laces , 

P ina l Schi s t . 
Age : Ear l y  Precambrian (may equa l  Yavapa i  schi st  of centra l Ariz . and Vishnu schi st  

of Grand Canyon) .  
Type : Pi na l Mts " Ransome ( 1 903 ) .  
Character: Dominant l y  qua rtz-seri c i te a nd quartz muscov i te schists , I i ght to dark gray 

or greenish gra y .  In truded by various gran i ti c and other i gneous bodies . 
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TABLE 2. - NOMENCLATURE OF SEDIMENTARY ROCKS IN SOUTHEASTERN ARIZONA AND ADJACENT AREAS. 

r---r- r------------------ r __________________ -,r-_______ (~~~~~O_x_im_o_'.~co"r·-'·-'-io-m-o-n~Iy_) _________ r-----------------~r----------------------------------, 

F;=F 
~ >-« ~ 
:::l « 

SOUTHEASTERN ARIZONA 

RonKlme 1904, 1919 
Dorton 1925 
Brown 1939 

Alluvium 

SOUTHEASTERN ARIZONA 

Stoyonow 1936, 1942, 1949 

EAST CENTRAL ARIZONA 

[)orton 1925 
Wilson 1939 

Huddle and Oobrovoln 1945 

Alluvium 

NORTHERN ARIZONA NORTHWESTERN NEW MEXICC 

Noble 1922 Boker, [)one and Reeside 1936 
McKee 1938, 1945 C. T. Smith 1951 
Boker, Done and Reeside 1936 Simpson 1950 

Alluvium Alluvium 

SOUTHERN NEW MEXICO 

EI Peso Area 
Adkil15 1932 
Nelson 1940 

Alluvium 

Silver City 

Spencer and Page J 935 

Alluvium 

o z 
r---I- j--Gila cangl. - f--------------------il J- Gila cangl. - ~Gravelsand basalt flows - I--Gravels and bas It flQW5 - ~Grovel5and sanch- f-Gravelsand bas It flows 

Whitetail congl. Whitetail cangl. 

Bidohochi fm. 

Chuska S5. 

Tohatchi she 

Santo Fe fm. 

Son Jo~ fm. 

Wasatch fm. 

Nacimiento fm. 
f---1-- 1---------1I---------H-------H-------~--------11------~ 1----------1 

Ojo Aloma 55. 

I 
>g 
0 
:::: I-

~ 
u 

! 

-I--

Undif . continental beds 

Undif. continental beds 
(includes A~o!e arkose 

ond Recreation red beds) 

8; [ Clnturo fm, 
~ Mural Is. 
~ Monta fm . 
<f:I Glance cangl. 

Unnomed 

Sonoita [Fort Crittenden fm. 

gpo Fort Buchanon fm. 

Patagonia gpo Molly Gibson fm. 

g; [C~~~ /:: 
~ ;:;7~ ~:: 
a:; Glonce cangl. 

[ Pinkord fm. 

.v.eso Verde fm. 

Noncos she 
Ookata 55, 

Morrison (m. 
Summerville fm. 

Entrado S5. 

armel fm. 
Navajo S5. 

Kayenta fm. 

McDermott fm. 
Kirtland sh. 

Fruitland fm. 
Pictured Cliffs n. 

Lewis sh . 
Cliff House S5. 

Menefee fm • 
Meso Verde fm. 
~ncos sh. 
Dakota 5.5. 

Morrison fm. 
Red Meso fm. 
Todilto gyP. 
Ent,ado 5.5, 

Wingate S5. Wingate SSe ru-- -- 1---------------------++-----------------------++--------------------11-----.........::...............:...-----1 ----------------------1 
Vi Chinle fm. Chinle fm. < Shinarump cangl. Sonta Rosa fm. 

~ 
-I--

Snyder Hi II fm. 

Unnamed 15., sh.,morl, gyP. 

T--I Noco Is. 

Chiricohuo Is. 
Snyder Hi II fm . 

Fossiliferous Is: .v.onzano foune 
ond qtzlte. beds 

Gypsum beds 

Col iura 15 . 

Naco Is. 

-f-- ---,-------11--""---------1 
0; I Unnamed Paradise fm. 

~ ~ 1-------~.-------~I------------------_1 .s Escabr05Q Is. Escobroso Is. 

z « 

'" i 
u 

oVIortin fm. 

Granite and Pinal sch , 

lower Ouray fm. 

Wortin Is. 
Picacho de Calero fm. 

Granite ond Pinal sch. 

L-...-I........ L...... _____ .......J L.. ______ ...J 

Koibab Is. 

Coconino 5$. 

Supoi fm. 

Naco I •. ule Spring I •• 

Redwoll I •• Modoc I •. 

Mortin !so Worenci .h. 

longfellow 
I •• 

Moenkopi fm. 

Kaibab fm. 

T oroweap fm. 

Caconino 5$.. Cutler fm . 

Hermit she 

Supai fm. 
Rico fm. 

Bird Spring Hermosa 

fm. fm. 

Redwoll I •. 

Temple Butte I •. 

Chuar group 

Vishnu Ich. 

-6-

Son Andres fm. memb. 
[

Limestone 

Glorieta ss. 

Yeso fm.[Son Yz:,~omb. 
Meseta Blanco 

memb. 

Abo fm. 

I'Aodero 15. 
Bursum fm. 

Sandia fm. 

Gran!te and schiu 

Eogle Ford 
group 

Buda fm. 
Grayson fm. 

~ . [ Moin 5"." fm. 
li" Pow Pew - Weno 
a"~ Ft • . Worth - Denton 
~ Duck Creek fm., 

Kiomichi fm. I 
Goodland fm. 

Colorado sh, 

Beartooth qtzite, 

I 

Northern Arizono Northwestern I 
, I 
"'- I ....... New Me .. ic.o I 

(---- ,/ 
\ Eost central................ ......." " ----

' ___ .:rizono 

: """",- --so-uth:--
I Southeastern ..... 

I 
I Arizona 

Hueco fm. 

Abo red beds 

~ [ ~ 0. Sy'.no fm. 

I 0) Oswoldo fm. 

Magdaleno fm. 

Helms fm. 

Lake Volley 15. 

Percno sb, 

Canutillo she 

Fusselman 15. Fusselman h. 

Bliss 55 . BI i~s $5. 

lanoria qtzlte. 

Granite, schist and gneiss Schi.t, greenstone 
and gronite 

Compiled by Geo. A, Kiersch 



I 
I 
I 
[ 
I 

I G NE OUS ROCKS  BETWE E N  TUCS O N  A ND HOLBROOK , AR I Z O NA 

E l dred D .  Wi l son 
Arizona Bureau of Mi nes 

The accompanying cha rt (Tab l e  3 )  has been adapted from publ i shed a nd unpub l i shed 
i nformation,  mai n l y  regard i ng iso lated areas , as noted in the l i st of references . 

Because these rocks are of uncerta i n  age i n  many of the areas , the corre l at ions must 
be regarded as tentat ive ;  they are based to a l arge extent upon unsati sfactory i nd i rect 
evidence such as l i tho logic  si m i lar i ty, i ntens i ty of deformat ion,  a l terat ion,  or m i nera l 
i za t ion , sequence , and unconform i t ies . Thus , for examp l e ,  the diabase , a l though l i tho
l og i ca l l y  s im i la r  in a genera l way throughout the region, i s  of d i fferent ages at  vari ous 
l oca l i t i es ,  as i nterpreted by the fo l l owi ng authors : 

Darton ( 1 925 , p .  36,  254-255 ) :  Large s i l l s Precambr ian;  over lapped by Mi dd le  
Cambrian Troy quartz i te i n  Mesca l Mounta i ns and i nvad ing l ower porti on of  Troy i n  
some other p laces. Sma l l  bod ies post-Pennsy l vania n .  

Cooper ( 1 950, p, 3 1 ) :  S i l l s ea r l i er than Mi dd l e  Cambr ian Bo l sa quartz i te i n  L i tt l e  
Dragoon Mounta i ns ,  

Short and Ett l i nger ( 1 926 , p .  1 8 1 ) and Harshma n (i n Short et a l "  1 943 , pp . 38-
39) :  Invades l ower port ion of Troy in Superi or area , 

Shr ide (this guidebook ) :  Large s i  l is pre-Devonia n  i n  Sa l t  Ri ver area of Gi l a  County, 

Ransome ( 1 9 1 9 , pp , 53-56) : Late Pa l eozoic or ear l y  Mesozoi c  i n  Ray-Mi ami  area ; 
s i l l s i nvade the Troy, and sma l l bodies penetrate the Pennsy lvan ian beds, 

Peterson (this gui debook) :  Late Cretaceous and ear l y  Tertiary i n  Miami-G l obe 
areas , 

But l er and Hernon ( i n  Moore et a i "  1 949) :  Probab ly  of two ages , Younger Pre-
cambrian and Cretaceous , 

- -

Descr i pt i ons of occurrence , distri but ion,  and petrography of i gneous rocks wi th i n  th i s  
region were deri ved from the fo l l owi ng sources : Brown ( 1 939, p ,  697-759 ), But l er ,  B , S .  
(unpub l i shed data ), Campbe l l  ( 1 904 ), Cooper ( 1 950, p ,  3 1 ) , Creasey ( 1 950, pp , 63-84), 
Darton ( 1 925) ,  Gregory ( 1 91 7 ), Harre l l  and Ecke l  ( 1 939,  pp , 5 1 -52), Jenkins a nd Wi l son 
( 1 920), K iersch ( 1 95 1 , pp, 67-83 ), Kuhn ( 1 952, pp . 56-65 ), Peterson ( 1 938 ), Peterson 
(this guidebook) ,  Ransome ( 1 9 1 9 ), Ross ( 1 925 ), Schwartz ( 1 945 ), Short and Ett l i nger ( 1 926) ,  
Short et a i , ( 1 943 ), Shride (thi s  guidebook ) ,  Stee l e  and Rub ley  ( 1 947), Wi l son ,  L D, 
(unpubITs'hed data ) ,  
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GROU ND WATER  PROBLE MS OF QUEE N CREE K 

T R I P  1 ,  ROAD LO G 

Thursday , Apri I 1 0 ,  1 952 

Leaders : L. C .  Ha l penny and S .  F .  Turner 
Dri ving d istance : Part 1, 81 . 7  mi l es ;  Part 2 ,  45 .9 mi les;  Part 3 ,  1 03 .5 mi l es ;  Tota l ,  

23 1 • 1 m i l  es • 

Genera I Statement 
Part 1 is from Tucson to F l orence Junction on U . S .  Highway 80 . 

Part 2 i s  a loop from F l orence Junction east a l ong U .S .  Highway 60-70 to the upper 
rea ches of Queen Creek , thence down the creek a l ong a di rt road to F lorence 
Junction , thence across the Queen Creek desert to the town of Queen Creek . 
Some of the tra ve l i s a l ong ungraded desert tra i I s .  

Part 3 i s  from the town of Queen Creek west to State Highway 84, southeast to Tucson . 

MARICOPA 

-,,- - - -

PINAL CO. 

----.- ----- � _ _r_---

PIMA CO. 

o 5 10 20 30 �ILES 
. _- -... -

Index mop for rood log of ground-water field trip 

FIGURE I. 
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Part 1 - Tucson to F l orence Junction : 

0 , 0  0 , 0  In tersection of U,S. Hi ghway 80 wi th State H ighway 84 . Fol l ow Hi ghwa y 80 ,  

2 , 3  2 , 3  Cross Ri l l i to Creek , The creek i s  tri butary to the Santa Cruz River and 
furni shes a l arge part of  the recharge for groundwater withdrawa l s  i n  the 
Cortaro-Marana area , a l ong State Highway 84 . The creek dra i ns the south 
front of the Santa Cata l i na Mounta i ns whi ch can be seen at  2 0 ' c l ock . An 
average of about 25 , 000 acre-feet of water is recha rged a nnua l l y  to the 
Santa Cruz Bas in  from Ri l l i to Creek ,  

2 , 1  4 , 4  Begi nni ng of frost-free be l t  a l ong foothi l l s of Santa Ca ta l i na Mounta i ns .  
Grapefrui t ,  oranges , and l emons are ra i sed here on a l im i ted sca l e ,  I rr i 
gation i s  from we l l s that are about 500 feet deep . The stat ic  water l eve l 
i s  about 350 feet , 

7 , 1  1 1 . 5 Cross Canon de l  Oro , a creek that i s  tri butary to the Santa Cruz Ri ver and  
that dra i ns the north si de of  the Santa Cata l i na Mounta i ns ,  Thi s stream a l so 
contri butes substa nt ia l recharge to the ground-water reservo i r  of the Santa 
Cruz Basi n ,  Average a nnua l recharge i s  about 8 , 000 acre-feet . Depth to 
water i s  about 1 00 feet , 

10,2 2 1 . 7  S L OW for Ora c l e  Juncti on, at i ntersection of State H i ghway 77 wi th U ,  S ,  
Hi ghway 80 , Conti nue north on U ,  S .  Hi ghway 80 . Torti I l i ta Mounta i ns 
a t  10 o ' c l oc k ,  Depth to water a t  Ora c l e  Junction ,  250 feet . 

13 , 1  34 , 8  Owl head Stat ion on l eft , Picacho Pea k at 1 0  o ' c l ock ;  Pi cacho Mounta i ns 
a t  1 1  o ' c l ock ;  Torti l l a Mounta i ns 2 0 ' c l ock;  B l a ck Hi l l s 3 o ' c l ock , 

1 1 , 6  46 . 4  Tom Mi x Wash, 

1 2 . 4  

3 ,  1 

2 , 2  

0 , 5  

0 , 3  

0 , 5  

0 , 5  

58 , 8  Chuck Wagon Stat ion on l eft, depth to water, 3 1 0  feet , San Tan Mounta i ns ,  
1 0 0 ' c lock ;  Go l d  Mi ne Mounta i ns ,  1 1  o ' c l ock ;  Supersti t ion Mounta i ns, 
1 : 30 o ' c l ock ; Pi na l Mounta i ns ,  3 o ' c lock .  

6 1 , 9  Gi la  Buttes at 3 o ' c l ock . The Gi l a  Ri ver f l ows eastward between the buttes ,  
a proposed damsi te . 

64 , 1  I ntersection of State Hi ghway 287 (from west)  with U , S .  H ighway 80 , 
Town of F l orence . S L OW for school zone at south s ide of town , 

64 , 6  Coffee shop o n  r i ght . Rest stop here or a t  serv i ce stat ions ahea d ,  

64 . 9  T U R N  R I G HT o n  U , S, 80 , She l l stat ion o n  ri ght, Standard stat ion o n  l eft, 

65 . 4  TURN LEFT  on U , S ,  80 . Ar izona State Pen i tentiary a t  2 0 ' c l ock . 

65 , 9  Leav ing F l orence . Enteri ng upstream end of San Car l os I rr igat ion Project,  
whi ch i rr i gates part l y with water of the Gi l a  R iver stored beh i nd Coo l i dge 

- 1 0  -
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Dam i n  San Car l os Reservoi r ,  about 75 mi  l es upstream (east ) ,  We l l s are 
used to supp l ement the surface-water supp l y ,  Depth to water here about 
75 fee t ,  

0 , 9  66 , 8  S L OW for narrow bri dge over Gi l a  Ri ver .  The f ie l ds immediate l y  south of 
the bri dge are i rrigated enti re l y  with  ground water . Former l y  many sa l t  
cedar and other phreatophytes grew i n  the bed of the Gi l a  Ri ver here , but 
in recent years overpum pi ng of the ground-water reservoir  has l owered the 
water  tab l e  and k i l l ed most of the p l ants . 

0 , 3 67 . 1  Hunt H ighway begi ns on l eft . Conti nue on U . S ,  Hi ghway 80.  

0 . 4  67 . 5  S L OW for rai l road crossi ng , 

0 . 5  68 . 0  Former Pri soner of War Cam p on l eft , 

1 1 . 7 79 . 7  S L OW for rai l road crossi ng , Two we l l s are l ocated a long the r i ght  of way , 
The we I I  1 . 2  m i l es to the west furni shes water for the town of Superior through 
a p i pe l i ne a l ong the rai l road . The wel l 1 , 5  mi l es to the east,  460 feet to 
water,  furnishes water for the Magma Mi ne at Superior . Both we l l s were 
dr i l l ed after prospecti ng the area for deep al l uv i um by usi ng e l ectri cal  res i s
tiv i ty geophysi cal methods . 

2 . 0  8 1 . 7  S LOW for stop s ign at i ntersection with U , S .  H ighway 60-70 at F l orence 
Juncti on . End of Part 1 • 

Part 2 - F l orence Junction to town of C'ueen Creek . 

0 . 0  0 . 0  I ntersection of U , S ,  Hi ghway 80 wi th U . S .  H ighway 60-70 , TURN R I G HT 
on 60-70 , 

2 , 1  2 , 1 S L OW for rai l road crossi ng . At the crossi ng the depth to bedrock (vo l cani cs )  
i s  60 feet ;  1/2 mi l e southwest al ong the rai l road , 70 feet ;  1 m i l e  southwest, 
650 feet , 

3, 6 5 . 7  Outcrop of Pi nal schist  i n  cut on l eft s i de of road , 

0 . 9  

0 . 7  

2 . 4  

0 , 6  

0 . 1 

0 , 6  

6 . 6  View of Queen Creek Val l ey to north (9- 1 0  o ' c l ock ) ,  Smoke from sme l ter 
of Magma Copper Co . at Superior at 1 2  o ' c l ock . 

7 . 3  Pi cket Post Mountai n at 1 2  o ' c l ock . Vo l cani c tuffs and f l ows ,  

9 . 7  Faul ts i n road cut, both si des of road , 

1 0 , 3  S L OW for Queen Creek bri dge and l eft turn ahead , 

1 0 , 4  TURN LEFT on grave l road al ong Q ueen Creek, Thi s  i s  the o l d  stage coach 
road from Yuma to the Si l ver Ki ng Mi ne . 

1 1 , 0 Weaver 's Need l e  i n  Supersti t ion Mountai ns at 1 2 o 'c l ock ; named for Pau l i ne 
Weaver the explorer , 
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1 .  ° 1 2 , ° Note coarse a l l uv i um i n  wash > The a l l uvi um i s  about 1 5  to 25 feet th ick here , 

1 . 2 1 3 . 2  STOP 1 (20 mi nutes ) ,  Test pi t dug by Magma Copper Co , when prospect-
i ng for a water supp l y .  Conti nue west on grave l  road , crossi ng ra i I road , 

0 , 1 1 3 , 3 S LOW to cross Queen Creek (no bridge ) ,  

0 , 3  1 3 . 6  S L OW for vi l l age of P ina l , Severa l hundred peop l e  l i ved here when the 
S i l ver K i ng Mi ne was in operat ion , 

2 , 9  1 6 , 5  ROAD FORKi ta ke r ight  fork , 

1 , 0 1 7 , 5  Gagi ng stat ion on Queen Creek . 

0 , 1 1 7 , 6  STOP 2 (20 mi nutes ) .  Ca b l e for gag ing stat ion . Whi t l ow dams i te (proposed 
Army f lood-contro l dam ) ,  Road fo l l ows bed of creek here , 

0 , 9  1 8 , 5  U , S ,  Geo l og i ca l  Survey ma kes period i c water- I eve l measurements i n  we l l  
to l eft , 

1 , 5 20 , 0  B lack  Poi nt damsite ( proposed by Soi l Conserva tion Servi ce as f l ood-control 

0 , 8  

0 . 8 

2 , 2 

0 , 6  

0 , 4  

1 , 9  

0 , 2  

0 , 8  

dam ) ,  

20 . 8  Parapet hi l l  a t  3 o ' c l ock . Loca l res i dents te l l  story tha t rock para pet on 
h i l l  was used as an  ambush for a stagecoach ho l dup , 

2 1 , 6  STOP 3 (20 mi nutes ) ,  Junction with abandoned segment of U . S ,  Hi ghway 
60-70 . Park i n  c l ea red area to l eft of d i rt road ,  1 00 feet from i ntersection 
wi th paved road , Former si te of Queen Creek gagi ng stat ion i s at a ba ndoned 
concrete bri dge over the creek, Turn l eft on abandoned hi ghway , 

23 , 8  L U NC H  STOP (45 m inutes) at  Texa co servi ce stat ion at  i ntersect ion of o l d  
hi ghway with U , S .  60-70 , Check your gaso l i ne and oi l here o r  at  the She l l 
stat ion 0 . 1 m i l e  east . Cont inue northwest on U , S ,  Hi ghway 60-70 , 

24 , 4  U . S .  G , S ,  observat ion we l l .  Depth to water i s  over 400 feet here , 

24 . 8  SLOW for l eft turn through gate on tra i I across Queen Creek desert . Occu
pants of l ast car wi l l  c l ose gate . Tra i l fo l l ows power l i ne to m i l e  26, 7 .  

26 , 7  Gate i n  fence , Note pa I overde trees , 

26 , 9  Earth stock reservo i r  on l eft . 

27 , 7  ROAD FORK , Fol l ow r ight-ha nd branch . Note patches of ca l i che . 

0 , 3  28 , ° Cross Sonoqui Wash . Queen Creek has deposi ted suffi c ient a l l uvia l mater ia l  
to  ra i se the base l eve l s l ight l y  above the  surroundi ng terra i n  so tha t  s i de 
cha nne l s  of Sonoqui Wash head a l most a t  the banks of Queen Creek . 
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1 , 9 29 . 9  Gate i n  fence . Take ri ght fork beyond gate , 

0 . 1 30 . 0  Cho l l a  cactus and pa l overde trees . Some saguaro cactus . 

1 . 1  3 1 . 1  Stock-water reservoir . Fo l l ow l eft-hand fork of road , 

1 . 8 3 2 . 9 Te l ephone l i ne . Turn ri ght (north) a l ong tra i l  para l l e l i ng l i ne , 

0 . 6  33 . 5  Abandoned tra i l  crosses at r ight ang l e . Conti nue north a l ong te l ephone l i ne ,  

0 . 8  34 , 3  South edge of channe l of Queen Creek .  The creek i s  bra i ded here and f l ows 
in severa l channe l s .  

0 . 1 34 . 4  STOP 4 (20 minutes) . Park on h igh  ground between the two ma i n  cha nne l s  
of Queen Cree k .  

0 , 3  34 . 7  North edge of channe l  of Queen Creek , Road forks to west , conti nue north  
a l ong te l ephone l i ne . 

0 . 4  35 . 1 Road forks to southwest ; conti nue north a l ong te l ephone l i ne . 

0, 2 35 . 3  Gate i n  north-south section- l i ne fence . Conti nue a l ong te l ephone l i ne,  

0 . 1 35 . 4  Gate i n  east-west section- l i ne fence . Road fork on l ef t ;  conti nue north 
a l ong te l ephone l i ne . 

0 . 8 36 . 2  Road fork on l eft . Conti nue stra i ght ahead a l ong tel ephone l i ne . 

0, 1 36 , 3  Road fork to l eft ,  fo l l ow l eft-hand fork a nd l eave te l ephone l i ne . 

0 , 1 36 , 4  Abandoned ranch headquarters; dry we l l , The water tabl e  dec l i ned  be l ow 
the bottom of the we l l ,  present depth about 275 feet . 

0 . 4  36 . 8  Road fork ,  take l eft-hand branch toward the west , 

0 , 2  37 . 0  Gate , cont i nue west a l ong fence . 

0 , 6  37 . 6  Fork;  take l eft , southwest from section- l i ne fence . Road trends southwest 
and then south . 

1 , 2 3 8 . 8 Gate , BAD BUMP i n  road . Turn sharp r i ght (west) a l ong graded sect ion-
l i ne roa d ,  Eastern l im i t  of i rr iga ted area , 

0 , 3  39 .  1 Gate , conti nue west . 

0 . 7  

2 . 0  

39 . 8  Cross sect ion- I  i ne road ,  conti nue west , 

4 1  . 8  Pass under power l i ne , conti nue west , 

1 , 1  42 . 9  Cotton g in  on r ight ,  begi nni ng of pavement , cont inue west . 
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M I LE 27 .7, PART 2 

Ca l i che at side of roa d ,  This 
material  prevents recharge by in
fi l tration of rainfa l l  on the desert 
f l oar . 

MILE 34 . 4, PART 2 

Mai n  channel of Queen Creek 
after f l ood on 1 - 1 -52. Nr)te sandy 
character of a l l uvi um . 

M I LE 29 .5, PART 2 

Front of sma l l  f l ood in Queen Cree k .  Note coarse 
a l l uvium ,  which wi l l  absorb large quantities of water 
as recharge to the ground-water reservo i r .  

M I LE 8 .  I ,  PART 2 

Pool s  remai ning after fl ood, lower end of Queen 
Creek . The a l l uvi um i s  s i l t  and c lay and wi l l  absorb 
l i tt l e  woter os recharge to the ground-water reservo i r .  

F I G URE 2 .  - EXAMPLES O F  REC HARGE C O N D I T I O N S  I N  T H E  Q U E E N  CREEK AREA 
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2 . 4  45 . 3  S LOW for ra i l road cross ing . 

0 , 7  46 . 0  S L OW enteri ng town of Q ueen Creek .  Depth to water , 1 85 feet . I n  1 940 
this commun i ty cons i sted of a store , one house , a nd a  few shacks for m igrant 
laborers . Turn l eft (south)  a t  Q ueen Creek ,  End of Part 2 .  

Part 3 - Town of Q ueen Creek  to Tucso n .  

0 . 0 0 . 0 Crossroads a t  Q ueen Creek . Proceed south on  secti on- l i ne roa d .  

0 . 5 0 . 5  STOP 5 (20 mi nutes ) ,  Park on both s ides of roa d ,  north s ide of wood br i dge 
over Queen Creek, Note vegetat ion choki ng the channe l . Turn around 
a nd return to town of Queen Creek . 

0 . 5  1 . 0 S LOW for l eft turn (west ) on section- l i ne road, 

0 . 8 1 . 8 Cross Queen Creek (di p ,  no br idge ) ,  

0 , 2 2 , 0  Pavement ends a t  secti on corner , Conti nue west on grave I road, Crossroads 
are at l -m i l e i nterva l s .  

2 , 0  4 , 0  S LOW for l eft turn (south) on section- l i ne road . Note concrete- l i ned  cana l 
on north s i de of road before mak ing turn , Cana l s  are l i ned to conserve 
i rr igat ion water , 

O .  1 4 .  1 Cross Sonoqui  Wash at road d i  p ,  

0 , 9  5 , 0  S L OW for ri ght turn (west ) on section- l i ne road, 

2 , 0 7 , 0  Pavement begi ns , Conti nue west, 

1 , 1 8 , 1 Cross Rooseve l t  Water Conservat ion Distr ic t  i rr i gat ion cana l , Queen Creek 
f lows south a l ong east s i de of cana l , You are enter i ng an  area where 
i rri gation water is avai l ab l e  from the Sa l t  River system of storage reservoi rs 
and cana I s, Conti nue west on paved road . 

3 , 0  1 1 . 1 SLOW for stop s ign and l eft turn (south) on paved road , 

2 . 0 

0 . 9 

0 . 9  

0 , 8 

1 3 , 1 Enter i ng Gi  l a  Ri ver I nd ian Reservat ion; l eavi ng Sa l t  River Va l l ey area, 
Q ueen Creek spreads out in a semi -p laya ; on l y extreme f loods enter the 
Gi la  Ri ver ,  a bout 4 m i l  es west . 

1 4 . 0  Di p at  north cha nne l  of Queen Creek . 

1 4 . 9 D ip  at south cha nne l of Queen Creek , 

1 5 , 7  S LOW for ra i l road cross ing of ma i n  l i ne S PRR and stop s ign at i ntersect ion 
with State H ighway 87 . Turn l eft (southeast)  onto h ighwa y .  
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8 , 3  24, ° S LOW for cross i ng of Sacoton Dam ,  San Tan Mounta i ns a t  9 o ' c l ock , This  
i s  a d i vers ion dam on the Gi  l a  Ri ver , where water d i scharged from San Carlos 
Reservoi r  is d iverted i nto cano l s  on the San Car l os pro ject, Pumping i n  th i s  
area has l owered the water tab l e  suff ic ient l y  to cause areas of former l y  
thri v i  ng phrea tophytes to si cken a nd become stunted , 

1 , 9  25 , 9  Hi ghway curves southeast at i ntersecti on of paved road from southwest , 
Sacaton M::>unta i ns a t  1 o ' c l ock , 

1 0 , 4  36 , 3  Casa Grande Nati ona l Monument at  3 o ' c l ock , 

0 , 7  37 , ° S L OW for i ntersect ion wi th State H ighway 287 , Hi ghway 87 turns r ight 
(south ), Conti nue on 87 , 

1 , 1  3 8 , 1 S L OW,  enter i ng Coolidge , Conti nue south , 

8 , 0 46 , 1  " E l even-m ile corner " ; deep oi l -test ho l e ,  Va l l ey f i l l  mater ials to 3 , 380 
feet , then vo l can i c  ser ies , 

1 0 , 1 56 , 2  S LOW for i ntersection wi th Highway 84 at  3 o ' c l ock , Conti nue on 84 , 

0 , 6  56 , 8  Overpass at  S PRR cross i ng , Note large fa rmed areo to south ;  i rr i ga ted wi th 
ground water , This  i s  the l ower end of the Santa Cruz Basi n ,  

1 , 3 58 , 1 S L OW for vi I l oge of Pi cacho , 

1 , 6  59 , 7  Earth crack across ra i I road and h ighway ;  note pa tch i n  pavement and trace 
of crack on both si des of road , Crack deve loped i n  1 95 1 ; or i g i n  not yet 
sat i sfoctori Iy estab l  i shed , 

1 , 7 6 1 , 4  Earth crack across ra i l road and h ighway ;  occurred i n  1 949 , 

2 1 , 7  83 , 1  Vi l l age of Marano ; i n  l arge formed area i r r igated with ground water from 
l ower Santa Cruz Basi n ,  

5 , 0  88 , 1 Cement p l ant at 3 o ' c l ock at  v i l lage of Ri l l i to ,  L imestone i s  quar r ied 
from Pa l eozoi c outcrop about 2 m i les west , 

8 ,  1 96 , 2  Cross Canon de l  Oro 

1 , 2 97 , 4  Cross Ri I I  i to Creek , 

4 , 7  1 02 ,  1 S L OW for l eft turn across over pass beyond i ntersect ion wi th truck bypass , 

0 , 1 1 02 , 2 Overpass , 

1 , 3 1 03 , 5 Junction of State Highway 84 with U , S ,  Hi ghway 80, i n  northwest part of 
Tucson,  at  poi nt of or ig i n of f i e l d  tri p ,  End of Part 3 ,  End of tri p ,  
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GROU ND WATE R I N  T HE QUEE N CREEK AREA , ARIZO NA* 

S ,  F . Turner and L. C ,  Ha l penny 
Ground Water Bra nch , U. S ,  Geo log ica l  Sur vey 

Queen Creek and i ts surround ing a l l u via l bas in  are typi ca l of many areas i n  Ari zona 
where la rge supp l i es of ground water ha ve been de ve l oped , With in  a l i near distance of 
25 m i l es a l l the pri nc ipa l  features of the hydro logi c cyc l e  as i t  common l y  exists i n  
Arizona are apparent : Rai nfa l l i n  the up land areas produces runoff i n  a normc ll l y  dry wash;  
downstream from the p lace where the wash passes from bedrock to  a I I  u vi um , surface-water 
l osses by i nf i l tration become accret ions to the ground-water reser voi r ;  a downward gradient 
of the water tab l  e ,  from the zone where recharge begi ns to the zone where d i  scharge occurs , 
causes s l ow mo vement of ground water i n  that di rection; pumping bri ngs the ground water 
to the l a nd surface, where i t  is transpi red or e vaporated , and the cyc l e  is compl eted , The 
on l y  feature of the hydro logi c cyc l e  that is extensi ve l y  de ve l oped in other parts of the region  
but  i s  l i m i ted in  the Queen Creek area i s  the use of ground water by  nonbenefic ia l  natura l 
vegetation , In  a sma l l area i n  the upper reaches of Queen Creek (m i l e  1 7 , 0, part 2 of 
road l og )  mesquite and baccharis  transpi re ground water , I n  the l ower reaches the water 
tab l e  is too deep for these p lants to exi st , 

The Queen Creek area l i es east of Phoeni x ,  i n  the eastern part of the great structura I 
basi n that  is common l y  known as the Sa l t  Ri ver Va l l ey area , Queen Creek heads i n  the 
Pi na l  M':)untai ns 4 mi l es east of Super ior , at an a l t i tude of 4, 500 feet , The pri nc i pa l  
tri butary i s  Whi t l ow Creek , whi ch enters Queen Creek three-quarters of a m i l e  abo ve a n  
abandoned gag ing stat ion whi ch was constructed near the poi nt where the creek l ea ves a l l  the 
mounta i ns ,  The drai nage area of Queen Creek at  that station is 1 9 1 square m i l es .  The 
drai nage area downstream from this  station is  30 square m i l es,  and the mean prec ip i tat ion 
i s  a bout 1 0  i nches , The mean prec ipi tat ion of the area abo ve the station i s  about 20 i nches , 
Be low the gagi ng stat ion the creek recei ves l i t t le  or no i nf low , as i t  has bui l t  a channel  
confi ned by natura l l e vees s l ight l y abo ve the l e ve l  of the ad jacent a l l u via l  p lai n .  The 
creek f l ows west to the Roose ve l t  Cana l (F i g ,  3) and thence southwest a l ong the eastern 
side of the cana l  toward the Gi l a  Ri ver . On l y  when the f low is extreme l y  l arge does any 
water reach the ri ver, most of i t  bei ng d i ssi pated on a p laya- l i ke area on the Gi l a  Ri ver 
I nd ian Reser vat ion , about 5 m i l es abo ve the j unction with the G i l a  Ri ve r .  

The upland areas , where most o f  the runoff origi nates , are under l a i n  most l y  by vo l can i c  
rocks and  some schist and gran i te .  The a l l u vi um under l yi ng the desert f l oor consi sts of a 
heterogeneous mixture of bou l ders , gra ve l , sand , si I t ,  and c l ay ,  gradi ng from very coarse 
gra i ned materia l s  near the mountai n  front to very fi ne gra i ned materia l s  i n  the vic i ni ty of 
the p laya .  Except a l ong the creek , a zone of ca l i che a few feet be low the l and surface 
retards or pre vents recharge from rai nfa l l  on the desert f l oor . A pedi ment cut on basement 
rock  under l ies the a l l u vi um for a wi dth of about a m i l e  a l ong the mountai n front , At the 
edge of this pedi ment the depth to bedrock increases from about 1 00 feet to more than 
600 feet i n  l ess than ha l f  a m i l e ,  

* Pub l i cation authori zed by the Di rector , U ,  S ,  Geo l ogica l  Sur vey . 
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F l oods of 4 , 000 to 1 5 , 000 second-feet a re not i nfrequent, and f loods of 70, 000 second
feet can be expected , In the dry period 1 942-50 few f l oods reached the l ower end of Queen 
Cree k ,  Nea r  the town of Queen Creek the c hannel  has become so choked wi th vegetat ion 
that when a l a rge f l ood occurs the water wi I I  overf l ow the channe I more readi I y than in  the 
past , Now that ad jacent l ands, former l y  used on l y  for g razing,  are under cu l t i vat ion , 
f l ood damage wi I I  be many t imes as great as i n  the past , I n  1 940 and 1 94 1 , f l oods i n  Queen 
Creek washed out the Rooseve l t  Cana l i n  severa l p laces and spread westward across farmed 
l ands nea r l y to Chand l er , 

Ground water i s  present i n  the a l l  uvi um downstream from the abandoned gagi ng stat ion , 
and sma l l supp l i es of ground water occur i n  the grave l  a l ong the creek i n  the up land a reas . 
The depth to ground water i s  4 1 0 feet at the poi nt where the creek crosses U .  S .  Hi ghway 80 , 
a nd i t  decreases to 1 25 feet i n  a few p laces a l ong t he Rooseve l t  Cana l . Queen Creek i s  
i nf l uent throughout i ts l ength ,  except that i n  t i mes o f  abundant runoff the water tabl e  r i ses 
to the stream l eve l i n the upper reaches , The accompanyi ng map (F i g ,  3 ) shows the d i rection 
of movement of ground water in the a rea by means of contours on the water tab l e ,  Two sets 
of contours are shown , one represent ing condi t ions for the spr ing of 1 950 and the other for 
the spri ng of 1 939 , Recharge to the ground-water reservoi r is a I most enti re I y by downward 
perco l at ion of  water from Queen Creek , Some of these f l ows are from me l t i ng of wi nter 
snow,  carry very l i tt l e  si l t ,  and i nf i l tra te free l y ,  F l ows from torrentia l  summer storms 
carry more s i l t  and consequent l y  i nf i l trate more s l owl y .  A paper by Babcock and Cushi ng 
( 1 942) conta i ns a desc r i pt ion of the work done by the Geo l og ica l Survey in determi n ing 
recha rge quant i tat ive l y .  The accompa nyi ng page of graphs (F i g ,  4) of water- l eve l f l uctu
at ions i l l ustrates how s l ow l y  the water tab l e  reacts to per iods of recharge , The second graph 
i l l ustrates cond i ti ons a t  an observation we l l a l ong U ,  S ,  H i ghway 80 about a mi  Ie southeast 
of Queen Creek (at m i l e  24 , 4  Tri p 1 ) , Exceptiona l l y heavy f l ows occurred i n  Queen Creek 
during the spri ng of 1 94 1 , but no r ise in water l evel  in the we l l  was apparent for a l most a 
year , Duri ng the fol l owi ng years I i t t le  runoff occurred , but the water l eve l  i n  the we l l  con
ti nued to r i  se unti l the spr i  ng of 1 946 , 

A l though the a l l uv i um i n  the bas in  may be more than 2 , 000 feet thi ck ,  and a l though 
l a rge quanti t ies of ground water a re stored , the spec i f ic  y ie l d  and permeabi l i ty genera l l y 
decrease wi th depth . Th i s  means tha t ,  for each  succeeding foot unwatered, l ess water 
wi l l  be y ie l ded and the drawdown i n  a we l l at a g iven y i e l d  wi l l  be greater , Thus, i n  many 
a reas it  soon wi l l  be uneconomi ca l  to pump for i r r igat ion even at the present high pri ces 
for farm crops , 

Ground water has been pumped for i rr i gat ion i n the Queen Creek a rea si nce about 1 9 1 5 .  
I n  1 939,  3 1 , 900 acre-feet was pumped for i rr i gat ion east of the Rooseve l t  Cana l . The 
Rooseve l t  Water Conservati on Di str ic t  pumped 69, 500 acre-feet, making the tota l for the 
a rea 1 01 , 400 a cre-feet , By 1 950* this had i ncreased to 295, 000 acre-feet, most of the 
i ncrease occurri ng after 1 946 . By the spr i ng of 1 952 about 90, 000 acres was bei ng i rr i gated,  
of which  about 58, 000 a cres lay  east of the Rooseve l t  Cana l and was i r r i gated so l e l y  wi th 
ground water , I n  1 940 most of the l and i r r igated with ground water was ad jacent to the 
cana l ,  where the water tabl e i s nearest the l and surface . As new l ands were i rr i gated , the 
farmed area expanded eastward i nto areas where the water tab l e  is progressive l y  deeper . 
By 1 95 1 /  farmers were pumpi ng i n  areas where the stati c water l eve l  was as much as 325 
feet be l ow the l and surfacej a t  l east 1 0  sections of l and were i r r i gated wi th water l i fted 
more than 225 feet 1 

*Pumpage fi gures for 1 95 1  not ava i l ab l e  at time manuscr i pt prepored , 
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D 
EXPLANATION 

QUATERNARY ALLU VIUM - UPPER PORTION OF VALLEY F I L L  
Yields loroe volume of water from lenl.S of l a n d  and o ra v e l .  

CONGLOMERATE AND PARTI ALLY CONSO L I DATED SEDI M E NTS 

Yeilds little or no water i n  this area.  

QUATERN ARY VOLCA N I C S  - MO STLY BASALT 

Usua l ly yield litt l e  or no water in th is  are a .  

T E R T I ARY O R  C R E T A C E O U S  V O L C A N I C S  

Sometimes yield sufficient water for stock o r  domestic u s e .  

I�\?·)�.·d CRYSTALLINE INTRUSI V E  - AGE U N C E RTAIN 

May yield sma l l  Quantities of water from fractures. 

o 

PRE· CAM B R I A N  GRAN I T E ,  G N E ISS OR S C H I S T  

Usua l l y  y i e l d  litt le or no water i n  t h i s  are a .  

,, - - - Ground WQter contours 
Spring 1 939 

� Ground water contours 
Spring 1 9 30 
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As pumpage i ncreased after the i ni tia l  de ve lopment , wi thdrawa l s  soon exceeded re
charge , The a ccompanyi ng arti c l e  by Babcock and Cushing ( 1 942) notes that in the period 
February 1 2 ,  1 940 , to March 1 8 ,  1 941 , about 32 , 200 acre-feet of recharge occurred . Thi s  
was a wetter-than-a verage period , but the recharge was sma l l  compared wi th the 295 , 000 
acre-feet pumped in 1 950 . The wi thdrawa l s  in excess of recharge had to come from 
ground-water storage wi thi n  the basi n ,  and as a resul t  water l e ve l s  i n  we l l s began to 
dec l i ne .  The regiona l pattern of the dec l ine i s  made apparent by comparing the 1 939 and 
1 950 water-tab le  contours on the accompanyi ng map (Fi g .  3 ) .  Loca l l y ,  the amount of 
dec l  i ne is shown by the hydrographs of water- l e ve l  f l uctuations in i ndi vidua l  we l l s (F i g .  4) .  
I n  the westernmost we l l  graphed , the dec l  i ne i n  the 1 2  years 1 939-5 1 was 53 fee t .  Farther 
east , 1 mi l e north of the town of Queen Creek , the dec l  i ne was 54 feet . Near the eastern 
l imi t of de ve l opment (2 mi l es west of m i l e  33 , 2) the dec l i ne was 25 feet .  

I n  1 95 1  the Queen Creek area wa s  decl ared "cr i t ica l " under the Arizona ground-water 
code of 1 948 , i n an effort to retard depl etion of ground-water suppl ies .  After this designation 
was app l ied no new irrigation we l l s  cou l d be dri l l ed or new l ands i rr igated from we l l s except 
those appro ved prior to the date the area was dec l ared " crit i ca l . II This , of course , has 
retarded the pre vious l y  increasing rate of o verde ve l opment , but by the time the area was 
dec la red cri ti ca l o verde ve l opment of ground water had a l ready reached serious proportions , 
I f  a l l  pumpi ng i n  the area were to stop many years wou l d  be requi red for the water wi th
drawn from storage si nce 1 940 to be rep laced , 
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REC HAR GE T O  GRO U N D-WATE R  F ROM F L O ODS I N A TYP I CAL DES E RT WAS H ,  
P I NAL C O U NTY, AR I ZO NA* 

H .  M. Babcock a nd E .  M, Cushi ng 
Ground Water Branch ,  U ,  S ,  Geo log i ca l  Survey 

S t a t e m e n t  o f  t h e  p r o b l e m 

Queen Creek,  consi dered i n  this  paper , i s  a typi ca l l arge desert wash . I t  r i ses i n  the 
Pi na l M':)unta i ns near the m in i ng tovm of Superi or and enters the outwash-p l a i n  at  B l ack  
Poi nt  a bout three mi l es north o f  F l orence Junction ( Fi g ,  3 ) ,  Thence i t  passes over the 
desert i n  a southwester l y  d i rect ion toward Chand l er ,  spreads over the l owla nds , and d i sap
pears . The f l ow of the stream consi sts a l most ent i re l y  of storm -water and i s  of the qui ck ,  
f l ashy type common to  the deserts of  the Southwest , I n ordi nary years the  stream i s  dry 
most of the ti me . Former l y  the f l ood-waters spread over the f l oor of the desert and d i d  no 
harm , Now, however, they i nvade h igh l y cu l t i va ted l ands that  a re i rri gated wi th water 
from Sa l t  River or from we l l s ,  a nd cause serious damage to both crops a nd cana l s ,  The 
damage cou l d  be prevented by stori ng the storm-waters i n  a reservoi r  formed by a dam a t  
o r  above B l a ck Poi nt , 

The purpose of the i nvest i gat ion was to determine the probab l e  effect of contro l by th i s  
reservoi r on normal  ground-water recharge from the stream in  the desert stretch ,  the si ze  
o f  t he  stream whi ch shoul d  be  re l eased from the  reservoi r to give maximum recharge , and  
the  practi cabi l i ty of water-spreadi ng operat ions to  i ncrease the norma l recharge , The  i n
vest igat ion comprised a part of the studi es of the ground-water resources of Ari zona that 
are bei ng undertaken by the Geo log ica l Survey of the Uni ted States Department of the 
I nterior in cooperat ion wi th the Ari zona State Water Commiss ioner and Corps of Engi neers 
of the Un i ted  States Army , These studi es a re under the genera l di rection of S .  F .  Turner . 
The fi e l d -work i n  the Queen Creek area was started August 5 ,  1 939, and was done by H .  
M ,  Ba bcock a nd E ,  M ,  Cush ing under the d i rection of L .  C ,  Ha l penny; the geo logy was 
stud i ed by R ,  B ,  Morri son , 

Geo l ogy 

I n  the mounta i ns Queen Creek f l ows over re la t ive l y  impermeab l e  schi sts, gran i tes ,  and  
vo l can ic  rocks and l oses no appreciab l e  amount of  water to  deep underground storage , 

O l der a l l uv ium 

About a mi l e  west of B lack  Poi nt the creek passes from the mounta i ns to the a l l uv ia l 
s l ope of the desert p l ai n ,  Near the mounta i ns i ts present f l ood-p l a i n  i s  entrenched about 
70 feet be l ow the surface of i ts o l d a l l uvia l fan ,  This fan coa l esces wi th those of nei ghbor
i ng washes to form a piedmont p l a i n ,  A we l l -defi ned : errace borders the f l ood-p la in  whi c h  

* Pub l i shed wi th the approva l of the Di rector,  U .  S .  Geo log ica l  Survey . 
Repri nted from Transactions of 1 942 of the Ameri can Geophys ica l  Union . 
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at Black Point is about 55 feet below the piedmont plain , Westward from Black Point 
the scarps separating the three surfaces (piedmont plain, stream-terrace, and present 
flood-plain) become lower until the surfaces converge into a nearly level plain , 

West from Black Point for two or three miles the piedmont plain is underlain by a 
rock-cut pediment thot is only partly buried beneath relatively shallow alluvial fill , A 
little farther west, however, the water-level in wells changes from about 60 feet to over 
400 feet below the land surface, suggesting the presence of a bur; ed faul t-scarp and 
thicker deposits of alluvium to the west , 

The piedmont ond terrace deposits are similar in lithology and are grouped together 
as older alluvium . Both are moderately well to poorly sorted and contoin aggregates of 
small boulders, cobbles, sond, and silt , Westward this material is finer, though not 
appreciably better sorted , The deposits appear to have been deposited under conditions 
such as exi st at the present t; me. 

Caliche cementation in the upper six to ten feet of gravel underlying the piedmont 
plain retards the penetration of woter from the surface into the grovel except where streams 
have cut below the cal iche , Caliche is not well developed on the stream-terrace and is 
usually obsent in the flood-plain . 

Recent alluvium 

Recent stream-deposits of gravel, sand, and silt cover the older alluvium in the 
present flood-plain , The torrential flash-floods ordinarily carry a heavy bed-load in the 
upper r~aches but this is rapidly dropped as the stream-gradient decreases westward, As 
a result , a flood-pla in with many shifting and interlaci ng channels has been produced and 
the sediments become finer outward from the mountains, The degree of sorting varies 
considerably with the floods that deposit the sediments, but in general it is not high, 
The most poorly-sorted sediments appear to be laid down during the larger flash-floods, 
During peri ods of steady flow of relatively clear water (such as sometimes occur after 
floods caused by winter rains) the channel-materials are reworked, becoming better 
sorted ond consequently more permeable , 

In the fi rst few m i les of the desert section, the flood-plain is relatively constant in 
width , but westward from there it widens , In the upper reaches the bed of the creek is 
composed ofsand, gravel, ond boul ders. Farther down it is composed principall y of sand, 
although the smaller channel bedsare silty. The flood-plain outside of the present channels 
is covered by one to several feet of silt, usually underlainby coarse deposits that represent 
earlier chonnel-deposits. Still farther down the silt-mantle thickens and contains little 
sand or gravel . 

Ground-water recharge 

Queen Creek is influent throughout its entire course below the Black Point Dam site, 
Minor floods disappear within a short distance, Larger floods cross the area with gradually 
dim inish ing losses as the chonnel-deposits and older alluvium become finer, and the part 
of the flow that is not absorbed spreads out over the relatively impermeable silt-covered 
plain at the lower end of the creek ond is lost by evaporation and transpiration , 
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Two gag i ng-sta tions have been ma i nta i ned i n  connecti on wi th the Q ueen Creek i n
vest igat ion--the upper stat ion about three-fourths of a m i  I e  be l ow B lack  Poi nt a nd the 
l ower one at the county h ighway bri dge , about 20 mi l es be l ow B lack  Poi nt .  An i nter
mediate staff-gage designa ted the Cactus gage a l so was mai nta i ned for a t ime . In the 
d i scussion tha t  fo l l ows , the upstream sta t ion is designated as the Upper Gagi ng-Sta ti on 
a nd the downstream stat ion as  the E l l sworth Bri dge Gagi ng-Stat ion . The Upper Stat ion was 
estab l i shed i n  August 1 939,  and the E l l sworth Bri dge Stat ion somewhat la ter , The fi rst  
year of the i r  operat ion was exceptiona l l y dry and the second year exceptiona l l y  wet ,  This  
afforded an  opportuni ty for compari son of the rate of seepage- loss under these two extreme 
types of c l imate , Tab l e  4 g ives a summary of l osses between the two gagi ng-stat ions from 
1 7  f l oods tha t  occurred between February 1 2 , 1 940 , and March 1 2- 1 8 , 1 94 1 , Dur ing the 
two years f l oods with peak-di scharge , rangi ng from a few second-feet to 1 3 , 000 second
feet , were recorded at the upper stat ion (one second-foot equa l s  448 . 83 ga l l ons a m i nute ) ,  
Al together duri ng the period 64, 300 acre-feet of water passed the Upper Gagi ng-Sta t ion 
whi I e  32 , 1 00 acre-feet passed the E l l sworth Bri dge Gagi ng-Stat ion ,  showi ng that about 
one-ha l f  of the tota l runoff was recharged to ground-water (one acre-foot equa l s  325 , 85 1  
ga l l ons ) ,  

I n  order to compute the rate of i nfi l tra t ion between the gagi ng-sta ti ons , the areas wetted 
by f l oods of different magni tudes were est imated , This  was done by runni ng traverses across 
the f l ood-p l a i n  at i nterva l s  of one-ha l f  m i l e  a nd esti mati ng the aggregate widths of the 
channe l s  wetted by f l ows of 1 0 , 25 , 1 00 ,  1 , 000 and 2, 000 second-feet ,  and by a very 
la rge f l ood on August 6,  1 939 . From these data the ari thmeti ca l average of wi dths wetted 
by each f l ow and the number of acres wetted by f l ows of various magni tude were est imated , 
The areas wetted were p l otted aga i nst the di scharge i n  second-feet for each hour of f l ow .  

The computed a verage rate of i nfi l tra t ion over the wetted area for the d ifferent f l oods 
var ied from 0 ,  1 4  to 2 , 09 feet per day and averaged 1 , 08 feet per day (see Tab l e  4 ) ,  The 
rate of i nfi l trat ion for the summer-type f lash-fl oods was l ess and showed a wider range than 
those for the winter-type f l oods . This  i s  a ttri buted to the fact tha t  f l oods of the summer 
type are of shorter durat ion a nd on the average carry more si l t  than those of the wi nter 
type , Dur i ng water-spreadi ng operati ons i n the upper Santa Ana River , Ca l i fornia , Mucke l 
a nd Mi tche l son ( 1 937,  p .  1 6 ) demonstra ted that  the ra te of i nfi I trat ion decreased appreci a b l y  
with the a pp l i cat ion of di rty o r  si l t- l aden water , T h e  wide range i n  the com puted ra te of 
i nfi I trat ion for the summer-type f l oods on Queen Creek may have been due l arge l y  to 
i na bi l i ty to measure these f l oods accurate l y .  

The unusua I I  y heavy ra i nfa I I  duri ng the wi nter of 1 940-4 1 a i ded the growth of a l arge 
amount of heavy vegetat ion in the dra i nage-basi n  of Queen Creek , Th i s  vegetat ion de
creased the s i l t- l oad carried by Queen Creek,  whi ch probab l y  caused the rate of i nfi l 
trat ion to i ncrease duri ng the wi nter a nd spr ing . 

Runs of seepage-measurements 

Due to the unusua l l y heavy ra i nfa l l ,  water f l owed conti nuous l y  past the Upper Gagi ng
Stat ion and was compara ti ve l y  c l ear  a consi dera b l e  part of the t ime from January 24 to 
Apri I 24, 1 94 1 , On two occasions duri ng th i s  period a bout 500 second-feet of fa i r l y  c l ea r  
water, that passed the Upper Gagi ng-Stat ion, caused n o  f l ow a t  the E l l sworth Bri dge Gag ing-
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Station , The rate of i nfi l trat ion on these two occas ions was computed as about three feet 
a day ,  E l even runs of seepage-measurements were made dur i ng th is  per i od between 
January 24 and March 29 , I n  these runs the  d i scharge of  the creek was measured a t  
severa l se l ected poi nts i n  turn ,  the stream-gager mov i ng i n  a downstream di rection , The 
d i fference in d i scha rge between a ny two of these poi nts represented approxi mate l y  the 
amount of water l ost by i nfi l tra t ion i n  the i nterven ing reach , The d i stance between  the 
gagi ng-poi nts  was measured and the a rea wetted in ea ch of these rea ches was computed , 
F rom these data the average rate of l oss i n  depth of water i n  feet a day over the wetted 
a rea was computed , 

A compa rison of the ra tes of i nfi I trat ion over the wetted area between the gagi ng
stat ions dur i ng f l oods with the rates determ i ned from the seepage-measurements duri ng 
moderate to l ow f l ows of comparat ive l y  c l ea r  water i s  i nstructi ve , The average for the 
f l oods over the ent i re stretch was on l y  a bout one foot a day , whi l e  the average for the 
c l ear  water in  the i nd iv idua l parts of the stretch duri ng the seepage-runs was more tha n 
four feet a day , The sma l l er ra te of i nfi l trat i on duri ng the f l oods was due i n  part to the 
l arge s i l t - l oa d ,  car r ied dur i ng the ear l y  stages of the f l ood , and i n  part to the spread i ng 
of the f l ood-water duri ng la rge f lows upon s i l ty ,  ra ther i m permeab l e  mater ia l  i n  a reas 
outs i de the cha nne l s , 

I n the seepage-measurements i t  was noted that the rate of i nfi I trati on progressi ve I y 
decreased i n  a downstream d i rection as the mater ia l i n  the cha nne l -bottom became pro
gress ive l y  f i ner , It was a l so observed that dur i ng cont inuous f l ows of c l ea r  water after 
f l oods ,  the rate of i nf i l trat ion i ncreased wi th t ime , For a 2, 1 -mi l e  stretch between the 
Upper Gagi ng-Stat ion and the highway bri dge it was 6 , 1 8  feet a day on January 29, 6 , 53 
feet a day on Ja nua ry 30,  and 6 , 82 feet a day on Ja nuary 3 1 , 1 94 1 , On March 23 , 1 94 1 , 
severa l days after a la rge f l ood , the rate of i nfi l tra t ion for the same rea ch was 5 , 98 feet 
a day ,  and on  March 25 , 6 , 84 feet a day , I n each case the water was c l ear  at  the Upper 
Gagi ng-Stat ion but became progress ive l y  muddi er  downstream,  showi ng that  the c l ea r  
water had suff ic i ent ve l oci ty to transport the f ine materia l ,  l eavi ng the coarser a n d  more 
permeab le  mater ia l ,  I t i s  be l i eved tha t  a contro l l ed steady f l ow of fa i r l y  c l ea r  water 
wou l d  soon wash out most of the f ine materia l ,  a nd that under control  the f l ow a t  the Upper 
Gagi ng-Stat ion cou l d  be reduced suffi c ient l y  to prevent any water from f lowing past the 
E l l sworth Bri dge Gagi ng-Stat ion and be i ng l ost on the si l t-covered areas be l ow ,  

R i se i n  water- l eve l s  

Wel l s  i n  the desert p l a i n  near Queen Creek showed consi derab l e  r i se i n  water- l eve l , 
duri ng the ear l y  spr ing  of 1 94 1  as a resu l t of recha rge from the winter and spri ng runoff , 
whereas we l l s at  a consi derab l e  di stance from the creek showed very ... l i tt l e  r i se , 

I nfi I tra t ion from poo l s  

The rate of  dec l i ne i n  water- I eve l s was measured i n  poo l s  that rema ined i n  the cha nne l s  
after f l oods i n  an  effort to  check the coeff ic i ents o f  i nfi I tration determi ned from stream
gagi ng , The ra te o f  l ower i ng ranged from a max imum of 2 . 76 feet a day to  a m in imum 
of 0 , 1 6  foot a day ,  the i n i t i a l  rate avera gi ng 0 , 9 1  foot a day , This  i s  fa i r l y  c l ose to the 
average coeffi c ient of i nfi  I trat ion of 1 , 08 feet a day computed from the f l ood-measurements , 
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Evaporat ion- l osses from bed af creek 

Fo l l owi ng a f l ood in the comparat ive l y  dry fa l l  of 1 939 , severa l sma l l  conta i ners 
fi l i ed  wi th stream-bed mater ia l  and a water-evaporation pan of the Ca lorado sunken-pan 
type were i nsta l l ed i n  the  bed of the  creek , The  l oss i n  moisture from the contai ners was 
a pproximate l y  equa l to the l oss from the evaporat ion pan far the fi rst 36 hours after the 
f l ood , but subsequent l y  i t  decreased rapi d l y ,  Th is  i nd i cates that the amount of water re
qui red to sa t i sfy the defi  c i ency of moi sture in the stream-bed before water cou l d  penetra te 
to the underground reservoi r was not very large , 

C o n c l u s i o n s  

The pr i nci pa l  recharge to ground-water i n  the desert region of the Southwest i s  from 
occasiona l f l ash-f l oods in the mounta i n  streams and washes , Recharge occurs by i nfi I tra ti on 
i nto the stream-beds where they cross the desert p la i ns ,  In the l owermost rea ches of these 
streams a nd washes , as i n  Queen Creek , the f l ood-water genera l l y spreads over the surface 
of s i l t-covered p l ayas and i s  l ost by eva porat ion , In the two years of record a bout ha l f  of 
the f l ow of Q ueen Creek at  the mouth of i ts ca nyon was recharged to ground-water , I t  
m i ght be possi b l e ,  however , by the construction of a f l ood-control dam to put practi ca l l y  
a l l  the water i nto ground-water  storage . A dam a t  or above B lack  Poin t  wou l d  re l ease 
f l ood-water of comparat ive l y  l ow si l t-content at a nea r l y  uniform rate and wou l d extend 
the f l ow over a m uch l onger peri od than  now . I t  i s  be l i eved that  wi th a l l  f l oods contro l l ed 
a nd on ly  sma l l f l ows re l eased there wou l d  be l i tt l e  tendency for tre bottom of the Q ueen 
Creek Channe l  to  become sea l ed wi th si l t ,  I n  fact,  with the re l eC"se of c l ea r  water , the 
cha nne l  wou l d  be c l eaned of a pa rt of the fi ne materia l s  that a re now present , 

The i nvesti gat ion i nd i cates tha t the l a rgest d i scharge that cou l d  be re l eased from the 
Upper Gag ing-Stat ion wi th no f l ow past the E l l sworth B r idge Gagi ng-Station i s  about 500 
second-feet,  if most of the si l t  has sett l ed out before the water l eaves the reservoi r .  I t  
seems probab l e ,  however, that th is  cou l d  be i ncreased to a s  much a s  1 , 000 second-feet 
by the i nsta l l at ion and operat ion of art i fi c ia l  spreadi ng-devi ces in the channe l s  of Queen 
Creek , 

I n  Ari zona , as i n most other parts of the Southwest, the greater part of the surface
water resources tha t  i t  i s  practi ca b l e  to deve lop ,  and a l arge part of  the ground-water 
resources are uti l ized , At the present rate of devel opment the l i m i t  of the ground-wa ter  
supp l i es wi l l  soon be reached , I t shou l d  be possi b l e  to extend th is  l i m i t  in  some l oca l i t ies 
by art if i c i a l  recharge of water , as has been done wi th cons iderab l e  success in southern 
Ca l i fornia , thus uti l i z i ng water that otherwise wou l d  be wasted by evaporat ion on the desert . 

- 26 -

[ 
I 
I 

I 
[ 
I 
I 
I 
I 
[ 



PALE OZO I C  A N D  CRETACEOUS STRAT I GRAPHY OF THE  TUCS O N  MOU NTAI NS 

T R I P  2, ROAD L O G  
Thursday ,  Apri I 1 0 , 1 952 

Leaders : Dona l d  L ,  Bryant  and John F ,  Lance 
Dr iv ing d i stance : Tota l logged d i stance 54 , 2  mi  l es 

Genera l Sta tement 

The route of Tr i p 2 fol l ows the Santa Cruz Ri ver for a short d i stance north of Tucson, crosses 
by way of Pi cture Rocks Pass (Stop 1 )  to the west s ide of the Tucson Mounta i ns ,  proceeds 
southward a l ong the western margi n of these mounta i ns ,  and returns to the Santa Cruz 
Va l l ey across a pass at  the southern end , The structure , stra ti graphy,  and genera l geograph ic  
sett i ng of  the  Tucson Mounta i ns can be  seen a t  the stops a nd from var ious other poi nts a l ong 
the route . The Tucson Mounta i ns consist of a ser ies of ti l ted fau l t  b l ocks composed l arge l y  
of C retaceous sedimentary a nd vo l can ic  and Cenozoi c vo l cani c rocks , O l der rocks , rang
i ng in age from Precambr ian  to Permian ,  a re preserved on  both si des of the range as 
eros i ona l remnants of a thrust sheet of pre-bl ock fau l t  age . A Pa l eozoi c section ,  typi ca l 
of m uch of southeastern Ari zona , can be exami ned i n  two of these k l i ppen a t  Stops 2 ,  3 ,  
a nd 5 .  The genera l setti ng a nd some of the vo l can ic  rocks of the mounta i ns are to be see n  
a t  Stop 1 ,  a nd at  S top 4 deta i l s  o f  some of the Creta ceous conti nenta l sed iments can be 
exa mi ned , 

0 . 0  0 . 0  Pr i nce Road a nd Casa Grande hi ghway (State 84) .  This  i ntersection i s  1 , 2 
m i l es north of the overpass on H i ghway 84 . The overpass i s about 4 . 5  m i l es 
from the Uni vers i ty of Ari zona campus , and about 4 . 3  m i les from the center 
of downtown Tucson .• 

3 , 2  3 . 2  Da i ry farm on l eft , Tort i l l i ta Mounta i ns ahead . Cata l i na Mounta i ns on 
r ight , Tucson Mounta i ns on l eft . The road fo l l ows the va l l ey of the Santa 
Cruz r iver , whi ch f l ows (when water is avo i l ab l e )  northward from Mex ico , 

0 . 6  3 , 8  Cross Ri l l i to Cree k ,  

1 . 1 4 . 9  Cross Canon de l  Oro . Pi cacho Pea k ,  a famous l andmark near Casa Gra nde , 
i s  v i si b l e  ahead to l eft of road . The doub l e  peak i s  composed of Cenozoi c  
vo l cani c rocks . 

2 , 7  7 . 6  Cortaro . Turn l eft , CAUT I OUS LY , Ta l l b lack meta l smokestack wi th white 
t i p marks i ntersect ion . Ahead i s  P icture Rocks Pass through Tucson Mounta i ns . 
North of the pass i s  Safford Peak ,  a vo l can i c  neck . Gran i t i c  a nd arkosi c 
rocks form Amol e  peak ,  south of the pass . 

0 , 9  8 . 5  Dead end , Turn right . End of pavement . 

0 . 1 8 . 6  E I  Paso Natura l Gas Company pi pe l i ne cross i ng , 
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0 , 3  8 , 9  Turn l eft on Pi cture Rocks roa d .  

1 , 0 9 . 9  Turn l eft to Pi cture Rocks for S TOP  1 ,  Th i s  s i te  affords a good v i ew of a 
part of the Santa Cruz Va l l ey a nd the Santa Cata l i na Mounta i ns to the eas t ,  
Safford Pea k and t i  I ted l avo f l ows of Cretoceous ond Tert iary age a r e  seen 
to the nor th i n  the Tucson Mounta i ns ,  and the gra n i t i c  Amol e  and Wasson 
Peaks a re  to the south , Dom i na ti ng the l oca l deser t vegetat ion i n  th i s  a rea 
are the g iant saguaros , Other va r i eti es of cactus represented o re severa l 
types of chol l a ,  the barre l ,  hedgehog, and pr i ck l y  pear , Shr ubs i n c l ude 
the pa l overde ,  creosote bush and i ronwood trees , The petrog l yphs from 
which P icture Rocks rece i ved thei r  nome have la rge l y  been removed a nd 
now adorn many Tucson fi rep laces 1 

0 , 2  1 0 ,  1 Conti nue west on Pi cture Rocks road 1 

0 , 7  1 0 , 8  Summi t of Pi cture Rocks Pass , E nter Tucson Mounta i n Pa rk . The road west 
of the pass wi nds through one of the fi nest stands of saguaros in the sta te , 

0 , 1 1 0 , 9  Amo l e  pea k a t  9 o ' c l ock , 

1 . 4 1 2 , 3  Note eastward di p of vo l can i c  rocks to r i ght of road , 

0 , 5  1 2 , 8  Turn r i ght a t  Avra Va l l ey s ign , S i l ver Be l l Mounta i ns a t  1 2  o ' c l ock on  

1 . 5 

0 . 6  

2 , 0  

skyl i ne ,  Pi ca cho de Ca l ero Hi l l s ( Twi n Peaks ) a t  1 o ' c l ock , 

1 4 , 3  Moh i ca n  Ranch gate , Across the Avra Va l l ey a t  a bout 1 2  o ' c l ock ,  are the  
Si l ver Be l 1  Mounta i ns on sky l i ne , South a l ong the sky l i ne are the Watermo n ,  
Roskruge, and Coyote Ranges . These mounta i ns ,  wi th  the Qui n l ans and the 
Baboqu i var i s  farther south , form the western  s ide of the Avro-Al ta r  Vo l l ey  
whi ch extends i nto Mex i co , Usage va r i es ,  bu t  i n  gene ra l  the southern part 
of this depress ion i s  ca l l ed the A l ta r ,  and the northern par t ,  i nc l udi ng the 
a rea v i s i ted on this tri p, the Avra Va l l ey , 

1 4 . 9  Turn ri ght past l a rge saguaro ca ctus , Th i s  l and i s  the property of Al l en R .  
Wade, of Tucson , who has k i nd l y  gi ven permi ss ion to pass across i t ,  

1 6 , 9  Turn l eft a t  la rge pa l overde tree j ust before rood crosses sma l l  o rroyo , The 
gene ra l structure of the Pi cacho de Ca l ero H i l l s ( F i gs .  6 and 7 )  can be see n  
from var ious poi n ts a l ong th is  road , Precambri an  Pi na l schist  forms the 
western f lank of the sma l l er h i l l  to the west , The top of this h i l l ,  and much 
of the east s i de i s  formed from Cambr ian Bo l sa quar tz i te ,  ond t he Cambr ian 
Cochi se ,  Abr i go ,  and Ri ncon formati ons crop out in  the sadd l e  between the 
h i l l s and on the l ower western s l ope of the l a rger (east )  hi l l .  The Mi dd l e  
Cambrian Cochise a nd the Upper Cambr ian Abr i go formati ons are seporated 
by a 1 2-foot th ick qua rtz i te bed whi ch i s  near the l owest poi nt ; n  the sadd l e ,  
The Cambrian  strata d i p steep l y  to the east, as do the over l y i ng Devonio n ,  
Miss i ssi ppian,  a n d  Pennsy l van ian beds , Gran i te i s  exposed on  the south 
s l ope be l ow the sadd l e ,  
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0 , 5  1 7 . 4  Turn l eft on groded rood , Th i s  rood i s  on the property of the Ari zona 

0 , 7  

0 , 7  

0 . 5  

Port l and Cement Company,  and through thei r generosi ty i t  i s  poss i b l e  for 
us to v is i t  thi s l oca l i ty , T ravel  a l ong th i s  rood i s  proh i bi ted wi thout per
m i ss ion because of b lasti ng operat ions and heavy trucki ng , 

1 8 , 1 STOP 2 ,  F l oor of quarry i n  sodd l e . The Ar izona Port land Cement Compa ny 
i s  gradua l l y remov ing both the Pennsy l van ian  l i mestone of the eastern h i l l  
a nd the sha l e  of this  quarry a nd hau l i ng i t  to the cement p l ant near the 
Casa Grande h i ghway to the east . Sha l es of the Coch i se and Abri go for
mations are exposed on the f l oor of the quarry;  a quartz i te between the two 
formati ons forms the promi nent spur whi ch di vi des the quarry i nto two parts . 
A l ternati ng si l tstones , sandstones , a nd l i mestones of the Coch ise format ion 
are exposed at  the base of  the western h i l l ,  The under l yi ng Bo l sa q uartz i te 
crops out fa rther up the hi l l ,  Numerous fuco ids are i n  the Cochise a t  the 
foot of  the hi I I  and phosphati c-she l led  bra chiopods occur at  certa i n  hori zons 
i n  the b l ue and green si l tstones wi thi n the quarry , Some brachiopods and  
tri l obi te fragments are i n  the  Abri go exposed i n  the quarry , bu t  at  present 
the best co l l ect i ng l oca l i ty for brachiopods and tri l obi tes appears to be on 
the s l ope of the eastern hi l l  j ust above the quarry , Above the Abri go forma
't ion i s  a forty-foot uni t of p ink coarse-gra i ned l i mestone , the Ri ncon l i me
stone , conta i ni ng abundant fragments of  the tri l ob i te Asaphi scus , Ove r l y
i ng the Rincon i s  the Devonian P icacho de Ca l era format ion,  cons i sti ng of 
a bout 75 feet of gray I i mestane and do l om i te and conta i n i ng stromatoparoi ds ,  
a few sma l l  gon iat i tes ,  and i n  a thi n sandstone l ayer a t  the  top,  f i sh teeth , 
Above th i s  i s  the Mart i n  l i mestone , here about 275 feet th ick ,  conta i n i ng 
Upper Devonian fossi l s .  A good co l l ecti ng l oca l i ty i s  i n  the dark l i mestone 
just a bove and to the north  of the l a rge water tonk , The over l yi ng 600 feet 
of Escabrosa l i mestone , whi ch conta i ns a few zones of Lower Missi ssi ppia n  
cora l s  a nd bra chiopods , wi l l  not be examined at  this  stop , The upper part 
of th i s  formation wi l l  be seen at  Stop 3 ,  Leave quarry and return a l ong 
cement company road to east , 

1 8 , 8  STOP 3 ,  The contact between the Missi ssi ppian Escabrose and the Pennsy l 
van ian  Naco formati ons is exposed on the hi I I  north of the rood , Some 
fossi I s occur i n  the upper port of the Escabrose , and numerous cora I s ,  
fusu l  i n i  d s ,  and  brach iopods are i n  the l ower part of the naco formation a bove , 
Watch for the chol l a  cactus i n  thi s area , These are the notorious " j umpi ng 
cho l l a . "  They b i te ! 

1 9 , 3  Turn r ight a t  pa l overde tree , 

2 , 0  2 1 , 3  Turn r i ght a t  l arge saguaro cactus , 

1 , 9 23 , 2  Turn l eft at  Pi t t ' s  Ranch rood , 

2 . 8  

0 , 1 

26 , 0  Marano Air Base vis i b l e  to r i ght of road i n  Avra Va l l ey , 

26 . 1  I ntersect ion , Conti nue stra ight , 
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0 . 1 26 , 2  Tucson Mounta i n  Park Road enters from l eft . Conti nue stra i ght ahea d ,  
Low hi l l s to l eft of road consist of Cretaceous Amo l e  a rkose over l y i ng 
Naco l i mestone , 

1 , 8 28 . 0  Si erri ta Mounta i ns a t  2 0 ' c l ock , Hi gh peak on sky l i ne i s  Baboqui var i ,  a 
vo l ca ni c neck and famous l andmark of southeastern Arizona , I t  i s  i n  the 
Baboqui var i  Mounta i ns about 20 mi l es from �he Mexi can border , 

0 , 3  28 , 3  Recreat ion redbeds of Cretaceous age i n  hi l l  on l eft . 

1 . 6 

0 , 7  

0 , 6  

29 . 9  At crest of h i l l  note view of Avra-A l ta r  Va l l ey on r ight ,  and Santa Cruz 
Va l l ey on l eft , Santa R i ta Mounta i ns ,  southeast of Tucson and on the east 
s i de of the Santa Cruz Va l l ey,  at  1 0  o ' c l ock . S i err i ta Mounta i ns ,  south of 
the Tucson Mounta i ns and between the two vo l l eys , a t  1 1  o ' c l ock . Note 
excepti ona l l y good v i ew of the pedi m.,mt surround i ng the S i er r i tas , T he 
sma l l  group of hi l l s on pediment to l eft of S i err i tas proper conta i n  the San 
Xavier and Mi nera l Hi l l  m i ni ng di stri cts , On west s i de of A l ta r  Va l l ey ,  
Baboqui var i  Mounta i ns appear at  1 o ' c lock ,  wi th Qu in l an and  Coyote 
Mounta i ns to the north . Note l ava f l ow on f la nks of Roskruge Mounta i ns ,  
a t  2 : 30 o ' c l ock , 

30 . 6  Turn I eft toward park headqua rters . 

3 1 , 2  STOP 4 ,  Tucson Mounta i n  Lodge and Tucson Mounta i n  Park Headqua rters 
to r i ght of roa d ,  A desert zoo l og ica l  and botan ica l  garden,  wh i ch w i l l  
i n c l ude geo l og ica l  d i sp lays ,  i s  bei ng deve loped here by Wi l l iam H ,  Carr , 
under a grant from Cha r l es Lathrop Pa ck Foundat ion of New York , A short 
h i ke down i nto K i ngs Canyon, on l eft of road ,  wi l l  be made to see the 
Cretaceous Recreat ion redbeds , consi sti ng of red and purp l e  si l tstones a nd 
sa ndstones di ppi ng about 250 northeast , The redbeds a re unfossi I i fe rous , 
but r i pp l e  marks a nd other sedimenta ry structures are common , The a reo 
abounds in speci mens of " Tucson meteori tes ,  " whi ch a re wea thered magnet
i te pebb l es from contact zones ad jacent to i ntrusi ves i nto the Amol e arkose , 
exposed to the east , 

0 , 1 3 1 , 3  Ta ke ri ght fork i n  road . Amo l e  a rkose forms hi l l s to l eft of road y 

0 , 3  

0 , 6  

0 , 7  

3 1 . 6  Ranger stat ion on l eft . Pi edmontite Hi l l s ,  ahead on r i ght , consist of Cre
taceous vo l can i c  rocks fau l ted aga i nst Amo l e  arkose . Fossi l s  from the 
Amo l e  in these hi l l s a re reported by Reesi de (MeKee, 1 95 1 , p .  496) to be 
of probab l e  Lower Cretaceous age , 

32 . 2  Go l den Gate Peak ,  composed of Tertiary vo l can i c  rocks, a t  1 2  o ' c l ock , 
Peak  at  1 1  o ' c l ock i s  on  crest of range j ust south of Gates Pass . The crest 
of the Tucson Mounta i ns from here south to the .A io  r oo d i s  formed f rom the 
Cat Mounta i n  rhyo l i te f l ows , of Tert ia ry oge , ti l ted to the northeast ond 
ove r l y i ng Cretaceous vo l can ic  and sedi mentary rocks , 

34. 2  Gates Pass road enters from l eft , Conti nue stra i ght . 
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0 , 3  34 , 5  Conti nue stra i ght , Road to l eft l eads t o  O l d  Tucson,  a former movi e  set 
used i n  f i l m i ng many horse operas, and now moi nta i ned as a recreati ona l 
a rea , 

1 , 2 35 , 7  In tersect ion , Conti nue stro i ghL , 

0 , 6  36 . 3  At 1 2  o ' c l ock i s Cat Mounta i n ,  composed of Tertiary rhyo l i te f l ow5 , H i l l s 
to r i  ght and l eft  of road are of Amo l e  arkose , 

0 , 2  36 .5  Santa Ri ta Mounta i ns on sky l i ne to l eft , Sharp  pea k at 1 1  o ' c l ock i s  Bee-
h ive ,  a Tert iary vo l con ic  neck i n  the southern par t  of the Tucson Mounta i ns .  
At 1 o ' c l ock i s  B l ack Mesa , consi st i ng of f l a t- l yi ng basa l t  f l ows of pre
sumed Q ua ternary age , San Xav ier m i n i ng d i str i ct a t  2 o ' c l ock , 

0 , 5  37 , ° Catt l e  guard , Leave Tucson Mounta i n  Park , 

2 , 7  

3 , 1  

0 , 3  

0 , 3  

3 .  1 

3 , 4 

1 , 0 

3 , 3 

39 , 7  Aja roa d .  Turn r i ght . 

42 , 8  Turn l eft toward west si de of Snyder Hi l l  at  pi pe l i ne cross i ng , 

43 , 1  STOP 5 ,  Snyder H i l l , a k l i ppe composed of 226 feet of l i m,;stone and  
do l om i te ,  i s  typi ca l o f  t he  upper part of t he  Permian section o f  southern 
Ari zona ( F i gs , 8 and 9 ) ,  Al though co l l ec t i ng i s  d i ff i c u l t ,  fossi l s  a re a 
bundant i n  many zones , 

43 , 4  Turn r ight toward Tucson on Ajo rood , 

46 , 5  " Ol d  Tucson"  rood enters from l eft , Conti nue s t ra i ght . 

49 , 9  Exposures of white rock about 1 00 yards to r i ght of rood represents a n  ag
g l omerate in  the Co t Mounta i n rhyol i te sequence , Th i  s mater i a l  has  been 
quarr i ed for bui l d i ng stone in t he post ,  and was used in constructi ng the 
o l d  Busi ness Adm i n i strat i on bui l d i ng on the Uni vers i ty of Ari zona cam pus , 

50 , 9  Turn l eft  on Mission Rood . Tumomoc Hi l l  and "A"  Mounta i n  (Sent i ne l  
Butte ) a re a head , from l ef t  to r i ght . These a re composed o f  Tertia ry or 
Q ua ternary vol cani c rocks , pr i nc i pa l l y  basa l t  and tuff . 

54 . 2  Congress Street , Turn r i ght for downtown Tucson, or return to Uni versi ty 
of Arizona cam pus by conti nui ng stra i ght ahead to Speedway ,  ri ght on 
Speedway to Park Avenue , r i ght on Park to the Thi rd Street entrance of  
campus , 
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PAL E OZ O I C  A N D  CRETACEOUS STRAT I GRAPHY OF T HE T UCS ON MOU NTAI NS 

Dona l d  L .  Bryant  
Uni versi ty of Ar izona 

I ntroduction 

The Tucson Mounta i ns compri se a northwester I y-trend ing range about twenty-f ive mi  l es 
l ong wi th a ma ximum width of ten m i l es ,  The easternmost out l i ers mark the western edge 
of the c i ty of Tucson , These mounta i ns r i se  abrupt l y  from the surround i ng va l l ey f loors 
whi ch have an e l evat ion of 2000 feet at the north end and about 2500 feet at the south end , 
Amo l e  (A mo l l ee )  Peak, whi ch i s  4500 feet a bove sea l eve l , i s  the hi ghest peak i n  the 
range , extendi ng from Amol e  Peak south to Cat Mounta i n  just north of the Ajo (Ah lho )  
h ighway ( F i g ,  5) ,  ma i nta i ns an e l evat ion of near l y  4000 feet , 

L i tt l e  has been wri tten about the geo l ogy of the Tucson Mounta i ns , A few ear l y  papers 
of a reconna i ssa nce na ture di scuss I imi ted por ti ons of the area ; others descr i be l oca l features 
of petro l ogy a nd petrogra phy , Some papers of more genera l nature refer to the Tucson 
Mounta i n  area i nc i denta l to d i scussi ons of some other subject , Most of these pa pers are 
i nc l uded in  the references at  the end of  thi s gui debook , The on l y  com prehensi ve report 
is "Tucson Mounta i ns ,  an  Ari zona Bas i n  Range type , I I  by W ,  Horat io Brown ( 1 939 ) .  The 
structure of the range as summari zed be l ow and the deta i I s  of the Cretaceous strati graphy 
are ta ken d i rect l y  from Brown ' s  paper , 

STRUCTURE 

Brown ( 1 939,  p ,  70 1 ,  748-755 ) consi ders the  Tucson Mounta i ns to  consi st structura l l y 
of three pri nc i pa l  parts : ( 1 ) a basement b l ock of Cretaceous and Pa l eozo ic  rocks; (2 )  a 
ser i es of ti l ted Tertiary vo l can i c  rocks ; a nd (3 )  a ser i es of nea r l y  f la t- l yi ng Tert iary or 
Quate rnary basa l ti c  rocks , 

The basement b lock consi sts of a ser i es of non-mar i ne Cretaceous strata overr i dden 
from the west by a thrust sheet of mar i ne Pa l eozo ic  sed imentary rocks , Remna nts of th i s  
overthrust sheet rema i n  as  scattered l i mestone k l i ppen on the f l anks of  the range and i n  
out l yi ng buttes , They a re i n  l ow hi l l s o n  the east si de ,  and be l ow the l ava escarpment on 
the west s i de , south of Amo l e  Pea k ,  Snyder H i l l ,  the Pi cacho de Ca l e ra Hi l l s (ca l l ed 
Twi n Peaks on the Cortaro,  Ar izona quadra ng l e ), a nd an  unnamed hi l l  north of P i cacho de 
Ca l era a re out l y ing b l ocks of the overthrust sheet , Before or duri ng the thrusti ng ,  the 
under l yi ng Cretaceous rocks were fo l ded i nto a sha l l ow sync l i ne and the who l e  comp l ex  
was in truded by  gran i t i c and quartz monzon i t i c stocks , a nd associated d i kes a nd si l l s .  After 
the thrust ing and i ntrus ion ,  there was a l ong period of erosion which  resu l ted in penep la na 
t ion a n d  a l most compl ete remova l of the overr i d i ng sheet , 

Tertiary vo l cani cs i n  consi derab l e  quant i ty accumu lated  on the eros ion surface that 
deve loped after thrusti ng , The entire area was then broken by high - a ng l e  fau l ts ;  b locks 
were  ti l ted  toward the northeast and l ater eroded to form the present l ong d i p  s l opes of the 
mounta i ns ,  The resu l t  is a ra nge wi th gent l e  s l opes fa c ing northeastward and strong es
car pments fa c i ng southwestward , 
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The f ina l event i n  the constructiona l hi story of the Tucson Mounta i ns was the extrus ion 
of Tert iary or Quaternary tuffs and basa l t i c  f l ows , remna nts of whi ch now form Tumamoc 
Hi I I ,  " A" Mounta i n  a nd the f l a t-topped hi l i s near the San Xavier (San Za veer ' )  Mi ssion . 

STRATI  GRAPHY 

Genera l 

The Precambrian P ina l  sch i st and strat i f ied rocks representing parts of a l l  Pa l eozoi c 
systems except the Ordov ic ian  and Si l ur ian crop out i n  many p la ces i n  south centra l 
Ar i zona . I n  the Tucson Mounta i ns numerous sma l l k l i ppen formed of these rocks , pr i nc i
pa l l y  the ones of  Pennsyl van ian a nd Perm ian age , a re scattered a l ong both si des of  the 
range . On l y  i n  the out l y i ng Pi ca cho de Ca l era Hi l l s ,  however , i s  there a re la ti ve l y  un
broken sequence rangi ng in age from the Precambrian Pi na I schist through the Pennsy l va nian ,  
The th i ckest uni t of Perm ian rocks i n  the vi c i n i ty of Tucson occurs i n  another out l i e r ,  
Snyder Hi l l  ( F i g ,  5 ) .  

Mar i ne Cretaceous rocks are known i n  southern Ari zona on l y  i n  the B isbee region 
(Coma nchean Bi sbee group ) a nd in the Patagon ia Mounta i ns ( Stoya now, 1 949) .  Non-mar ine 
Cretaceous strata of great th i ckness occur i n  many parts of southern Arizona , however , and 
represent deposi ts of Upper as we I I  as Lower Creta ceous a ge (Stoya now, 1 949 , p ,  58; 
Mc Kee ,  1 95 1 , p ,  494, 497 ) ,  

I n the Tucson Mounta i n  a rea , Brown ( 1 939 , p .  7 1 3 )  d i vi des the Cretaceous non-mar i ne 
rocks i nto three uni ts : ( 1 ) a l ower vo l cani c  membe r ;  (2) the Recreat ion red beds ; and 
(3 ) the Amo l e  arkose , About 300 feet above i ts base , the Amo l e  arkose conta i ns a fresh
water mo l l uscan fauna of probab l e  Lower Cretaceous age , 

Rocks of the Tucson Mounta i ns that a re younger tha n Cretaceous i nc l  ude Tertiary a nd 
Q ua ternary vol ca ni cs ,  l ake beds , cong l omerate a nd a l l  uvi um , 

Precambrian 
P i na l  schist 

Precambrian Pi na l schist  i s  exposed on the western fa ce of the west hi l l  at  Pi ca cho de 
Ca l era (F ig , 6 ) ,  I t  consi sts o f  grayish green quartz ser i c i te schist wi th a sat i ny sheen , The 
I i tho logy of the unit and i ts posi t ion unconformab l y  be l ow the Mi dd l e  Cambr ian  Bo l sa 
quartz i te l eave no questi on as to i ts equiva l ence wi th more extensi ve uni ts of Pi na l sch i st 
exposed i n  many other parts of southern Arizona , The f ie l d  tri p party wi I I  not have t ime 
to  v i s i t  thi s  outcrop , 

Cam br ian 
Genera l 

Many of the names of the pri nc ipa l  strat igra phi c  uni ts recogni zed i n  southern Ar i zona 
are those app l i ed by Ransome dur i ng ear l y  deta i l ed stud ies at B i sbee ( Ra nsom e ,  1 904) .  
Some of these uni ts have si nce been subdiv i ded a nd some new uni t names have been added 
to the col umn . 
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F I GURE 6.  STRUCTURE SECT I ON T HROUGH T HE PICACHO DE CALERA H I LLS 

P€p, Pi na l schist; £b, Bo l sa quartz i te; £p, Pima sandstone; tC, Cochise 
formation; £q quartz i te; £a, Abrigo formation; £r, Ri ncon l imestone; 
Op, Picacho de Calera formation; Om, Marti n l imestone; Ce, Escabrosa 
l imestone; Cn, Naco formation; Kg, Cretaceous (? ) grani te .  

F I GURE 7 .  EASTE RN PEA K OF PICACHO DE CALERA HI LLS,  LOO KI NG NORT H 

Ce, Escabrosa l imestone; Cn, Naco formation . 

- 35 -



The Bo l sa quartz i te and the Abr igo l i mestone were named by Ransome , The Bo l sa 
q uartz i te i s  now genera l l y accepted as  ori g ina l l y defi ned ( Ransome,  1 904, p ,  28) but the 
Abri go l imestone has been subd iv i ded by Stoyanow ( 1 936,  p ,  466-47 1 ) i nto Mi dd l e  and 
Upper Cambrian units, each cons i sti ng of two or more formations , Most of these d i v i s ions 
a re shown on the Cambrian Corre lat ion chart prepared by the Cambrian Corre lati on 
Commi ttee (Cambr ian subcomm i ttee , 1 944 , Howe l l ,  cho irmo n ) ,  

Bo l sa q uartz ite (Midd l e  Cambr ian)  

The Midd l e  Cam brian  Bo l sa q uartz i te i s  exposed i n  numerous southern Ari zona loca l i 
t ies , I t  has the same characteri sti cs i n  a l l  i ts outcrops , I t  i s  a l i ght brown to purp l e ,  f ine
gra i ned to coarse l y  cong l omerati c orthoquartz i te ,  common l y  strong l y  cross-bedded,  a nd 
500 feet or more i n  thi ckness , 

The Bo l sa quartzi te crops out on the top a nd upper east s l ope of the western h i l l  a t  
P i ca cho de  Ca lera , where i t  has a thi ckness o f  700 feet ( F ig , 6 ) ,  I t rests unconformabl y 
on the P ina l  schist and i s  conformab l y  over l a i n  by the Pi ma sandstone , four feet thi ck ,  a t  
the base of the Midd l e  Cambria n  Coch i se formation , N o  diagnosti c fossi l s  a re known from 
the Bo l sa quartz i te but i t  conta i ns numerous worm tra i l s , 

Cochi se formation (Mi dd l e  Cambr ian)  

The Cochise formation i s  of  wide area l extent i n  southern Ar izona , I t  was former l y  
consi dered po r t  of the Abri go l i mestone of Ransome but was separated from the Abri go 
l i mestone by Stoyanow ( 1 936, p� 466-48 1 )  beca use the Coch ise formation conta i ns Mi dd l e  
Cambr ian tri l obi tes a nd brach iopods , whereas the upper part o f  the or ig ina l  Abri go i s  
chara cteri zed by  the presence o f  the Upper Cambrian guide fossi I ,  Tri crepi cepha l u s  texanus , 
The Cochise typi ca l l y  has a greater percentage of c lasti c sedi ment than does the Abr i go 
(restri cted) , 

The basa l four feet of the Cochise formation has a di sti nctive tri l ob i te fauna , When 
Stoyanow ( 1 936, p ,  466) subd iv ided the  Cambrian of southern Ar izona , he named th i s  un i t  
the Pima sandstone , 

At P icacho de Ca l era , the Cochi se formation crops out i n  the sadd l e  between the hi l l s 
( F i g ,  6 ) ,  I t consi sts of l i ght brown to gra y ,  hi gh l y m i caeous , thi n-bedded si l tstones and 
sa ndstones i n  un i ts up to ten or  twe l ve feet thi ck,  separated by foot-thi ck,  b l u i sh gra y ,  
gnar l y  l i mestones , The Cochise l i es conformab l y  above the Bo l sa quartzi te a nd be l ow a 
s imi  lar quartz i te ,  twe l ve feet thi ck,  whi ch i n  turn i s  conforma bl y be l ow the Abri go format ion , 
The la tter quartz i te i s stra ti graphi ca l l y i n  the same posi t ion as  the Southern Be l l e  quartz i te 
whi ch l i es between the Midd l e  a nd Upper Cambr ian uni ts i n  Peppersa uce Canyon i n  the 
Santa Cata l i na Mounta i ns (Stoyanow, 1 936, p ,  476 ) ,  

The Coch ise formation i s  a bout 300 feet thi ck i n  the P icacho d e  Ca lera Hi l l s ,  The 
l ower part conta i ns abundant worm tra i l s , I n s i l tstone of the upper and m i dd l e  pa rts sma l l  
phosphat i c  brachi opods are present a nd i n  the l imestones some tri l ob i te fragments occur , 
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Abri go format ion ( Upper Cambrian )  

The Abr i go formation,  a s  restri cted by  Stoyanow ( 1 936, p ,  467 ) ,  i s  I im i ted to tha t  part 
of Ro nsome 's Abr i go wh i ch conta i ns Tri cepi cepha l us texanus and whi ch l i es be l ow Upper 
Cambrian units tha t  conta i n  Bi  I I  i ngse l l a  colorodoensi s ,  The d i vis ion between  the Abri go 
a nd Cochi se format ions is d i ffi cu l t to recogn ize i n  many p laces because these formati ons 
are qui te s imi lar l i tho l og i ca l l y and we l l -preserved fossi l s  are not common in them , 

The Abr i go chara cteri sti ca l l y i s  a b l ui sh  gra y l i mestone , i n  many p laces cherty a nd 
do l om i t i c ,  I t occurs as re lat i ve l y  thi n ,  gnar l y beds sepa rated by th in  beds of m i caceous , 
sha l y  si l tstones a nd f i ne-gra i ned sa ndstones , The si l tstone and sandstone make up  on l y  a 
sma l l  percentage of the formation , The formation ranges from 200 to 400 feet th ick  a nd 
i s  present i n  most areas i n  southern Ari zona where Cambrian rocks are exposed , 

The Abri go formation i n  the P icacho de Ca l era H i l l s  crops out i n  the sadd l e  east of the 
Coch i se forma t ion,  with the twe l ve-foot quartzi te uni t menti oned above , l yi ng between 
them , The Abri go here i s  reported by Brown ( 1 939, p ,  7 1 1 )  to be 400 feet th i ck ,  but i n  
the sa dd le  area the thi ckness i s  s l i ght l y  l ess tha n 300 feet , Li tho l og i ca l l y  i t  i s  s im i la r  to 
the typi ca l Abri go of other southern Ari zona secti ons a nd resembl es the Coch ise formation 
be l ow i t .  The fa una of the Abri go consi sts of sma l l  phosphat ic  bra chi opods a nd fragments 
of tr i l obi tes of Upper Cambr ian age , 

Ri ncon l i mestone ( Upper Cambrian) 

The Ri ncon l i mestone i s  one of the topmost Cambrian  uni ts of southern Arizona , 
Stoyanow ( 1 936, p ,  469) consi ders i t  equi va l ent to the Copper Queen l i mestone whi ch he 
sepa rated from the ori g ina l  Abr i go of Ransome on the bas is  of fauna and l i tho l ogy , The 
Ri ncon l i mestone is the top un i t  of the Cambr ian section near Col ossa l Cave (the type 
secti on) ,  i n  the Whetstone Mounta i ns and i n  the P i cacho de Ca l era Hi l l s ,  I n  ea ch of these 
l oco I i t i es it i s  typi ca l l y a  p ink ,  coarse-gra i ned I imestone wi th a bundant  tri l ob i te fragments 
a nd spec imens of Bi l l i ngse l l a col oradoensi s .  Of eq ui va l ent age and conta i n i ng a n  eq ui va 
fauna , but l i tho l og i ca l l y dist i nct , are the Copper Q ueen l i mestone o f  the Bi sbee d i stri ct 
a nd the Peppersauce sandstone of the Peppersauce Canyon seq uence in  the Santa Cata l i na 
Mounta i ns ,  The thi ckness of these uni ts ranges from 20 feet for the Peppersauce , about 
40 feet as an average for the Rincon, to a bout 80 feet for the Copper Queen l i mestone . 

The l ower conta ct of the Ri ncon l i mestone i n  the P ica cho de Ca l era Hi l l s i s  gra dat iona l 
from the Abr i go ,  a nd the upper contact i s  the di sconformi ty be l ow the Devonian Pi cacho de 
Ca l era format ion , The Ri ncon l i mestone i s  composed of 40 feet of thi ck-bedded , massi ve , 
coarse-gra i ned,  p ink  l i mestone conta i ni ng abunda nt fragments of tri l obi tes . 

Devonia n  
Genera l 

The Devonian rocks i n most outcrops of southern Ari zona a re medi um to dark gray I i  me
stones , most of wh i ch weather ye l l ow or brown , a nd whi ch  conta i n  a few thi n beds of sha l e  
a nd sandstone , I n  the type l oca l i ty near Bi sbee , where they have a th ickness of 325 feet ,  
these rocks were named the Marti n l i mestone by Ra nsome ( 1 904 , p ,  32) . 
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I n  the P i cacho de Ca l era Hi l l s ,  the Devon ian stra ta are about 350 feet th i ck . The 
upper 275 feet of th i s  ser i es conta i n  the chara cter i sti c Marti n ( Upper Devon ian )  fauna a nd 
are of typi ca l Marti n l i tho logy . The l ower 75 feet ,  however , i nc l udes 25 feet of dark 
gra y  do l om i te near the top; two thi n  beds of ye l low sandstone , one at  the top and one at 
the base ; a nd 40 feet of b l ui sh gray l i mestone , On the bas i s  of l i thol ogy and beca use of 
f i sh teeth in the top sa ndstone bed , Stoyanow ( 1 936,  p .  488)  separa ted th is  l ower uni t from 
the Marti n l i mestone a nd desi gnated it the P icacho de Ca l era forma tion , 

Pi cacho de Ca l era formation (Upper Devonia n )  

The Pi ca cho de Ca l era format ion rests on the Upper Cambrian R incon l i mestone with 
a pparent conform i ty ,  but as i s  true i n a I I  south-centra I Ari zono l oca I i t i e s ,  Ordovi c ian a nd 
S i l ur ian  rocks are m i ssi ng . Foss i l s  i n  th is  formation i nc l ude the f ish teeth i n  sandstone , 
menti oned a bove ,  stromatoporoi ds a nd sma l l  a l ga l structures i n  the b l u i sh gray l i mestone 
a nd sma l l  goniat i tes i n  ye l l ow l i mestone near the m i dd l e , The top of the Pi cacho de 
Ca l era formation is consi dered to be at  the top of the sa ndstone that conta i ns f ish teeth , 

Marti n l i mestone ( Upper Devoni an )  

The Marti n l i mestone conforma b l y  over l i es the Pi ca cho de  Ca l era format ion , The base 
of the Mart i n is the base of the gray l i mestone i mmediate l y  above the ye l l ow sa ndstone 
conta i n i ng fi sh teeth in the Pi cacho de Ca l era format ion , 

The Marti n l i mestone i s  a bout 275 feet thi ck , The l owermost 1 00 feet cons i st of dark  
gray ,  brown-weatheri ng l i mestone tha t i s  cherty in  the l ower port ion , I t  is sepa rated by 25 
feet of brown , ca I careous sandstone from the upper 1 50 feet of massi ve , gray l i mestone , 
Foss i l s  are re lat i ve l y  scarce i n  the Mar t in  a l though some brach iopods,  parti cu l a r l y  Atrypa 
ret i cu la r i s ,  a re numerous i n  the l ower part , 

The upper conta ct of the Mart in  i s  grodati ona l upward i nto the Lower Miss issi ppian 
Esca brosa l i mestone , I t  i s  marked , i n  genera l ,  by a change from f i ne-gra i ned dark  gray 
l i mestone to very l i ght gray ,  coarse l y  crysta l l i ne l i mestone conta i n i ng abunda nt cr i noi d 
stems , 

Miss issi ppian 

Escabrosa l i mestone ( Lower Mississ i ppi an )  

I n  the Pi ca cho de Ca l era Hi l l s the Escabrosa l i mestone i s  domi nant l y  medi um to  dark 
gray ,  coarse l y  crysta l l i ne l i mestone , As noted above , the contact wi th the under l y i ng 
Marti n l i mestone i s  gradat iona l . The change from the dark gray l i mestone of the Mart i n 
to the very l i ght gray ,  coarse l y  crysta l l i ne Escabrosa l imestone whi ch has a bundant cr i noi d 
stems ,  i s  typ ica l of the contact i n  many parts of southern Ari zona , I t  i s  a feature of the 
type secti on ( Ransome , 1 904, p .  42) ,  

The Esco brosa l i mestone i s  about 600 feet thi ck and forms the westward-fac i ng c l i ff of 
the east h i l l  ( F i g ,  6; fi g ,  7) at Pi ca cho de Ca l era , There a re a few foss i l i ferous zones wi th 
a bundant horn cora l s  and Sp i r i fers in the Escabrosa , but it i s  chara cter i st i ca l l y  l ess foss i l 
i ferous tha n  the over l y i ng Naca format ion , 
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Pennsy l van ian 
Na ca farmat ian 

The Naca format ion i s  composed of depos i ts l a i d  down i n  southern Arizona duri ng m uch 
of Pennsy l van ian ti me , The Naco of the type l oca l i ty a t  B i sbee as ori gi na l l y descri bed 
( Ra nsome,  1 904, p ,  44) a l so i nc l uded rocks of Permian age that occur in the upper part of 
a thi ck I imestone sequence , I n most parts of southern Ari zona the Na co i nc l udes a con
si derab l e  amount of detri ta l sedi ment ond from a d i stance many outcrops have a cha rac
teristi ca l l y  banded appeara nce due to  the a l ternat ion of  l imestone a nd s i l tstone beds in  
uni  t s  from three to  fi fteen feet th i  ck , 

I n  the type loca l i ty a t  B i sbee , the Naco rests on the Lower Missi ssi ppian Escabrosa 
l i mestone wi th a pparent conformi ty ,  but as rocks of Late Miss i ssi ppian age are m i ss i ng i n  
the section a la rge hiatus m ust be represented , Cong l omerate i s  present at  the base of the 
Naco in some areas but is absent in others , Nowhere in southern Ari zona has evi dence of 
an unconformi ty between the Naco formation and over l yi ng depos i ts of Permian age yet 
been recognized , 

The Naco formation i n  the Picacho de Ca l era Hi l l s forms the crest of the east h i l l  a nd 
the l ong d i p  s l ope extend ing out under the a l l uv i um to the east ( F i g ,  6 ;  fi g ,  7 ) ,  T he 
erosiona l surface that here marks the contact between the Lower Mi ssi ssi ppian Escabrosa 
l i mestone a nd the Na co formation is d i ffi cu l t to l ocate beca use of l i tho l og i c  s imi l ari t i es 
between the two formation , I t  occurs where the mass i ve , uni form l y  bedded l i mestone of 
the Escabrosa ends and the th in-bedded ,  var iegated l i mestone , with i nterca la ted thi n beds 
of s i  I tstone of the Naco begi ns , 

The Na co a t  Picacho de Ca l era H i  l i s i s  more than 1 000 feet thi ck , I t  i s  modera te l y  
foss i  I i ferous wi th a la rge vari ety of forms,  i n c l  udi n g  ma ny o f  the characteri sti c Pennsy l van ian  
spec ies , Not far a bove the basa l contact a zone wi th a bundant fusu l i n i ds occurs a nd other 
fusu l i n i d  zones a re at i nterva l s  throughout the formation , Bra chi apods and cora l s  a re a l so 
common , 

Permian 
Genera l 

I n the 3000 feet of l i mestone ori gi na l l y  descr i bed as the Naco l i mestone a t  Bi sbee 
( Ra nsome , 1 904, p ,  44), a pproximate l y  the upper ha l f i s  now known to be of Permian age , 
I n  a reas farther north i n  southern Arizona detr i ta l sedi ments , i nstead of l i mestones , com pri se 
the l ower part of the Perm ian deposi ts and most of the mass i ve l i mestones are in the upper 
part  of the sequence on l y , Various rock un i ts of Perm ian age have been recagnized through 
the i r faunas (Stoyanow , 1 936, p ,  530;  1 942, p, 1 274) and numerous l oca l names have been 
gi ven these , most l y  wi thout deta i l ed descri ption of the strata i nvo l ved and wi thout c l ear  
designat ion of the type loca l i ty ,  The  resu l t  i s  that the  present sta tus of  the nomenc lature 
of Perm ian rocks i n  southern Ari zona is unsat i sfactory , 

Snyder H i  I I  formation 

Snyder H i l l  i s  a sma l l  out l ier  (F i g ,  8 ) of l i mestone a nd do lomi te southwest of the Tucson 
Mounta i ns proper , The beds here are 224 feet th i ck a nd conta i n  a character i st i c Permian 
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fa una , Stoyanow ( 1 936, p ,  530) named the Snyder Hi l l  formation from this  l oca l i ty , 
usi ng i t  as the type , At present ,  most of the th i ck ,  massi ve l i mestone uni ts i n  the upper 
part of the Permian seq uence of southern Ar izona a re assigned to thi s format ion , S im i l a r  
uni ts a re exposed i n  var ious ranges and  a re  readi l y  recognized by  l i tho l og i c cha racter a nd 
abundant foss i l s . The strata that a re cor re l a ted with the Snyder H i l l  formation are 600 to 
800 feet th ick  i n  sect ions where post- Permian  eros ion has not removed l a rge pa rts . They 
a re in the upper part af the Perm ian sequence , 

The Snyder H i l l  formation at  Snyder H i l l  consi sts of 1 1 8 feet of very fossi l i ferous 
l i mestone over l a i n  by 1 08 feet of do l om i te (Feth,  1 948 , F i g , 7 and p .  98 ) ,  The mass ive 
I i mestone i s  dark gray and f i ne gra i ned with a bundant  chert concret ions a r  nodu l es ,  most l y  
i n  bands and i n  many p laces conta i n i ng foss i l s  ( F i g ,  9 ) ,  The over l y i ng do l om i te i s  more 
thi n-bedded , I ts beds a re var i co l ored , a nd composed of gra i ns that on fresh l y  broken 
surfaces show the bright spa rk l e  typi ca l of do l om i te . Fossi l s  are scarce but q uartz geodes 
a nd ca l c i te b l ebs a re common, a nd probab l y  represent rep l acements of argan ic  rema i ns .  

Cretaceous 
Genera l 

The Cretaceous rocks of southern Ari zona i nc l ude mar i ne strata of Lower Cretaceous 
age (Stoyanow, 1 949 ; Mc Kee , 1 95 1 , p ,  494) and non-mari  ne strata of both Lower a nd 
Upper Cretaceous age (Stoyanow, 1 949, p ,  58 ;  Mc Kee ,  1 95 1 , p ,  494,  497) , 

I n  the Tucson Mounta i ns ,  Brown ( 1 939, p ,  7 1 3 )  recognized three uni ts of Creta ceous 
rocks : ( 1 ) a l ower unnamed vo l can i c  member ;  (2 )  the Recreation red beds;  a nd (3 ) the 
Amo l e  arkose at  the top . These rocks crop out at  the surface over a l a rge part of the Tucson 
Mounta i n  a rea , parti cu l a r l y  i n  the centra l port ion . They form the under l y i ng mass over 
whi ch the Pa l eozoi c stra ta were thrust , The Cretaceous rocks have a mi ni mum thi ckness 
of 5000 feet and a re probab l  y more than  8000 feet thi ck , 

Foss i l s  have been found i n  the Cretaceous seq uence of the Tucson Mounta i ns on ly  i n  
the Amo l e  a rkose , These foss i l s  a re l ong-rangi ng freshwater  mol l usks that were tenta t ive l y  
p l aced i n  the Upper Cretaceous by Brown ( 1 939, p ,  7 1 9 )  but a l a ter ,  more extensi ve 
co l l ect ion has been desi gnated as probab l e  Lower Cretaceous by Reesi de (Mc Kee, 1 95 1 , 
p ,  495 ) ,  

Vo l can i c  member 

The vo l can i c  mem ber of the Creta ceous seri es in the Tucson Mounta i ns consi sts of 
andesi te a nd dac i te f l ows i nterbedded with tuffs a nd arkose s .  The base of the un i t  is not 
known but the thi ckness is estimated at not l ess than 2000 feet and possi b l y  more than 5000 
fee t ,  I n  the Recreation a rea the vol cani c member is over l a i n  by the Recreat ion red beds, 
but the contact is a fau l t ,  It seems certa i n ,  however, that the vo l ca ni cs a re o l der than 
the red beds beca use cong l omera tes i n  the Recreat ion red beds conta i n  grave l s  that a pparent l y  
were derived from f low rocks of the vo l can ic  member , The outcrop of the vo l cani c member 
whi ch forms the Pi edmonti te H i l l s i s  a thi n but representat i ve exposure , 
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F I GURE 8 .  - S NYDER H I LL ,  TYPE L OCAL I TY OF PE RMIAN S NYDER H I L L  F O RMAT I O N ,  

L OO K I N G  NORT HEAST Limestone facies o f  the forma tion be low; dol omitic  facies above • 
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Euom pha I u_..:.s _____ --1 

gastropods, Composita ,  
Dictyoc l ostus occi denta l i s,  
Archaeoc idaris spi nes, 
Bel l erophon, Plagiogl ypta , 
pugnoi ds,  cri noid stems, 
nauti l oids,  bryozoa 

Composi to , Squamulari a ,  
Archaeoc i dar i s spi nes, 
pugnoi ds,  crinoid stems, 
horn cora l s, Avonia, 
Di ctyoc losti 

Composita ,  D. bassi , 
pugnoids, horn cora l s ,  
various bryozoa 

Composita , Sq uamulari a ,  
D .  bassi , bryozoa , 
Archaeocidaris spi nes 

(After Feth, 1 948, Fi g .  3 )  [ArchaeocidariS spi nes, -.--L,-Jl--,-J.\,"-'L----------1 Euompha I us, Com pos i ta 
------------------��--� 

l i mestone do l om i te chert 

F I GURE 9 .  - C OLUM NAR S ECT I O N  OF T HE S NYDER H I LL F O RMAT I O N  AT S NYDER H I LL 
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Recreati on red beds 

The Recreat ion red beds consi st of a seri es of dom i na nt l y br i ck red to maroon arkoses , 
The a rea l extent of the red beds i s  much l ess tha n  that of the other Cretaceous un i ts , 
These sedi ments a re l arge l y  confi ned to the Red Hi l l  a rea west of the ma i n  range , but a 
few patches occur i n  the footh i l l s east of Amo l e  Pea k ,  The bri ght red co l or of the out
crops , as  shown at Red Hi I I  and in the Tucson Mounta i n Lodge area , is in stri k i  ng contrast 
to the du l l ,  drab co l ors of the surroundi ng rocks . 

The on l y  contact of the Recreat ion red beds w i th presumed under l y i ng rocks i s  the 
fau l t  contact wi th the vo l can ic  member mentioned before , E l sewhere the l ower part of 
the red beds i s  bur i ed under a l l uv i um , At the top of the seq uence the Recreat ion red beds 
grade i nto the Amo l e  a rkose through a tra nsi t ion zone of a l ternati ng gray a rkoses typi ca l 
of the Amo l e  and red beds of the Recreat ion type , The tota l thi ckness of the Recreat ion 
red beds i s  at  l east 1 300 feet , 

Amo I e a rkose 

The topmost of the Cretaceous uni ts i n  the Tucson Mounta i n s ,  the Amol e  a rkose , 
comprises a ser ies of fi ne to coarse-gra i ned, pi nk and gray a rkoses , wi th thi n beds of 
g ray ,  si l very sha l es and dark gray  l i mestone , The formation is characterized by numerous 
a nd repeated changes of rock type , 

The Amol e  arkose crops out i n  extensive a reas west of the ma i n  range a nd to a l esser 
extent east of Amo l e  Pea k ,  The tota l or ig i na l  th ickness is unknown as the top i s  e i ther 
eroded or cut off by thrust fau l t ing,  but a mi n imum th ickness of nea r l y 2500 feet has been 
measured . The basa I contact ,  as  mentioned above , i s  gradationa l upward from the under
l yi ng Recreat ion red beds . 

Metamorphism has affected la rge a reas of the Amo l e  arkose , Arkose beds have been 
extensi ve l y  si l i c i f i ed a nd epi dot ized wi th resu l tant  obscuri ng of beddi ng p lanes , Many of 
the sha l es a re a l tered to dense hornfe l s ,  a nd l i mestones a re changed to ca l c-si l i cate rocks 
wi th abundant deve l opment of epi dote a nd l esser amounts of ga rnet , 

Fossi l s  a re sco rce i n  the Cretaceous strata of the Tucson Mounta i ns but a few freshwater 
gastropods and pe l ecypods have been found . As previous l y  mentioned these are Cretaceous 
forms, probab l y  Lower Cretqceous . 

As the Amol e  a rkose i s  the topmost Cretoceous uni t ,  present fauna I ev idence seems to 
i nd i ca te that a l l  the Cretaceous rocks in the Tucson Mounta i ns are of Lower Cretaceous 
'Jge , The a rea subseq uent l y  was subjected to a l ong peri od of erosion ; l a te r ,  Tertiary 
vo l can i sm resu l ted in the spreadi ng of lavas and tuffs over the o l d  erosion surface . 
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SA NTA CATAL I NA MOUNTA I NS METAMORPH I C  AREA 

T R I P  3 ROAD L O G  
Thursday ,  Apri I 1 0 , 1 952 

Leaders : B .  S ,  But l er ,  F .  F .  Grout , and C .  S .  Bromfi e l d  
Dr ivi ng di stance : Logged d i stance 34 . 3  m i l es .  Tota l dri vi ng d i sta nce 80 m i l es .  

Genera I Statement 

The fi e l d  tri p route ascends the Santa Cata l i na Mounta ins via the Genera l Hi tchcock 
Hi ghwa y , The group wi l l  vi ew exposures of  a metamorphi c-gran i t i c  comp l ex whi ch 
suggests to some the operat ion of  gran i t i zat ion processes . Observati ons wi l l  be made of 
typi ca l banded gnei sses of the forerange (Stops 1 and 2) ,  of a l oca l examp le  of gradat ion 
from ba nded gne iss i nto gran i t i c gneiss (Stop 4) ,  of typi ca l gran i t i c  gnei sses (Stop 3 and  6 ) ,  
and  of a sharp contact  between gran i t i  c gnei sses and the la te Precambr ian Apache group 
(Stop 7) . 

The sta rti ng poi nt of the road l og i s  the stop si gn a t  the i ntersect ion of Speedway a nd 
Wi l mot Roa d ,  To rea ch this  i ntersect ion go north two b l ocks from the Uni versi ty campus 
to Speedway ,  turn east ( r ight)  a nd proceed 5 . 7 m i  l es ,  The route and a l l  Stops are ind i  cated 
on the geo logi c map ( F i g ,  1 2 ) ,  The caravan wi I I  di sband after the last stop and i nd iv idua l  
par t ies may return to Tucson i mmediate l y ,  or , i f  they prefer ,  rema i n  to v iew addi t iona l  
outcrops a l ong the return route , 

0 . 0 0 . 0  ZERO P O I NT . Stop s ign , i ntersection of Speedway a nd Wi l mot Road . 

0 . 2 0 , 2  At 1 2  o ' c l ock ,  Santa Cata l i na Mounta i ns ,  At 9 o ' c lock ,  Tanque Verde a nd 
Ri ncon Mounta i ns ,  

0 . 2 0 , 4  Junction wi th unpaved road . Conti nue Ri ght on pavement . Road drops off 
terrace on Quaternary grave l s  to Pantano Wash bottom land . 

0 . 7  1 . 1  Bri dge over Pantano Wash . 

0 . 1 1 . 2 Road l eaves Pantano Wash bottom land a nd r i ses onto Q uaternary terra ce 
grave l s ,  

0 , 2 1 . 4 J unction on l eft ,  s i de road to Uni vers i ty I nd ian Rui ns . Rui ns are of adobe-

0 . 2 1 . 6 

0 , 5  2 .  1 

pueb lo  type , a nd were occupied from a pproxi mate l y  1 300- 1 450 A . D , by 
Sa lado- Hohokam peop l e .  

Junction on l eft Sab ino Canyon Road . Conti nue stra i ght , Sabi no Canyon 
is a favor i te pi cni c area for res idents of Tucson , Banded gneisses are exce l 
I ent l  y exposured there . 

The Santa Cata l i na Mounta i ns para l l e l  the road on  l eft ,  The Ri ncon a nd 
Tanque Verde Mounta i ns extend from 1 2-2 o ' c l ock . 
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0 , 3  2 , 4  Junction with Wri ghtstown road TAKE L E FT  FORK , 

0 , 5  2 , 9  Road drops from Quaternary surface grave l s  to Ri l l i to Wash bottom l and , 

0 ,  1 3 , 0  Bri dge over Ri I I  i to Wash , 

0 . 7  3 . 7  Mount Lemmon (9 1 85 feet ) ,  hi ghest poi nt of the Santa Cata l i na Mounta i ns ,  
a t  9 o ' c l ock , Route reaches a n  e l evat ion of s l i ght l y  over 8000 feet , 

0 , 3  4 . 0  Junction wi th Tanque Verde Road , T U R N  LEFT  o n  Genera l Hi tchcock 
Hi ghway . Tanque Verde Road crosses l ow sadd l e  between the Santa Ca ta l i na 
a nd Ri ncon Mounta i ns ,  

0 , 2 4 . 2 Enter i ng saguaro ca ctus be l t ,  The Sagua ro Nationa l Monument, an  area 
in whi ch these giant cactus grow i n  great abundance , l i es on the west s l ope 
of the Ri ncons a short dr ive from Tucson , 

0 , 5  4 . 7  At 9- 1 1 o ' c l ock ,  note souther l y  d i p of gnei sses a l ong front of forerange , At 
1 0  o ' c l ock is Cathedra l Rock (8400 feet), h igh  poi nt of the forerange ; a t  
1 0 : 30 i s  Mount Lemmon , 

0 . 4  5 , 1 Low hi l l s on r ight,  near road ,  are of o l der Tertiary a l l uvi um , These grave l s  

0 , 2  

1 . 0 

0 , 2  

0 , 9  

0 , 6  

0 . 7  

0 , 2  

0 ,  1 

are a t  l east ear l y  P l i ocene a nd probab l y  pre - Pl iocene i n  age , They are 
d i sp l aced by thrust fau l t ing a l ong the base of the mounta i ns ,  Next 3 road
cuts are in  these rocks , 

5 , 3 Road cut i n  o l der Tertiary grave l s ,  

6 , 3  Road cut i n  o l der Tertiary grave l s , Note gent l e  southwest d i ps .  

6 , 5  Road cut i n  o l der Tertiary grave l s ,  whi ch d i p 400 - 450 to the southwest . 
Caravan wi l l  s l ow to 1 0  m , p , h ,  to a l l ow observat ion , 

7 , 4  At 2 o ' c l ock ,  Agua Ca l i ente Hi I I ,  Gnei sses have quaquaversa l d i ps i n  
Ri ncon Mounta i ns wh i ch are a t  2 : 30 o ' c l ock , At 3 o ' c l ock ,  Tanque Verde 
Mounta i ns ,  where gnei sses have anti c l i na l  form , 

8 , 0  Crossroad ;  catt l eguard , 

8 . 7  I n  th i s  v i c i ni ty road crosses l ow-a ng l e  thrust fau l t  that para l l e l s  southern 
mounta i n  face , Trace of thrust i s  obscured by la ter a l l uvi um i n  th i s  a rea , 

8 , 9  Junction on ri ght , sta y on pavement , On enter i ng mounta i ns ,  note banded 
gnei sses , typi ca I of forerange types 1 L i ght bands a re pegmati ti c and gran i t i  c .  
Darker bands represent re i  i ct host rocks , now l arge l y porphyrob lasti c gnei sses , 

9 , 0  STOP 1 ,  CAUT I O N-WATC H TRAF F I C , Caravan wi l l  stop bri ef l y  for 
orientat ion a nd to observe banded gnei sses i n  road cuts , 
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0 , 4  9 , 4  On l eft , crosscutti ng mass of gran i t i c  gne i ss . Note fau l t .  

0 , 1 9 . 5 Note l ow-ang l e  fa ul t on l eft . 

0 , 1 9 . 6  Note steep fau l t  on l eft . 

0 , 4  1 0 , 0  Enteri ng the Coronado Nationa l Forest . S ign on ri ght . 

0 , 9  1 0 , 9  Note the uni form souther l y  di p of the banded gne i sses , As the anti c l i na l  
forerange i s  crossed the fo l iat ion wi I I  gradua l l y  f l a tten,  and a s  the north 
si de of the forerange is crossed wi I I  d i  p to the north . 

0 , 8  1 1 . 7 Enteri ng Mo l i na Canyon , Exce l l ent section of banded gnei sses exposed at  
3 o ' c l ock on canyon wa l l s ,  L i ght col ored pegmati te ba nds of  si 1 1 - 1  i ke ha bi t  
predom i na te , 

1 , 2 1 2 , 9  STOP 2 ,  CAUT I O N-WATC H T RAF F I C ,  Group wi l l  examine and d i scuss 
ori gi n of banded gnei sses a l ong road cuts , Note exce l l ent exposure on 
ca nyon wa l l a t 3 o ' c l ock , Note i rregu lar a nd ptygmati c crosscutti ng bodi es 
of pegmat i te , Th i s  wi l l  be the last stop i n  the banded gne iss . 

1 , 2 1 4 , 1 Observe ba nded gne i sses i n  road cuts . The anti c l i na l  forerange has been 
crossed a nd here the fo l iat ion of the gnei sses d i ps north , 

0 , 2  1 4 , 3  Mo l i na Basi n ,  This  i s  one of a seri es of bas i ns that para l l e l  the south front 

0 , 2  

1 , 1  

0 , 3  

0 , 1 

0 , 3  

0 , 3  

of the mounta i ns a nd separate the forerange of the Santa Cata I i na Mounta i ns 
from the mai n  range , The cha i n  of basi ns marks the genera l l i ne of separat ion 
between the banded gnei sses of the forerange and the gran i t i c  gneisses of 
the mai n  range , 

1 4 , 5  The caravan has now crossed the forerange of the Santa Cata I i  na Mounta i ns 
a nd the road wi l l  beg i n  the ascent to the mai n  crest , Note duri ng next 4 
to 5 mi l es the decrease i n  abundance of dark bands of re l i ct host rocks , 

1 5 , 6  I n  road cut on ri ght ,  dark fe l dspathized host rocks a re fo l ded and enc l osed 
in gra ni ti c gneiss , 

1 5 . 9  STOP 3 .  Group wi I I  observe i nteresti ng i ntersect ing fo l ia tions , superfi c ia I I  y 
resemb l i ng crossbeddi ng , exposed i n  the gne i ss of the road cut , 

1 6 , 0  Road enteri ng Federa l Pr i son Camp Area , Observe s igns . NO PAR K I N G  
AL LOWE D I N  AREA , 

1 6 , 3  RE DUCE S PE E D  T O  20 MP H .  

1 6 , 6  S i de road ;  l eav ing Prison Camp area , 

0 , 9  1 7 , 5  I n  v iew to l eft note basi n area wh ich  separa tes forerange from mai n  

0 , 4  

mounta i n mass . 

1 7 , 9  Dark re l i ct bands of host rocks i n  road cut , 
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F I GURE 1 0 .  I NJECTI O N  G NE IS S  OF THE  SA NTA CATALI NA F O RE RA NGE 

A .  Typi ca l i n jection gne i ss of the forerange . Dark bands are o l i goclase
b iot i te gne i ss and represent fe l dspath i zed host; l i ght bands are pegma
t i ti c .  Photogra ph taken near Stop 2 .  

B .  Deta i l of a part of the l ower l eft hand corner of Fi gure 1 0-A. 
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0 , 1 1 8 , 0  STOP 4 .  At the road cut,  the group can observe rocks that present a 
tra nsi t ion from the banded gnei sses of the forerange to the gran i t i c  gne i sses 
of the mai n  range , Dark bands a re sti l l  apparent , but l ess d i sti nc t .  

0 , 2  1 8 , 2  Road enteri ng Bear Canyo n .  The upper port ion of the canyon wa l l  to the 
l eft is gran i te gne i ss conta i n i ng no re l i ct bands of fe l dspathized host rocks; 
the l ower port ions of the canyon wa l l  carry a few re l i cts of host rocks , 
Pegmat i te bands more abundant i n  l ower wa l l  of canyon tha n  i n  upper wa l l ,  
The banded gne i sses of the forerange appear to pass beneath the gran i t i  c 
gnei sses of the mai n range ; other sections to the west suggest the same 
re lati ons . 

0 , 9  1 9 , 1 Loca l re l i cts of host rocks i n  road cut , 

0 . 2  1 9 , 3  Last of dark  bar.ds , Rocks from th is  poi nt on a re a l l l i ght  col ored grani ti c 
gne i sses a nd gran i tes . 

1 , 4 20 . 1  STOP 5 ,  Bear Canyon P icn ic  Area , Lunch period , 

0 . 5  2 1 , 2  Rocks here a re more gran i t i c  i n  texture , but have some fo l iat ion , 

0 . 1 2 1 , 3  Road l eaves Bear Canyon and c l imbs onto r idge dom i na ted  by gran i ti c 
gnei sses . Pegmati tes are l ess abundant , 

1 . 7 23 , 0  Note thi n s i l l s of pegmati te i n  gran i te gnei sses , 

0 , 2  23 . 2  STOP 6 ,  Genera l Hi tchcock Poi nt , Panoramic  v iew of the Tucson va l l ey , 
Di scussion of geographi c setti ng of Santa Cata l i na e l ements and of the 
surround i ng mounta i n  ranges . Typi ca l gran i t i c  gne i ss of mai n  range 
exposed here . 

0 , 2  23 , 4  Sycamore Canyon at  9 o 'c l ock , 

O J  24 , 1  Gran i t i c  gnei sses weather i ng to pi cturesq ue forms . 

1 . 1 25 . 2  Fo l iat ion l ess pronounced,  though sti l l  defi n i te l y  gne i ssi c �  

0 , 2  25 . 4  Junction on l eft wi th si de road to Wi l l ow Canyon summer home a rea , 

0 . 9  26 , 3  Junction on l eft wi th road to Rose Canyon , 

0 . 4  26 . 1  At 3 o ' c l ock ,  San Pedro Va I l ey o n  northeast s i  d e  of Santa Cata l i na Mounta i  ns . 
Rocks on northeast s l ope i nc l ude Pa l eozoi c and Cretaceous strata . Grani tes 
of next 1 . 2 mi l es exh ib i t  l i tt l e  fo l ia t ion , 

1 . 2 27 , 9  Junction on l eft with s ide road , 

0 , 4  28 , 3  On r ight ,  sed imentary rocks surrounded by grani te . 

0 , 1 28 , 4  STOP 7 ,  Sharp contact between gran i t i c  rocks and the l ater Precambrian 
Apache Group , Probab l y  an  i ntrus ive contact , 
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O .  1 28 . 5  

O .  1 28 . 6  

0 . 4  29 . 0  

0 . 2 29 . 2  

0 . 5  29 . 7  

0 . 4  30 . 1 

0 . 9  3 1 . 0  

On r ight ,  contact  of sedi menta ry rocks with gran i te .  

Junction on r ight  wi th si de road . 

Junction on l eft , road to Pa l i sades Ranger Stat ion and Camp Lawton . 

I n  road cut on r ight,  zoned pegmati te d i kes i n  gran i te . 

Road cut i n  sedi mentary rocks . 

Junction on r ight a nd l eft wi th si de roads . 

For the next 1 . 5 mi  l es the road cuts a re i n  rocks of "the la te Precambr ian  
Apache group . The structure of the  rocks i s  com p l ex .  

0 . 5  3 1 . 5  Junction  on  r ight ,  road t o  Bear Wa l low . 

0 . 1 3 1 . 6  I n  road cut on r ight ,  contorted Apache group sed iments . 

0 . 1 3 1 . 7  I n  road cut on r ight,  Cambrian sed iments show recumbent i soc l i na l  fo l ds .  

0 . 3  

0 , 3  

0 . 5  

0 . 3  

0 , 2  

0 ,  1 

0 . 2  

O .  1 

0 . 3  

0 . 2  

0 , 1 

3 2 , 0  So l d i er Cam p .  Orig ina l  cam p  was esta b l i shed i n  a n  a ttempt to capture 
the notor ious Apache,  Geron imo . 

3 2 , 3  Pegmat i t i c  grani te i ntruded i nto rocks o f  the Apache group . Road i s  now 
on the north si de of the ma i n crest a nd near the north margi n of the com pi ex . 

32 . 8  Pegmati t i c  gran i te i n  road cut , 

33 . 1 Dark  green rock cut i s  Leatherwood qua rtz d iori te . I t  i s  cut by pegmati t i c  
d i kes , The d iori te e l sewhere i ntrudes rocks of Cretaceous age . 

33 . 3  Juncti on on I eft wi th road to Loma Li nda summer home a rea . 

33 , 4  Road cut i n  Lea therwood qua rtz dior i te . 

33 . 6  San Pedro Va l l ey a t  3 o 'c l ock . The s l opes of the mounta i ns between here 
a nd the va l l ey in l a rge part expose Pa l eozo ic  sed iments . Di ssected a l l uvia l  
fans a t  the base of the mounta i ns a re composed of grave l s  corre la ted by some 
geo l og i sts wi th Gi l a  congl omerate of P l iocene to P le i stocene age . 

33 . 7  Leatherwood quartz d i  ori te i n road cut i s  traversed by numerous pegmati te 
d i kes . 

34 . 0  Junction on r ight  wi th road to Ora c l e . 

34 . 2  Junction on r ight  wi th si de road . Rock i s  Leatherwood quartz d iori te . 
Mount Lemmon a t  1 o ' c l ock,  named after Professor Lemmon, an  Eng l i shman 
who stud ied the p lants and a nima l l i fe of the region in the 1 890's . 

34 , 3  Enter i ng Summerhaven Recreat ion Area . E l evat ion 7800 feet , Gas i s  
ava i l ab l e  a t  Mount Lemmon Store on ri ght . Area i s  a favor i te summer 
retreat for heat-harassed res idents of Tucson , Caravan d i  sba nds here . 
Tucson can best be reached by retrac i ng the route . 
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S OME GEOL O G I C  FEAT URES OF THE SANTA CATAL I NA MOU NTAI NS* 

Ca l vi n  S ,  Bromfie l d  
Mi nera l Deposi ts Branch,  U , S ,  Geo log ica l Survey 

I n t r o d u c t i o n 

The Santa Cata l i na M�unta i ns extend for 20 mi l es i n  a northwest d i rection and out l i ne 
a part of the northern boundary of the va l l ey i n wh i ch the c i ty of Tucson l i es , To the south
east the range is connected by a l ow pass to the Ri ncon and Tanque Verde Mounta i ns , These 
mounta i ns extend for 20 mi l es i n a souther l y  di rection and form a part of the eastern margi n 
of the va l l ey of Tucson , The Santa Cata l i na ,  Tanque Verde, a nd Ri ncon  Mountai n  mass i s  
on t he  western boundary o f  what Ransome, ( 1 9 1 6 , pp , 1 33- 1 35 ) termt3d the Mounta i n  Regi on,  
an  a rea of rugged ranges sepa rated by broad i rregu la r  bas ins fi l l ed with f l uv iat i l e  and 
l acustr i ne deposi ts , 

The Santa Cata l i na Mountai ns r i se abrupt l y  from the i r  pedi ment to form a forerange 
behi nd which  i s  the h igher main crest , A d i sconnected series of basi ns that para l l e l  the 
mounta i n  front sepa rate the forerange from the mai n  mass , The rocks of the forerange a nd 
the south s l ope of the ma i n range a re cut by severa I deep southward dra i ni ng canyons , The 
Santa Cata l i na Mounta i ns reach a maxi m um a l ti tude of 9 1 85 feet a t  Mount Lemmon; the 
c i ty of Tucson in the va l l ey be l ow l i es a t  an a l t i tude of 2400 feet , 

The Santa Cata l i na ,  Tanque Verde, and Ri ncon Mounta i n  present  some geo log i c  
features whi ch a re unusua l among the basi n  ranges o f  southeastern Ari zona , The ma jor 
part of these mounta i ns are made up of a com pl ex of gran i tes,  grani t i c  gne i sses, and 
i n ject ion gne i sses , S imi la r  rocks i n  other  regions have been descr ibed var ious l y  as composi te 
gne i sses, permeat ion gnei sses , m igmati tes, and gran i t ized rocks , Th i s  descri pt ion is  
confi ned l arge l y  to features of the Santa Cata l i na Mounta i ns ,  

Previous Work 

L i tt l e  has been pub l i shed on the gran i t i c  rocks and the surroundi ng enve l ope of gnei ssi c 
rocks ,  which  a re the dom i nant rock types of the Santa Cata l i na Mounta i ns ,  B l ake ( 1 908a , 
p .• 379 ;  1 908b , p .  45 ) mentioned the " Archaeozoi c "  gnei sses and schists of the Santa 
Cata l i na Mounta i ns and remarked on the i r  superfi c i a l  resemblance, from a dista nce, to 
bedded sedi mentary rocks , C.  F ,  To l man of  the U , S ,  Geo l og i ca l  Survey worked in  the 
Tucson quadrang l e  in  1 9 1 1  and 1 9 1 2, but he never pub l i shed the resu l ts of  h i s  work . Ransome 
( 1 9 1 6, pp , 1 44- 1 45) ,  however, in d i scussi ng the sed imentary section of the Santa Cata l i na 
Mounta i ns stated : 

li The centra l feature of the range, as worked out by Mr , To l man,  i s  a great 
post-Carboniferous i ntrusi ve mass of si l i ceous muscovite gran i te modifi ed to a 
gneiss ic  rock near i ts marg i ns ,  surrounded by a zone of i ntense contact metamor
phism in whi c h  rocks of wi de l y  d i fferent ki nds have been conspi cuous l y  affected , I I  

* Pub l i cat ion authorized by the Di rector, U , S ,  Geo l og ica l  Survey 
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B ,  N ,  Moore stud ied the geo l ogy of the Tucson quadra ng l e  a t  i nterva l s  from 1 930 to 1 93 8  
but res igned from the U , S .  Geo l og i ca l  Survey before the study was comp l e ted . W .  M .  
Dav i s  ( 1 93 1 ) pub l i shed a paper o n  a physi ogra ph i c  i nterpretat ion of the l a te structura l 
h i story of the Santa Cata l i na Mounta i ns as a basi n  ra nge type . The most deta i l ed work  on 
the com p l ex rocks i s  a study by Hernon ( 1 932 )  of the pegmat i t i  c rocks of the Santa Cata l i na 
Rincon Mounta i ns ,  A synops i s  of the geo l ogy of the Tucson quadrang l e ,  a s  condensed from 
the work of severa l geol ogi sts is on fi l e a t  the Arizona Burea u of Mi nes (Moore , :.! � "  1 949) .  

Genera l Geo l og i c  Setti ng 

A vari ety of sedi menta ry and igneous rocks f l ank the gran i t i c-metamorphi c  comp l ex 
on the north a nd northeast s l opes of the Santa Cata l i na Mounta i ns ,  Samaniego Ri dge , the 
prom i nent north-trendi ng r i  dge tha t  extends a l ong the northwest face of the mounta i ns 
( F i g .  1 2 ), i s  composed of ear l y  Precambrian (? ) O-ac l e  gran i te . To the east of Samani ego 
Ridge the rocks i n c l ude ear l y  Precambrian Pi na l schist ,  l a te Precambrian Apache group, 
Pa l eozoi c c lasti cs and l i mestones, and a thi ck Cretaceous sequence of domi nant l y detri ta l 
rocks , The sedi menta ry rocks a re i ntruded and ,  to some extent, sepa ra ted from the grani ti c
metamorph i c  comp l ex of the mai n  mounta i n  mass by a l a rge post-Cretaceous i gneous mass 
known as  the Leatherwood qua rtz dior i te,  which  forms much of the northern marg i n  of the 
comp l ex ( F i g .  1 2 ) ,  

A l l uvi a l  fan depos i ts o f  l a te Tertia ry to Recent age enci rc l e  the mounta i ns .  O l der 
Tert iary a l l uv ia l  deposi ts are found in p l aces, as near the southern a nd western base of the 
Ri ncon Mounta i ns, a nd in scattered outcrops near the southern base of the Santa Cata l i na 
Mounta i ns ,  These o l de r  Tert iary a l l uvia l depos i ts ,  genera l l y  red si l tstones ,  sandstones a nd 
cong l omerates ,  under l i e  the younger grave l s wi th a ngu la r  unconformi ty ,  The o l der  deposi ts 
a ppear to be unre l ated to present physiographic features, and a re d i sp la ced by l a te faul ts 
which  are genet i ca l l y  re lated to the upl i ft of the Santa Cata l i na Mounta i ns ,  The a ge of 
the o l der  deposi ts is uncerta i n ,  but they a re at  l east ear l y  PI iocene a nd probab l y a re pre
P l iocene i n  age . 

The structure of the Santa Cata l i na Mounta i ns i s  comp l ex .  The southern marg i n  of the 
range and the western margin of the Ri ncon Mounta i ns a re out l i ned by the trace of a thrust 
fau l t  (Moore , et a l . ,  1 949, pp . 1 6- 1 7) .  A l ong the southern face of the Santa Cata l i na 
Mounta i ns theTaUl t d i ps 1 50 to 400 to the south, and the ear l i e r  Tert iary a l l uvia l  deposi ts 
a re t hrust over gneisse s .  

A l ong the northwestern end o f  the Santa Cata l i na Mounta i ns i s  a northeast str i k i ng 
high-ang l e  fau l t  whi ch d i ps westwa rd . A northwest-trend i ng ,  southwester l y  d i pping norma l 
fa u l t ,  known l oca l l y  as the Mogul  fau l t  (F i g , 1 2 ), crosses a part of the northeastern s ide 
of the Santa Cata l i na Mounta i ns .  The la test movement a l ong th is  fau l t  d i sp laces the l ate 
Tertia ry to P le i stocene a l l uvia l fan deposi ts borderi ng the northeast f lank of the range , 

Probab l y  l ate i n  the hi story of the a rea , the mounta i ns were fau l ted and b roa d l y  domed 
up to the i r  present l eve l  (Moore , et a l . ,  p ,  1 7) .  The fau l t  a l ong the western base , as we l l  
as  a number of other fau l ts ,  mayh'ave formed a t  this  t ime , 

On physiographi c evi dence W.  M .  Davis ( 1 93 1 ) i nterpreted the l ate structura l h i story 
of the Santa Cata l i na Mounta i ns as i nvo l vi ng an upl i ft a l ong the southern and western margi nSi 
l ater there was an upbendi ng a l ong the northern margi n and depress ion a l ong the southern base , 
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G r a n i t i c - m e t a m o r p h i c c o m p l e x 

Genera I Statement 

The domi nat i ng geo l og i c  feature of the Santa Cata l i na Mounta i ns i s  a comp l ex of gran i tes 
and gnei sses , The gran i tes a re i n  and near the h i gher portions of the mounta i ns and grade 
outwards to t he south, east, and west i nto g ran i ti c gnei sses,  whi ch  in turn grade i nto i n ject ion 
gnei sses in the forera nge , 

The d i vi d ing l i ne between the i n ject ion gne isses a nd the gran i t i c  gnei sses fo l l ows i n  genera l 
the i rregu l ar c ha i n  of basi ns extendi ng from Romero Canyon on the west to Bu l l ock Canyon 
on  the east , and is  para I I  e I to the southern mounta i n front . The l i ne of demarcati on i s  by no 
means a def i n i te boundary,  for there is gradua l  trans it ion from the i n ject ion gne i sses to the 
gran i t i c  gnei sses , 

Deep l y  i nc i sed souther l y  trend ing canyons expose thi ck sections of these i nterest i ng rocks , 
The severa l rock types a re wel l exposed a l ong the fi e l d  tr i p  route whi ch ascends the mounta i ns 
a l ong parts of severa l of these canyons , 

I n jection Gl"lei sses of the Forerange 

The i n jection gne i sses of the forerange inc l ude a vari ety of rocks that have deve l oped 
from an i nti mate and extensi ve i nvasion of an ori gi na l  sch i stose host by emanations of 
gran i t i c  compos i t ion , Numerous a l terna t i ng dark and l i ght co l ored bands representi ng 
respect ive l y  the metamorphosed host and the " i n jected " gran i ti c materia l  a re cha racter i st i c  
o f  t he  forerange gnei sses , The  nature o f  t he  ori g i na l  host i s  obscured by  the fe l dspath izat ion 
that has been imposed on i t ,  The rocks that  have resu l ted from th is  l I i n jection metamorph i sm " 
range from dark s l i ght l y  fe l dspathized argi l l i te ,  phyl l i te , or b iot i te schist conta i ni ng on l y  a 
few sma l l scattered augen of o l i goc l ase i n  the l ess a l tered host , to augen gne i ss i n  more ex
tens ive l y  fe l dspathized host . The augen gnei sses deve l op by i ncrease i n  si ze and number of 
o l i goc lase augen and a coa rsen ing of the b iot it i c groundmass . The more or  l ess dark augen 
gnei sses becom,e I i ghter in co l or with i ncrease in fe l dspar and quartz a nd correspondi ng 
decrease i n  b iot i te , Granoblasti c gnei sses of gran i t ic  composi t ion a re present,  a nd a l ong 
wi th the a ugen gne i ss a re the most abundant and wi despread types in the forerange , In p laces 
one or the other type may predomi nate , The textures of the i n ject ion gne i sses wh i ch range 
from porphyrob lasti c to granob l asti c have been modifi ed by catac lasti c act ion . 

The var ious gnei sses and fe l dspath ized schi sts of the forerange are banded by numerous 
pegmt'Jt i te bod ies , The pegmatites range in s i ze from narrow, i nc ipi ent strea ks, whi ch  
a ppear to  have formed a l ong p lanes of  fo l  iat ion,  to  bod ies 20  or more feet th i  ck , Most of  
the  pegmati tes are si l l - l i ke and  para l l e l  the  fo l iat ion of  the  host rocks, ma inta i n ing  nea r l y  
constant th icknesses over consi derab l  e d i  stances , Others cut across the fo l iat i  o n  of the host 
rock a nd have i rregu la r  shapes; some are ptygmati c in form , 

The m i ne ra l ogy of the pegmat i t ic  bodies i s  si mp l e ;  a l b i te ,  quartz , orthoc l ase , a nd 
o l i goc l ase a re the pri nc ipa l  m ine ra l s ,  Anhedra l to subhedra l orthoc l ase crysta l s, some more 
than 1 2  i nches l ong, a re enc l osed in a f i ner-gra i ned aggregate of qua rtz, o l i goc lase, and 
l oca l l a rge a l b i te crysta l s ,  Myrmekite a nd graphi c i ntergrowths of orthoc lase a nd qua rtz 
occur in p l aces , Garnet and magneti te a re m i nor consti tuents , 

- 53 -



Grani t i c  Gnei sses and Gran i tes of the Ma i n  Range 

North of the d iv id ing l i ne that separates the i n ject ion gnei sses of the forerange and  
the  gran i t i c  gne i sses of  the  mai n  range the  rocks a re not iceab l y  more gran i t i c  i n  compo
s i t ion a nd l i ghter i n col or, pegmati t i c bodi es a re l ess abundant,  and the dark co l ored bands 
characteri sti c of the forerange gneisses a re la rge l y  a bsent , The dom i nant  rock i s  a gran i ti c 
gne i ss , 

The m inera l s of the gran i t i c  gne i sses i nc l ude fe l dspar ,  quartz , b iot i te ,  and m uscovi te ,  
a l ong wi th m i nor accessor i es , Fe l dspar a ugen a re common l y  o f  o l i goc lase a nd orthoc l ase . 
Orthoc l ase loca l l y  rep l aces o l i goc lase augen a l ong c l eavages , There i s  some myrmeki te ,  
a nd garnet i s  a common accessory , The rocks are r i cher i n  muscovite,  poorer i n  b ioti te ,  
a nd apparent l y  somewhat ri cher  in  orthoc l ase than the i n ject ion gne i sses of  the  forera nge . 
The pegmati tes whi c h  make up so l arge a part of the i n ject ion gnei sses a re i nsi gnifi cant  
quant i ta t ive l y  in  the gran i t i c  gnei sses and are th in ,  few bei ng more than  2 feet  th i c k ,  
Most of the pegmati tes a re si l l - l i ke , 

I n  p l aces a l ong and near the crest of the range ,  the gran i t i c  gnei sses grade i nto a l most 
mass ive gran i tes , The term Cata l i na gran i te has been a pp l i ed  to some of these rocks 
(Moore , et a i " 1 949, p,  1 2 ), a nd others are undifferent iated on exi stent maps of the 
comp l ex-.- The gra i n  s ize ra nges from coarse to fi ne , The m i nera l  composi t i on of the 
gran i te is s im i l a r  to tha t  of the gran i t i c  gne i sses ; the essentia l d i fference between them i s  
i n  the i r  re la t ive textures , 

Structure of the Com p l ex 

I n  genera l  the large-sca l e  structures defi ned by the mai n  trends of the fo l iat ion of the 
gnei sses a re broad and ope n ,  Evi dence suggests that the fo l ia tion in part i s  i nheri ted from 
an ori g ina l  fo l iat ion or beddi ng of the host rocks , Al ong the southern front of the Santa 
Cata l i na forerange , the fo l iat ion of the i n ject ion gnei sses i n  genera l d ips at l ow angl es to 
the south , East of Sab ino Canyon these rocks form an ant i c l i ne wi th a northwester l y  trend
i ng ax i s ;  west of Sab ino Canyon,  though in part sti l l  anti c l i na l , the structure is l ess we l l  
known , At the western end of the forera nge, as seen on the northwestern face of Pusch 
Ri dge, the fo l iat ion of the gne i sses outl i nes an  asymmetri ca l  a nti c l i ne wi th a gent l e  south 
I i m b  a nd a steep l  y d i ppi ng to overturned north l imb , This fo l d  can be seen from the Tucson
Ora c l e  Junction h ighway . 

I n  p laces sma l l -sca l e ,  recumbent, i soc l  i na l  fo l ds ,  shown i n  the fo l iat ion of the i n j ect ion 
gnei sses convey the impress ion that pre-metamorph ic  structure of the i nvaded host rocks 
may have been very comp l ex , Pegmati t i c  bodi es in p laces para l l e l  the sma l l -sca l e  fo l ds ,  
but  a l so commo n l y  transect these structures , 

The fo l iat ion of the gran i t i c  gnei sses of the mai n  crest, i n  genera l ,  d i ps at  l ow angl es 
to the north,  para l l e l  to the fo l iat ion of the i nject ion gnei sses of the forerange whi ch a p
pear to pass underneath the gran i t i  c gnei sses , 
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S o m e  p r o b l e m s  o f  t h e  c o m p l e x 

Ori g in  of the Com p l ex 

Severa l d i fferent i nterpretat ions on the or i gi n  of the comp l ex of gne i sses and gran i tes 
have been advanced , Hernon ( 1 932,  p .  62) consi dered the i n j ection gnei sses of the fore
range to have resu l ted from m etasom.:lti c processes . The ear l y  phases of the tra nsformation 
were dom i nated  by sod i c  sol utions whi ch  resu l ted in the production of o l i goc lase-biot i te 
gnei sses from orig ina l  pe l i t i c  hosts . A l ater phase was dom inated by potash-si l i ca so l utions 
whi c h  a l tered part of the o l i goc l ase-biotite gnei sses to pegmati tes . Hernon conc l uded that 
the vari ous pegmat i t ic  bodi es i n  the i n ject ion gnei sses , though i n  part emp laced by 
d i l at ion,  were l a rge l y  the resu l t  of the metasomat ic  processes . 

Moore, et a l . ,  ( 1 949, p .  1 3 ) state that " i n  the advanced stages (of rep l acement)  the 
gne i ss ,  i rrespecti ve of the character of the ori g ina l  rock ,  tends to consi st domi na nt l y  of 
fe l dspar ,  quartz , and m ica ,  I I and state ( 1 949, p .  1 6 ) that the variety of gne i ss i c  rocks is 
I Ithought to have been produced through the permeation  of strat if ied rocks of d i fferent k inds 
by gran i t ic  materia l .  I I  Thus it has been i nt imated that the gran i t i c  gne i sses may represent 
a more advanced stage in gra ni t izat ion of the i n j ection gne i sses . To l man ( Hernon,  1 932,  
p .  1 2), however , has  i nterpreted the more homogeneous gran i t i c  gneisses of  the mai n  
range as a l acco l i th ic  mass of sheared gran i te . 

Age of the Comp l ex 

The age of the i n jection metamorphism of the rocks of the Santa Cata l i na Mounta i ns 
i s  not defi n i te l y  known . B l ake ( 1 908b , p .  47) assumed a n  o l der Precambrian a ge for the 
gnei ss i c  rocks . To l man (Ransome, 1 9 1 6, pp . 1 44- 1 45 )  i nterpreted the age of the gran i tes 
and the surround i ng be l t of rocks , whi c h he cons i dered as  formed by i ntense " contact  meta
morphi sm ll , as  post-Carboniferous . Hernon ( 1 932,  p .  25 ) thi nks the possibi l i ty of an  age 
younger than Precambria n  i s  worthy of recogni t ion, a nd Moore , et a l . ,  ( 1 949, p .  1 2) 
i nd i cate the age as  post-Cretaceous or ear l y  Tertia ry and state that the vari ous gran i ti c  and  
gnei ssi c rocks cut and grade i nto rocks as  young as  a dac i te that i s  regarded as  Tert iary i n  
age . Unti l further studies are made the re lat ive ages of the various gran i tes of the Santa 
Cata l i nas  and re la ted metamorph i c  rocks must be regarded as uncerta i n ,  

Age of the Host Rocks 

Another prob l em posed by the metamorphi c comp l ex i s  the age a nd nature of the 
orig i na l  host rocks . The transi tion from gran i te to i njection gne i ss i s  c l ea r l y  exposed , but 
the trans it ion from i n jection gne i ss to an  orig i na l  host that can be corre l ated with rocks of 
known age is nowhere defi n i te l y  exposed . At a few p laces ,  as  2 m i l es southeast of t he 
Madrona Ranger Stat ion (F i g .  1 2 ), s l i ght l y  fe l dspathized phyl l i tes outcrop; but exposures 
are l i m i ted and the rocks have not been corre l a ted with a ny rocks of known age . A few 
narrow qua rtzi te re l i cts a re found loca l l y  i n  the i n ject ion gnei sses of the forera nge . These 
re l i cts suggest that the ori g i na l  host was composed ,  in part at l east, of sedi m,e ntary rocks . 
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E C O NOMIC GEOLOGY-AJ O P ORPHYRY CO PPE R  

T R I P  4 
Thursday ,  Apr i l l 0 ,  1 952 

Lea ders : Staff , New Corne l ia Mine . 
Dri v ing Distance : Tucson to Ajo , 1 34 mi l es ,  

Genera l Sta tement 

The excurs ion to Ajo is  by bus , therefore a road l og i s  not i nc l uded ; i nstead ,  str i p  ma ps 
( F i g , 1 3 )  showi ng genera l geo l ogy a l ong the route are furni shed . By noti ng l andmarks 
shown on the maps ,  the excurs ionist wi I I  be ab l e  to ori ent himse l f ,  

The Tucson-Ajo region i $  a part of the Sonoran Desert subdi vis ion of the Basi n  a nd Range 
Prov i nce . Here i t  i s  characteri zed by re la t ive l y  narrow, sharp l y  eroded mounta i n  ranges 
of north-northwest trend a l ternati ng wi th broad detr i ta l -f l oored p l a i ns or va l l eys . As i n
terpreted ,  the ranges represent ti I ted fau l  t b l ocks or horsts , the i nterna I structure of whi ch 
is  l oca l l y  comp l i ca ted by fo l di ng ,  thrust fau l ti ng ,  and by Tert iary,  Laramide and ear l i er 
i gneous i ntrus ions . 

Of par t icu la r  geo l og i c  i nterest a re the fo l l owi ng features . The Tucson Mounta i ns 
immediate l y  west of Tucson , a re a Bas i n  and Range mounta i n  type, and are descr ibed by 
Bryant in th is  guidebook (see fi e l d tri p 2). The northern porti on of the S ierri ta Mounta i ns ,  
1 0  m i l es south of the route , consi sts of Pa l eozo ic  a nd Cretaceous rocks i ntruded by gran i te 
wh ich  forms the h igh mass and the s l op i ng pedi ment . On the eastern f lank of the S i er r i tas 
i s  the San Xavier z i nc- l ead m i ne .  

The A l tar-Avra Va l l ey,  west of the Tucson Mounta i ns ,  i s  a broad a l l uv ium-fi l i ed basi n 
typi ca l of the Sonoran Desert . The Roskruge Mounta i ns are composed of Tertia ry-Creta ceous 
vo l can i c  rocks, and a re presumab l y  separated' by a fau l t  of great magni tude from the 
Coyote-Q ui n la n-Baboqui vari Mounta i ns to the southwest . The northern porti on of t he 
la tter mounta i n  group consists of grani tes; wi thi n the gran i te a rea are sma l l  outcrops of 
Pa l eozoi c sediments . Baboqu ivari Peak (a l ti tude 7, 730 feet) ,  a vo l can i c  p l ug vis i b l e  from 
the Avra Va l l ey a nd from the vi c in i ty of Se l l s ,  i s  a prom i nent l andmark to the south of 
the Q ui n la n  Mounta i ns ,  

The Comoba bi Mounta i ns consi sts of metamorphi c rocks rangi ng from Precambria n  to 
Tert ia ry i n  age , i ntruded by gran i te and over la i n by Tertiary-Cretaceous vo l can i cs , The 
Artesia , Cobabi , Q ui jotoa , Pozo Redondo, a nd Ajo Mounta i ns a re composed brief l y  of 
Tert iary-Cretaceous volcan ics ;  the volcan ics of the Artesia Mounta i ns ,  immediate l y  south 
of Se l l s ,  a re under l a i n  by schist;  Tertiary-Cretaceous in trusi ves are preva l ent in the Coba bi 
a nd Qui jotoa Mounta i ns ,  The Cobabi Mounta i ns are the s i te of recent expl oratory d r i l l i ng 
for l ow-grade copper deposi ts . The Q ui jotoa area , i n  the ear l y  days , was the scene of 
extensi ve sma l l -sca l e  go l d  p l acer ing operat ions , 

The S ierra B la nca i s  composed of gra ni te ,  schist ,  a nd metamorphosed Pa l eozoi c I i me
stone . The Guns ight Hi l i s are chief l y  of gran i te ,  l oca l l y  ove r l a i n  by Tertiary-Creta ceous 
vol can i cs 1 
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GEOLOGY OF T H E  NEW CORNEL IA M I NE, AJO, ARI Z O NA 

(Abstracted from James Gi l l u l y ,  The Ajo Min i ng Di stri ct, Ari zona : 
U . S .  Geo l ogi ca l  Survey, Prof . Paper 209, 1 946 . ) 

I ntroduction 

Ajo i s  l ocated i n  the Sonoran Desert i n  Arizona , with ar id c l i mate and l ow humid i ty .  
A great vari ety of rocks rangi ng from Precambrian to Recent i n  age are exposed i n  the Ajo 
1 5-mi nute quadrang l e .  The New Corne l ia m i ne,  operated by Phe l ps Dodge Corporation, 
i s  in a porphyry copper type of depos i t .  For the purposes of this gui debook, onl y the 
geol ogy of the pi t and adjacent area wi l l  be descri bed . 

Geo logy 

Three mai n  formations are exposed in the pi t :  1 )  the Concentrator vo l cani cs of 
Cretaceous (? ) age; 2) Corne l i a  quartz monzoni te of Tertiary ( ? ) age; 3 )  Locomotive 
fang l omerate of m idd l e  (? ) Tertiary age (Fig .  1 4) .  

T c m  

C o r n e l i a  

q u a r tz 

m o n z o n i t e  

T l f  

A l l u v i u m  

Q a l  

" . t11 0 ' . v .·· · 0 . I] . ' . ' 
..
. 

Q a l  • • . •  Q • " • • •• ' '1 . -.. 

O N E  M I L E  

T l f  

L o c o m o t i v e  
f a n g l o m e rate 

N 

F I G UR E  1 4  - G e o l o g i c  m op of N e w  C o r n e l i a  Mine ( a f t e r  Gi l l u l y ) . 

The Concentrator vo l cani cs i n c l ude ch ief l y rhyo l i ti c  and andesi ti c pyroc l ast i c  rocks 
a nd f lows that have been a l bi ti zed to keratophyres a nd quartz keratophyres . Some of the 
quartz is primary phenocrysti c quartz , but much may have been i ntroduced by later 
hydrotherma l so l utions . I n  the v ic i n i ty of the pit,  roc k  a l teration is suffi c i ent l y  i ntense 
to mask the ori g ina l  cha ra cters of the rocks . The co lors of the Concentrator vo l cani cs 
range from whi te to l i ght gray to red a nd brown . 
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The Concentrator vo l can ics are i ntruded by the stock of Corne l ia q uartz monzoni te 
wh ich  makes up the hi gher part of the L i tt l e  Ajo Mounta i ns .  A sma l l  offshoot to the east ,  
probab l y the d i sp laced apex of  th i s  stock ,  conta i ns the  ore depos i t  of  the  New Corne l ia 
m i ne , A q uartz d ior i t i c  border fac ies i s  present a l ong the eastern and southwestern margi n  
of the pi t ,  where i t  i s  i ntrus i ve i nto the Concentrator vo l can ics .  Coarse orthoc lase i s  
common i n  the quartz monzoni te , a nd the defi n i te assoc iat ion wi th pegmatite vei n s  suggests 
that the corase orthoc l ase formed la te in the magmati c h i story . 

The Locomotive fang l omera te i s  exposed in  the south wa l l  of the New Corne l ia p i t 
where i t  rests on an  i rregu lar  erosiona l surface carved from the Concentrator vo l cani  cs a nd 
Corne l  ia  quartz monzon i te . The fang l omerate I S  composed of materi a l s  that are extreme l y  
vari ab l e  i n  composi t ion a nd s ize . Sorti ng i s  poor; bou l ders rest i n  a matr i x of cobb l es ,  
pebb l es and s i l t ,  Th ick  beddi ng i s  characteri sti c .  The  atti tude of  the  beds i s  eas i l y  
recognized i n  the south wa l l  of the pi t i' the fang l omerate stri kes easter l y  and d i ps stee p l y  
to the south . 

The northeast marg in  of the L i tt l e  Ajo Mounta i ns i s  bounded by a fau l t  ( F ig . 1 4), a nd 
m uch  of the trace of the fau l t  i s  buri ed by a l l uv ium . The d i sp l acement on thi s fau l t may 
exceed 1 0, 000 feet ;  the ent i re mounta i n  b l ock has been e l evated a nd steep l y ti l ted a bout 
500 southward from th is  fau l t ,  Movement a l ong the fau l t  i s  younger than the Locomoti ve 
fang l omerate , and the steep d i ps of the fang l omerate a l ong the south wa l l  of the p i t a re 
a n  express ion of the south ti l t .  

New Corne l ia Ore Body 

Genera l Character 

The New Corne l ia m i ne expl oi ts a l arge body of d i ssem i na ted copper ore by open-cut 
methods . Most of the ore i s  i n  the norma l Corne l ia quartz monzonite,  but some is  con
ta i ned  in the d iori ti c border fa ci es a nd Concentra tor vo l can i cs , The ore body was formed 
prior to the deposi t ion of  the  Locomoti ve fang l omera te , The  shape of  the  ore body i s  
rough l y  e l l i pti ca l , trending north-northwest, a nd i s  wel l out l i ned by  the pi t ,  

The primary ore cons ists ch ief l y of cha l copyri te with some born i te and a l i tt l e  pyri te , 
The gangue consi sts of quartz a nd orthoc lase , a nd the su l fi des are di stri buted i n  vei n l e ts 
a nd d i screte gra i ns through the a l tered quartz monzon i te . The rock i s  so h igh l y im pregnated 
with orthoc lase as to be prac ti ca l l y pegmatized a l ong two mai n  north-northwest trendi ng 
zones ; the ri chest ore accompan ies th i s  most i ntense l y a l tered rock . Ch l or i te and seri c i te 
that have rep laced p l agioc lase are wi despread ,  but the rock conta i ns so much orthoc lase 
and quartz that i t  i s  hard a nd resemb l es fresh rock physi ca l l y ,  contrasti ng marked l y  wi th 
the soft , cha l ky-appear i ng ores of most porphyry copper deposi ts . 

Fracturi ng of the Corne l ia quartz monzonite i n  the New Corne l ia ore body was extreme l y  
i nt imate . Attempts to work out a systemati c arrangement of the fracture pattern were 
frui t l ess . For the most part,  the rock i s  " crack led"  ra ther than  sheared , The crack l i ng or 
brecciat ion whi ch affects the quartz monzonite and adjacent Concentrator vo l can i cs cover 
on l y  a sma l l  a rea , a nd m ust have had a h igh l y  l oca l i zed source , 
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Sequence of Mi nera l i zat ion 

Whatever the cause of brecciat ion ,  i t  conti nued through much of the period of mi nera l 
i zat ion , So l utions penetrat ing the brecc iated  ground depos i ted a l ong series of mi nera l s ,  
part l y  by rep lacement of monzoni te and part l y  by fi l l i ng i n  fractures , The ear l i est phase 
was the i ntroduction of pegmat i te of rep lacement ori gi n .  The pegmati te consi sts of very 
coarse m i croc i i ne ,  subordi na te orthoc l ase , q uartz , bioti te , a nd much ch l orite , The 
pegmat i te b l e nds at i ts contacts with the host monzon i te . The area of coarse pegmati 
zation i s  centra l to a la rge area where the groundmass of the monzoni te i s  la rge l y  rep l aced 
by  fi ne-gra i ned  p ink  orthoc l ase , S i l i c i fi cat ion of the quartz monzoni te is i n tense near the 
pegmati te . The ori g ina l  mafi c m i nera l s  i n  the q uartz monzoni te have l arge l y  a l tered to 
ch lor i te , 

Magneti te c l ose l y  fo l l owed the pegmatizat ion and was l oca l i zed near the pegmati tes . 
Su l fi des bega n to form after magneti te ,  a nd pyr i te i s  the o l dest of the su l fi des , Cha l co
pyri te appears to have begun to form before born i te ,  but th is  i s  not certa i n .  Where pyri te ,  
cha l copyri te ,  and  born i te occur together , i t  seems that the cha l copyri te i s  o l der than the 
born i te in  i ts rep lac i ng re l a ti ons to  pyri te , 

A lb i t izat ion i s  essentia l l y comp l ete i n  the area of the ore body ,  both i n  the pegmat ized 
a reas as we l l  as a round them , Ser i c i t i zat ion tends to be l ess conspi cuous i n  the pegmat ized 
zones, perhaps because of the domi na nce of potash fel dspar over the more susce pti b l e  p l ag i -
0c �ase ' However, seri c i te i s  present nea r l y  everywhere . Seri c i te conti nued la te i n  the 
m i nera l i z i ng epoch for it  vei ns cha l copyr i te and proba b l y  rep laces ch lor i te . 

Oxidat ion a nd Enri chment 

Oxidat ion of the primary su l fide ore has produced two contrasti ng products . The oxi 
dati on that occurred duri ng Recent geo l ogi c t i  me produced carbonate ore a bove the ground
water tab l e ;  the carbonate ore passed di rect l y  i nto pri mary su l fi de at dept h .  This carbona te 
ore covered m uch of the orig ina l  exposures of the ore body and was successfu l l y trea ted 
by l each ing,  starti ng in 1 9 1 5 ,  and has l ong been mi ned out , As pri mary su l f ide ore was 
exposed ,  i t  was m i ned for the concentrator ; thus no str ippi ng of l eached capping was needed 
before l arge sca l e  m in i ng of su l f ide ore , The grade of the carbonate ore was essentia l l y 
i dent ica l w i th that of the under l yi ng su l fi de ore , proving tha t  the carbonate ore was 
devel oped by oxidat ion of the su l fi de ore essentia l l y i n  p l ace ,  and that oxi da tion was 
re la ted to the Recent erosion surfa ce , There was pra cti ca l l y no tendency toward the 
formation of a supergene enr ichment zone such as compri ses much of the commerci a l  o re 
of most d i ssemi nated copper depos i ts ,  

I n sharp contrast, beneath the Locomotive fang l omerate to the south of the pi t ,  there 
i s  a zone of l eached ca pping a bove a b lanket of cha l coc i te ore . The cha l coc i te b l anket 
a nd l eached zone d i p  steep l y  south , essentia l l y  para l l e l  to the base of the Locomoti ve 
fang lomera te ,  provi ng tha t  the l eachi ng and enri chment occurred prior to the deposi t ion 
of the Locomoti ve fang lomerate a nd subseq uent southward ti l ti ng ,  The cha l coci te ore 
l oca l l y conta i ns as much as 1 0  percent of copper, a nd furnished most of the shi ppi ng ore 
i n  the ear l y  periods of m ini ng , The top of th is  cha l coc i te zone i n  p l aces is 450 feet be l ow 
the base of the Locomotive fang l omera te ,  a nd e l sewhere was exposed at  the surface  pri or 
to the depos i t ion of the fangl omerate , Some oxide copper i s  present in the l ea ched zone ,  
most l y  nat i ve copper o r  cupri te ; carbonate m i nera l s  are subordi nate . 
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Whether the factors tha t  determi ned the marked d i fferences i n  weatheri ng of the o re 
body i n  pre-Locomoti ve and i n  Recent ti me were ma i n l y  c l i mati c or mi nera l og ic  is not 
known . I f  the mater ia l weathered and eroded in Recent t ime , c l i mat i c d i fferences wou l d  
provide the answer . But a s  most of the pre- Locomotive topogra phy a nd much of the ore 
body have been removed by erosion,  it cannot be shown tha t  the pri mary m i nera l izat ion  
was un i form , 

The a pparent loca l i za t ion of notab l e  l each ing and supergene enr i  chment i n  the Recent 
cyc l e  i n  the a rea where pyr i te is re la t ive l y  more abundant  suggests that the proport ion  of 
pyri te may be the contro l l i ng factor , This corresponds with the genera l experi ence i n  
other a reas a nd wi th experi menta l work  as i t  i s  common l y  i nterpreted , I f  th i s  hypothesis  
i s  a dopted , one must conc l ude tha t  proportiona l l y  more pyri te was present i n  the rocks 
where the pre-Locomotive enr i chment took p lace a l ong the south margi n of the pi t ,  
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STRAT I GRAPHY, STRUCTURE , A N D  E C O NOM IC GEOL O GY TYP I CAL OF 
S O UT H E R N  ARI Z O NA 

T R I P  5 ,  ROAD L OG 
Fi rst Day--Sunday,  Apri I 1 3 ,  1 952  

Leaders : H .  J .  Stee l e ,  G.  A .  Ki ersch , O.  M.  C lark,  Jr " E .  D ,  Wi l son 
and J .  W, Harshbarger 

Drivi ng Di stance : 1 45 mi l es ,  Logged d i stance : 1 37 , 3  mi l es ,  

Genera l Statement 

This  tri p begi ns at  Tucson in the Santa Cruz va l l ey,  fo l l ows a l ong the western and 
northern edges of the Santa Cata l i na Mounta i ns and enters the San Pedro dra i nage basi n  
near Ora c l e ,  The route traverses the San Pedro and G i l a  va l l eys to Ke l vi n ,  then fo l l ows 
the va I I  ey of Mi nera I Creek, a l ong the southwestern base of the Dri ppi ng Spri ng Mounta i ns ,  
to Ray ,  West of Ray the route crosses a spur of the Torti l l a range ,  beyond whi ch i t  para l l e l s  
a westward fac i ng escarpment to Superior , I t  then swi ngs eastward and crosses the mounta i ns 
to Miami  and Globe . 

The party wi l l  observe ( 1 ) typi ca l outcrops of Precambrian ,  Pa l eozo i c ,  Tertiary, and 
Quaternary rocks of the region;  (2) fau l ti ng and fo l di ng ,  parti cu lar ly  that  of Laramide to 
post- Pl i ocene age ; (3 ) typi ca l Basi n-Range physiography ; and (4) the geo l og ic  setti ng of 
three of the ma i or m i ning di stri cts of southern Ari zona . There wi I I  be fi ve stops . Stop 1 
i s  a t  the new San Manuel copper prospect,  where a brief discuss ion of the geo l og i c  features 
of the ore body wi l l  be g iven . Stop 2, west of Hayden,  wi l l  be to observe strati gra phy and 
structure typi ca l of the area between Wi nke l man and Ray ,  Stop 3 i s  to v iew the geo l ogy 
of the Ray open pit  and the regiona l  setti ng of thi s m inera l distri ct . Stop 4, near Wa l nut 
Creek,  is an area of thrust fau l ti ng and Tert iary i gneous a ctivi ty . At Superior , Stop 5 ,  
strati graphi c uni ts and structure typi ca l of the area wi I I  b e  vi ewed , and a di scussion of 
some of the probl ems of the Magma m i ne wi l l  be presented . 

0 , 0  0 . 0  Intersection of U , S .  H ighway 80 & 89 (Stone Avenue ) with Speedway B l vd .  
Fo l l ow H ighway 80 & 89 northward . 

0 , 2  0 . 2  TURN LEFT ,  fo l l ow H ighway 80 & 89 , Di rect l y  ahead are the Tucson 
Mountai ns (Brown , 1 939 ) .  At 1 0  o ' c l ock are Tumamoc h i l l  and "A " 
Mounta i n  (Senti ne l  Pea k )  composed of Quaternary or late Tertiary , f lat
l y i ng basa l ts .  At 1 o ' c l ock is Amol e  Mountai n ,  a lat i t i c i ntrus ive of post
Creta ceous age . Between Tumamoc hi l l  and Amo l e  Mounta i n  are t i l ted 
Tertiary rhyo l i te and andesi te f l ows, which  i nc l ude tuff beds . At 2 o ' c l oc k ,  
near the north end of the range , i s  Safford Peak ,  a vo l can i c  neck of da c i te . 
Many of the l ow out l y ing hi l l s a l ong the east front of the range are k l i ppen 
of Pa l eozoi c l imestone , most l y  of Permian age . For a di scussion of the 
Tucson Mounta i ns see the paper by D ,  L, Bryant,  " Pa l eozoi c and Cretaceous 
Strati graphy of the Tucson Mounta i ns " ,  i n  this  gui debook . 

0 . 3  0 , 5  Fol l ow right on Highway 80 & 89 . 

- 63 -



1 , 5 2 , 0  Intersection of State Hi ghway 84 wi th U , S ,  H i ghway 80 and 89 , Conti nue 
stra ight ahead on route 80 & 89 , 

0 , 3  2 , 3  At 1 -2 o ' c l ock are the Santa Cata l i na Mounta i ns ,  These mounta i ns form 
a tria ngu lar  b l ock  rough l y  twenty m i l es on each s ide , They are bounded 
on the northeast by a l ong ba jada (a l l uvia l  s l ope ) to the va l l ey of the San 
Pedro r iver and on the east by the San Pedro va l l ey , A thrust fau l t  i s  
exposed a l ong the southern base of the mounta i ns ,  The Santa Cata l i na 
Mounta i ns are bel i eved to have been fau l ted and up l i fted i n  Tert iary t ime , 

2 , 1 4 , 4  Ri l l i to Creek Bri dge , 

0 , 2 4 , 6  Va I l ey fi I I  grave l s  i n  road cuts are part of the di ssected a l l uvia I fans whi ch  

2 , 4  

0 , 6  

2 . 7  

1 , 5 

1 , 8  

0 , 3  

are l oca l l y referred to a s  the " Cata l i na Footh i l l s " , 

7 .  ° Note on the western end of the "Cata I i nas " ,  the gnei ssi c structure of the 
rocks di pping toward the Tucson va l l ey , 

7 , 6  At 1 1  o ' c l ock  are the Torti I I  i ta Mounta i ns ,  composed essentia l l y of Ora c l e  
(? ) grani te ,  schist and gneiss corre lated with the gneisses of the Santa 
Cata l i na Mounta i ns ,  remnants of Pa l eozoi c  l i mestone, and Creta ceous and 
Tertiary vo l can i cs , The Torti l l i ta Mounta i ns apparent l y  are formed as a 
b lock upthrown with respect to the northwest part of the Santa Cata l i na Mts , 

1 0 , 3  Approximate point of i ntersecti on of two major fau l ts ,  The southern fau l t  
bounds the Tucson va l l ey s ide ,  and the northeastward trendi ng fa u l t  bounds 
the west s ide of the Santa Cata l i na Mounta i ns ,  

1 1 , 8 At 1 o 'c l ock  i s  Pusch Ridge, the western-most part of the "Cata l i nas . II  An 
asymmetri ca l anti c l i ne i s  we l l  exposed a l ong the northern s ide of Pusch 
Ridge where one l i mb di ps steepl y northward, and the other l i mb di ps 
gent l y  southward , Examples of l arge sca l e  exfo l i ation of gnei ssi c rock  
are abundant . 

1 3 , 6 Canada de l Oro ( "Canyon of Go l d " )  bri dge . The setti ng for Haro l d  Be l l  
Wright 's nove l , l i Mine with the I ron Door " i s  near the headwaters of the 
Canada del Oro , Promotion schemes for l arge sca l e  gol d  p lacer operations 
a l ong the Canada have been attempted,  but l i t t le  actua l  p lacering was 
ever accom p l i shed , At 2 o ' c l ock i s  Mount Lemmon (9 1 50 feet ), wi nter 
sports and summer recreation area for southern Arizonians , 

1 3 , 9  At 9 0 ' c l ock ,  note the three l eve l s  of a l l uv ia l  fans at the base of mounta i ns .  
Terraces, carved i n  the fans , exposi ng cross-sections for study , The highest 
fans are the youngest , 

2 , 5  1 6 , 4  At 3 o ' c l ock i s  the Canada de l Oro section of the Santa Cata l i na Mounta i ns .  
Fo l di ng exhi b i ted i n  gnei ss on the l eft s ide of the canyon . Eastward from 
the canyon gne i ss grades in to gran i te of post- Pa l eozoi c  age , 
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0 , 2  1 6 , 6  At 1 o ' c l ock i s  a northwesterl y-trendi ng spur of the Santa Cata I i na Mounta i ns , 
The contact between the Precambr ian Orac le  grani te on the north and the 
gnei ssi c granite on the south rough l y para l l e l s  the canyon l ocated on the 
north si de of the r i  dge , 

0 , 2  1 6 , 8  P I CTURE PO I NT .  F ig , 1 6 ,  

0 , 4  1 7 , 2  At 9 o ' c l ock are the Torti l l i ta Mounta i ns ,  

0 , 5  1 7 , 7  At 1 2  o 'c l ock are high- l eve l deposi t iona l  terraces of P le i stocene-Recent 
grave l s ,  

1 , 6 1 9 , 3  At 3 o 'c l ock note bandi ng of the metamorphi c  rocks , 

2 , 0  2 1 , 3  At 1 2  o ' c l ock are the Tort i l l a Mounta i ns ,  The caravan route c i rc l es the 
east s ide of the mounta i ns and crosses the range at a poi nt west of Ray , 

2 , 5  23 , 8  Ora c l e  Junct ion,  i ntersection U , S ,  Hi ghway 80 & 89 with State Highway 
77 . TURN RI G HT and fo l l ow route 77 , 

3 , 2  27 , 0  At 9 o ' c l ock are the Torti l l a Mounta i ns .  

1 , 1  28 , 1  At 1 o ' c l ock i s  Samani ego Ri dge , (See Fi g ,  1 2 ) ,  Canada del  Oro heads 

1 , 6 

1 , 4 

0 , 6  

o n  the western s l ope of thi s  ri dge . Eastward l i es Ora c l e  Ri dge ; i t  h ighest 
poi nt, Marb l e  Peak ,  is ca pped by Carboni ferous rocks , 

29 , 7  At 1 o ' c l ock  on the sky l i ne i s  a l ow ri dge composed of Ora c l e  gran i te . The 
town of Ora c l e  is s i tuated near the sadd l e  on the north end , The Mogul  
fau l t ,  a ma jor structure of the northern Santa Cata l i nas, traverses the ri dge 
3 mi l es southward from Orac l e ,  Precambrian,  Pa l eozoi c,  and Cretaceous 
rocks crop out south of the Mogu l  fa u l t ,  Ora c l e  grani te on the north , 

3 1 , 1  At 1 0  o ' c l ock  are the Pi na l Mounta i ns ,  

3 1 , 7  At 3 o ' c l ock i s the head of Canada de l Oro, a beheaded stream that formerl y 
dra i ned eastward to the San Pedro Ri ver as a tributary of Tucson Wash . After 
up l i ft duri ng the Tertiary ,  a tributary of the Santa Cruz River worked east
ward and ca ptured the Canada del Oro ,  d iverti ng i ts f low westward i nto 
Ri l l i to Cree k ,  Near the northern edge of the mounta i ns ,  the stream f low 
changes abrupt l y  from a northeastward to a westward d i rection , 

0 , 5  3 2 , 2 At 2 o ' c l ock i s  a pedi ment deve l oped on the Ora c l e  gran i te , 

0 , 7  3 2 , 9  The bou l der- l i ke masses are of Ora c l e  gran i te , 

2 , 4  35 , 3  Orac l e ,  Ari zona , e l evat ion 4, 470 feet,  a summer resort and center for 
many dude ranches , Many examp les of gra ni te weatheri ng under a sem i
ari d environment are seen , 

0 , 3  35 , 6  TURN LEFT,  fo l l ow pavement and sta te route 77 , 
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0 , 6 36 , 2  At 1 2  o ' c l ock are the Ga l i uro Mounta i ns of mesa- l i ke outl i ne ,  The upper 
portion consi sts mai n l y  of Tertiary lava f lows , tuff , ash, and congl omerate 
that  d ip  gent l y  eastward ;  under l yi ng Pa l eozoi c and Precambrian Apache 
group rocks have been l oca l l y  i nvaded by ac id  i ntrus ives ( Darton,  1 925 ) ,  
San Pedro va I I  e y  i s  i n  foreground , 

0 . 4  36 , 6  Road cut on Ora c l e  gran i te , Tourma l i ne-beari ng ap l i te di kes cut the gran i te . 
At 1 2  o ' c l ock,  Stan l ey Butte i s  i n  the for di stance . I t  i s  a rhyo l i te porphyry 
mass north of the Ariva i pa m i ning distr i ct ,  

0 , 6  37 , 2  Catt l eguard , 

0 . 5  37 . 1  At 1 1  o ' c l ock  the l i ght-col ored outcrop i s  a n  ap l i ti c  di ke , 

0 , 2 37 . 9  Severa l ap l i te di kes are exposed i n  road cuts , 

0 , 6  3 8 , 5 Cattl eguard . Note the contact between Ora c l e  gran i te and over l y i ng 
gran i ti c a l l uvi um . B .  S .  But l er has suggested that two ages of a l l uvi um 
are present in th i s  area . The o l der grani t i c  a l l uvi um i s  composed essentia l l y 
of Ora c l e  gran i te fragments , The younger a l l uv ium consists of lava debr i s ,  
wi th on ly  m i nor amounts of  granit i c materia l . North and west of  the San 
Manue l prospect in the B l ack Hi l l s ,  Tertiary lavas are under la in  by grani t i c  
a l l uv i um and over l a i n  by vo l cani c debri s ,  The under l yi ng grani t i c a l l uvi um 
appears to be equ iva l ent to the Whi teta i  I cong l omera te of the Superior-Ray 
area ( Ransome,  1 903 ), and  the younger vo l cani c debri s i s  the equ iva l ent 
of the Gi la  cong l omerate ( Gi l bert, 1 875 ) .  Tert iary lavas are absent a l ong 
the route (State Hi ghway 77) , Both the o l der gran i ti c a l l uv i um (Wh i teta i l  
equi va l ent)  and the over ly ing Gi 1 0  cong l omerate are exposed i n  road cuts . 

O J  39 , 2  Road cuts are i n  grani t i c  a l l uvi um , Road cuts with i n  the next ha l f-mi l e  
expose the Gi 1 0  congl omerate , Many of the p lants of this  area , parti cu la r ly  
the Ca l i fornia poppy, have been studi ed for trace e l ements (Loveri ng , e t  a i " 
1 950) ,  

0 . 4  39 , 6  At 1 1  o ' c l ock , the dark-sta i ned area i s  the southernmost part of the B lack  
Hi l l s ,  These h i l l s cons i st of Orac l e gran i te and  sedimentary rocks of the 
Apa che group i n  the northern part ; Tertiary vo l can ics form the southern 
part . 

0 . 2 39 . 8  At 1 1  : 30 o ' c l ock  i s  the No . 1 shaft of the San Manue l prospect . 

0 . 1 39 , 9  At 1 2 : 30 o ' c l ock  are the di ssected fans a l ong the va l l ey f l oor of the San 
Pedro ri ver . 

1 . 2 41 , 1  Catt l eguard . Gi la  cong l omerate i n  road cuts , 

0 . 1 41 . 2  Gi la  cong lomerate ,  i n  road cuts , i s  disp la ced by fau l ts .  

0 . 3  4 1  , 5  Andesi te porphyry di kes are exposed i n road cut . 
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F I GURE 1 6 .  - NORT HWEST FACE OF THE  SANTA CATAL I NA MOU NTAI NS . Looki ng east 
from m i l e  1 6 . 8  Rugged r i dge i n  m iddl eground is between Romero and M:mtrose 
Canyons (F i g .  1 2) .  T imbered area on l eft is Samaniego Ri dge composed of Pre
cambrian Ora c l e  gran i te . Rugged ri dge and peak on r ight are composed of 
gne i ss . There is a ma jor fau l t  a l ong the base of the mounta i n  front . 

F I GURE 1 7 . - GAL I URO MOU NTAI NS , LOO K I N G  N ORTHEAST F ROM VIC I N I TY OF SA N 
MAN UE L .  Pi cture from m i l e  48 . 1 .  The Ga l i uro mounta ins are composed of 
gra ni tes and Apache group sedi ments capped by a thi ck  succession of 
Cretaceous and Tertiary lavas . San Pedro Va l l ey i n  foreground .  

F I GURE 1 8 . - D I S S ECTED PLAYA DEPOS I TS I N  SA N PE DRO VAL LEY. View east from m i l e  
48 . 1 .  The p laya deposi ts,  i n  the foreground are gypsi ferous and diatomaceous 
beds of P l i ocene and Pl e istocene age . I n  background is l ava-capped , southern 
extension of G:l l i uro Mounta i ns .  
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0 , 2  4 1 . 7  Di rt road to I eft , keep on pavement . 

0 , 2  4 1 . 9  I ntersection of State H ighway 77 and road to San Nla nue l property . Turn 
l eft off pavement , 

0 , 5  42 , 4  Ti l ted beds of Gi l a  cong l omerate are we l l  exposed i n  road cut . 

0 , 4  42 , 8  At 1 2  o ' c l ock i s  Red Hi l l ,  a strong l y  pyr i ti zed , fi ne-gra i ned si l i ceous 
i ntrus ive . In foreground is Shaft No . 1 ,  San Manue l  prospect .  

0 . 2  43 . 0  At 1 1  o ' c l ock,  Tucson Wash , a ma jor dra i nage cha nne l  of the area . At 1 2  
o ' c l ock i s  Shaft No , 2, San Manuel prospect . 

1 , 1  44 , 1  Road j unction, just short of No , 1 Shaft, TURN R I G HT .  

0 , 6  44 . 7 TURN S HARP LEFT i n  wash ,  

0 . 2  44 , 9  Road to I eft , KE E P  STRAI  G HT AHEAD , 

0 . 05 44 , 95 T U R N  S HARP LEFT at  road junction , 

0 . 1 5  45 , 1 Three-way junction , KE E P  STRAI G HT AHEAD , 

0 , 05 45 , 1 5 STOP 1 (40 mi nutes ) ,  Wa l k  up o ld  road , Discuss ion of San Manue l prospect  
wi l l  be by H,  J ,  Stee l e , After stop fo l l ow l oop to return to i ncom ing road .  

0 , 1 5  45 . 3  TURN S HARP R I G HT and fol l ow i ncom i ng road . 

0 , 2 45 , 5  Juncti on i n  wash (mi l eage 44 . 7  above ) ,  TUR N S HARP L E FT toward pavement , 

0 , 1 45 , 6  Junction wi th State Highway 77 , TURN LEFT . 

0 , 3  45 •. 9 San Manue l fau l t .  Footwa l l  monzon ite porphyry i s  exposed i n  ri ght-hand 
road cut . Gi la  cong lomerate crops out beyond this poi nt . 

0 , 1 46 , 0  Bri dge , Water i n wash i s  from pumping operati ons at  the San M::muel No , 
Shaft , 

0 , 4  46 , 4  The Mammoth-Sa int Anthony m i ne road i ntersects Hi ghway 77 on l eft , 
Keep ahead on pavement . 

1 . 7 48 , 1  P ICTURE PO I NT .  Fi gures 1 7 and 1 8 .  

0 ,  1 48 . 2  At 1 2  o ' c l ock I n  bottom of va l l ey are Tertiary, gyps i ferous , l ake beds . 

0 . 6  48 , 8  Cattl eguard . 

0 , 5  49 , 3  Mammoth , Ari zona . Town i s  named after the Mammoth c l a i n ,  Mammoth-
Sa i nt Anthony m i ne ,  Ti ger , Ar i zona . 
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0 , 1 49 . 4  Road j unction to Copper Creek m i n i ng di stri ct i s  on the r i ght , Keep 
stra i ght ahead on the paved Sta te Route 77 , 

0 , 9  50 , 3  At 1 0  o ' c l ock ,  note the two dis t inct  un i ts i n  the Tertiary sedi ments , The 
o l der , fi ne-gra i ned l ake sedi ments are separated from the over l yi ng coarse 
grave l  by an eros ion surface , 

0 , 3  50 , 6  Tucson Wash , 

0 , 5  5 1 , 1  Bri dge over the San Pedro River, whi c h  heads i n  Sonora , Mexi co,  and f l ows 

0 , 6  

1 , 9 

1 . 9 

0 , 8  

0 , 8  

0 . 4  

2 ,  1 

0 , 6  

0 , 2  

0 , 9  

0 , 6  

1 . 2 

0 , 3  

1 , 9  

0 , 2  

2 , 2  

i nto the Gi l a  Ri ver a t  Wi nke l man , The route fo l l ows down the San Pedro 
va l l ey to Ke l vi n ,  

5 1 , 7  Road junction on r i ght to Benson , 

53 , 6  Gypsiferous c lays of P I  iocene ( ?  ) age are we l l exposed i n  numerous road c uts , 

55 , 5  Gypsi ferous c l ays are exposed i n  road cuts , Gypsum is  m i ned i n  s imi l a r  
beds a bout 1 mi le  east o f  Fe l dman,  (6 mi l es ahead ) ,  

56 , 3  At  1 2  o ' c l ock eastward d i pping sedi mentary rocks a re of Precambrian  
Apa che group , 

57 , 1 At 1 : 30 o ' c lock ,  Brandenberg Pea k ,  

57 , 5  At 1 0  o ' c l ock ,  Mesca l l i mestone a nd Dri ppi ng Spring quartz i te outcrop . 

59 , 6  Arava ipa Creek , At 9 o ' c l ock resi stant wa l l s of canyon a re of Mesca l 
l imestone , 

60 , 2  Road junction on r ight to Arava i pa Canyon , Keep stra i ght  ahead , 

60 . 4  At 1 o ' c l ock ,  Sadd l e Mounta i n ,  At 2-3 o ' c l ock,  Devonian ,  Mi ssi ssi ppia n  
a nd Pennsy l va nian l i mestones appear i n  d i stance , 

61  , 3  Br i dge , 

6 1 , 9  Road j uncti on on r ight  to gypsum qua rry l ocated 1 mi I e  east , Fe l dman ,  
on  the l eft , 

63 , 1 At 1 2  o ' c l ock ,  Dri ppi ng Spr ing M::>unta i ns ,  The Pi na l Mounta i ns are i n  the 
ba ckground , 

63 , 4  At 1 1  0 ' c l ock ,  the sma I I  h i  I I  consists of Cretaceous (? ) vo l can i  cs , 

65 , 3  At 1 1  o ' c l ock,  Teapot Mounta i n  near Ray ,  Arizona , 

65 , 5  Catt l eguard , 

67 , 7  At 1 0  o ' c lock ,  Cretaceous (? ) andesites , 
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0 . 4  68 , 1 At 3 o ' c l ock ,  Sadd l e  Mounta i n ,  a prom i nent l andmark of th is  a rea , The 
Sadd l e  Mounta i n  m in i ng di stri ct to the northwest has been descri bed by 
Ross ( 1 925 ) ,  

0 , 7  68 , 8  Catt l eguard , 

0 , 1 68 , 9  At 1 1  o ' c lock ,  south s ide of Tornado Peak ,  type l oca l i ty for the Tornado 
l imestone (Ransome ,  1 923 ) of Mi ssi ssi ppian a nd Pennsy l va nian ages , These 
Carboni ferous beds have subseq uent l y  been separa ted i nto the Esca brosa 
(Miss iss i ppia n )  a nd Naco ( Pennsy l van ian )  format ions , 

1 , 6 70 , 5  At 1 2  o ' c l ock i s  the stack of the Hayden Copper sme l ter , 

0 , 2 70 , 7  At 1 1  o ' c l ock,  the road wi ndi ng up the si de of the l i mestone s l opes l eads 
to the 79 m i ne , 

0 , 3  7 1  , 0  G i  l a  Ri ver Bri dge , 

0 , 2 

0 , 3  

0 , 9  

0 ,  1 

0 ,  1 

0 , 2  

1 , 4 

0 , 4  

0 , 5  

7 1 , 2  Road j unct ion, State Route 77 a nd Ray road , T U R N  LEFT to Ray ,  The 
Chri stmas m ine at  Christmas , Ar izona , 8 , 9  m i l es from Wi nke l man on 
State Route 77 , 

7 1 , 5  O n  l eft , Hayden-Wi nke l ma n  go l f  course , Beyond i s  the southern l i m i t  of 
the ta i l i ngs pond of the Hayden concentra tor , Kennecott Copper Corp . 

72 , 4  At 2-3 o ' c l ock ,  Kennecott concentrator and the copper sme l  ter , Ameri can 
Sme l t i ng and Refi n ing Compa ny at Hayden ,  Arizona , I n di stance , the fa u l t
l i ne scarp forms the western boundary of the Dri pp ing Spri ng Mounta i ns ,  
The mass ive ,  thi ck-bedded Escabrosa I imestone i s  the promi nent c l  i ff-former . 
The over l yi ng ,  thin- to th i ck-bedded Naco l i mestone i s  the c l i ff- a nd l edge
formi ng un i t  that caps the range , The fa u l t  b l ocks of this ra nge have a 
reg i ona I southward di p , 

72 , 5  On l eft , Hayden depot of the Arizona Eastern Ra i l road ,  now a branch l i ne 
of the Southern Pacif ic  Ra i l road Company , Overhead f l ume transports 
ta i l i ngs from the concentrator to the ta i l i ngs pond , 

72 , 6  Road j uncti on on ri ght  i s  to Hayden , Keep I eft , 

72 , 8  At 1 0  o ' c l ock are the Torti l la Mounta i ns ,  cons i s t ing of comp l ex l y faul ted 
Precambrian crysta l l i nes and la ter Precambr ian and Pa l eozo ic  sed iments . 
G i l a  cong l omerate i s  exposed i n  a l l  the road cuts , 

74 , 2  Ra i I road crossi ng , 

74 , 6  Hayden Junction , 

75 , 1 Road junct ion,  T U R N  R I  GHT toward Tornado Pea k ,  
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0 , 8  75 , 9  STOP 2 (20mi nutes ) ,  Discussion of the sa l i ent geo l og i c  features of the 
Gi la  va l l ey , Torti l la a nd Dri ppi ng Spr i ng Mounta i ns wi l l  be by George A ,  
Kiersch , Caravan returns to the Wi nke l man-Ray h ighway , 

0 , 8  76 , 7  I n tersection with h ighway ,  TURN R I G HL 

0 , 5  77 , 2  Catt leguard , 

0 , 1 77 , 3  Ra i l road crossi ng , 

0 , 3  77 , 6  At 9 o ' c l ock a re com p l exl y fo l ded and fau l ted gra ni t i c rocks a nd Pre-
cambr ian  and Pa l eozo ic  sedimentary rocks of the Torti l la Mounta i ns ,  

1 , 6 79 , 2  At 1 1  o ' c l ock ,  an  extensi on of the Torti l la Mounta i ns ,  The gran i t i c  rocks 
a nd the Precambr ian  a nd Pa l eozoi c sed imenta ry rocks are repeated due to 
fau l t i ng , 

1 , 6 80 , 8  At 1 2  o ' c l ock ,  Teapot Mounta i n  near Ray ,  

0 , 4  8 1 , 2  At 1 2  o ' c l ock i s  a c l i ff of Gi la  cong l omera te , The genera l thi ckness of 
this formation i ncreases toward Ke lv i n .  

2 ,  1 83 , 3  At 9 0 ' c l ock are d i p  s l opes of the steep ly  i nc l  i ned beds of G i  l a  congl omerate , 

2 , 5  85 , 8  At 2 o ' c l ock,  Tam O ' S ha nter Peak , See cross section , F i g ,  1 9 ,  Tornado 
Pea k i s  the rounded, l ow peak to the south on the sky l i ne ,  

0 , 2 86 , 0  At 1 2 o ' c l ock, Troy Mounta i n, type loca l i ty for the Cambrian Troy q uartz i te 
(Ra nsome , 1 923 ) ,  The over l yi ng Pa l eozoi c  format ions are the Iv\arti n ,  
Escabrosa , a n d  Naco l i mestones that crop out i n  the ad jacent c l i ffs , 

2 , 1 88 , 1  At 2 o ' c l ock,  massive c l i ffs of Escabrosa l i mestone , over l a i n  by thi n- to 
th ick  beds of Naco l i mestone , 

2 , 2  90 , 3  Cattl eguard , 

0 , 1 90 , 4  Br idge , Th is  area i s  under l a i n  by gran i t i c  rocks whi ch are concea l ed 
loca l l y  by a th in  veneer of a l l uv ium , 

0 , 3  90 , 7  Ta i l i ngs dump from ear l y  day operat ion of m i nes i n  th is  v i c i ni ty ,  

0 , 4 9 1 , 1  Ray Junction , The h i l l  to l eft of Ray Junction i s  under l a i n  by Precambria n  
gran i te a nd i s  i ntruded b y  d iabase , The extens ive l y  l ea ched outcrops have 
att ra cted consi derab l e a ttention from prespectors . The a rea was expl ored 
by churn dri l l i ng i n  1 949-5 0 ,  

0 , 6  9 1 , 7  At 1 2  o ' c l ock a re Precambrian grani t i c  rocks , 

0 , 1 9 1 . 8  Ke l vi n ,  Arizona , 
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0 , 4  92 . 2  At 1 2  o ' c l ock ,  eros iona l spi res a re composed of Gi l a  cong l omerate . 

0 , 1 92 , 3  . At 9 o ' c l ock ,  d iabase a nd gran i te outcrops , 

0 , 7  93 , 0  Bri dge over Mi nera l Creek . N:>te the s ize of boul ders over l yi ng the 
grave l  beds . 

0 . 1 93 , 1  At 1 o ' c l ock ,  fo l ded and fau l ted Pa l eozo i c  rocks of the Dri ppi ng Spri ng 
range . 

0 , 1 93 , 2  G i l a  congl omerate , 

0 , 1 93 , 3  Road cut i n  gran i te . Gi la  cong l omera te crops out on both si des of the 
Mi nera l  Creek va l l ey . Note the var ied s izes and composi t ion of the 
grave l , degree of round ing ,  type of strat i fi cat ion,  and amount of 
cementat ion . 

2 . 0  95 . 3  At 2 o ' c l ock,  d iabase , over l a i n  by Troy q ua rtzi te , Upper outcrops 
consi st of Marti n l i mestone , a nd Escabrosa l i mestone , 

0 , 3  95 , 6  At 2 o ' c l ock ,  across Mi nera l Creek,  i s  Dri ppi ng Spring qua rtz i te , 

0 , 3  95 , 9  Ray go l f  course , 

0 , 2 96 , 1  At 1 2  o 'c l ock  i s  a h igh  ang le  reverse fau l t ,  trend ing nea r l y  para l l e l  wi th 
the road , The fa ul t separates Dri ppi ng Spri ng quartz i te on the r ight,  
Pi na l sch i st on the l eft . 

0 , 2 96 , 3  At 9 o 'c l ock ,  Dri ppi ng Spr i ng quartz i te , 

0 , 2  96 , 5  Bri dge over Mi nera I Creek , 

0 , 1 96 , 6  At 7 o ' c l ock ,  h igh a ng l e  reverse faul t .  Pi na l schist i s  i n  hangi ng wa l l  to 
the l eft (west ), Dri ppi ng Spr i ng qua rtz i te i n  footwa l l  to the r ight (east ) .  

0 , 5  97. 1 Kennecott Copper Corporation mine offi ces , 

0 , 4  97 , 5  TURN S HARP LEFT , T HE N R I G HT ,  i nstead of conti nuing through Ray .  

0 . 2  97 , 7  T U RN S HARP LEFT and enter Ray p i t .  Recess l og .  STOP 3 .  Di scuss ion 
of geo l ogi c features of the Ray copper depos i t  wi l l  be by O , M .  C larke , Jr .  
a nd of regiona l geo l ogy by E ,  D .  Wi I son , Road l og d i sconti nued through 
the m i ne a rea and resumed at  junction wi th  Ray-Superior Hi ghway,  a t  
m i l eage poi nt 98 , 2  

0 , 2  97 , 9  Bri dge over Mi nera l  Creek . (Th i s  poi nt i s  not on route through open p i t . )  
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0 , 3  98 , 2 Road j unct ion,  Ray-Superior Hi ghway and road from open pi t ,  On l eav ing 
the p i t  the caravan wi l l  T U R N  LEFT and resume l og from this  poi nt . At 
1 2  o ' c l ock ,  after re-enteri ng the Ray-Superior road ,  Tertiary dac i te ca ps 
the r idge and is under l a i n  by Tert iary Whi teta i I cong l omerate , At 1 1  
o ' c l ock i s  Tea pot Mounta i n , Here the c l i ff-form i ng daci te i s  under la i n  
b y  a pproximate l y  800 feet of Whi teta i l  cong lomera te (s l ope ), wh ich 
rests on a basement of  Pi na l sch ist , 

0 , 1 5  98 ,35 On ri ght i s  housi ng project for personne l of the Ray Mi nes , T URN S HARP 
LEFT , THE  N S HARP R I  G HT .  

0 , 1 5  98 ,5  Note subs idence areas , due to b l ockOcav ing method of ore extract ion,  i n  
use at  the  Ray m i ne si nce 1 9 1 0 , Contorted Pi na l  sch ist i s  i n  the foreground , 

0 , 6  99 , 1  P I CTURE PO I N T , F i g ,  22 

0 , 4  99 , 5  Pi na l  schist i n  road cut , 

0 , 2  99 , 7  Enter Copper Canyon , 

0 , 3  1 00 , 0  P ina l sch ist i n  road cuts , 

1 , 1 

0 , 2 

1 0 1 , 1  At 9 o ' c lock ,  quartz monzoni te porphyry i n  road cut , 

1 0 1 , 3  Road j unction on  l eft to  Copper Butte , Conti nue on mai n  roa d ,  

0 , 2  1 0 1 , 5  Pi na l schist i n  road cuts , 

0 , 2  1 0 1 . 7  At 1 1  o ' c l ock ,  Hel l s  Peak ,  a rhyo l i te p l ug ,  

0 , 2  1 0 1 , 9  Wa l nut Creek , 

0 , 2 1 02 , 1 At 1 O ' c l ock,  Pi na l schist and rocks of the Apac he group are brought  i n  

0 , 5  

0 , 3  

0 , 1 

contact with  Naco l i mestone by the Wa l nut fau l t ,  I n th is  area the fau l t 
i s  a steep reverse fau l t ;  to the northeast i t  i s  a l ow-a ng l e  thrust faul t ,  
(Wi I son,  th i s  Guidebook ) ,  

1 02 , 6  At 4 o ' c l ock ,  Teapot Mounta i n , Reddi sh  materia l near the base i s  m i nera l 
ized Pi na l schist , Whi teta i I cong l omera ted capped by dac i te over l i es 
the sch i st . 

1 02 , 9  STOP 4 .  Di scussion of structure and rocks of the northern end of the Torti " a  
Mounta i ns wi " be by E ,  D ,  Wi l son , 

1 03 , 0  At 1 2  O ' c l ock ,  underneath power l i ne ,  i s  traverti ne a l ong Wa l nut faul t 
zone , The traverti ne rests on Pina l schi st . 

0 , 2  1 03 , 2  At 3 o ' c l ock ,  Pi na l  sch ist i n  road cut , At 9 o ' c lock,  travert i ne ,  
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0 , 4  1 03 , 6  At 3 o ' c l ock ,  fau l t  b l ocks of Troy quartz i te a re exposed . 

0 , 1 1 03 J  At 9 o ' c l ock,  si l i ca breccia masses associated with a reverse fau l t ,  These 
brecc ias c l ose l y  resemb l y  masses a ssoc iated wi th some major fau l ts in the 
Dri ppi ng Spri ng range , 

0 , 3  1 04 , 0  P ICTURE PO I NT ,  F ig ,  24 

0 , 2  1 04 , 2  CAUT I O N-S H I F T  TO L OWE R GEA R ,  Th i s  i s the " Hump "  or d iv i de on the 
Ray-Super ior h ighway , At 3 o ' c l ock ,  reddish beds of Marti n l i mestone 
i n  road cut , At 9 o ' c l ock ,  Escabrosa l i mestone . At 1 1  o ' c l ock ,  Pi cket
post Mounta i n ,  At 1 1 :  1 5  o ' c l ock ,  Weaver ' s  Need le  i n  far d i stance , At 
1 2  o 'c l ock ,  smoke from copper sme l ter of Magma Copper Corporat ion a t  
Superior 7 

0 , 1 1 04 , 3  At 3 o 'c l ock,  Dri ppi ng Spri ng q uartz i te i n  road cut . 

0 , 1 1 04 , 4  At 3 O ' c l ock,  d iabase i n  road cut , 

0 , 1 1 04 , 5  Enter Crook Nationa l Forest , Dri pp i ng Spri ng quartz i te i n  road cut , 

0 , 1 1 04 , 6  At 3 o ' c l ock,  Barnes cong l omerate over l y i ng Pioneer sha l e  i n  road cut , 
On sky l i ne i s  Escabrosa l imestone , 

0 , 3  1 04 , 9  At 3 o ' c l ock ,  Pioneer sha l e  i n  road c ut on the new h i ghway , 

0 , 4  1 05 , 3 At 3 o ' c l ock ,  Apa che group and over l y i ng l i mestones ,  

0 , 9  1 06 , 2  At 3 o 'c l ock,  s i l i ca breccia pi pes , Caravan route here para l l e l s  the 
Concentrator fau l t ,  The western , or hangi ng wa l l  si de,  has moved down
ward wi th respect to the eastern s ide , 

0 , 3  1 06 , 5  At 9 o ' c l ock ,  dac i te hi l l , 

O J  1 07 , 2  Dac i te i n  road cut . Concentrator fa u l t  para l l e l s  h ighway o n  r ight  s i de , 

0 , 2  1 07 , 4  At 1 2  o ' c l ock ,  dac i te i n  foreground , Pi cketpost Mounta i n  i n  the d i stance , 

0 , 4  1 07 , 8  At 1 0 : 30 o ' c l ock ,  on sky l i ne i s  Weaver ' s  Need l e ,  a promi nent spi re r is i ng 
above the genera l l eve l of the Tert iary vo l ca ni cs that  form the Supersti t ion 
Mounta i ns ,  

0 , 1 1 07 , 9  At 3 0 ' c l ock,  d iabase , 

0 , 4  1 08 , 3  At 1 1  : 30 O ' c lock ,  the Concentrator fau l t cuts through l ow sadd l e ,  Troy 
quartz i te and the Marti n Escabroso l i mestones are exposed a l ong the es
carpment , 

0 , 6  1 08 , 9  At 9 0 ' c l ock ,  Escabrosa l i mestone over l a i n  by dac i te , 
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0 . 1 1 09 . 0  A mosa i c  of sma l l fau l t  b locks i s  associated wi th  the major Concentra tor 
fau l t  zone i n  th i s  a rea . Rocks of Precambrian ,  Pa l eozoi c a nd Tert iary 
age are exposed wi th i n  i nd ivi dua l fau l t  b l ocks , 

1 , 0 1 1 0 . 0  At 3 o ' c l ock,  d iabase crops out a t  base of the s l ope . 

0 . 6  1 1 0 . 6  At 1 1  o ' c l ock  i s  Pi cketpost Mounta i n  whi ch consi sts of Tertia ry f l ows and  
i nterbedded tuffs , i ntruded by a rhyo l i ti c porphyry mass that i s  we l l exposed 
on the northern face . High grade per l i te deposi ts a re present a l ong the 
eastern base of the mounta i n . The q uarr ies a re v i s i b l e  from the Superi or
F lorence Junction h i ghway . This  mounta i n  was named from a nea rby  
m i l i ta ry post , estab l i shed to  protect the  mi nes i n  the  e ighteen-seventi es , 
The mounta i n  served as  a l ookout . 

0 , 2 1 1 0 , 8 Road j unction on ri ght ,  Be l mot road to Grand Pac i fi c  m i ne . 

0 . 6  1 1 1 . 4 A t  3 o ' c l ock,  d iaba se and Dri ppi ng Spri ng qua rtzi te i n  road cut . 

0 , 6  1 1 2 . 0  Road j uncti on o n  r i  ght  to Cross Canyon,  where the d iabase cuts l ower Troy 
q ua rtzi te beds . 

0 . 4  1 1 2 . 4  At 2 o ' c l ock,  Queen Creek m i ne . Production was pri nc i pa l l y  from 
m i nera l ized beds at the base of the Mart i n  l i mestone . 

0 , 3  1 1 2 , 7  Road junction wi th  new port ion of U , S ,  Hi ghway , TURN S HARP  R I G HT .  

0 . 2  

0 , 2  

0 , 3  

O .  1 

0 ,  1 

1 1 2 , 9  STOP 5 ,  Di scuss ion of geo l ogy a nd m i nera l izat ion a nd prob l ems of Magma 
m i ne a rea , 

1 1 3 , 1  Caravan returns to road junction U , S ,  Hi ghway 60-70,  T U R N  S HARP  
R I G HT ,  Cont i nue up Queen Creek Canyon . 

1 1 3 , 4 Troy q ua rtz i te i n  road cut , 

1 1 3 , 5  Base of Mart in  l i mestone , note mi nera l i zed zone near the contact wi th  
Troy q uartz i te ,  

1 1 3 , 6 Contact  between the Marti n l i mestone a nd over l y ing  Escabrosa l i mestone , 

0 , 2  1 1 3 , 8  Bri dge across Q ueen Creek , Esca brosa l i mestone crops out o n  r ight  s ide 

0 . 3  

1 . 0 

0 , 2  

of roa d .  

1 1 4 .  1 Basa I beds of the No co format ion . 

1 1 5 , 1 Angu lar  unconformi ty between the Naco format ion a nd the dac i te , 

1 1 5 , 3 C laypoo l tunne l , 

0 , 3  1 1 5 . 6  Eastern shaft of Magma 'Mi ne i s  o n  r ight ,  i mmediate l y  be l ow the road . 
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F I G URE 23 . - HE L LS PEA K,  A LATE TERT IARY R HYO L I TE PLU G .  Vi ew southwest , Th i s  
p l ug of  g lassy rhyo l i te ,  more than 1 000 feet  i n  d iameter , penetrates Gi l a  (? ) con
g l ome!"ate and tuff beds , C l i ffs of tuff on r ight and l eft of canyon , 

F I G URE 24 , - H UMP GULC H RE VE RSE FAULT, VIEW T O  WEST AT M I LE 1 04 , 0 ,  Diabase 
(db) separated from Mart in  l i mestone (Dm )  by reverse fau l t ,  Ledges i n  l eft m idd l e
ground a re Escabrosa l i mestone (Ce ) ,  

F I G URE 25 , - P I C KET POST MOUNTA I N ,  Vi ew southeast from U , S ,  Hi ghway 60-70 , 
P ina l schi st , i n  l ower ri ght foreground, i s  over l a i n  by tuffs (the l i ght-col ored b l uffs ) ,  
Dark cappi ng consi sts of f l ows of ac id i c  compos i t i on , 

0 , 3  1 1 5 , 9  Note the f l ow structure i n  the dac i te a l ong the new road cuts , Tuff beds 
occur wi th the f l ows , especia l l y near the top and base of the secti on , 

2 . 9  1 1 8 , 8  Observe the sync l i nea l structure i n  the dac i te a l ong Devi l s  Canyon , 

0 , 2 1 1 9 . 0  Bri dge across Devi I s Canyon .  

0 , 3  1 1 9 , 3  Typi ca l weathered and jointed outcrops of dac i te , 

1 , 8 1 2 1 , 1  At 1 2  o ' c l ock ,  outcrop of Schu l tze gran i te on sky l i ne .  

0 , 8  1 2 1 , 9  Contact  between dac i te and the Schu l tze gran i te ,  near Pi na l Ranch . 

1 , 2  1 23 ,  1 Typi co I weathered outcrop of Schul  tze grani  te , 

0 , 9  1 24 , 0  A t  1 0  o ' c l ock ,  Cast l e  Dome Copper Co , open p i t  m in i ng operat ion . 

0 , 9  1 24 , 9  Bri dge over Pi nto Cree k ,  

1 , 3 1 26 , 2  Road j unction to Cast l e  Dome Copper m i ne ,  Keep r ight on mai n  h i ghwa y .  
U , S ,  60-70 , 

0 . 2  1 26 , 4 At 2 o ' c lock,  Pi na l Mounta i ns ,  The h i gher wooded peaks consi st of Pi na l 
sch ist and Madera dior i te .  The l ower rounded h i  l i s consi st of Schu l tze 
gran i te . The whi te outcrop on l eft is the Sol i tude gran i te .  

1 . 3 1 27 . 7  At l O o ' c i ock near road6  roof pendant of Pi na l schist i n the Schu l tze grani te . 

1 . 4 1 29 .• 1 Norma l contact  between the Pi na l  schist and Schul tze gran i te a l ong h i  I I si de 
on l eft , 

0 .3 1 29 . 4  Bri dge over B l oody Tanks Wash,  Pi na l schist i n  road cuts , 

0 , 8  1 30 , 2  C i ty l i mi ts of Miami , Ari zona , S L OW, sharp turn to ri ght a head , 

0 , 2  1 30 . 5  Bri dge , Road crosses over the Miami fau l t .  
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0 . 2  1 30 . 7  At 1 1  o ' c l ock,  ma in  shaft of Miami  Copper Company on sky l i ne .  

0 . 7  1 3 1 . 4  At 1 2  o ' c l ock ,  l arge sand bank i s  part of ta i l i ngs pond . 

0 . 4  1 3 1 . 8  At 1 1  o ' c l ock on skyl i ne ,  I nternat iona l  Sme l ter . 

1 • 1 1 3 2 . 9  C laypoo l , Arizona . KE E P  TO LEFT . 

0 . 9  1 33 . 8  Ra i l road crossi ng . At 8 o ' c l ock,  S l eep ing Beauty Peak a nd Copper Ci t ies  
m ine . 

0 . 2  1 34 . 0  Road junct ion,  Apache Tra i l  and U . S .  Hi ghwa y 60-70 . Gi la  congl omerate 
in road cuts , Sma l l fau l t  p l anes can be seen in the cong l omerate . 

0 . 6  1 34 . 6  At 1 2  o ' c l ock,  the rounded knobby outcrop i s  dac i te . 

0 . 7  1 35 . 3 View of O l d Domi nion mine . At 1 1  o 'c l ock ,  Buffa l o  Ri dge , whi ch  consi sts 
of Troy quartz i te under l a i n  by a d iabase si I I .  The s i l l  was i ntruded between 
the Troy quartz i te and the under l y i ng Mesca l l imestone . 

0 , 9  1 36 . 2  At 3 o 'c l ock, Mi ne Rescue Stat ion ,  o l d  s l ag  dump on l eft s ide of road , 

O .  1 1 36 . 3  Ci ty I i mi ts of G l obe . 

1 , 0 1 37 . 3  Gi l a  County Court House, l eft s ide of mai n  sq uare . 

E N D OF L O G, F I RST  DAY, F I E L D  TR I P 5 ,  
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SA N MA NUEL C OPPER DE POS I T  

H .  J ,  Stee le  
Magma Copper Company 

G e n e r a l G e o l o g y  

I ntroduction 

At San Manue l the m i.nera l ized outcrop,  chi ef copper m i nera l of whi ch i s  chrysoco l l a ,  
i s  a triangu lar  a rea wi th a northeast-southwest base of 380 feet and wi th the a pex of the 
tr iang l e  400 feet to the southeast , Northwest of the base i s  Red Hi l l ,  so ca l l ed beca use 
of the promi nent gossan co lorat ion . With a few exceptions, congl omerate and a l l uvi um 
cover the rest of the property . The e I evati  on vari  es from 2900 feet to 3500 feet above sea 
l eve l . The area s l opes gent l y  to the northeast , with the exception of a sma l l rugged a nd 
prec ip i tous port ion around the south s i de of Red Hi l l ,  and i s  cut by numerous dry washes 
with northeaster l y courses toward the San Pedro River . 

Rocks 

Rel a t ive l y  few rock types occur as surface exposures or a re encountered in dri l l i ng ,  
These formations were mapped by G ,  M .  Schwartz of the Un i ted States Geo l og i ca l  Survey ,  
and the l oggi ng of a l l  dri l l  ho l es has conformed to h i s  c l assifi cat ion ( 1 945 , 1 949 ) .  The 
rocks are quartz monzoni te , monzoni te porphyry , d iabase, rhyo l i te a nd rhyo l i te brecc i a ,  
Gi la  congl omerate and recent a l l uvi um , 

The quartz monzonite i n  the dri l l ed a rea i s  gran i toi d i n  texture , a nd shows vary i ng 
degrees of hydrotherma l a l terati on , Quartz i s  abundanti the fe l dspar and biot ite are 
extreme l y  a l tered in most p l aces . Ruti Ie  i s  common,  and the rock in genera l  i s  ser i
c i t ized a nd kao l i n ized , 

The monzoni te porphyry has a f ine groundmass composed l arge l y  of a mosa i c  of qua rtz 
and fel dspa rs .  There i s an abundance of biot i te but l ess quartz than in the quartz monzoni te .  
The fe l dspar phenocrysts are much a l tered i n most areas , a nd much of the bioti te i s  b l eached 
or ch l or i t ize d ,  Secondary quartz f l oodi ng i s  fa i r l y  common ,  especia l l y in the ore zone , 

A l terat ion products i n both the quartz monzon i te and monzoni te porphry , as  reported 
by G .  M, Schwartz from thi n section examinat ion,  i nc l ude the fo l l owi ng mi nera l s : the 
hydromi cas ,  a l l ophane,  epidote , l eucoxene , montmori l l on i te ,  di ck i te,  ch l ori te ,  potash  
c lays,  a nd ca l ci te .  

Diabase occurs as occasiona l sma l l d i kes cutti ng both the quartz monzon i te and mon
zoni te porphyry , The rock i s  consi derab l y a l tered , grades from f ine to coarse d iaba s i c  
texture , a nd i s  m i nera l i zed with cha l copyr i te a nd pyri te , o r  i n  the oxi d ized zone wi th 
c hrysoco l l a  and i ron oxi des . 

The rhyo l i te ,  whi ch i s  unm i nera l i zed a nd whi ch  cuts the d iabase and the monzon i tes,  
i s  l i ght grey to l i ght cream in co l or ,  fi ne-gra i ned , wi th a few sma l l  qua rtz and fe l dspar 
phenocrysts i n a fi ne I y crysta I I  i ne groundmass . 
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F I GURE 27 . - SAN MANUEL  PROSPECT, LO N G I TUDI NAL SECT I O N .  
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The diabase i s  not common, and fe l s i te,  though more abundant than diabase , i s  
re l at ive l y  unimportant in  the overa l l  rock di stri buti on . 

The Gi la  congl omerate consi sts of a l l uv ia l  materia l  i nterbedded with lava fl ows, 
breccias, and tuffs , The coarse cong l omerate of San Manue l  i s  composed of boul ders of 
a c i d  and bas ic  vol cani cs cemented with c lay . A phase of the Gi la  cong l omerate ,  des ig
nated as  grani t i c  congl omerate and composed la rge l y  of fragments of  re lat ive l y  una l tered 
quartz monzoni te, has been encountered in dri I I  i ng to the southwest , 

Structure 

The structure at San Manuel is i nterpreted large l y  through dri l l i ng resu l ts p l us the i nfor
mation ga i ned i n  si nki ng No , 2 shaft and dri fti ng on the 1 285 l eve l . 

LEGEND 
G i l A  CONGl. 
OXI DIZED ORE 
SECONDARY ORE 

I ---��lill�li�II'�---. P R I MARY O R E  

I" -' fAU L TS 
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0 I 

3 3 00 
,.". ZS·-50·W . 

... 
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2 JOO 
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17 0 0  
F I G U R E  2 8  

MA N U E L  PROS PECT 
C ROSS S E CT ION 

2 - 2  
S C ALE 

100 ZOO Joo 400 800 - - I 

The Gi la  congl omerate , which  covers the ma jor part of the San Manue l  depos i t ,  stri kes 
northwest and d ips northeast at 200 to 450 • The San Manue l  fau l t, stri k ing northwest,  more 
or l ess para l l e l  to the stri ke of the cong l omerate , and di ppi ng southwest at 250 to 350, forms 
the contact between the monzoni te and the cong l omerate , The San Manuel faul t is in turn 
cut by two fau l ts that di p 600 to 700 northeast and stri ke northwest , The most wester l y  of 
these fa u l ts is designated as the West fau l t ,  and the most easter l y  as the East fau l t ,  This  
step fau l ti ng of the congl omerate has been substantiated by dri l l i ng to the northeast . Mi nor 
outcrops of hemati te-sta i ned , a l tered monzoni te porphyry occur at i nterva l s  a l ong the 
surface exposure of the most northeaster l y  segment of the Sa n Manue l fau l t ,  Dri l l i ng 
northeast of these exposures i ndi cates that the contact of the congl omerate with the o l d  
erosion surface di ps northeaster l y  a t  200 to 250 , The i ndi cated verti ca l d isp lacement of 
the West fau l t  i s  i n  the neighborhood of 400 feet,  and of the East fau l t ,  200 feet , The 
East fau l t  has been consi dered to be the southward extension of the Mammoth fa u l t ,  
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The outcrop area , as shown i n  F i gure 26, i s  bounded on the southwest by the San Manue l 
fau l t  a nd on the northeast by the West fau l t .  The base or northern l i m i t  of the ore body i s  
contro l l ed b y  decreas ing copper m i nera l i zat ion ,  a nd i s  therefore, a n  assay boundary . 

The regu l ar i ty of the San Manue l  fau l t  i n  both stri ke and d i p  i s  unusua l , I t  i s  d iffi c u l t  
t o  v i sua l ize a l ow ang l e  norma l fau l t of such magni tude s o  persistent i n  a tti tude , The most 
feasi b l e exp lanat ion,  wi th the l i m i ted data at  hand, ca n best be presented by this possib l e  
seq uence of events : 

1 .  I n trusion of the monzoni te ,  a nd m i nera lJzation of the i ntrusive masses , 
2 .  Oxidat ion and secondary enr i chment , 
3 .  T i l t i ng to the east or northeast , as  i nd i ca ted by the o l der Cretaceous (? ) vo l can i c  

series north of San Manue l , 
4 ,  Oxi dat ion a nd s l i ght enri chment . 
5 .  Deposi t ion of the Gi l a  cong l omerate (Events 4 and 5 may be contem poraneous ) .  
6 ,  San Manue l  fau l t  formed, d i ppi ng 600 to 650 to the southwest . 
7 ,  Regiona l t i l t  of 250 to 350 to the northeast a nd deve l opment of the fau l t  system , 

wh i ch  stri kes northwest, and d i ps to the east , 

The San Manue l  ore body i nsofar as  i t  has been expl ored by c hurn dri l l i ng a nd under
ground work i s ,  because of the i rregu l ar i t ies i nherent in a deposi t of d i ssemi na ted mi nera l 
i zat ion,  d iffi cu l t  to descr ibe as to s ize and shape . 

I t  must be remembered that the sha pe as shown i n  p lan  or sect ion i s  due to an  arbi tra ry 
grade cutoff ; i n  other words the fo l l owing i s  a descri pt ion of a conti nuous mass of m i nera l 
i zed rock,  conta i n i ng suff i c ient copper to be considered ore , wi th i n a much la rger mi nera l 
i zed mass of l ower copper content . There are no physi ca l wa l l s or boundar ies and by vi sua l 
i nspection the d i fference between ore and waste i s  not usua l l y  apparent . 

The expl ored ore zone extends 5400 feet i n  a northeaster l y-southwester l y  d i recti on and  
3000 feet i n  a northwester l y-southeaster l y d i rection ( F igs . 27 a nd 28) .  

For purposes of descri ption reference wi l l  be made t o  the southwest one-th i rd ,  centra l 
one-th i rd ,  a nd northeast one-third of the ore body , 

The southwest one-third of the ore zone i s  a tabu la r  mass , averagi ng 400 feet i n  th ick
ness , stri k i ng N.  600 L and d i pping southeast a t  about 550 • Th i s  d i p  persi sts downward 
for about 2400 feet at  whi ch  poi nt there i s  a pronounced f l a tteni ng , 

The centra l one-third has the same a tti tudes as the southwest one-thi rd ,  I n  th i s  a rea , 
however, t he down di p f l atten ing conti nues unti I the ore zone becomes hori zonta l and then 
ro l l s upward i n  a U shape . 

I n  the northeastern one-thi rd of the deposi t  the stri kes a nd d i ps of the l i mbs of the 
centra I U-shaped port i on converge to the east . 

The strong pyri t i c  m i nera l izat ion be l ow the out l i ned ore body has not been bottomed 
by a ny dr i l l i ng to date . The upper portion of the hangi ng wa l l  rock i s  very l i ght l y  m i nera l 
ized;  a l terat ion a nd mi nera l izat ion i ncrease to depth unti l the zone of better copper 
m i nera l izat ion is encountered . 
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Mi nera l ogy 

In the oxi di zed zone the ch ief ore mi nera l is chrysoco l l a ;  cupri te occurs loca l l y ;  
ma lachi te a nd azuri te are rare . The chrysoco l la i s  genera l l y  i n  joi nts and fracture p lanes . 

Cha I cocite i s  the predomi nant  copper m i nera l i n  the secondary zone . Resi dua l primary 
c ha l copyrite, deve l oped ch ief l y as i ntergrowths wi th the secondary m inera l s ,  a nd secondary 
cha l copyri te , a l so occur . Some nati ve copper and m inor  amounts of born i te and cove l l i te 
a re found , There i s  very conc l us ive evidence of one or  more stages of partia l oxidat ion 
of the secondary zone in parts of the ore body . Th i s  may be due to variations of the water 
tab l e  and regiona l t i l ti ng .  

Cha l copyr i te and m i nor amounts of cha l coci te a re the chief copper mi nera l s  of the 
pri mary zone , The proport ion of cha I copyri te to pyri te determ i nes the footwa I I  of the ore 
body , S l i ght oxidat ion i s  found re la ti ve l y  deep in the pri mary zone,  and i s  throught to 
coinc ide wi th fau l t p lanes . The sul phide m i nera l s  a re we l l  d i ssemina ted throughout t he 
monzonite,  as  we l l  as  occurr i ng as  vei n l ets , Cha l copyr i te a nd cha l coc i te a re common a s  
f i l ms on pyr i te . Mo l ybden i te i s  i n  suffi ci ent amount to  be of economi c  importance , Go l d  
a nd si I ver a re i n  sma l l  qua nt i t ies throughout the deposi t ,  Ruti l e  i s  fai r l y  abundant  through
out ,  and i s  thought to  be a n  a l tera tion product of  b iot i te . 
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GEOL O GY OF THE  T O R NADO-TAM O ' S HA NTE R PEAKS AREA 
DR I PP I N G  S PR I N G  MOU NTAI NS ,  AR I Z O NA 

George A,  K iersch 
Uni vers i ty of Ari zona 

I n t r o d u c t i o n  

The Dri ppi ng Spri ng Mounta i ns ,  have been formed,  i n  part ,  as an  anti c l i na l  up l i ft ,  
The mounta i ns are from 3 to 4 m i l es wide a nd extend northwestward , more than 20 m i l es ,  
from Wi nke l man to a poi nt north o f  Ray ,  North of Ray the range coa l esces wi th the Torti l l a 
Mounta i  ns , The Dr i pp ing Spri ng Mounta i ns are bounded on the northeast by the debris-fi l i ed  
va l l ey of Dri ppi ng Spri ng Wash a nd on the  southwest by that of  the  Gi la  River , 

Ransome ( 1 923 ) considered the Dri ppi ng Spr ing  Mounta i ns to be an  outstandi ng exa m p l e  
o f  a n  a rea thorough l y  d i s l ocated b y  an  i rregu lar  network o f  norma l fa u l ts ,  Fau l t i ng i n  the 
southern or Tornado-Tam O ' Sha nter Peaks sect ion of the range i s  more systemat ic  tha n  
e l sewhere i n  the range . 

Some of the ear l i est geo l og i ca l work i n  the Dri ppi ng Spr ing  Mounta i ns was that of 
Ransome ( 1 9 1 9 , 1 923 ) .  Subsequent l y ,  a descri ption of m i ni ng opera tions i n  the southern 
part , withi n the Banner m in i ng di stri c t ,  was made by Ross ( 1 925a ) a nd the strat igraph ic  
section tha t  crops out north o f  Tornado Pea k was measured by  Peterson ( 1 945 ) .  A study of 
the a rea , part icu la r l y the 79 m i ne ,  was made in 1 946-47 by the wri ter ( Kiersch ,  1 949 , 1 95 1 a ) .  

, Thanks are due to Dr . E .  D ,  Wi l son ,  Ari zona Bureau of Mines,  for suggesti ons regard
i ng th i s  pa per , 

Sedi mentary Rocks 

S trata of the Tornado-Tam O ' S ha nter Pea ks area range from Precambr ian to Tertia ry 
in a ge a nd represent much of the sequence shown in Tab l e  2 0f th i s  Gui debook , In genera l ,  
i n  the be l t  east of Keystone fau l t ,  younger rocks occur to the south a nd o l der to the north , 

The Barnes cong l omerate , Dri ppi ng Spri ng q ua rtzi te ,  a nd Mesca l l i mestone of younger 
Precambr ian a ge crop out in i so l ated fau l t  b l ocks in the northern part of the a rea . The 
Mesca l l i mestone is 1 40 feet th i ck i n th i s a rea and i s i ntruded in numerous p laces by d iabase , 

The Midd l e  Cambrian  Troy q ua rtz i te over l i es the Mesca l l i mestone , a nd consists of thi n 
to th i ck ,  cross- laminated , pebbl y beds of orthoquartz i te and i s  approxi mate l y  400 feet 
thi ck . The Troy is over l a i n  by 225 feet of undi fferentiated sha l e  and quartzi te ,  probab l y  
o f  Midd l e  Cambr ian age , 

The Upper Devon ian Mart in l i mestone , wh i ch  over l i es the Cambrian seq uence , consi sts 
of th i n  l imestone beds with some sha l e ,  and has a maxim um thi ckness of 328 feet , Lower 
Mi ss i ssi ppian Escabrosa l i mestone i s  next i n  successi on , It i s  a massi ve , c l i ff-formi ng 
l imestone a nd has a maxi mum thi ckness of 58 1  feet , The youngest Pa l eozoic  formation 
of this area i s  the Pennsyl van ian Naco l i mestone , I t  consi sts of thi n l i mestone beds wi th 
a bundant chert, a nd i s  385 feet th ick on Tornado Pea k ,  To the west and south , however ,  
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i t  i s  cons iderab l y th i cker , The ent i re Pa l eozo ic  section a ppears conformab l e  i n  th i s  a rea , 
a l though at l east three di sconformi ties are recognized , 

I so lated remnants of the P l i ocene-P l e i stocene Gi l a  congl omerate crop out wi th in  the 
l i mi ts of the Dri ppi ng Spri ng Mounta i ns and occur as extensive va l l ey f i l l  a l ong i ts outer 
boundar ies , 

I gneous Rocks 

Diabase has i ntruded the Mesca I l imestone i n  the form of a si I I  and has extended as  
sma l l  stri ngers and i rregu la r  apopyhses i nto the T roy quartz i te , The diabase has a maxi m um 
th i ckness of 400 feet i n  severa I outcrops , The tota I th i ckness of the si I I  i s  unknown as  i ts 
l ower contact i s  not exposed , At Steamboat  Mounta i n  ( Fi g ,  1 5 ) ,  Ransome ( 1 923 ) observed 
d iabase di kes cutt ing Carboni ferous rocks and be l i eved the diabase to be younger than 
Pennsy l van ian in age , Short , et a I ,  ( 1 943 ) consi dered the diabase at  Superior to be of post
Midd l e Cambrian a nd pre-Upper Devonian age , 

I n  the southern a nd centra l part of the Tornado-Tam Q ' Shanter  Pea ks area a ndesi te a nd 
basa l t  l oca l I y over l  i e  the Naco l i mestone, and basi c s i  l i s a nd di kes i nvade the pre-Pennsy l 
van ian rocks , S imi l a r vo l can ic rocks that crop out to the south near Chri stmas were rega rded 
by Ross ( 1 925 )  as  Upper Creta ceous i n  age , The Tornado-Tam Q ' S hanter Pea ks section 
probab l y  was once covered by i ntermediate to basi c  f l ows and pyroc l asti c rocks that l a ter 
were removed by eros ion , 

The Dri ppi ng Spri ng Mounta i ns were subjected to deformat ion ,  presumab ly  dur ing  the 
Laramide i nterva l , Th i s  mounta i n-mak ing di sturbance apparent l y  was accom panied i n  i ts 
l a ter  stages by i ntrusion of ac id ic  di kes , si l l s and p l ugs , wh ich  may have been apophyses 
of the centra l Ari zona batho l i th (Ett l i nger , 1 928) ,  Porphyri t i c  bodies of rhyo l i te ,  gra ni te ,  
gra nodi ori te , monzonite , quartz diori te and d iori te i ntruded the shear zones , 

Structure 

Fo l di ng a nd Low-Ang l e  Fau l t i ng 

The Tornado-Tam Q ' S hanter Pea ks section of the Dri ppi ng Spri ng Mounta i ns ref l ect 
systema ti c structura l deformation in wh i ch an  a nti c l i na l  up l i fted b l ock was com p lex l y  
fau l ted (F i g ,  1 9 ) ,  

The be l t  east of Keystone fau l t  i s  a b l ock d i ppi ng a bout 1 50 southward,  and i s  broken 
by m i nor fau l ts ,  West of Keystone fau l t ,  fau l t i ng has broken the stra ta i nto numerous 
b l ocks that  di p 300 to 400 to the south , Compressiona l stresses a re evidenced by beddi ng
p l ane fau l ts and by a thrust fau l t  north of Tam Q ' Shanter Pea k ,  Bedd i ng-p lane fa u l ts a t 
the London-Arizona m i ne may have he l ped to prepare the basa l Mart i n  l i mestone beds as  
a favorab l e  host for  ore so l utions , 

Hi gh-Ang l e  Fau l t ing 

The h igh-a ng l e  fau l ts are c lass i fi ed as  of pre-ore a nd post-ore age , Those of pre-o re 
age have been im portant i n  loca l i z i ng m i nera l deposi t ion , Some of those of post-ore age 
have d isp la ced ore bod ies ,  but others have on ly  i nf l uenced the topogra phy , 
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Pre-ore Fa u l ts 

The mai n  pre-ore breaks a re the O ' Carro l l ,  Keystone , and Reagan camp fau l ts ,  whi ch 
stri ke in  a northwester l y  d i rection ( F i g ,  29) ,  Most of  the pre-ore fa u l ts are norma l a nd 
d i p steep l y  to the west 1 The l a rgest d i sp lacement i s  more than  2 , 000 feet on the Keystone 
fau l t ,  

Associated with the mai n  fau l ts a re shea r  zones whi c h  i n  genera l str ike N ,  600 to 700 

E ,  (F i g ,  29) ,  The pri nc i pa l  zones of shear i ng are between the Reagan Camp and Keystone 
fau l ts ;  a few shear zones a ppear east of the latter , F i e l d  evidence i ndi cates that verti ca l 
movement a long the shear zones i s  sma l l ,  Gran i ti c magma i nvaded many of the shear 
zones , probab l y  soon after the ear l i est pre-ore faul t i ng , Most of these gran i ti c di kes di p 
steep I y northward , 

After empl acement of the di kes, movement recurred a l ong the ma jor north-south fau l ts ,  
The resul t ing stresses fractured the di kes wi th a genera I sheari ng that stri kes N ,  700to 850 E ,  
a nd tensi on fi ssures that str i ke about N .  550 E ,  (see stra i n  e l l i psoi d ,  F i g ,  29) ,  Contempo
raneous wi th the sheari ng or s l i ght l y  l a ter , fau l ts stri k i ng N ,  700 E ,  were formed , Di s
p lacement on these fau l ts i s essentia l l y verti ca l ;  on most of them,  the south b l ock  has been 
moved upward re lat i ve to the north b lock , 

Post-Ore Fau l ts 

The ma jor post-ore fau l ts stri ke N ,  350 to 450 W,  a nd d i sp lace numerous gran i t i c  di kes 
in the a rea , Addit iona l  post-ore movement a l ong some of the pre-ore fau l ts of N ,  700 E ,  
stri ke apparent l y  a l so occurred , At the 79 m i ne ,  the ma i n  post-ore fau l ti ng took p l ace 
pr ior to deposi ti on of the Gi l a  cong lomerate , 

Minor fau l ti ng and probab l y  some ti l ti ng occurred after deposi t ion of the G i l a  cong lo
mera te ,  A l ong the southwest boundary of the Dri pp ing Spr i ng Mounta i ns ,  the cong l omera te 
i s  cut by many sma l l  fau l ts a nd d i ps a bout 300 west . 

Ore Deposi ts 

The ore depos i ts wi th in the Tornado-Tam O'Shanter Peaks area a re mai n l y  of the re
p l acement type , Su l phides repl aced sha l y  l i mestone beds i n  the Marti n and Naco strata , 
the gran i t i c  di kes a nd the qua rtz la ti te porphyry p l ug .  I n  the i gneous rocks the su l phides 
common l y  occur as  vei n l ets a nd as  d i ssemi nated gra i ns ,  

79 Mine 

The 79 m i ne has been the largest si ng l e  meta l producer i n  the Tornado-Tam O 'Shanter 
Peak area of the Dri ppi ng Spri ng Mounta i ns ,  Ore worth approxi mate l y  $4, 000, 000 has 
been produced si nce 1 9 1 9 ,  Lead i s  the pri nci pa l  meta l , Ea r l y  production consi sted of 
l ead-ca rbonate ore from bed-repl acement deposi ts ,  S i nce 1 940 the ma jor production has 
been from l ead-z i nc sui phi de ore occurri ng as rep lacement vei ns i n  a rhyo l i te porphyry d ike , 

Ore so l utions apparent l y  penetrated upward a l ong ma jor fau l ts a nd shear zones , The 
ores were deposi ted in northeast-trend ing fractures wi th in a shattered d ike of rhyo l i te 
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porphyry and i n  favorab l e  beds of impure Naco l i mestone . Hypogene m i nera l i zat ion took 
p lace  i n  a defi n i te but i nterrupted,  three-stage seq uence . Ear l y  pyri te was shattered and 
vei ned by spha l eri te ,  "argenti ferous " ga l ena and cha l copyr i te . Late q ua rtz cuts a l l ear l i er 
su l fi des , The bed rep lacement and upper parts of the North d ike vei n  rep l acement ore 
bodi es have been extens ive l y  a l tered by o l i dat ion and supergene enri chment , 

Curti n or Humphrey Mi ne 
(Wi l son 1 95 1 ) 

Naco l imestone i s  i ntruded by a system of porphyry d i  kes that I oca I I  y form si I I  s ,  Ore 
deposi ts a re i rregu la r  rep l a cements in the Naco l i mestone;  they occur ma i n l y  on the north 
or  ha ngi ng wa l l  s ide of a mai n  d ike a nd on the footwa l l  s ide of the si l l s .  The l ead-z i nc 
ore has been a I tered by oxi dati  on and supergene enri chment , 

Sequence of Events 

A br ief resume of the geo l og i c  h i story of the Tornado-Tam O ' Shanter  Peaks a rea is a s  
fol l ows : 

( 1 ) Duri ng la te Precambrian  t ime , rocks of the Apache group {Tab l e  2 )  were l a id  down 
on the beve l l ed surface of o l der Precambrian Pi na l sch ist a nd gran i te , 

(2) After a period of eros ion, Pa l eozoi c rocks of severa l peri ods were depos i ted,  begi nn
i ng with the Troy qua rtz i te of Mi dd l e  Cambrian t ime (Tab l e 2) .  At l east two and possi b l y  
three di sconform i ti es were deve loped i n  th i s  seq uence of Pa l eozo ic  formations , Sed i 
mentation may have conti nued after the Naco I imestone depos i t ion ,  but Permian and 
Mesozoic sedi ments have not been recognized in th i s  a rea , 

(3 ) Diabase may have been i ntruded at two wi de l y  sepa rated i nterva l s ,  The fi rst was 
a Precambrian-ea r l y  Pa l eozoi c i nvas ion that occurred pri nc i pa l l y as s i l l s and caused some 
upwarpi ng . The second was a sma l l -sca l e ,  post-Pennsy l va nian i nvas ion that deve l oped 
l a rge l y  as  di kes . 

(4) Deformat ion of the Precambrian and Pa l eozoi c strata was in i t iated probab l y  duri ng 
Laramide ( l ate Cretaceous ) t ime and the Dri ppi ng Spr i ng Mounta i ns were formed as a n  
a nti c l i ne .  

(5 ) Vo l can ic  outpouri ngs , apparent l y  i n  Late Cretaceous t ime proba b l y  b l anketed 
m uch  of the southern port ion of the range , 

(6) Gran i t i c  di kes i nvaded many of the exist ing shear zones and subsequent movement 
fra ctured the d ike system , Ore sol utions c l ose l y  fo l l owed this second per iod of fa u l t i ng 
i n  some parts of the range , 

(7) The mai n post-ore fau l ti ng i s  be l i eved to have occurred i n  Mi dd l e  to Late Tertiary 
t ime , Oxidation of certa i n  exposed ore bodi es was acce l erated as  a resu l t  of th i s  deformation . 

(8)  Depos i t ion of the Gi  l a  congl omera te proba b l y  began i n  l ate PI iocene t ime and 
conti nued through the P I  ei stocene , 

(9 ) Recent fau l t i ng has t i l ted the Gi l a  cong l omera te beds a nd acce l erated e rosi on  
loca l l  y ,  
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STRUCTURAL C O�TROL OF ORE DE POS I T I O N  AT RAY, AR I Z O NA 

Otis M ,  C larke , Jr , 
Ray Div i s ion,  Kennecott Copper Corporation 

I n t r o d u c t i o n  

The fi rst copper mi n ing at Ray was sta rted i n  1 880, a l though si l ver prospectors 
had been acti ve prior to thi s , La rge sca l e  mi n ing was begun i n  1 9 1 1 a fter more 
than 350 churn dri l l  ho l es had been dri l l ed a nd samp led . The ore was m i ned under
ground in para l l e l  shri nkage stopes and the p i l l a rs l ater recovered by cavi ngs . Th i s  
system was gradua l l y  changed to the b lock caving system such as i s  bei ng used at 
the present ti me i n  the No , 2 Mi ne , Seventy-fi ve m i l l i on tons of ore have been 
mi ned by underground methods ; th i s  ore averaged about one and a ha l f  percent of 
copper . 

. The open p i t  at Ray was started i n  1 947 , Forty m i l l i on tons of stri ppi ng a nd ,  
t o  date, fi ve mi l l ion tons of ore have been mi ned from the pi t ,  Both the p i t  a nd 
the m i ne a re i n  operation , Exp loratory diamond dri l l i ng was started i n  1 92 1  and 
was resumed in 1 946 , More than 250 diamond dri l l  ho l es have been dri l l ed , 

The genera l geo l ogy of the Ray distri ct was descri bed by Ransome ( 1 9 1 9 , 1 923 ) .  
Spurr and Cox made an  exce l l ent report on  the m in i ng geo l ogy t o  the Ray Con
so l i dated Copper Company dur ing its fi rst dri l l i ng cam pa i gn , C .  L .  Hoyt ( 1 938), 
present Chief Engi neer at Ray ,  descri bed effects of fau l t i ng on the supergene ore 
body , These reports have formed the bas i s  of the present arti c l e .  

Genera I Statement 

T he l ocation of the supergene ore body at Ray is contro l l ed by the primary 
m i nera l i zat ion and by fau l ti ng , Fau l ts have part l y  contro l l ed the oxi dation,  l each
i ng ,  and reprec i pi tation of copper and have d i sp laced the ore body . Structure a l so 
contro l I ed the l ocation of hypogene copper m i nera I i  zati on . 

Rocks of the D i stri ct 

As shown by Tab l e  5, the basa l rock  in the Ray a rea i s  Pi na l sch i st ,  whi ch  has 
been i ntruded by o l der Precambria n gran i te a nd diori te . It is over l a i n  successi ve l y  
b y  rocks o f  the younger Precambrian Apache group , b y  Mi ddl e Cambrian Troy 
quartz i te,  and by l imestones of Devon ian ,  Mi ssi ssi ppian ,  and Pennsy l van ian  ages , 
These rocks were i ntruded, presumab ly  during l ate Cretaceous-ear l y Tertiary 
( Laram ide)  t ime,  by diabase , quartz dior i te ,  quartz monzonite ( Gran i te Mounta i n  
a nd Teapot Mounta i n  porphyr ies ), and quartz-diori te porphyry , Next younger are 
the Tertiary Whi teta i l  congl omerate , Tert iary da c i te and tuff , a nd Tertiary
Q uaterna ry Gi l a  cong l omerate . 

Rocks of the Mi ne Area 

A t the Ray ore body , the Pa I eozo i c strata a nd beds of the Apa che group were 
removed by pre-Whi teta i l erosion ; i n  the immediate vi c i n i ty,  Whi teta i l  congl omerate,  
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daci te ,  a nd Gi l a  cong l omera te rest d i rec t l y  upon the o l der Precambrian rocks . 

Most of the ore mi ned has occurred i n  the Pi na l schist ,  wh i ch here represents meta 
morphosed sedi ments together wi th  m i nor amounts of meta-rhyo l i te and basi c i ntrusi ves . 

D iabase i s  conspi cuous i n  the Ray pi t as a l a rge wedge-shaped mass of whi ch the foot
wa l l  d i ps about 45 degrees E . ,  and the hangi ng wa l l  1 5-30 degrees E ,  The d iabase body 
east of Mi nera l  Creek i s  more i rregu la r  in outl i ne a nd d i sp laced by fau l ti ng , Di kes and 
s i l l s of  diabase cut  the m i nera l i zed a rea , Diabase was the most favorab l e  host rock  for 
hypogene copper depos i t ion,  but not a l l  d iabase is hi gh l y  mi nera l i zed , 

A mass of quartz diori te , wea k l y  m inera l i zed, crops out south of Ray , The Gran i te 
Mounta i n  porphyry , of quartz-monzonit i  c composi t ion,  occurs as  a seri es of wide di kes and 
l a rge masses southwest of Ray ;  as  i rregu la r  di kes and "fi ngers " throughout the m i nes; a nd 
a s  a p l ug cutti ng d iabase and sch i st nea r  the center of the ore zone , Th i s  porphyry i s  
m i nera l i zed s imi l a r l y  to the sch i st , 

The Tea pot Mounta i n  porphyry i s  coarse l y  crysta l l i ne to a l most pegmat i t i c i n  texture 
a nd conta i ns l arge , we l l -formed phenocrysts of fe l dspar , Th i s  rock ,  whi ch  forms a seri es 
of outcrops north of the ore body , may be post-m i nera I ,  

Structure 

The Ray fau l t ,  whi ch  strikes north-northwester l y  a l ong Minera l  Creek and para l l e l  to 
the ma i n  mounta i n  ranges, d iv ides the a rea , The amount of movement on th i s  fa u l t , a s  
descri bed by  Spurr ( 1 9 1 6) ,  was perhaps 1 , 000 or 2, 000 feet ;  Ransome ( 1 9 1 9 ), on  t he  other 
hand , regarded the d i sp lacement as  l ess tha n 1 00 feet in p l aces a nd not more than severa l 
h undred feet a nywhere , Spurr 's i nterpretat ion seems preferab l e  as  judged by differences 
in o re depos it ion on opposi te si des of the Ray fau l t ,  East of the fa ul t l i tt l e  supergene ore 
has been found, but hypogene m i nera l i zation extends ra ther deep , 

Fo l d i ng has affected the sch ist l oca l l y ,  and pre-m i nera l fa u l t i ng resu l ted i n  i ntense 
crush ing of a l l rocks . Mi nera l i zed northeast fractures of steep d i p  occur throughout the 
a rea , but few of them can be traced for more than  a few hundred feet . The crush ing 
conti nued dur i ng hypogene m i nera l i zat ion , 

The l argest of the northeast fractures i s  the Sun fau l  t ,  whi ch  crosses the ore body i n  the 
western part of No . 2 m ine ,  sp l i ts i nto two branches , and f la ttens at  depth (F i g . 30 ) .  I n  
i ts eastern portion,  the footwa l l branch reverses i n  di p .  

The Emperor fau l t  i s  a post-mi nera l  thrust whi ch ,  i n  the p i t ,  shows a ro l l  and a c hange 
of d i rection ( F i g ,  30,  sec , A-A ' ) ,  The western port ion of the fa u l t  stri kes N .  600 E .  a nd 
d i ps 300 NW , ;  the eastern portion stri kes southward a nd d i ps 1 50 - 300 E ,  Str iat ions show 
two sets of movements , one southward and one westward , Measured d i sp lacem ent of 
porphyry and diabase amounts to l ess than 1 , 000 feet , 

The North End and West End fau l ts l i m i t  copper ore on the north and west , respecti ve l y , 

T he Consue l o and Bi shop fau l ts ,  which  are post-m i nera l  breaks of northwest trend, cut 
the ore in the No , 2 m i ne . 
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Hypogene Mi nera l izat ion 

Genera I Features 

Hypogene copper ore occurs i n  d iabase and amphibo l i te schist i n  the centra l zone of the 
m i nera l i zed area . The copper  occurs as  cha l copyrite in pyri te-q uartz ve i n l ets whi ch  c;:ri ss
cross the enti re m i nera l i zed area . Ore is deepest near the center of the diabase mass west 
of the Ray fau l  t , East of the fau l  t copper i s  di str ibuted errati ca I I  y, a nd some copper i s  
under a barren pyri te zone , 

The better grade hypogene ore i s  surrounded by schist and porphyry of l ow copper content . 
Th i s  protore conta i ns approxi mate l y  0 . 2  percent copper ,  probabl y  as cha l copyrite m ixed 
with pyri te , a l  though cha l  copyri te rare l y  is i denti f ied i n  spec imens conta i n i ng l ess than 0 . 3  
percent copper , Sch i st protore extends i n  a thi ck north-di ppi ng zone from the p i t  area 
west a l ong the southern part of No , 2 m i ne ,  to and a l ong the Sun fau l t . Protore a l so 
extends south from the pi t to the a rea south of No . 1 m ine . Protore i s  not found i n  the 
bottom of the m i ne or on the north s ide . I ts northern extent i s  obscured by supergene 
cha I coci te . 

Barren pyr i ti c rock, s imi la r i n  appearance to protore but l acki ng copper ,  i s  be l ow and 
beyond the edges of  the protore . There i s  a transi t ion zone between typ ica l  protore a nd 
barren pyr i t ic  roc k ,  Pyr i te i n  genera l d imin i shes away from the ore body , 

Mo l ybdeni te vei n l ets occur i n  the h i gher grade porti ons of the copper zone, i n  sch is t ,  
porphyry, and diabase , and extend deeper than the protore . A l i tt l e  mol ybdenite occurs 
i n  the centra l zone, extendi ng beyond the area of better grade hypogene copper ore , 

Pri mary Structura l Contro l 

The q ua rtz monzoni te porphyry, the l ast rock i ntruded before m inera l izat ion,  i s  regarded 
as the source of the copper . Crushed host rocks appear to have caused a d i ssemi nated type 
of ore body to form , rather than a vei n type , as at the Magma m i ne .  The center of m i nera 1 -
i zation occurs near the Ray fau l t  where the diabase came up . Movement on the Ray fau l t ,  
a l though ma i n l y  o f  post-m i nera l age , appears to have been i n  part pre-m i nera l . 

Oxidat ion,  Leach ing ,  a nd Secondary Enri chment 

Most of the ore m ined has been supergene, deri ved from the schist protore by oxi dati an 
and l each ing  whi c h  resul ted in m igrat ion of copper downward and rep lacement of pyri te 
with cha l coc i te . The l eached schist or capping,  i n  part ,  has been eroded away . 

There were two stages of secondary enri chment . Much of the ore body was enri c hed 
prior to eruption of the Tert iary dac i te . Leach ing was resumed when l ate fau l t ing and 
eros ion a ga i n  exposed the ore . The process i s  sti l l  goi ng on .  

Effect of Structure on Supergene Ore 

The l ast fau l t  movement ra i sed and t i l ted the ore body northward . In the southern end 
of the ore , above water tab l e ,  copper i s  be i ng l eached a nd moved downward , Oxi dat ion 
a nd l each i ng a re stronger a l ong fau l ts and fractures where a i r  and water can penetrate . 
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Residua l  masses of cha l coc i te ore occur i n  the cappi ng away from fractures . These residua l 
masses a re pratected from l eachi  ng by impervious barr ie rs of gouge . Perched water tab l es 
a l so have protected ore , but i n  p l aces the bottom of the zone of oxi dation i s  i rregu la r  a nd 
extends to the bottom of the ore body a l ong fa u l ts . 

The di stri bution of the supergene ore was i nf l uenced by existi ng fau l t  zones ,  wh i ch 
e i t her were channe lways for movement of sol utions or i nc l uded impermiab l e  ba rri ers of 
gouge , The Emperor thrust fau l t  wi th i ts th ick  b l anket of gouge i s  the most important  of 
the barr ier  fau l ts . I t  contro l l ed d i stri bution of ore i n  the eastern part of No . 2 m i ne a nd 
i n  m uch of No , 1 m i ne .  Ore sol utions crossed the Emperor fau l t  on l y  i n  the v ic i n i ty of 
the Bi shop fau l t ,  whi ch  d i sp laced the Emperor fau l t .  Mi nor fra ctures associated with the 
B i shop fau l t  a l so cut the fau l t  gouge , a l l owi ng passage of so l uti ons , The breaks associ ated 
wi th the B i shop fau l t  a re responsi b l e for  the l oca l i zat ion of  the sch ist ore that  i s  bei ng 
mi ned in the western part of the pi t .  

The northeast-trendi ng pre-mi nera l Sun fau l t conta i ns impervious gouge whi ch part l y  
l oca l i zed the ore i n  the 'western part of No . 2 m i ne . The West End faul t b l ocked mi grat ion  
of  copper to  the west,  but  th i s  fau l t  i s  west of  the hypogene mi nera l i zat ion;  therefore the 
grade of  ore drops sharp l y  i n  the western part of  the m i ne area . 

The northwest Consue l o  fau l t  served as a channe lway and caused ore to extend a l ong 
a northwest trough . Farther northward i t  served as a barri er , The Consue l o  fau l t  d i sp laced 
the north-south Sha rkey fau l t ,  wh ich l oca l i zed a smal l ore body north of  the Consue l o  fau l t .  

The North End fau l ts a l so are barr i ers ,  but I i t t l e  of the copper bear ing so l utions reached 
them , They appear to be of  pre-mi nera l age,  a nd the rock north of  them i s  most l y  un
a l tered . 

Nati ve Copper and Cuprite 

Nati ve copper and cupr i te crysta l s  occur i n  the pi t at  Ray .• The l a rgest and best spec imens 
have been obta i ned i n  the sch i st just west of the d iabase . The supergene copper so l uti ons 
were b l ocked by the diabase and formed r i ch ore by rep l ac i ng a l l the pyr i te i n  the sch i st . 
Native copper and cupri te occur a l so i n  the eastern part of the p i t ,  i n  schist a nd i n  a diabase 
si l l  above the ma i n  d iabase mass , Much of the cupri te formed as  veins of ha i r l i ke cha l 
cotri chi te , Cha l cotri ch i te has not been found west of the diabase , 

Nat ive copper and cupri te are found on l y  i n  a reas where rep lacement of pyr i te by 
cha l coci te was comp lete . I n  the oxi dat ion and l each ing ,  su l fur i c  ac id  and ferr i c  su l fate 
a ppear to have been i nsuffi ci ent to d i sso l ve a l l the copper . Much of it was reprec ip i ta ted 
as  nat ive meta l or as  cupr i te . Where cha l coc i te contai n ing  resi dua l  pyri te has undergone 
l each ing ,  a l most a l l  the copper has gone i nto so l ut ion as copper su l fate . 

Go l d  and Si l ver 

On l y  a trace of go l d  is  found in the ore at  Ray ,  I t  appears to be ra ther uniform l y  d i s
tr i buted and unaffected by seconda ry enri chment , The d iabase may conta i n  more go l d  than 
the schi s t ,  but i t  i s  in q uant i t ies too sma l l for accurate determination , S i  I ver occurs wi th  
the  coppe r ,  but i n sma l l amounts and errati ca l l y d i stri buted . I t ,  l i ke copper , i s  concentrated 
by se�ondary enr i chment , The rat io  of si l ver to copper i s  hi gher i n  hypogene d iabase ore 
than  supergene schist ore , Native si l ver ,  associated wi th nati ve copper ,  has been found i n  
the pi t . 
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Laramide a n d  later intrusive � bodies (excepting diabase); � not a l l  mapped west of lono.  
1 1 1 ° .  
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� 10 Reverse or thrust fault :: � (T= overthrust si de). 

� 
• 1- � _I Syncline. 

� General outline, Ray mineral� ized area (Rans ome). 
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GE N E RAL GE OLO GY BETWE E N  RAY A N D  S UPE R I OR, AR IZONA 

E l dred D ,  Wi I son* 
Ari zona Bureau of Mi nes 

I n t r o d u c t i o n  

The a rea between Ray a nd S uperior disp l ays spectacu la r  features of deformation , i gneous 
ac t iv i ty ,  eros ion,  a nd sedi mentat ion,  whi c h  deve l oped duri ng Laramide and subsequent 
t ime . Here, as e l sewhere i n  the Southwest , the Tert iary- la te Cretaceous h i story remai ns 
partia l l y obscure , wi th compl exit ies that have not recei ved deta i l ed regi ona l study , 

I n  addi t ion,  the area i s  of i nterest ,  because i t  ad joi ns two m i ni ng di stri c ts ,  l ess tha n  
1 0  m i l es a part ,  whi ch duri ng 1 9 1 1 -5 1  produced meta l s va l ued a t  more than $506 , 500, 000 . 
Of th i s  tota l , approxi mate l y 65 . 5  per cent came from Ray ,  and 34 .4  per cent from Superi o r .  

Sources o f  I nformat ion 

The fo l l owing summary i s  based upon pre l i m i na ry f ie l d studi es made for the Ari zona 
Bureau of Mi nes, supp l emented by basi c data from Ransome ( 1 9 1 9 ), Hoyt ( 1 938),  C la rke 
(th is  Guidebook) ,  Short and Ettl i nger ( 1 926) ,  Short et a l . ( 1 943 ), and Stee l e  (th i s  Gui debook ) 
regardi ng the Ray and Superi or d i stri cts . Appreciative a cknowl edgment i s  made to Dr . B .  
S .  But l e r  for act ive col l abo rat ion i n  part of the fi e l d  work,  a nd to Prof . E .  D ,  Mc Kee for 
i dentif i cat ion of fossi l s .  

Topogra phy 

Ray is in the southward-trendi ng  narraw va l l ey of Mi nera l Creek ,  between the Dri ppi ng 
S pr i ng Range on the east a nd the Torti l la Range on the West , A few m i l es north of Ray ,  
these ranges converge i nto a comp lex mounta i nous tract whi ch ,  conti nuing north and north
west beyond Superi or ,  i s  sepa ra ted from the Cast l e  Dome-Miami area on the northeast  by 
the dra i nage of Pi nto Cree k .  

A n  outstandi ng topograph ic  feature i s  the ri dge whi c h  crosses G i l a  Ri ver near Ke l vi n ,  
over l ooks Mi nera I Creek from the west, and extends north-northwestward for more tha n  20 
m i l es ,  I ts crest northward from Teapot Mounta i n  (F i g ,  34) broadens i nto a rough da ci te 
p l a teau of wh i ch  the western scarp,  Apache Leap ,  over l ooks Superior . 

The western porti on of the Ray-Superior area has been extens i ve l y  di ssected i nto r idges,  
peaks , and mesas of i rregu l a r  pattern . 

Deep canyons mark the drai nage systems of Minera l , Wa l nut ,  and Q ueen Creeks , the 
genera l posi t ions of wh ich  a re i nd i cated on Fi gure 3 1 . 

S tructure 

Genera I Statement 

This genera l region underwent fo l di ng a nd fau l t i ng ,  wi th associated i gneous i nvasi on,  
pri nci pa l l y duri ng O l der  Precambrian ,  Laramide ( Late Cretaceous - Ear l y  Tertiary), and 
subsequent t imes Addi t iona l vu l can i sm ,  apparent l y  accompan ied by on l y  m i l d  structura l 
di sturbances , occurred during Younger Precambrian ,  Upper Cretaceous , and Quaternary,  
as i ndi cated i n  Tab l e  3 of  th i s  Gui debook , Regiona l up l i ft a nd depression took p l ace a t  

* Geo l ogi st , Ari zona Bureau o f  Mi nes , University o f  Arizona 
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R O C  K S 

The pri nc ipa l  formati ons in  the Ray-Superior area a re as fo l l ows (see a l so Tab l e  3 ) :  

Tab l e  5 ,  Formati ons i n  the Ray-Superior area 

Age 

Quaternary 

Un conform i ty 
Quaternary 

or 
Tertia rr 
Un con orm i ty 

Midd l e  

Tertia ry 

to 

Late 

Tert iary 

Laramide 

Formation 

Al l uv i um 

Basa l t  

Rhyol i te 

Tuff 

Gi l a  (? ) 
congl omerate 

Unconfarm i ty 
Dac i te 

Unconform i ty 

Whi teta i l  
cong l omera te 

Unconform i ty 
Quartz dior i te 
porphyry 

Chara cter and Di stri bution 
Thi  ckness 
in feet 

Unconso l i dated grave l , sand,  and c lay , 

F l ows cover i ng sma l l areas , ma i n l y  west 
of Super ior ;  di kes and sma l l  p l ugs in l a te 
fou l  t zones , 

Porphyr i ti c  to g lassy necks ,  as i n  Hel l s  
Peak and  part o f  P icketpost Mt . ;  f l ows 
and perl i t i c  si l l s ,  ma i n l y  west of Superi or , 

Rhyo l i t i c  to da c i t i c  tuff , strat i fi ed and cross 
bedded, l oca l l y  conta i n i ng la rge bou l ders of 
o l der  rocks ; i n  genera l contem poraneous wi th 
the rhyo l i t i c  necks . Occurs on l y  west of 
Concentrator fa u l t ;  extens ive in southwestern 
part of a rea . 0- 1 , 000 

Loose l y  to fi rm l y  conso l idated grave l , bou l ders ,  
sand,  a nd s i  I t ;  fragments rounded to angu l ar . I n  
va l l ey o f  Mi nera l Creek ;  west o f  Concentrator 
fau l t  and i n  southwestern part of area . I nc l udes 
some tuff and l enti cu lar  f l ows of basa l t .  0- 1 , 050 

F l ows ; m i nor tuff especia l l y a t  top and base ; 
thi n vi trophyre near base . Widespread ,  north 
from Teapot Mounta i n  a nd southwest from 
Superior 0- 1 , 250 

Genera l l y  conso l i dated , wea k l y  strat i fi ed 
gravel a nd bou l ders , angu la r  to poor l y  rounded, 
loca l l y wi th sand and si l t ,  I n  pre-dac i te l oca l 
depressions ; th i ckest south and east of Wa l nut 
fau l t .  0- 1 , 000 

Di kes , si l l s ,  a nd sma l l  masses , wi de l y  
d i  stri buted , 
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Age 

Laramide 

Pennsy l vanian 
and possi b l y  
some Permian 
Di  sconform i ty 
Miss i ss i ppian 

D i sconformity 
Devonian 

Di  sconform i ty  
Midd l e  
Cambrian 

Di sconform i ty 

Younger 

Precambrian 

Formation 

Quartz monzo
n i te porphyry 

Quartz d iori te 

Diabase 

Na co 
l i mestone 

Escabrosa 
l i mestone 

Mart i n  
l imestone 

Troy 
Quartzi te 

Basa l t  

Mesca l 
l i mestone 

Dri pp ing  
Spri ng quartz i te 

(Apa che group ) Barnes 
cong l omerate 

Unconformi ty 

O l de r  

Precambrian 

Pioneer 
sha l e  

Scan l an 
congl omerate 

Madera diori te 

Rui n  gran i te 

Pi na l 
schist 

Character and Di stri buti on 

Masses and d ikes, Ray v ic i n i ty ;  di kes, 
Magma mi ne . 

Masses and d i kes, northwest of Ke l v i n .  

S i l l s ,  di kes . Probab l y of two ages . 

Med ium-bedded gray l imestone , i n  p laces cherty, 

Thi  ckness 
i n  feet 

with some sha l e  beds . Extensi ve under Apache Lea p .  1 , 390 

Medi um to thick-bedded , c l i ff-form i ng l i ght-gray 420 
to whi te l imestone . Extensi ve west of Apache Lea p ,  

Th i n-bedded, s l ope-formi ng l i mestone with paper 340 
sha l e  near top . Extensi ve west of Apache Lea p .  

Cross-bedded,  pebb ly  quartz i te ,  c l i ff form i ng ,  425 
Extens i ve north of Wa l nut fa u l t ,  

Vesi cu la r  basa l t .  0-220 

Th i n-bedded l i mestone 
with thi n  c hert bands . 

Banded arkosi c quartz i te ,  
beds few i nc hes to  2 ft ,  th ick 

Mai n l y  quartzi te pebb l es 
i n  arkosi c cement , 

Dark purp l i sh brown sha l e , 
quartzi ti c a t  base , 

Q uartz and quartzi te pebb l es i n  
sandy to sha l y  cement . 

Sma II masses north of Ray ,  

Masses southwest of Ray .  

Wi despread 
north of 
Wa l nut fau l l" ;  
a I so north of 
Tea pot Mt . 

F i ne-gra i ned l i ght-gray seri c i t i c sch i st , 
Ray a rea ; south and east of Wa l nut fa u l t ;  
west o f  Concentrator fau l  t • 
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intervals between the periods of major unrest, as evidenced by disconformities (Table 5) . 

Older Precambrian folding and faulting (Anderson, 1951), with associated igneous in
vasion ascribed to the Mazatzal Revol uti on (Wi Ison, 1939), affected an extensive region of 
which the Ray-Superior area forms a small part , 

In east-central Arizona, particularly between the Plateau and the Dragoon Mountains, 
basalt afYounger Precambrian age flowed on top of the Mescal limestone, and diabase 
invaded the Apache group along bedding-plane faults or bedding slips , The diabase in part 
antedates the Middle Cambrian Troy formation (Darton, 1925, p , 36, 254-255; Cooper, 
1950, p , 31), but in some local ities diabase intrudes Pennsylvanian beds and presumably is 
of Laramide age , 

Superimposed upon the earlier structures, Laramide shear faults of general east-west 
and north-south trends, accompanied by northeast and northwest tension breaks, developed 
parallel to Older Precambrian structures , Some of the intrusives, Laramide as well as Older 
Precambrian, show northeasterl y a I inement (Peterson, this Guidebook) ; others occupy zones 
of shear faults , The Laramide folds mostly trend northwest to northward, locally transverse 
to the Precambrian folds , FaultsandfoldsaffectingtheTertiaryformations follow in general 
the Laramide trends , Thus, the structure appears to reflect ancient heritages , Many of the 
faults seem to represent old zones of intermittent displacement , Breaks initially of shear 
or tension type may have Qecome normal faults upon release of compressional stresses , 

In the Ray-Superior area, the ma in recogni zed structura I features (Fi g f 31) from east 
to west include the following : Synclines and faults along Mineral Creek; Walnut overturn 
and reverse fault; Elmthrustfault; east-westfaults; Hump Gulch reverse fault; Concentrator 
fault zone; Spine syncline ; and thrust fault west of the Concentrator fault , 

Synclines and Faults along Mineral Creek 

East of Apache Leap, the dacite is flexed into a broad, shallow syncline of which the 
axis trends south-southeast a long Devi I's Canyan af Upper Mineral Creek , Where crossed by the 
Superior-Miami highway, the western limb of this syncline dips 15 or 20 degrees, and the 
eastern limb dips somewhat more gently , 

In the western limb, under Apache Leap, Paleozoi c and Younger Precambrian beds stri ke 
generally northward, with arcuate variations reflected by the mountain front, and dip 30 to 
50 degrees eastward (Fig , 37). East of Superior theydipas much as 25 degrees more steeply 
than the overlying dacite, which fact suggests that the Laramide folding (Wilson, 1950, p . 
88-89) here was accentuated by post-dacite compression, 

About 3 miles north of Ray a fault, which trends northeasterly across Mineral Creek, 
brings dacite on the northwest against older rocks of the Dripping Spring Range (Ransome, 
1919, 1923) , 

Ransome (1919, p , 128-130) observedthattheattitudeoftheWhitetail, dacite, and Gila 
formations north of Ray (Fig , 33) is generally synclinal , The western limb of the syncline 
is displaced by a zone of step faults, collectively termed the Ray fault, which parallels 
Mineral Creek , As interpreted by Spurr (1916) and by Clarke (this Guidebaok), the country 
east of Mineral Creek has dropped perhaps from 1,000 to 2,000 feet along the Ray fault ; 
Ransome, however, concluded that the synclinal folding with minor step faulting could 
account for the difference in elevation between the dacite west and east of Mineral Creek, 

About a mile south of Ray f Pinal schist on the west has been thrust up over Dripping 
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Spri ng quartz i te on the east , As descri bed by Ra nsome ( 1 9 1 9 ) ,  the fau l t  di ps 45 degrees 
southwest ( F i g , 35 )  and poss ib l y  cont inues southward between Dri ppi ng Spri ng quartz i te and 
ove r l y i ng Gi 1 0  cong lomerate . 

I n  the Ray m i ne a rea a l ow-ang le  thrust , t he Emperor fau l t ,  has effected post-m i ne ra l  
d i sp lacement (C la r ke , th i s  Gui debook ) . 

Poss i b l y  the Empe ror fa u l t  and the aforement ioned thrust south of Ra y represent renewed 
movement upon breaks wh ich  o r igi nated wi th  the La ramide fo l d i ng ( Ki ersch ,  1 95 1 , and 
th i s  Gui debook )  of the Dr i ppi ng Spri ng Range , 

Wa l nut Ove rturn a nd Reverse Fa u l t  

On t h e  ma i n  r i dge , two mi l es north of Teapot Mounta i n ,  the Cambr ian ,  Devoni a n ,  a nd 
Mi ssi ss i ppian  beds (F i g ,  32 ,  sect i on D-E )  l i e  ups ide down , Th i s  feature was recogn ized  
ori gi na l l y  by  B ,  S ,  But l e r , As  the  Miss i ssi ppian beds of  the  section a re ove r l apped by 
Tert i a ry Whiteta i l cong l omerate on the east , the deformation presumab l y  was Laramide , 

Sepa ra t i ng the overturned l ower Pa l eozo ic  from Na co l i mestone on the west ( F i g .  32 ,  
sect ion D-E )  i s  the Wo l nut reverse fau l t ,  Th i s  fau l t  extends ( F i g .  3 1 )  south-southwestward  
a l ong upper Wa l nut Canyon and across the Ray-Super ior h i ghway ( F i g ,  36 ) ,  I t  d i sappears a t  
the  Concentrator fau l t ,  the western o r  downthrown si de of wh i ch  here consi sts of Late 
Tert i a ry tuff , 

The zone of the Wa l nut fau l t  i n  p la ces i s  occupi ed by a di ke of fi ne-gra i ned d iabase , 

Where crossed by section B-C ( F ig . 32 ) ,  the Wa l nut fa u l t  d i ps 60 degrees east and br i ngs 
Pi na l  schist  aga i nst st rat i graphi ca l l y h igh  Naco l i mestone that d i ps 50 degrees eastward . 
On the east s ide 4 , 1 00 feet of Pa l eozo ic  and Apache rocks p l us an  unknown thi ckness of 
Pi na l schi st are m i ss i ng , Hence the ver t i ca l  d i sp la cement tota l s  more than  4, 1 00 feet and 
may grea t l y  exceed that  amount , 

On the upthrown s ide ,  throughout a la rge a rea south and southeast of the Wa l nut  fau l t ,  
the Pa l eozo ic  and Apache beds were la rge l y  removed by erosi on , I nto va l l eys o r  tecton i c  
depressi ons wi th i n the deep l y eroded a rea , Wh i teta i l cong lomerate was deposi ted . 

E l m  Thrust Fa u l t  

I n  upper E l m  Canyon east of Super ior , a thrust  fau l t  appears i n  Naco l i mestone be l ow 
the daci te , As mapped by Harshman (Short et 0 1 " 1 943 , p .  55 ), th i s fau l t d i ps 35 degrees 
northeast ,  approxi mate l y  wi th  the bedd i ng of the l i mestone . A post-ore norma l  fa u l t  has 
dropped the western  port ion of the thrust re l a t i ve to the eastern por t ion , 

The E l m  thrust may be contem poraneous with  the Wa l nut overturn and reverse fau l t .  

East-West Fau l ts 

Many fau l ts of genera l east-west str i ke and steep d i p  cut pre-dac i te rocks but tend to be 
obscure ex cept in m i ne wor k i ngs , Wi th i n  the Magma and Be l mant m i ne a reas (Short et  0 1 . ,  
1 943 ) ,  they have effected d i sp la ceml3nts, par t l y  vert i ca l and pa rt l y  horizonta l ,  rangi ng up 
'ro 500 0r more feet , Notab l e  d i sp lacement a l ong the east-west fau l ts antedated ore depos i t ion 
and presuma b l y  was of the some genera l age as the fo l d i ng and overthrusti ng ; add i' t i ona l ,  
l a ter  movement i s  ev i dent l oca l l y ,  The pr i nc i pa l  m i nera l i zed vei ns at Superi o r  occur wi th i n  
fa u l t  fi ssures o f  t he east-west system , 

Hum p Gu l ch Reverse Fau l t  

A reverse fau l t  br i ngs diabase agai nst Devonian Marti n l i mestone a l ong the wouthward 
trend i ng gu l ch wh ich  the Roy-Super io r  route fo l l ows between the Wa l nut fo u l  t o nd the Hum p 
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F I GURE 36 .  - LOOK I N G  S OUTHWESTWARD ACROSS WAL N UT FAULT F ROM 
M I LE 1 03 . 0 . Pi na l schist (sch )  in l eft midd l eground is separated from 
Pa l eozo ic  l i mestone ( P i s )  on ri ght by Wa l nut reverse fau l t .  Diabase (db ) 
occupies fa u l t  zone . Traverti ne i n  r i ght foreground . 

F I G U RE 37 .  - VI EW OF MAI N R I D GE N O RT H EAST OF T HE HUMP . View northeast 
from l i ne of section B-C, Fi g .  3 1 . Escabrosa l i mestone i n  c l i ffs is unde r l a i n  by 
Marti n  l i mestone , Troy quartz i te ,  Apa che group, and diabase . Naco l i mestone 
forms s l ope above Esca brosa . Ridge on extreme upper r ight consi sts of ti l ted 
Apache beds a nd d iabase , east of Wa l nut fau l t .  
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( F i g , 3 1 ) .  Bo l d l y  outcropp ing masses of si l i ca breccia , hydrothermal  i n  Ori g i n ,  l oca l l y 
mark the zone of th i s  fau l t ,  The genera l re l at ions a re shown i n  F i g ,  24 a nd section B-C of 
F i g , 3 2 ,  

Concentra tor Fau l t  Zone 

The Concentrator fau l  t zone has been mapped for a I ength of some 1 5  m i l es and evi dent l  y 
extends far beyond the l i m i ts i nd i cated on F i g , 3 1 , I ts ma i n break fo l l ows a zi g-zag course 
of about N .  1 5  degrees W . , di ps 60 to 70 degrees west ,  a nd effects a vert i ca l  d i sp l.ocement,  
r e l a t i ve l y  downward to the west, of  2 , 000 feet or more , The zone as a who l e  forms !l i nks 
a nd branches of compl ex pattern throughout a broad be l t ,  

The Concentrator fau l t  cuts post- Gi l a  (? ) tuff ., Near Super ior, i t  apparent l y  effecte d  
consi derab l e  d i sp l acement pri or to deposi t ion o f  the Gi l a  congl omerate (Short e t  a i " 1 943 ) .  

Spi ne Sync l i ne 

I n  the southern part of the Ray-Superior area ( F ig , 3 1 ), the o l der rocks and a l so the Whi te
ta i l  congl omerate , dac i te {  a nd l ower port ion of the post- Gi l a  ( ? ) tuff are fo l ded i nto a 
narrow northwestward-trend i ng sync l i ne .• The southwestern l i mb of th i s fo l d forms the Spi ne,  
a sharp r idge whi ch  r i ses 1 , 400 feet above the Gi l a  River . The northeastern l i mb, south of 
Copper Butte, i s  cut by the Concentrator fau l t .  As shown by a recent churn-dri l l  ho l e ,  thi s 
sync l i ne has depressed the pre-Whi teta i l surface of the sch ist to a n  e l evat ion of 700 feet, 
and the l ower l im i t  of compl ete oxidation to 1 00 feet above sea l eve ! .. The fo l d  becomes 
obscL\re southeastward on a surface of crysta l I i ne rocks,  a nd northwestward it passes beneath 
younger tuff . In a l i nement wi th the fo l d  northwestward is He l l s Peak ,  a p l ug of g lassy 
rhyo l i te more than 1 , 000 feet in diameter ( F i g . 23 , 36), whi ch penetra te Gi l a  (? ) con
g l omerate and the l ower tuff beds ., 

Thrust Fau l t  West of Concentrator Fau l t  

West of the Concentra tor fa u l t ,  6 mi l es south of Superi or, Pi na l schist i s  thrust over Naco 
l i mestone ( F i g .  32 ,  sec . A-B ) .  The thrust fau l t , l oca l l y  marked by gouge a nd breccia 1 0  
feet thi ck and d ipp i ng 35 to 45 degrees eastward, i s  exposed for a l ength of a m i l e ,  I t  i s  
concea l ed b y  dac i te on the northwest and cut off by the Concentrator fau l t , ori g ina l l y  was 
conti nuous with the Wa l nut overturn and Wa l nut reverse fau l t ,  The possi b l e  extent of the 
thrust fa u l t ,  as for examp l e  beneath other areas of  Pi na l  sch i st west of  the Concentrator 
fa u I t , rema i ns unknown , 
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S UPE R I OR AREA 

H, J ,  Stee l e  
Magma Copper CO.mpany 

I n t r o d u c t i o n  

The Superior m i n i ng a rea , i n  northeastern Pi na l County, Ari zona i s  65 m i l es east of 
Phoen ix  and 20 mi l es west of Miam i ,  v ia U , S ,  H ighway 60-70 , 

S uperi or i s  a t  an e l eva ti on of 2 , 800 feet ,  and the steep daci te-capped esca rpment 
i mmediate l y  east of the town r i ses abrupt l y  to an  e l eva tion of 4, 800 , 

Mi n ing act iv i ty has been carri ed on conti nuous l y  si nce the d i scovery of the Magma vei n  
i n  1 874 and of the S i l ver K i ng ore body i n  1 875 , The bu l k of production has been from the 
S i  I ve r  K i ng, Lake Superi or and Ari zona (now owned by Magma Copper Company) ,  a nd t he 
Magma , wh i ch i s  the on l y  m i ne now operati ng , 

R o c k  T y p e s  

The rocks exposed i n  the area cons i st of Precambrian Pi na l  sch i st unconformab l y  over
l a i n  by easter l y di pping Apache group of younger Precambrian sed ime nts , Cambrian  
quartz i te ,  a nd Pa l eozoi c l i mestone , wh i ch a re i n  turn ove r l a i n  by  Tertiary dac i te f l ows , 

The schist and pre- Devonian sedi ments a re cut by diabase s i l l s ,  and the ent i re seri es 
i s  cut  by quartz-monzon i te porphyry d i kes , The youngest i gneous rock i s  Q ua ternary 
basa l t  occurri ng as d i kes ( F i g ,  3 8 ) ,  

Pi na l Sch i st 

The Pi na l sch is t ,  of ea r l y  Precambrian age , i s  a l i ght grey, fi ne-gra i ned,  h igh l y  seri c i ti c  
rock with f ine l y  devel oped schi stoc i ty , Vei n l ets of qua rtz are common , a nd i n  p l aces i n  
the Magma mine the rock i s  a l most entire l y  quartz , The sch ist i s ,  i n  part a t  l east ,  of 
sed imentary ori g in , 

Apache Group Rocks 

The Scan lan  congl omerate is the basa l member of t he Apa che group ,  but exposures a re 
not abundant i n  the a rea . The cong l omerate i s  2 to 1 5  feet thi  ck where exposed ,  and has 
not been recognized in the Magma mine , The Pioneer sha l e  is next i n  succession and i t  
consi sts of modera te l y  hard dark purp l i sh brown arkos i c  sha l e . I n  p laces i t  grades i nto 
hard arkosi c quartz , The max imum thickness known in the Magma m i ne is 350 feet . 
The over l yi ng Barnes cong l omerate i s  about 1 5  feet th i  ck and i s  composed of vi treous quart
z i te pebb l es wi th  some mi l ky q uartz pebb l es in a coarse sandy , arkosi c matr i x ,  Th is  d i s
t i nct ive bed i s  a good hori zon marker i n  the Magma mine . 

The next format ion i s  the Dri pping Spr ing quartz i te , The quartzi te i s  buff to yel l ow 
and brown , strong l y  banded , and has an average th ickness of 820 feet , I t  i s  h i gh l y  arkos i c  
w i  t h  20  to  40  percent fe l dspar a nd toward the top grades i nto Mesca I l i mestone ; l i mestone 
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or sha l y  beds a l ternati ng wi th norma l quartz i te , Underground i n  the Magma m i ne i t  i s  
d i ffi cul t to  differentiate the Dri ppi ng Spri ng from the  Troy q uartzi te un l ess t he  Ba rnes 
cong l omerate i s  present , 

The uppermost formation of the Apache group i s  the Mesca l l i mestone , Th i s  format ion 
i s  a thi n-bedded buff to grey l i mestone wi th ma ny chert bands para l l e l  to the beddi ng , 
and i s  about 225 feet t h i ck , The basa l t f l ows , whi ch i n p laces over l i e  the l i mestone , ha ve 
a tota l ma xi mum thi ckness of 220 feet a l though they a re not a lways present ,  Unti l recent l y  
the Mesca l l i mestone was not recogni zed i n  the Ma gma mine , Exp l orat ion east o n  the 
3 , 400 I eve I cut 1 65 feet of Mesca I and 70 feet of the basa I t ,  The l i mestone in th i  s exposure 
was l i ght ye l l ow to green presumab l y  due to the presence of tremo l i te ,  Asbestos seams up 
to 3 i nches thi ck a re common , 

Pa l eozoi c Rocks 

The Troy q ua rtz i te ,  of Mi dd l e-Cambrian age , and about 400 feet th ick ,  l i es uncon
formab l y on the Mesca l l i mestone , I t  cha racteri sti ca l l y consi sts of cross-bedded pebb l y  
qua r tz i te . Over l y i ng the Troy quartz i te i s  the upper Devonian Mart in  l i mestone , 350 to 
425 feet th i ck , The Marti n is ye l l owish to buff i n  co lo r  and tends to form a debri s-covered 
s l ope between the c l i ff-formi ng Troy q uartzite and the whi te Escabrosa l i mestone ., No 
a ngu la r  unconform ity has been recognized between the Troy and Ma rti n ,  but a d i sconform i ty 
i s  evi dent i n  an  exposure i mmediate l y  south of Superior , The l ower pa rt of the Marti n is 
a favorab l e  host rock for rep la cement ore in the vi c i n i ty of m inera l i zed cro�s breaks ,  as  i s  
the L, S ., and A,  a nd Queen Creek m i nes ., Exp l orat ion wi th in  this same zone i s  bei ng 
car ri ed on in the Magma m i ne ., 

The Escabrosa l i mestone , of Lower Mi ssi ssi ppia n age, averages about 420 feet i n  thi ck
ness , I t  i s  wh i te to  l i ght g rey and forms pri m i nent mass ive c l i ffs ., The Naco l i mestone , 
of Lower Pennsy l va nian age, i s  a th in-bedded white, l i ght-grey , or l i ght-pi nk l i mestone , 
Near the top of the formation a prom i nent yel l ow chert bed forms a smo l l  c l i ff whi ch  i s  a n  
exce l l ent marker bed ., The exposed thi ckness of the Naco i n  the Queen Creek canyon i s  
about 1 , 200 feet , 

Tert iary Rocks 

The Whi teta i l cong l omerate i s  the o l dest rock of Tertia ry age in the area , The con
g l omera te consi sts of coarse debri s and si l t ,  accumu la ted probab l y in Mi dd le  Tert iary t ime 
on the  pre-doci te eros ion surface , A maximum thi ckness of 1 00 feet i s  exposed in  Queen 
Creek Canyon , The dac i te cong lomerate over l i es the Tert i a ry daci te and i s  sim i la r  to the 
Gi l a  cong l omerate of P l iocene age , I t  was deposited upon an  i rregu l ar surfa ce and has a 
consi derab l e  range i n  th i ckness , 

I gneous Rocks 

Diabase and Quartz Di o r i te 

Diabase si l l s have i ntruded the Pi na l Sch i st ,  Apache group, and Troy qua rtz i te , I n  the 
Magma m i ne a tota l thi ckness of 3 , 1 00 feet of diabase si l l s have been cut by m i ne work i ngs , 
The diabase has not i ntruded the Morti n l imestone i n  the m ine a rea , A stock of quartz 
d ior i te i ntrudes Naco l i mestone a nd is unconformab l y  over l a i n  by Tert ia ry dac i te ,  north 
of Magma and near the Si I ver I< i ng , 
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Qua rtz-Monzon i te Porphyr ies 

The S i l ver  K i ng qua rtz -monzon i te porphyry, an  e l l i pt i ca l  mass 2 , 500 feet f rom east 
to west a nd 1 , 200 feet wi de , was i ntruded i nto the southeastern pa rt  of the q uar tz-d ior i te 
stock , The S i l ver  K i ng ore body i s  wi th i n the porphyry , wf i ch shows predom i nate ly  seri c i t i c  
a l te ra t ion  a nd a progress i ve i ncrease i n  qua r tz toward the zone of m i nera l i zat ion , The 
Magma q ua rtz-monzon i te porphyry , whi ch  is pre-ore , occupies the Magma vei n  fa u l t  
from the outcrop to the 1 , 200 l eve l a nd be l ow th i s  l eve l occurs i n  many p l aces i n  ei ther 
the north or south wa I I  of the ve i n ,  

Da c i te a nd Basa l t  

A th i ck seri es of dac i te f lows , tuffs , a nd agg l omera tes over l i es the Pa l eozo i c  and o l der 
rocks as we l l  as the S i  I ver Ki ng q ua rtz d io r i te  stock a nd Whi teta i I cong l omerate , In Queen 
Creek Ca nyon the t h i ckness i s  1 , 200 feet , The youngest i gneous rock i n  the di str i  ct occ urs 
as sma l l  basa l t  i nt rus ive badi es and  f l ows l ate r than the post-daci te fa u l ts .  I n  the Magma 
m i ne it occurs as d i  kes from one or two feet up to 30 feet i n  thi ckness whi ch cut the ore bodi es , 

Magma Mi ne 

The Pa l eozo i c  a nd Apache beds a t  the Magma m i ne str i ke norther l y  and  d i p  30 to 35 
degrees eastwa rd , The Ma gma vei n a nd the sma l l er para l l e l  Koerner vei n ,  some 900 to 
1 , 000 feet south af the Magma vei n ,  are fau l ts wi th  the fa u l t  zone mater ia l rep l aced by 
the ore m i nera l s ,  The vei ns str i ke s l i ght l y  north of east , 

The Magma vei n cuts the Pa l eozo i c  ser i es ,  from the base of the dac i te ,  a s  we l l as the 
Apa che g roup , sch i st ,  and the i n trusi ve q ua rtz monzon i te porphyry a nd d iabase si l l s ,  The 
bottom of oxida t ion i nsofa r a s  expl ored is pa ra l l e l  to the d i p  of the beds ,  and the a tt i tude 
of the di abase si l i s is rough ly  conformab l e  to that of the sed iments , 

The Magma vei n ,  from the surfa ce to the 800 l eve l , d i ps 70 degrees to 80 degrees 
northwa rd , F rom the 800 l eve l  i t  steepens to vert i ca l ,  and  be l ow the 1 , 200 l eve l i t  di ps 
south at  70 degrees to 75 degrees , 

Struc ture 

The d i sp l acement of the wa l l  rock by the Magma ve i n  fau l t  is about 400 feet  downwa rd 
and 400 feet westwa rd on the south or  ha ngi ng wa l l s i de , The two ma jor post-ore fa u l ts a re : 
1 ,  The Ma i n  fa u l t  str i k i ng north-south and  d i ppi ng a t  45 degrees west ( F i g , 39) , The 
surfa ce t race  of th i s  fau l t  i s  a l ong the fa ce of the esca rpment east  of the m i ne ya rd , The 
d i sp lacement on the hangi ng wa l l  of this fa u l t  i s  down about 1 , 300 feet  a nd south a bout 
1 , 350 fee t , 2 ,  The Concentra tor fau l t  str i k i ng N , 40 degrees W" d i ppi ng 60 degrees 
southwest , and convergi ng southward with the Ma i n  fa u l t  ( F i g ,  39 ) ,  The amount of d i s
p la cement on the Concentra tor fa u l t  is uncerta i n ,  but it is known to ha ve brought da ci te 
i nto contact  wi th Pi oneer sha l e  ( F i g ,  40) on 2 , 800 l eve l , 

Fa u l t i ng of a m i nor degree wi th i n  the stopi ng a rea fa l l s i nto three genera l c l asses, 
based on the effect on the vei n ,  
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EXPL A N A T I O N  
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Tertiary alluvium 
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Tertiary dacite 

1\ + ++1 
L aramide intrusIve rocks 
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1 ,  F la t  fau l ts-- I ow a ng l e  reverse fa u l ts str i k i ng nea r l y  para l l e l  to the vei n and d i ppi ng 
fro m a to 1 5  degrees south , These are thought to be pre-ore breaks a l ong whi ch , i n most 
cases ,  there has been post-ore d i sp lacement up to 30 feet on the d i p ,  Those f l a t  fa u l ts 
wi t h  no evi dence of post-ore movement have the effect of an  abrupt ro l l and th inn ing  of 
the vei n ,  In some cases the mi nera l i za t ion is much l eaner i n  grade above the fa u l t ,  i n 
d i cati ng a damming effect  o n  the ore so l ut ions , 

2 ,  Str i ke fau l ts ,  l oca l l y  known as s l i cer  fa u l ts ,  are of reverse type and usua l l y d i p 
steepl y north , The maxi mum d i sp la cement on them i s  about 30 to 40 feet . 

3 ,  Cross fa u l t i ng i n  the vei n wi th d i sp la cement up to 1 50 feet hori zonta l l y ,  These 
fa u l ts may str i ke e i ther northwest or northeast and d i p  steep l y  e i ther east or west , The 
structure as  descr i bed can be consi dered typi ca l of the d i str i ct 1 

Ore Bod i es 

The Magma vei n a verages 1 2 to 1 5 feet wi de , I t  has been exp lored , and stopi ng opera t i ons 
hav e  been car r ied on, from the surface to the 4, 600 l eve l , Exp lora t ion by d iamond dr i  I l i ng 
but  no drift i ng ,  had been done from the 4 , 800 l eve l , The ve i n  has been exp l ored on str i ke 
for  9 / 000 feet , 

I n  the upper East country,  a z i nc ore body i s  bei ng m i ned,  but the bu l k  of the copper 
ore has occurred in the centra l and west port ion of the vei n ,  The copper o re m i nera l s  a re 
cha l copyri te ,  born i te ,  enargi te ,  and some cha l coc i te and tennanti te ,  

The vei n wa l l s a re c l ea r l y  defi ned, but the wa l l  rock ,  especia l l y i n  the sch i s t ,  i s  not 
strong , Rock a l tera t ion does not conti nue fa r i nto t he wa l l s and the m i nera l i za t ion i n  
gene ra l i s confi ned wi th i  n the vei n wa I I  s ,  

The bottom of the Mart i n  l i mestone , as menti oned under rock descri pt ion ,  i s  a favor
a b l e  zone for rep lacement m i nera l i za t i on , Th i s  zone has been m i ned to some extent i n  
t he z i nc ore body a nd i s  bei ng exp lored to the east o n  l ower l eve l s , Appreciab l e m i nera l 
i zat i on extends a l ong �·h i s  zone north or south from the ve i n  for more than 200 feet i n  
p l a ces , The mi nera l izat ion where expl ored i s  massi ve pyr i te and cha l copyri te wi th  born i te , 

S top ing  i s a l most ent i re l y by square se t wi th waste f i l l  fol l owi ng ore extra ct ion as ground 
condi t ions d i cta te , A waste ra i se system from the surface provi des the bu l k  of the stope-fi l l  
mater ia l ,  

Rock  T empero tures 

One of the ma jor product ion prob l ems a t  Magma is the h igh  rock tempero ture , There 
i s  a n  i ncrease i n  roc k  temperature of 1 , 27 degrees per 1 00 feet of depth between the 2 , 550 
l eve l , where rock temperoture i s  1 29 degrees F "  to 4 , 600 l eve l ,  where a se r ies of tem per
a tures ta ken i n  a d iamond dri l l  ho l e  averaged 1 55 degrees F ,  A i r  cond i t i oni ng for stopes 
and deve lopment head i ngs is accomp l  i shed by c i  rcu la t i ng chi l i ed water from a surfa ce 

. coo l i ng tower and from Carri er  refri gera t ion un i ts l ocated underground , through coi Is l ocated 
a t  strategi c poi nts in the m i ne , The a i r  supp l y ,  drawn through the coi l uni ts by fans,  i s  
car r ied to  work i ng p l aces ava i l ab l e  through m i ne openi ngs and  by f l ex i b l e  vent tub i ng o r  
24" spi ra l we l d  stee l pi pe , 
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GILA CONGLOMERATE 

r-----________ �A� ____________ � 

Ix x x� x x x  
Recent grovels,sond,ond clays Fanglomerate Sand (transition zone) Lake deposits Bedrock 

FI GURE 41 , - HYPOTHETICAL CROSS SECT I O N  OF A BAS I N  S H OWING GILA CONGLOMERATE BOTH DEPOS IT IONAL 
AND FAULT CO NTACT WITH OLDER ROCKS, NOT TO SCALE.  

FIGURE 42. 

.,....... . .  

I N DEX MAP, S HOW I NG TH E D I STR I BU T I O N OF T H E  GI LA C O N G L O M E R ATE 

t\\\\\\1 M O U N TAIN A R EAS CONTAIN ING PRE- C A M B R I AN TO T E R T I A R Y  ROCKS 

L=::::J BASIN A REAS 

- - - - OUTLINE OF AREA CONTAI N I N G  DESCRIBED GILA C O N GLO M ERATE 2[.. E3 ....J 2S 50 75 ,qo M I LES 
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G I LA C O N G L OMERATE 

L ,  A ,  Hei ndl  
Tucson , An zona 

The f ie l d tri ps sponsored by the Ari zona Geo l ogica l  Soci ety wi l l  pass through extens ive 
areas of eroded and terraced a l l uvia l materia l ,  Much of i t  i s  ca l l ed the Gi la  cong l omerate,  
the genes i s  a nd hi story of  whi ch are controvers ia l , The fo l l owing paper revi ews pub l i shed 
materia l  on the Gi l a  cong l omerate and out l i nes some of the ma jor prob l ems concern ing 
the formation as i t  i s  descr ibed i n  the l i terature , 

U s e  o f  t h e  t e r m  " G i l a c o n g l o m e r a t e " 

The term " Gi la cong l omerate " ,  as i t  i s  current l y  used , i s  app l i ed to poor l y- to we l l 
conso l i dated a l l uv ia l  materia l s  that are deposi ted i n  the structura l va l l eys of the Gi l a  
River a nd some o f  i ts tri butar ies , These sedi ments appear to have been deposi ted under 
cond i t i ons si mi l a r  to those exi sti ng today , The term does not i nc l ude cong l omerate depos i ts 
of ear l y  Terti a ry age nor does i t  i nc l ude terrace and stream deposi ts that  are obv ious l y  of 
Recent age , 

Or i gi na l l y  the term " Gi l a cong lomera te " was appl i ed by G i l be�t ( 1 875 ) to the coa rse 
f l uv iat i l e  cong l omera tes a l ong that part of the Gi la  Ri ver east of the Ari zona - New Mexi co 
border , He tentat ive l y  assi gned these cong l omera tes to the Pl e i stocene age , The term 
was extended progress ive l y  westward to the v i ci n i ty of Ray ,  Ari zona by Ransome ( 1 904;  
1 9 1 9 ) on the bas is  of physi ca l conti nuity and l i tho l og ic  s imi l a r i ty . T he forma tion was re
defi ned , a l so by Ra nsome ,  to i nc l ude lacustr ine deposi ts because the congl omerates l oca l l y 
grade l atera l l y and verti ca l l y i nto si l t .  Me i nzer ( 1 9 1 3 )  ca l l ed beds i n  the v i c i n i ty of 
Wi l l cox,  Arizona , " Gi l a cong l omera te " ,  and Schrader ( 1 9 1 5 ) app l ied the term as far south 
as Noga l es , In New Mexi co the name was app l i ed to beds in southwest corner of the sta te 
(Schwennesen,  1 9 1 8 ) and i n the v ic in i ty of S i l ver C i ty ( Pa i ge ,  1 9 1 6 ) .  Darton ( 1 925 ) suggests 
the name " Gi l  a cong I omera te " for depos i ts nea r the Veko I Mounta i ns , northwest of Tucson,  
and at Pea ch  Spr i ngs , Ari zona , i n  the  Co l orado P lateau area . Di stri bution of  the  Gi la  
cong l omerate i s  shown on F ig . 42 . 

I n  study i ng the ground-water resources of the Safford and San Si mon Va I l eys , Schwennesen 
( 1 9 1 7 ; 1 9 1 9 ) postu la ted that  the fi ner materi a l  near the a xi s  of the va l l eys was younger 
tha n the coarser materi a l  nea r the bas i n  margins and that the fi ner materia l  over lay  the 
COQ r � o r  with angu la r  unconform i ty , Part of the same area was restudi ed by Knechte l , who 
opposed Schwennesen ' s  i deas and reaffi r med Ransome ' s  thesis of gradation from coa rse
textured ma rgi na l fa ngl omerate to fi ne-gra i ned centra l p laya deposi ts ( 1 936;  1 938 ) , 

Gi I bert and Ransome descri bed onl y the very coarse a I I  uvia I mater ia I of areas immediate l y  
ad jacent to the Gi la Ri ver , Knechte l la ter noted that depos i ts a l ong the Gi l a  Ri ver a re 
i nterbedded wi th deposi ts of a l l uv ia l materia l s  l a i d  down by streams tri butary to the Gi l a . 
He therefore extended the name " Gi l a congl omerate " to the a l l uv ia l  and l acustri ne deposi ts 
with in the structura l bas i ns occupied by tri butary streams . Knechte l noted that the beds 
of the Gi la  cong lomera te are essent i a l l y  hori zonta l in these basi ns , 

Ra nsome ( 1 9 1 9 ) , Bryan ( 1 926), Peterson ( 1 938) ,  Schrader ( 1 9 1 5 ), Schwartz ( 1 945 ) a nd 
others , app l y  the term " Gi l a congl omerate " to beds tha t di p at  l ow to h igh  ang l es and that 
ma tch,  except for structura l att i tude, ea r l ier descri ptions of the Gi l a  congl omerate . 
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Age of the Gi  l a  congl omera te 

The age of the Gi la  congl omera te,  as determi ned by a few vertebrate fossi l s  from 
essent ia l l y  horizonta l l ake beds south of Benson,  is l a te PI iocene to ear l y  P l e i stacene 
(G i d l ey ,  1 922; 1 926; Gaz i n ,  1 942) ,  No conspi cuous change that m i ght be ascri bed to 
envi ronment separa tes the ear l y  P l e i stocene from the l a te P l i ocene deposi ts , As the fa una 
described a re from surfa ce exposures, and as dri I I  data show a cont inuat ion of 1 , 200 to 
1 , 600 feet of s imi l a r  sedi ments be l ow these exposures i t  i s  possi b l e  that deposi t ion of Gi l a  
cong l omerate began before l a te PI i ocene t ime , 

Descr i pt ion of the Gi 1 0  congl omerate 

The Gi l a  congl omera te ,  as genera l l y recogn ized, i nc l udes deposi ts representi ng three 
d i fferent envi ronments : ( 1 )  Fang l omerate a l ong the bas in  margins ,  (2 )  p l aya depos i t s  i n  
the centers of the va l l eys , a nd (3 ) depos i ts l a i d  dawn i n  the trans i t ion zone between the 
coa rse fa ngl omera te and the fi ne-gra i ned p l aya deposi ts , (See F i g .  4 1 ) .  Loca l l y ,  basa l t  
f l ows a re i n terca l a ted wi th  t he sed iments , 

Same of t he fang l amera tes have i n i ti a l  d i ps as great as  1 0  degrees and conta i n  bou l ders 
as much as 1 2  feet i n  d iameter, i ndi ca t i ng l oca l sources , Some boul ders a re rounded, 
part i cu la r l y those of gran i t i c  ori g i n ;  others are a ngu lar ,  as in the case of some vo l can ic  
rocks , The fang l omerate zone i s  typ i f ied by  cobb l e  and  pebb l e  congl omerates wi th  i n ter
bedded l ayers of pebb l y  sandstone , The wi dth of zone of fang l omerat i c  deposi ts ranges 
from narrow to wi de,  dependi ng on l oca l deposi ti ona l or structura l cond i t i ons , 

The p l aya depos i ts i nc l ude sed iments that range from corase sand to c l ay ;  fi ne-gra i ned 
sand a nd si l t  predominate . Loca l l y  there a re extensive gypsum depos i t s ,  th in  uni ts of 
fresh-water l i mestone , tuffa ceous and d ia tomaceous beds , Some of the gypsum depos i ts 
are worked commercia l l y ,  

I n  most p l aces the transi t ion zone between the fang l omerates and the centra l p l aya 
depos i ts i s  l ess than 200 yards i n  wi dth , The change l oca l l y  i s  so abrupt that fau l t i ng , as 
an  exp la nat ion far the cha nge , can be d i sm i ssed an l y  by trac i ng the gradat ion step by 
ste p , In some areas where the sedi ment is a l most who l l y  gran i t i c  the trans i t ion zone is as 
much as a mi l e  wide , 

The th i  ckness of the Gi  l a  congl omerate has been various l y  esti mated from a min imum 
of not l ess tha n  1 , 000 feet (Schwennesen ,  1 9 1 9 ) to a maximum of 8 , 000 feet ( Ransome ,  
1 9 1 9 ) .  The great th icknesses a re exp la i ned by fau l ti ng contemporaneous wi th  deposi t ion ,  so 
tha t  eroded materia l s  from upthrown b l ocks were deposi ted on the downthrown b l ocks , I n 
'no esti mate i s  a bot tom boundary g i ven and,  where great thi cknesses are esti mated , beds 
may be dup l i ca ted by fau l t i ng , 

Severa l authors have poi nted out that the base of the Gi la  cong l omerate has not been 
i dent i fi ed i n  the centers of any structura l va l l eys , Loca l l y , a l ong the marg i ns of the basi ns,  
cong l omera te that appears conti nuous with Gi l a  congl omerate over l a ps rocks rang ing  i n  
are from Precambrian through l a te Cretaceous , I n many areas the Gi l a  cong l omera te i s  
exposed i n  fau l t  contact wi th ear l y  Tertiary and o l der rocks , 

I n  most Ari zona va l l eys where the Gi l a  cong l omerate i s  recognized ,  i t  i s  eroded to 
form a series of graded surfaces, each  s l opi ng gent l y  toward the center of the va l l ey , I n  
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genera I ,  three ma i n  terraces I separated by d i  st i  nct steepeni  ngs of s l ope, can be d i  sti ngui shed . 
Some of these terraces a re covered by veneers of younger a I I  uvi um up to 1 00 feet th i  ck . 

Prob l ems of the Gi l a  cong l omerate 

Some of the prob l ems connected wi th  the Gi  l a  cong l omerate a re those concerned w i th : 
( 1 ) The defi ni t ion of the Gi la  cong l omerate ; (2 )  the deposi tiona l and structura l h i story of the 
a l l uv ia l  depos i ts wi th in  the bas ins ;  and (3 ) ground-water resources of the basi ns , 

What i s  the Gi 1 0  cong l omerate? 

The term Gi l a  cong l omera te is used to descr i be a l l uv i a l  deposi ts i n  an a rea of at  l east 
30, 000 square m i l es (F i g ,  42). This a rea i s  crossed by seven rough l y  pa ra l l e l  mounta i n  
ranges separated by seven brood i rregu l a r  troughs . The mounta i n  ranges are genera l l y  
assumed to be upl i fted b l ocks ond the i ntermontane troughs to be down-foul  ted b l ocks f i  l i ed 
wi th  a l l uv i um of l oca l derivat ion . The textura l s i m i l a ri ty of  the cong l omera tes a nd the 
common presence of lake beds i n  the centers of the troughs poin t  to deposi t ion under si m i  lo r  
envi ronments . Foss i l evi dence from the  upper lakebed members shows that some of  the  
l i ke deposi ts i n  the  severa l basi ns were contemporaneous , The quest ion i s  whether textura l 
s im i l ar i ty and contemporane i ty of the upper members i s  suffi c i ent evidence to p l a ce the 
deposi ts of  the severa l basi ns in  a s ing le  uni t .  A s i ng l e  uni t  imp l i es area l cont i nui ty I 
whi  ch  has not been demonstrated ei ther on the surface or at  depth . The passes between  the 
troughs conta i n  a l l uvia l depos ib  but these are not known to be G i l a  congl omerate nor are 
the passes known to be under l a i n  by Gi la  cong l omera te . In  addi t ion,  the basi c assum ption 
tha t  the deve l opment of the ranges and troughs fol l ows a si ng l e  structura l pattern or was 
contemporaneous throughout the region has not been i ncontrovertab l y  estab l i shed , 

I t  may be suggested that the use of the term " Gi l a  cong l omerate " ,  through i ts appl  i cat ion  
to  severa l basi ns, to o var i ety of deposi ts ( i nc l ud i ng l ake beds ), and  to  more than a s i ng l e  
cyc l e  o f  deposi t ion,  has i nh ib i ted understandi ng of the deposi t iona l and  structura l h i story 
of the basi n deposi ts in th i s  a rea , 

Prob l ems of la te Tert iary h i story 

Among the congl omerates w i th i n  the basi ns are strat igraphi c uni ts tha t  are more t i  ght l y  
cemented, tha t a re composed of mater ia l  whose l oca l source i s  not c l ea r l y  demonstrab l e ,  
and that d i p  a t  h i gh ang les  a s  a resu l t  of structura l deforma ti on , The term " Gi la cong lo
merate l1 i s  usua l l y  app l i ed to  a l l uv i um both i n  fau l t  contact and i n  deposi t iona l  contact 
w i th these deformed beds , The more steep l y di pp ing congl omerates have been separated 
from the Gi la  cong l omerate by Ross ( 1 925 ) and Knechte l ( 1 936) ,  Other authors have i n
c l uded i n  the Gi l a  cong l omerate si m i la r  deformed beds wh ich  are i n  angu lar  d i scordance 
wi th the f l a t- l y i ng beds common l y  assi gned to the Gi l a . 

The probl em of whether the deformation of these beds was contemporaneous w i th  or 
fo l l owed t he lotest deformation of the mounta i ns has great si gnifi ca nce i n  i nterpretat ion 
of the Tert ia ry h i story of Ari zona . The la test deformat ion,  resu l t i ng i n  mounta i n  masses 
from whi c h  the Gi la  cong l omerate m i ght be deri ved, is assumed to be of late Mi ocene or 
ear l y  Pl i ocene age ( Knechte l , 1 936; Mc Kee, 1 95 1 , )  A si ng l e  peri od of techton ism ove r a  
l arge area , resu l t i ng i n  a n  angu lar  unconformi ty between the deformed beds and l a ter de
posi ted f la t- l y ing beds , i s  impl i ed , The app l  i cat ion of this  concept to l a rge a reas has 
recent l y  been quest ioned by Gi l l u l y  ( 1 949) ,  
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The Whi teta i l  congl omerate descr i bed by Ransome ( 1 9 1 9 ) i n  the v ic i n i ty of Ray i s  
sepa rated from the  G i  l a  congl omerate by  3 , 000 feet of pre - Gi l a  dac i te f l ows , Except 
for dac i te  fragments in the Gi la  cong l omera te ,  it is impossi b l e  to d i fferent iate the two 
format ions (Ra nsome, 1 9 1 9 ) .  Some of the t i l ted beds assi gned to the Gi l a  cong l omera te 
may be corre l a tab l e wi th the Whi tetai I cong l omerate , 

I t  i s  suggested that steep l y  di ppi ng congl omerat i  c beds ref l ect  l oca l structura l deformat ion,  
a nd that  the steep l y  d i pping beds i n a  si ng l e  basi n a re contemporaneous wi t h  comparat ive l y  
f l a t- l y i ng beds both wi th in  the same basi n  and wi th  those i n  other basi ns , T hese areas of 
deformed beds may be the key areas for study of the structura l hi story of thi s area , 

Ground-water prob l ems 

Water supp ly  i n  the cong lomerate -fi l l ed bas ins i s  deri ved mai n l y  from ground water,  
most of i t  recent cha nne l depos i ts . The i ncreased use of water for agri cu l tura l and mu
n ic i pa l  use in t hese bas ins in recent years makes i t  necessary to consi der the Gi l a  con
g l omerate as  an auxi l i ary source of ground water , The capac i ty of the Gi l a  congl omerate 
to store and transm i t wa ter ,  and the structura l re l a t ions both wi thi n the Gi l a  cong l omerate 
a nd between the G i l a  cong l omerate and ad ja cent formati ons are prob l ems now be ing i n
vesti gated . 

Loca l l y the Gi l a  congl omera te i nc l udes important  aquifers , Re-I at ive l y  few we l l s i n  
the fang l omera te a re successfu l  even where dri l i ed to depths of 500 and 600 feet . The 
water has not been tapped everywhere wi thi n the fang l omerate because dr i l l i ng has not i n  
a l l p l aces gone deep enough . I n  contrast,  p l aya l ake beds of the Gi la  cong l omera te i n
c l ude  important artesian aquifers consi sti ng of tongues of permeab le  sands and grave l s  ex
tend i ng bas i nward i nto the impermeab l e  deposi ts of qu iet-water deposi t ion , I nfi l tra t ion 
from runoff i n  desert washes i s  greatest i n  the fangl omerate zone , and recharge of the 
a rtes ian  aquifers i s  by l a te ra l  movement from the fang l omerates a l ong the margins of the 
basi ns to the permeab le  sediments of the centra l parts of the basi ns , 

Extensi ve l ake deposi ts , conta i n i ng l oca l I y important aquifers at depth ,  occur i n  nea r l y  
a l l  t he basi ns , The extent of the lake beds , the i r  cont i nui ty and  their  re la t ions t o  other 
depos i ts in a bas in  are factors of consi derab l e  importance in eva l uat ing the ground-water 
resources of t he basi ns i n  southern Ari zona , 
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T R I P  5 ,  ROAD LO G ( C O NT I N UE D ) 

Second Day--Monday Forenoon,  Apr i l 1 4, 1 952 

Leaders : Ne I s  p,  Peterson and E ,  F ,  Reed 
Dri v ing Di stance : 38 , 6  m i l es ,  Log di stance 38 , 6 . mi l es 

Genera l Sta tement 

Th i s  portion of Tri p 5 traverses the G l obe-Miami -Castl e Dome mi nera l be l t ,  The ma jor 
port ion of the rocks seen wi l l  cons i st of Precambrian gran i t i c  and metamorphic  rocks ,  and 
Tertiary grave l s , On l y  a few i so l a ted  b l ocks of Pa l eozo ic  sedi ments wi l l  be observed in th is  
com pl ex l y  fa u l ted area , 

Porphyry copper depos its ,  the mai n  features of i nterest i n  th i s  region,  wi l l  be observed 
a nd d iscussed , I nc l uded in the excursi on and d iscussi on are the Cat l e  Dome copper depos i t ,  
whi c h  was deve loped i n  t he  ear l y  part o f  Wor l d  War I I ;  the I nspi rat ion Conso l i dated Copper 
Company ore body, where open pit m i ning  operat ions have been i ni t iated in the subs i dence 
a rea produced by b l ock-ca ving  m i n ing methods; and the Miami  copper depos it  subsi dence 
area whi ch wi l l  be v iewed from the townsi te of I nsp i ration , The caravan wi l l  return to G l obe 
for l unch and afterwards wi l l  proceed north from G l obe to the Sa l t  River Canyon , 

0 , 0  0 , 0  Gi l a  County Court House (at stop l i ght , Proceed toward Miami to assemb ly  
poi nt a t  m i l e  1 , 0 ,  

0 , 8  0 , 8  Bridge across Pi na l Creek , 

0 , 2 1 , 0 O ld  s l ag  dum p  on r ight , Caravan assemb l es a l ong s ide of road , 

0 , 3  

0 , 5  

0 , 3  

0 , 9  

1 ,3 At 2 o ' c lock ,  rounded knobby outcrops of dac i te , 

1 , 8 At 2 o ' c l ock ,  l i ght-col ored outcrop i s  a b l ock  of Mi ssi ssi ppian l imestone . 
Gi l a  congl omerate i n  road cuts , 

2 , 1 Observe sma l l  fau l ts i n  Gi l a  congl omerate i n  road cuts , 

3 , 0  At 1 0  o ' c l ock ,  Copper C i t ies  Mi nes deve l opment; th is  porphyry copper deposi t  
i s  be ing str i pped preparatory to open pi t opera ti on , S l eeping Beauty Mounta in  
on  sky l i ne ,  

0 , 4  3 , 4 Road j unction on r ight,  Apache Tra i l ,  

0 , 3  3 , 7  Tai l i ngs pond and waste dum p .  

0 , 8 4 , 5  At 1 o ' c l ock Internationa l Smel ter on top of h i l l ,  

0 , 5  5 , 0  Road junction to I nspi rat ion Conso l i dated Copper Company Mi nes , 

0 , 9  5 , 9  At 1 o ' c l ock ma i n  shaft of Miami  Copper Company m ine , 
Bri dge across B l oody Tanks Wash , 
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1 , 0 6 , 9  At 3 o ' c l ock Miami fa ul t .  Pi na l sch i st i n  footwa l l ,  Gi la  cong l omerate i n  
hanging wa l l .  

0 , 8  7 , 7  At 1 1  o ' c l ock the h i l l s a re of Schul tze gran i te . 

0 , 3  8 , 0  Contact  between Pi na l sch i st and Schu l tze gran i te a l ong h i l l si de o n  ri ght , 
Br i dge across B l oody Tanks Wash . 

1 , 7 9 , 7  Roof pendant of Pi na l  sch ist i n  the Schu l tze gran i te on r ight si de of road , 

1 . 5 1 1 . 2 Catt l e  guard,  road junction to Cat l e  Dome Copper Company , T U R N  
S HARP R I G HT .  Schu l tze gran i te i n  road cuts , 

0 , 8  1 2 , 0  At 1 0  o · c l ock,  Mazatza l Mounta i ns i n  fa r d i stance , 

0 , 4  1 2 , 4  At 1 o ' c l ock, Need l e  Mountai n , composed of Gi l a  cong l omerate under-
l a i n  by Pi na l sch ist . 

0 , 4  1 2 , 8  At 1 2  o ' c l ock ,  on sky l i ne ,  dac i te f l ow ,  

0 , 1 1 2 , 9  Catt l e  gua rd , 

0 , 2  1 3 , 1  Fau l t  contact between Pi na l sch ist and Schu l tze gran i te . Road para l l e l s  
fau l  t for severa I hundred yards , 

0 , 2  1 3 , 3 At 9 o ' c l ock,  Lost Gul ch  qua rtz monzonite i n  road cut , 

0 , 3  1 3 , 6  Apl i te d i kes i n  the qua rtz monzoni te probabl y offshoots from the 
Schu l  tze grani te , 

0 , 1 1 3 , 7  Wi l l ow Spr i ng gran i te i n  road cut .  

0 , 3  1 4 , 0  Contact between Wi l l ow Spr ing gran i te and Lost Gu l ch quartz monzon i te , 

0 . 05 1 4 , 05 Cast l e  Dome guard sta ti on . Water enteri ng reservo i r  on l eft i s  pumped 
from the O ld  Dom i nion Mi ne at G l obe , 

0 , 05 1 4 , 1 At 1 o ' c l ock,  dac i te f l ow on sky l i ne ,  Jewe l Hi l l ,  at 1 2  o 'c l ock ,  i s  capped 
by Escabrosa l i mestone which  is under l a i n  by Marti n  l imestone , At a l ower 
l eve l the brown Dri ppi ng Spri ng qua rtz i te is faul ted aga i nst the Marti n a nd 
i s  under l a i n  by d iabase , 

0 , 3  1 4 . 4  F i rst v i ew of Cast l e  Dome Mi ne . 

0 , 1 1 4 , 5  Contact between the d iabase and  S chu l tze gran i te , Porphyry d i kes occur 
in the d iabase , At 1 2  o ' c l ock ,  Jewel Hi l l  fau l t ,  the easte r l y  marg i na l  fau l t  
of the Cast l e  Dome horst . 

0 , 3  1 4 , 8  Road junction, conti nue stra ight a head , Sma l l  h i l l s near road are of 
gran i te porphyry . 
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0 , 5  1 5 , 3  Guard station and mai n  off ice of Cast l e  Dome Copper Company , P l ease 
stay i n  l i ne and fo l l ow i nstructions gi ven by f lagmen , 

0 , 6  1 5 , 9  S T OP 1 ,  (45 mi nutes , )  Park cars a l ong o l d  ore dump road , Di scuss ion 
of Cast l e  Dome copper deposi t by Ne l s  Peterson , 

0 , 6  1 6 , 5 Mai n  offi ce of Cast l e  Dome Copper Company , 

0 , 5  1 7 , 0  Road junction , take l eft fork , 

2 , 4  1 9 , 4  Pi na l  Mounta i ns at 1 2  o ' c l ock , The h i gher wooded peaks consi st of P i na l  
sch ist and Madera d i ori te , The l ower rounded h i l l s a re of Schu l tze grani te ,  
The whi ti sh outcrop on l eft i s  the So l i tude gran i te , 

1 .4 20 , 8  Road junction wi th U ,  S .  H ighway 60-70; TURN LEFT , Outcrops of 
Schu l tze gran i te a l ong road . 

0 . 2  2 1 . 0  P ina l  Mounta i ns a t  1 0  o ' c l ock , 

1 . 3 22·, 3 Roof pendant of Pi na l sch ist i n  the Schu l tze gran i te a t  1 0  o ' c l ock , 

1 , 4 23 , 7  Contact  between the Schu l tze gran i te and the Pi na l sch i st a l ong hi l l si de on 
l eft . 

0 , 3  24 , 0  Bri dge across B l oody Tanks Wash . Pi na l sch i st i n  road cuts . 

0 , 9  24 , 9  Ci ty l im i ts of Miam i ,  Arizona , S L OW, mai n  road bears sharp r ight , 

0 , 1 25 , 0  Road junction to I nspi rat ion Conso l i dated Copper Compa ny Mi nes , T U R N  
S HARP LEFT . Bu l l ion P laza S chool o n  l eft , Miami fau l t  crosses road a t  
j unction , 

0 , 05 25 , 05 Turn sha rp l eft . 

0 , 05 25 , 1  Road j unction, bear r ight .  Enteri ng Live Oak Gul c h ,  

0 . 1 25 , 2  F i rst view of I nspi rat ion Copper Company ore body , 

0 . 2  25 . 4  Schu l tze gran i te crops out a l ong r ight si de of road , 

0 , 2  25 , 6  Su l ph ide Tunne l ,  supp l y  yard for underground worki ngs of the I nsp i rat ion Mi ne . 

0 . 1 25 , 7  Ra i l road crossi ng , 

0 , 2  25 . 9  Road juncti on bear l eft . Cross L ive Oak Gul ch , 

0 , 2  26 , 1  Road junction, conti nue stra ight a head . 

0 , 6  26 , 7  At 3 o ' c l ock,  c l ose-up v iew of surface cave and ore body , 
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0 , 2  26 , 9  STOP  2 ,  (30 m inutes ) ,  Park cars a l ong west si de of open pi t ,  Di scussion 
of I nspiration ore body by Ne l s  p. Peterson and E .  F .  Reed , 

0 , 2  27 , 1  Top of h i l l ,  S H I FT I NT O  L OW GEA R :  STEE P GRADE AHEAD , 

0 . 2  27 . 3  Bri dge . Gi l a  congl omerate o n  l eft over l i es the ore body . 

0 , 6  27 . 9  Top of h i l l ,  Gi l a  congl omerate o n  ri ght , A t  1 2  o ' c lock ,  Pi na l sch i st 
capped by dac i te . 

0 . 2  28 . 1  Vi ew of Li ve Oa k  shaft , Mosa i c  of outcrops of Gi l a  cong lomerate , 
dac i te and Pi na l schist i n  this  area . 

0 . 2  28 . 3  Hoist house , Li ve Oak shaft , 

0 . 05 28 , 35 Ra i l road cross ing ,  stay on outs ide of fence . Dac i te on l eft si de of road . 

0 , 05 28 . 4  Contact between dac i te and P ina l  sch ist , 

0 , 1 28 , 5  Road juncti on ,  bear r ight ;  Pi na l sch ist . 

0 , 5  29 . 0  Webster Gul c h  Bridge , bear ri ght;  Pi na l schi st , 

0 , 4  29 . 4  Vi ew of the mai n shaft and genera l off ice of I nspiration Conso l i dated Copper 
Company , 

0 , 2  29 . 6  Bri dge across Webster Gul ch , 

0 , 1 29 , 7  Ore storage bi ns for the l eachi ng p lant , 

0 , 1 29 , 8  At 1 0  o ' c l ock ,  copper l each ing vats , 

0 , 3  30 , 1  Vi ew of I nternati ona l Smel ter . At 3 O ' c l ock ,  Miami Copper Company ore 
body and town of Miami , 

0 , 3  30 , 4  Town of I nsp i ra tion . 

0 , 1 3 0 . 5  Road junct ion to resi dent ia l  area , bear r ight . 

0 , 1 30 . 6  STOP  3 ,  ( 1 0-20 minutes ) .  Th is  stop i s  a l ong east si de of subsi dence a rea , 
Di scussi on of Miami Copper Company ore body by E ,  F .  Reed , 

0 , 2  30 , 8  Road junct ion,  TURN S HARP RI G HT ,  

0 , 6  3 1 . 4  Road juncti on ,  continue strai ght ahead . 

0 . 1 3 1 . 5  At 1 2  O ' c lock ,  I nspi ration Conso l i dated Copper Compa ny mi l l .  
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0 . 2  3 1 , 7  Road junction , bear r ight . Crossi ng Miam i fa u l t ;  Gi l a  congl omerate 
on east si de of fau l  t .  

0 , 5  32 . 2  At 1 2  o ' c l ock,  I nternat iona l  Smel ter . 

0 , 8  33 . 0  S L OW, sharp  curves ahead ,  ta i l i ngs pond . 

0 . 5  33 . 5  Bri dge across B l oody Tanks Wash , 

0 , 1 33 . 6  Road junction, U , S ,  H i ghway 60-70, TURN LE FT . 

1 .4 35 , 0  Ra i l road cross i ng , At 8 o ' c l ock,  S l eepi ng Beauty Peak a nd Copper C i t i es 
Mi ne . 

0 . 2  35 , 2  Road junction ,  Apache Tra i l ,  Gi l a  congl omerate i n  road cuts , 

0 , 7  35 . 9  At 1 2  o ' c l ock,  rounded knobby outcrop of dac i te , 

0 , 7  

0 , 9  

O .  1 

1 , 0 

36 , 6  Vi ew of Ol d Domi n ion Mi ne , Buffa l o  Ri dge on the l eft, of Troy quartz i te 
that over l i es a d iabase si l l  i ntruded between the qua rtz i te and the Mesca l 
l i mestone , 

37 , 5  Mi ne rescue stat ion at 3 o ' c l ock . 

37 . 6  Ci ty l im i ts of G l obe , Ariz .  

3 8 , 6  Pi na l County Court House . LUNC H STOP.  
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SEDIMENTARY S. VOLCANIC ROCKS 
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Alluvium. Ta l u s  

o ' >  
G i  1 0  Congl omerate j � Docite f lows 0:: 

Whitetai l  Conglomerate � 
_ } � O 

� � o � 
Noco limestone j � :i  � 

Escobrosa limestone, fvtortin limestone, � ;J. 
Troy quartzite, Apache group g: a.. 

Pinal schIst 

I N T R USIVE IGNEOUS ROCKS 

WJ 
Granite porphyry 

EBJ 
Sch u l t z e  granite 
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�qf-:iiia 
Ruin g r a n i te 

�ft�:tq;4 
Solitude granite 

1:\)m:q�3 
Madero diorite 
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G r a n i t e  

o 
Mine dumps, Toilings 

/' 
Contact. (dashed where 
appr o Kimotely located) 

Concea led c ontact 

_SS 
Fault ,  showing dip ( dashed 
where o,?proximotelv located) 

D i o b a s e  

Quortz monzonite 

G ranodiorite 

I':"::+l � 
Wi l low Spring gra nite 

� 
Verticol fault 

Concee led tau It 

:Y 
Thrust fault, showing dip 

/30 
Strike and di p of beds 

-f'-40 
Strike and dip of 
overturned beds 

/90 
Strike of vertIcal beds 
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Strike and dip of fol i a t i o n  

...-
Strike of vertic a l  foliation 

Outline of moderate 
hydrothermal  alteration 
of dissemi noted copper 

deposit 

co 
Mine shaf t 

fi gure 43 . 
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STRUCT URAL H I S TORY OF T HE GLOBE-M I AM I D I STR I CT* 

Ne l s  p,  Peterson 
Mi nera l Depos i ts Branch ,  U , S ,  Geo l og i ca l  Survey 

The strati graphy of the G l obe-Miami  di stri c t  is essentia l I y the same as tha t  of the nearby 
Pi oneer a nd Mi nera I Creek di stri cts , The same strati  graphi c uni ts a re represented i n a  I I  three 
d i stri c ts ,  but the uni ts may di ffe r s l i gh t l y  in cha racter a nd th ickness , The three areas d i ffer 
mai n l y  in structure and in h istory of i gneous i ntrusi ons , The Pioneer d i stri ct may we l l  be 
on the southwestward conti nua tion of a deep ly  rooted structura l zone that was the l ocus of 
i gneous i ntrus i ons and minera l i za t ion in the G lobe-Miami d i stri ct , 

The deci pherab l e structura l h i story of the Gl obe-Miami area bega n duri ng the Maza tza l 
revo l ut ion i n  ea r l y  Precambria n t ime after a long peri od of sed imentat i on , The ear l i es t  
structura l l i nes were produced by a northwest-southeast compress ion that  fo l ded and re
crysta I I  i zed the ea r l y  sedi ments i nto a pproximate l y the i  r present form . These metamorphosed 
sedi ments ma ke up the P ina l schist , The genera l str i ke of the bedd i ng and fo l iat ion in the 
sch ist i s  about N ,  500 E "  and the d i ps are steep northwest or southeast , Duri ng the l a te r  
stages of  the  revo l ution , severa l i ntrusi ons of  i gneous magma took p lace ,  some before the 
comp l ete metamorph ism of the sedi ments , These in trusions are represented by the Madera 
d iori te ,  a medi um-gra i ned gran i te ,  Rui n  gran i te ,  and possi b l y  So l i tude gran i te . 

Toward the end of the Mazatza l revo l ut ion,  the topogra phy of the reg ion m ust have been 
chara cteri zed by extreme l y  rugged mounta i ns made up of fol ded a nd fau l ted b l oc ks of Pi na l 
sch ist and i nc l uded bod ies of igneous rocks . There fol l owed a long period of erosion dur i ng 
wh ich  the regi on was worn down to an  a l most featurel ess penep l a i n  spa rse l y  strewn with  
detri t us . 

Late Precambria n ti me was i n i t ia ted by the advance of the sea over the base- l eve l ed 
terra i n ,  form i ng a broad sha l l ow basi n i n  whi ch the sedi mentary seq uence of the Apache 
group was deposi ted , The on ly  regi ona l di sturbance duri ng Apache ti me resul ted i n  the 
format ion of the Barnes cong l omerate , wh ich  separates the Pioneer formation from the 
Dri ppi ng Spr i ng quartz i te ,  

The end of Precambrian  t ime i s  not marked by a ny apprec iab ly  structura l di sturbance , 
I t i s  represented by an  erosi ona I d i  sconform i ty, but the sedi mentary strata were not fau l  ted 
or recogn i zab l y  warped duri ng the i r  emergence from the sea , The on l y  evi dence of 
i gneous a ct i v i ty is one or more thi n f l ows of basa l t  that over l i e  the Mesca l l i mestone , 

Duri ng the peri od of erosion that fo l l owed eruption of the basa l t  a nd wi thdrawa l of the 
sea , the basa l t  f l ows and Mesca l l i mestone were comp l ete l y  removed from a la rge part of 
the d i stri c t , I n some p laces,  channe l s were cut through the Barnes cong l omerate,  expos ing  
the Pioneer formation ; but  there was no apparent deformat ion of  the stra ta . 

S i m i l a r l y ,  the i nterva l fo l l owing deposi t ion of the Cambrian Troy q ua rtz i te was one of 
re la t i ve qu ie t ,  a l though the hiatus represented by the di sconformi ty at the top of the Troy 

* Pub l i ca t ion authori zed by the Director , U . S ,  Geo log ica l Survey . 
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i nc l udes pa rt of Upper Cambr i an ,  Ordov i c ian ,  S i l uri an ,  and Lower Devonian t i me , I n  a 
l a rge part of the di stri ct , eros i on comp lete l y  removed the Troy quartz i te a nd a l so some of 
the under l y i ng rocks of the Apache group, but no fau l ts formed duri ng th i s  i nterva l have 
been recogn i zed , 

The remai nder of the Pa l eozoi c era a l so was a t ime of grea t stabi l i ty ,  Devonian a nd 
Carboniferous rocks were deposi ted conformab l y  on Cambrian rocks and the l a te Precam
br ian  Apache group , T here i s  no apparent brea k between the Devonian and Carboni ferous 
systems , The absence of upper Mi ss i ss i ppian strata and the presence of t h i n  l enses of chert 
congl omerate i ndi ca te a d i sconformi ty between the Mi ssi ss ippian and Pennsy l  van ian seri es ,  
but  i nterveni ng erosi on m ust have been s l i ght , 

Thus from late Precambr ian t ime , when the formati ons of the Apache group were bei ng 
depos i ted,  through the Pa l eozoi c era , structura l forces were pract i ca l l y  i nac ti' ve i a nd the 
sedi mentary format ions succeeded one another conformab l y ,  The recogn izab l e  e ros iona l 
d i sconformi t ies resu l ted from a l terna t i ng up l i ft and subsi dence of the land or sea l eve l so 
regi ona l i n  scope tha t  no detectab le  a ngu la r  unconformi t i es were formed between the 
severa l sedi mentary systems , 

T here a re no sedi mentary formati ons representi ng the i nterva l between Pennsy l van ian  
a nd ear l y  Tert iary t ime , but  sed i mentat ion probabl  y cont i nued ot  l east through the  Pa l eozoi c 
era , At l east the l ater pa r t  of th i s  l ong i nterva l of t i me was one of wi despread i gneous 
acti v i ty ,  extensi ve fau l t i ng ,  and e rosion , A l l the i ntrusi ons of the d i str i ct except those that 
are c l eo r l y  of ea r l y  Precambr ian age cou l d  have occurred duri ng th i s  i nterva l , For l ack of 
more restri ct i ve age cri ter i a ,  they tentat i ve l y  have been ass i gned to the l a te Cretaceous 
or ea r l y  Tert i a ry orogeny , 

Among the ea r l i est i ntrusions ass i gned to th i s  period are the Wi l l ow Spri ng gran i te ,  
the granodi ori te i n  Go l d  Gu l ch,  and the Lost Gu l ch monzon i te (F i g ,  43 ) ,  These a s  we l l  
as  some of the ea r l y  Precambr ian i ntrusions show a tendency toward northeaster l y  e l onga
t i on and a l i nement , Thei r spat ia l  re la t i ons suggests a contro l l i ng ,  northeast-trendi ng zone 
of weakness that deve l oped duri ng the ea r l y  Precambr ian revo l ut ion , 

Cons i derab l e  crusta l ad j ustment must have accompa nied  and fo l l owed these ear l y  
igneous i ntrus ions , The zone i n whi ch they occurred and the region north of i t  undoubted l y  
were we l l  di ssected by fa u l ts before the wi despread d iabase i ntrusi ons began , T he di s
p lacement on most of these fou l  ts was sma I I  or moderate t but on many of them m uch 
addi t iona l d i sp la cement resu l ted from the  d iabase i ntrus i ons , 

The diabase was i n jected at  re l a t i ve l y  sha l low depths,  wi th probab l y no more than the 
th ickness of the Pa l eozo i c  format ions sepa rat i ng some of the l a rgest masses from the surface . 
S pace for the l a rge vo l umes of i ntruded magma was provi ded by di l a t ion of the c rust , wi th 
conseq uent  rupture and d i sp l acement of the i ntruded rocks , T he d iaba se magma formed 
d i kes and si l l s by forc i ng i ts way i nto fau l ts and between the  sed imenta ry  beds , Some 
b l ocks of strata were pushed apart , others were l i fted and t i l ted ,  and some were d i s l odged 
a nd compl ete l y  enve l oped by diabase , 

As a resu l t  of the diabase i ntrus ions,  many of the o l d  fa u l ts became igneous contac ts 
between diabase and 0 1  der rocks , After the di abase i ntrusi on but before the peri ad of copper 
m i nera l i za t ion ,  the o l d  fau l ts on some of these contacts were reopened,  and addi t iona l  
d i sp lacement took p lace , Al though the d i sp lacements probab l y were sma l l ,  the fau l ts 
formed dur i ng th i s  i nterva l are of great econom i c  importance because many of them became 
channe l s  for m i nera l i z i ng so l ut i ons , 
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The relative elevation of the Pinal Mounta ins south of the district must have begun 
soon after the diabase intrusion , This was accomplished partly by braad folding of the 
sedimentary strata thatoverliethecrystallinerocks of the area and portly by a major fault 
on the north side of the range , Althoughthefaulthasnotbeenseen, the structural relation
ships require its existence and suggest that its general strike south of the Globe-Miami 
district is approximately east-northeast parallel with the zone of igneous intrusions, 

The next important event to affect the structure of the district was the intrusion of the 
batholith of Schultze granite wh ich underl ies most of the southwestern port , Later pulses 
of the some magma formed lobes of gran i te porphyry at several places along the margins 
of the main moss , The magma also formed dikes and small masses where it invaded the 
surroundi ng formations , 

The extensive copper m ineral izat ion of the distric t followed soon after the Schultze 
granite and granite porphyry intrus ions , It appears to have been the culminating event of 
this long period of igneous activity , The Miami-Inspirationdepasitformed along the north 
contact of a lobe of gran ite porphyry and the other large disseminated deposits are closely 
associated with outlying intrusions of gron ite porphyry , It is noteworthy that, although the 
pre-mineral faults have great diversity in strike, only faults and fracture zones having 
northeast strikes were mineralized by hypogene solutions , The disseminated deposits also 
show prominent northeasterly trends , All the mineral deposits of economic importance 
are confi ned to a nartheast-trendi ng zone that was the locus of numerous igneous i ntrusi ons , 

Undoubtedly erosion occurred at various intervals during the Mesozoic era, and it 
continued for some time after the period of mineral ization, In the vicinity of the Miami
Inspiration are bodies, the cover of sedimentary rocks was completely removed, and the 
mineralized schist and granite porphyry were exposed to weathering agent, The greater 
port of the detritus was transported away from the district, but a little of it accumulated 
in low-lying areas forming the Whitetail conglomerate , While erosion was going on in the 
Miami -Inspi rat ion area, there was a basin of deposi tion in the vi ci ni ty of Porphyry Mountai n 
to the west, sothatwhilethe Miami-Inspiration deposit was exposed and undergoing super
gene enrichment, the cover over the Castle Dome deposit was being increased and thus 
protected the deposit from oxidation , 

Erosion was interrupted by on explosive ejection of dacitic tuff and the outpouring of a 
great sheet of dacite lava that covered much of the region, north and west of the Pinal Mts , 

Faulting on a large scale resumed after the dacite eruption and was more or less con
tinuous into Pleistocene time , The faulting was mainly of the normal type; but at the 
southwest end of the Old Dominion mine, a block of early Precambrian Madera diorite 
was thrust over the dacite along a low-angle, south-dipping fault , 

Erosion also resumed after the dacite eruption and began wearing away elevated blocks, 
The dacite was completely removed from some areas, and debris from the underlying 
formations began to accumulate in the low areas os broad coalescing alluvial fans, whi ch 
compose the major port of the Gi la conglomerate, As time went on, these deposits of 
coarse bouldery detritus, grovel, sand, and silt were built up to thickness that exceed 
4,000 feet , 
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The th ickest accum u la t i on of the cong lomerate was i n  the mass that crops out i n  the 
braad  vo l l ey between G l obe and Miami , Th i s  la rge outcrop co i nc i  des approx imate l y  with 
a rough l y  t r iangu la r  b l ock bounded by norma l fa u l ts a long which the b l ock has been 
re l a t i ve l y  depressed , AT the ti me of i ts greotest extent , the Gi la  cong lomera te proba b l y  
mant l ed the ent i re d i str i ct a n d  la pped consi derab l y h i gher u p  the s lope of the P i na l  Mounta i ns 
to the south tha n i t does now , 

Deposi t ion of Gi la  cong l omera te ceased wi th a per iod of reg iona l  upl i ft a nd l oca l 
fa u l t i ng , A new dra i nage system tr i buta ry to the Sa l t  Ri ver bas i n  deve l oped , and the G i l a  
conglomerate began wear i ng away , One of the h i ghest b l ocks i n  the d i st r i ct a t  th i s  t ime  
a nd probab l y  among the  f i rst to  be  str i pped o f  i ts cover o f  l ava a nd sedi mentary formations 
was the Cast l e  Dome horst b l ock on Porphy ry  Mounta i n , The m i nera l i zed quar tz monzon i te 
was uncovered for the f i  fst  ti me , a nd weatheri ng agents began the work of enr i  chment t ha t  
was la rge l y  responsi b l e  for the forma ti on o f  the Cast l e  Dome afe body , 

The qua rtz monzoni te i n  the Lost Gu l ch  a rea had been m i nera l i zed a t  the same t ime 
os  that  on Porphyry Mounta i n ,  At  l east a pa r t  of the  Lost Gu l ch mass had  been unroofed 
before the dac i te erupt i on ,  and undoubted l y  the m i nera l i zed rock had undergone some 
wea ther i ng, but whether any pa rt of the present cha l eoci te ore body was formed at that 
t ime i s  uncerta i n ,  Here too, the qua rtz monzon i te outcrop i s  in  a re lat i ve l y  e l eva ted 
b l ack/,  whi ch proba b l y  was str i pped of i ts cover of dac i te and Gi  la congl omerate at about 
the some t ime thot  the quartz monzon i te on Porphyry Mounta i n was uncovered . At l east 
the ma lor parr ot the enr i chment that produced the Copper C i t i es ore body was near l y  
contem poraneous with the enr i chment a t  Cast l e  Dome and i s  r e l a ted to the present eros ion 
cyc l e ,  

The m i nera l i zed sch ist and gran i te porphyry i n  the Miam i - I nspi ra t ion a rea was covered 
by on l y  dac i te and Gi l a  congl omerate after they had been exposed in pre-dac i te ti me ,  
neverthe l ess , they rema i ned la rge I y covered unti I very recent t i  me . The western end of 
the ore body i s  st i l l  bur i ed beneath dac i te and cong l omerate , and sma l l  remnants of these 
formati ons over l i e the eastern pa rt i n  severa l p laces , The cha l coc i te ore body produced by 
enr i  chment dur i  ng the pre-da ci te exposure has been but l i tt l e  mod i f i ed by recent supergene 
act i on , 

Throughout the northern pa rt of the d i str i ct ,  where the outcrops a re ma i n l y  of l a te Pre
cambr ian and Pa l eozo i c  sedi menta ry  formati ons and i nc l uded bod i es of d iabase , the beds 
have a genera l gent l e  to modera te southwester l y  d i p ,  The dom i nant structura l fea ture , 
howeve r ,  i s  a comp lex network of norma l fau l ts ( F i g ,  43 ) ,  A l though there i s  a great 
d i vers i ty  i n  str i ke and d i p of the fa u l ts ,  two pr i nc i pa l  trends a re apparent - one str i k i ng 
nort heast , the other northwest , The northwest-trendi ng fa u l ts a re by fa r the most prom i nent . 
Thei r genera l effect has been to success i ve l y  step down the b l ocks to the east so that forma 
t ions of s im i l a r  age a re repea ted many t i mes a l ong a traverse f rom southwest to northea st , 

I n  the southern pa rt of the Gl obe Hi l l s a rea east of Pi na l Creek , the beds d i p  south to 
southeast , and northeast-trendi ng fau l ts a re most promi nent , Most of them are re l a t i ve l y  
o l d ,  and ma ny ,  l i ke the O l d  Dom in ion fau l t ,  are m i nera l i zed , The north o r  northwest 
fa u l ts are genera l l y younger thon the da c i te and common l y  d i sp l ace the m i nera l i zed fa u l ts .  
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I n  the igneous zone through the centra l part of the d i stri ct,  fau l ts are l ess numerous , 
Most of them trend north or northwest and i nvo l ve da ci te or Gi l a  congl omerate , 

I n  the Pi na l Mounta i n  a rea to the south,  the outcrops a re a l most ent i re l y  of Pi na l sch i st 
a nd Madera d i  ori te , and very few fau l  ts have been recogn ized , 

I n  genera l , the fau l ts i n  the d i str i ct hav ing the greatest d i sp lacement i nvo l ve da c i te 
and Gi l a  congl omerate , Among themare the marg i na l  fou l  ts of the Cast l e  Dome horst 
and the Miami fau l t , whi ch drop the Gi l a  cong l omerate of the G l obe Va l l ey mass i nto 
contact  with the o l der rocks to the west and l i m i ts the Miami - I nspirat ion ore body at the 
west end , 
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CASTLE DOME COPPER DE POS I T
* 

N ,  p. Peterson 
Mi nera l Deposi ts Branch , U , S ,  Geo l og i ca l  Survey 

The rocks most c l ose l y  assoc iated with the Cast l e  Dome copper depos i t are a q uartz 
monzon i te that has been corre la ted wi th Ransome 's Lost Gu l ch monzoni te ,  a gran i te 
porphyry that  proba b l y  i s  re lated to the Schu l tze gran i te ,  and some th i n  d iabase s i l l s i n
truded i nto the qua rtz m::>nzon i te i n  the v i ci n i ty of the m i ne ,  A l though the gran i te porphyry 
i s  m i nera l i zed , i t  was on l y s l i ght l y  affected by supergene enri chment and conta i ns no ore 
bod i es ,  The outcrop of the quartz monzon i te mass measures about l ' 1/2 m i l es from south 
to north by about 1 m i l e  from east to west ( F i g .  44) ,  Porphyry Mounta i n  i s  in the south
centra I part of the outcrop , 

The domi nant structure i s  a horst trend i ng about north-northwest , Wi th i n i t i s the quartz 
monzon i te , The horst i s  bounded on the east and west s i des by steep l y  d i ppi ng norma l fa u l t  
systems a l ong whi ch  the q uartz monzon i te was brought i nto fau l t  contact wi th pre-Cam 
bri a n  Apache group a nd Pa l eozoi c rocks that  formed the roof of the quartz monzoni te 
i ntrusi on , D iabase was l a te r  i ntruded a l ong these margi na l  fau l ts and now genera l l y  
sepa rates the quartz monzon i te from the re la ti ve l y  depressed b l ocks i n  whi ch  the sedi men
ta ry rocks are exposed , The la test movement on the marg i na l  fau l ts i nvo l ved dac i te and 
Gi l a  cOl1g l omera te , A fa u l t ,  occupi ed a l ong part of  i ts extent by d iabase , crosses the 
horst near the northern edge of the qua rtz monzon i te , a nd a l ong it the b lock to the south 
was re l ati ve l y  e l evated , 

The hypogene copper m i nera l  i zat ion i s  confi ned a l most enti re l y  to the gran i te porphyry 
and the southern ha l f  of the quartz monzon i te body , Where i t  extends beyond the l i m i ts 
of these rocks i t  i s  usua l l y  very weak , 

The pri nc ipa l  hypogene sul fi des are pyri te , cha l copy r i te ,  and mol ybden i te , They 
occur ma i n l y  in and assoc ia ted with a set of narrow, c l ose l y  spaced, genera l l y  para l l e l  
qua rtz ve i ns that stri ke about N .  750 E ,  and d i p steep l y  southward , The on l y  other hy
pogene su l fi des ,  spha l er i te and ga l ena , represent a dec i de l y  l a ter phase of  m i nera l i zat i on 
a nd occur  in  a few vei ns a l ong fa u l ts and ma jor fra ctures that genera l l y  cut across the 
ear l i e r  copper-bear i ng vei ns , The gangue m i nera l s are ma i n l y  the same as the consti tuents 
of the host rock,  together with i ntroduced quartz , c l a y ,  seri ci te ,  and a l i tt l e  ba r i te , 

The di stri bution and re l at i ve proporti ons of the hypogene su l fi de m i nera l s  show a d i sti nct 
zoni ng pattern ( F i g ,  45 ) ,  In one zone that passes through the summ i t  of Porphyry Mounta i n  
a nd extends across the q uartz monzoni te i n  a d i rect ion para l l e l  to the stri ke of the ve i ns ,  
the m i nera l i zat ion i s  ma i n l y  pyri te and quartz wi th very l i tt l e  cha l copyr i te , Northward ,  
the mi nera l i zat ion i n  the h i gh-pyr i te zone gradua l l y  fades out wi th no appa rent change i n  
characte r , Ad jacent to th i s zone on the south ,  and pa ra l l e l  to i t ,  i s  a zone i n  wh i ch there 
is l ess pyri te a nd more cha l copyr i te , The copper content in the form of hypogene m i nera l s  
i n  th i s  zone was about 0 , 3  percent , Mo l ybdeni te i s  most abundant a l ong the southern margi n 
of the h i gh-pyr i te zone and i n  the northern part of the cha l copyr i te zone , 

* Pub l  i cat ion authori zed by the Di rector , U ,  S ,  Geo l ogi ca l  Survey , 
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The hydrotherma I a I terati on of the host rock consi sts of three phases : a weak propyl i t i  c 
phase,  a c l ay phase , and a quartz-seri c i te  phase . The a rea l di stri bution of the various 
phases and their re la t ive i ntensi t ies are c l ea r l y re l a ted to the zoni ng pattern of the hypogene 
meta l l i zat ion . 

Very wea k a l terat ion of the propy l i t i c  type , i n  which  b iot i te and p lag ioc l ase a re part l y 
rep laced by seri c i te ,  epi dote ,  c l i nozois i te ,  ch l or i te ,  ca l c i te ,  and a l i tt l e  pyr i te ,  occurs 
i n  a n  outer zone , where meta l l i zat ion a l so i s  weak . I t  extends somewhat beyond where 
meta l l i zation a nd a l terat ion can be recogni zed in the f ie l d ,  

Th is  zone of feeb l e  a l terat ion surrounds a n  a rea of stronger a l terat ion,  where most of 
t he p l ag ioc l ase and a l i tt l e  of the orthoc l ase and biot i te a re rep laced by a mi xture of 
montmori l l on i te-type c lay ,  hydrous m ica ,  and seri c i te . The c lay a l terat ion is most i ntense 
i n  the h igh-pyri te and cha l copyri te zones and d im in i shes gradua l l y toward t he north a nd 
south ,  where more fresh p lag ioc lase together with a l terat ion products of the propy l i t i c  
phase i s  evident . 

The quartz-seri c i te phase of a l terat ion i s  re l a ted to numerous sma I I  qua rtz-pyr i te vei ns 
a l ong wh ich the wa l l  rock is  rep laced by quartz , seri c i te ,  and a l i tt l e  pyr ite a nd adu laria . 
Each qua rtz-pyri te vei n  i s  bordered by a g l i sten i ng whi te zone i n  whi ch the wa l l  rock has 
been most l y  rep l aced by qua rtz and seri c i te . This type of a l terat ion i s  genera l throughout 
the minera l i zed  area but i s  most i ntense in the h i gh-pyri te zone , where pyri te ve i ns a re 
l a rgest a nd most numerous . I n  some p laces , the a l tered zones a l ong the ve i ns coa l esce,  
and the rock i s  compl ete l y  rep laced , The quartz-seri c i te zone m i ght  be cons idered as  
formi ng an  i nnermost zone of  a l terat ion coi nc id ing wi th the zone of  h igh-pyr i te meta l 
l i za tion,  a l though actua l l y  i t  i s  superimposed o n  the c l ay and propy l i ti c  phases wherever 
pyri te vei ns occur in them , 

Severa l thi n diabase si l l s from a foot to 1 0  feet thi ck crop out a l ong the southern edge 
of the cha l copyri te zone and d i p at l ow ang l es toward the north or northwest through the 
cha l copyri te zones , The copper content of the si l l s i s  usua l l y a t  l east doub l e  that of t he 
zone i n  whi ch they occur , and the quartz monzo i te adjacent to one or both si des of the 
si l l s i s  substantia l l y r icher in copper than average grade , The stronger copper meta l l i zat ion 
associated with t hese si l l s was an  importa nt contri but ing factor i n  the format i on of the ore 
body , 

Supergene enri chment a l so was an  important factor i n  the formation of the ore body , 
a l t hough the enri chment cyc l e  i s  i n  an  ear l y  stage of deve lopment ,  as i s  shown by the i n
comp l ete rep lacement of the hypogene sul fi des by cha l coc i te and cove l l i te a nd by the 
comparat ive l y  sha l l ow depth to whi ch enr i chment has penetrated . I n  genera l supergene 
enri chment has  affected on l y  the upper part of  the ore body , I t  i s  re la t ive l y  deep in  t he 
southern part but becomes progress ive l y  sha l l ower and weaker toward the north . The l eached 
capping averages about 80 feet i n  th ickness . The boundary between cappi ng a nd the top 
of the ore conforms c l ose l y wi th  the present topography , The bottom surface of the secondary 
su l f i de zone i s m uch more i rregu la r  and apparent l y  was not i nf l uenced by the ground-water 
l eve l ,  which  i s we l l be low the ore body and a bout a t  the l eve l of Go l d  Gul ch  south of the 
m i ne ,  I n  the upper part of the secondary su l f i de zone , most of the cha l copyr i te has been 
rep laced by cha l coci te and cove l l i te i  but even there , pyri te was not rep laced except to a 
m i nor extent i n  a few p laces , The amount of rep laced hypogene su l fi de decreases pro-
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gress ive l y  with depth . I n  many p laces , parti cu la r ly  near the footwa l l  and i n  the western 
part of the ore body, unenri ched hypogene ore is  being m i ned . I t  i s  ore mai n l y  because 
of the ri cher hypogene meta l l i zat ion associated wi th the diabase si l l s .  

�-- C H A L C 'O P Y R I T E  ZONE -------.� 
� - - - - - ... ... ... -

Z 'O N E --------II .. � 

� 'ORE 
rIIlliIl!lllll! D I A B A SE c:=J QUARTZ M'ONZ'ONITE 

� � G R A N I T E  P 'O R P H Y R Y  c:::::::::::::J GRAN'OD I 'O R I T E  

'0 1'0'0 Z'OO F E E T  . , , , , 
FIGURE 46.- TYPICAL CROSS S EC T I O N  OF THE CASTLE DOME ORE B O D Y  

The ore body,  which  i s  l a rge l y  m i ned out ,  ranged in  l ength from about 2, 000 feet on  
the upper l eve l s  to  a bout 3 , 800 feet on  the l owest m ine l eve l . I n  cross secti on ,  i t  was 
rough l y  triangula r  in shape with one vertex of the tr iang l e a t  the a pex of the body (Fi g .  46) . 
The upper or south s ide was the boundary between cappi ng and the top of the secondary 
su l f ide zone . I t  di pped southward rough l y para l l e l  to the south s l ope of Porphyry Mounta i n .  
The north o r  footwa l l  s ide coi nc ided approximate l y with the north l im i t  of the cha l copyri te 
zone . 
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FIGURE 47.- ROAD LOG INDEX MAp, TRIP 5, SECOND DAY 
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T R I P 5 ,  ROAD L O G  (CO NT I N UE D)  

Second Day--Monday Afternoon,  Apri l 1 4 , 1 952 

Lea ders : A ,  F ,  Shr ide,  E ,  D,  Mc Kee,  and J ,  W ,  Harshbarger 
Dri v ing  Distance : Log d i sta nce to Becker ' s  Butte 46 , 6  m i l es ,  to Hol brook 1 38 , 6  m i l es .  

Genera I S ta tement 

This portion of Tri p 5 conti nues northward out of the Laramide i ntrus ion and m i nera l i zed 
be l t of the Ray ,  Superior , Gl obe-Miami  region , The area of comp l ex fau l t i ng i s  l eft a nd 
the structura I l y f l a t- l yi ng ,  re la t ive l  y undi sturbed P la teau region i s  entered about 20 mi I es 
out of G l obe , At the Sa l t  R iver Canyon the great d iabase i ntrus ions,  so extensi ve i n  east
centra l  Arizona are wel l exposed ;  in cross i ng the canyon,  one of the two ma i n  areas of 
asbestos m in i ng wi l l  be traversed ,  I mmediate l y  north of the canyon sections of the Mar t in  
l i m estone ( Devon ian)  and Redwa l l  l i mestone (Miss i ss i pp ian)  can  be  observed , Those who 
c hose to conti nue north to Hol brook may observe sections of the Naco l i mestone ( Pennsy l 
van ian ) ,  the Supa i format ion ( Pennsy l van ian-Permian) ,  and h i gh Tert iary grave l s  and basa l ts ,  

0 , 0 

0 , 2 

1 , ° 

0 , 2 

0 , 2  

0 , 2 

0 , 2 

0 , 9  

0 , 5  

2 , 0  

0 , 4  

1 , 3 

0 . 0 Junct ion U , S ,  H ighways 60 and 70 , Asbestos m i l l  a t  1 o ' c l ock , TURN 
LE  FT  on  H i  ghway 60 , 

0 , 2 Gi la  congl omerate i n  road cuts , 

1 , 2  Diabase i n road cut on ri ght , 

1 , 4 Troy quartz i te i n  road cut , 

1 , 6 Dac i te i n  road cut a nd h i l l  to west ( l eft ) ,  

1 , 8 Troy quartz i te i n  road cut , 

2 ,  ° At 1 ° O ' c l ock ,  Apac he Mounta i ns i n  d istance , Tert iary grave l s  a re exposed 
in road cuts for next 5 m i l es ,  

2 , 9  Bri dge , 

3 , 4  Through next i nterva l of 1 , 7 m i l es H ighway 60 i s  on pediment cut on Tertia ry 
gra ve l s .  At 1 0  O ' c l ock ,  on h i l l s ,  are outcrops of quartzi te of the Apache 
group;  dumps represent o l d  copper prospects , At 1 2  o ' c l ock are Apa che 
Mounta i ns ,  whi ch consi st ma i n l y  of Apache group sed iments and diabase , 

5 , 4  Bri dge , 

5 , 8  Catt l eguard on boundary of Crook Nati ona l Forest , Route conti nues over 
Tert iary grave l s ,  

7 , 1 Dri ppi ng Spri ng q uartz i te i n  road cuts of next 0 , 3  m i l e s ,  There are many 
h igh  ang l e  fa u l ts in this genera l a rea , 

- 1 33 -



0 . 4  7 , 5  Diabase i n  roadcuts next 2 . 4  m i l e  i nterva l i s  representat ive of si l l s i n  the  
v ic i n i ty of  G lobe, Miami ,  Ray and Superior , Note reddi sh coarse-gra i ne d  
variety o f  the diabase a t  m i  l eage 7 . 6  

1 , 8 9 , 3  At 1 o ' c l ock,  Dri ppi ng Spr ing q ua rtzite on  top of h i l l ,  

0 , 6  9 , 9  Congl omerate on l eft (west ), a s  roadcut i s  entered, i s  the Barnes cong l omer-
a te at base of Dri ppi ng S pr i ng quartz i te , 

0 ,  1 1 0 ., 0  Diabase on l eft . 

0 , 1 1 0 , 1 Dri ppi ng Spr i ng quartz i te , 

0 , 4  1 0 , 5  Diabase i n  road cuts for next 2 , 2  m i l e  i nterva l , 

0 , 1 1 0 , 6  Peaks a t  2 o ' c l ock capped by Dri ppi ng Spr i ng quartz i te . 

0 , 2  1 0 , 8  Catt l eguard a t  crest of Apache Mounta i ns .  

1 , 9 1 2 , 7  Precambrian gran i te , I n  th i s  area , and as  we l l  as  i s  known, between here 
and the Sa l t  Ri ver the Apa che group rests unconformab l y  on this  gran i te . 

0 , 2  1 2 , 9  Diabase . 

0 , 8  1 3 , 7 Precambrian grani te .  

0 , 2  1 3 , 9  Most l y  d iabase , next 3 , 6  m i l e  i nterva l , 

0 , 7  1 4 , 6  At 1 2  o ' c l ock ,  p l anar  surface i s  remnant of pedi ment cut o n  diabase . 

0 , 3  1 4 , 9  At 1 o ' c l ock,  sma l l  mesas are of Q uaternary basa l t , whi ch caps and 
protects under l yi ng Tert iary grave l s  from eros ion . 

1 , 0 1 5 , 9  At 1 2  o ' c l ock,  con i ca l  peak promi nent i n  d i stance i s  Haystack Butte . Th i s  
peak i s  under l a i n  by  a th ick ,  possi b l y  l acco l i th i c ,  port ion of  a d iabase si l l .  

0 . 3  1 6 . 2  Note contact  i n  road cut between two diabase si l l s ,  Common ly  the contac t  
between two d iabase s i l l s i s  i rregu la r  i n  areas where the d iabase i ntrudes 
gran i te , I n  a reas where the diabase i s  dom i nan t l y  concordant to sediments 
the contact  between si l l s is  common l y  p lana r ,  Such contacts are probab l y 
the resu l t  of i nvasion of a younger si l l  a l ong the contac t  between sediments 
and an  o l der si l l ,  

0 , 2  1 6 . 4 Ghost town, 200 yards to l eft ,  i s  o l d  bonanza s i l ver camp of McMi l l a nvi l l e ,  

0 , 6  1 7 , 0  At 1 2  o ' c l ock,  h igh r idge on sky l i ne i s  composed of Precam br ian gran i te 
proba b l y  capped by Dri ppi ng Spring q uartzi te . 

0 , 5  1 7 , 5  At 1 2  o ' c l ock ,  con i ca l  peak i s  Jackson Butte , Road cuts of next 3 , 3 m i l es 
expose most l y  Tertiary or Q uaternary grave l s ;  excepti ons are noted be l ow ,  
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0 , 6  1 8 , 1  Li ght-co lored outcrops on r ight and l eft s ides of road are Tert i ary tuffs , 
whi ch are over l a i n  by basa l t ,  An at tem pt was made i n  1 946 to quarry 
this tuff for bui l d i ng b l ock a nd l i ght-wei ght aggregate , 

0 , 3  1 8 , 4  Q uaternary (? ) basa l t  i n  road cuts , 

0 , 2  1 8 , 6  Catt l eguard , Va l l ey f i l l  i n  th i s  a rea i s  cut by numerous fau l ts .  

0 . 6  1 9 , 2  Bri dge across Seven Mi I e Wash . Road cut at south end of bri dge i s  
Q uaternary (? ) basa l t .  

0 , 5  1 9 , 7  At 1 1  : 30 o ' c l ock,  coni ca l peak on skyl i ne i s  Jackson Butte . Topographi ca l l y 
the southern border of the Co lorado P lateau coi nci des wi th the Mogo l l on Ri m ,  
approxi mate l y  40 m i l es to the north ;  most geo l ogi sts consi der the Mogo l l on 
Rim to be the approximate boundary between the Co l orado P l ateau and the 
Bas in-Range types of structure , However, in this area Jackson Butte is 
approxi mate l y  at the southern marg in  of the area of p la tea u structure . 

1 , 1 20 , 8  Precambrian gran i te i n  most road cuts of next 2 J  mi l es .  Note l arge (as 
much as 3 1/2 i nches in d iameter )  fel dspar phenocrysts , 

1 , 2 22 , 0  I n  road cut, d iabase i ntruded i nto gran i te , 

0 , 5  23 . 3  Ap l i t i c  fac ies of gran i te , 

0 , 2  23 , S  Diabase , 

0 , 2  23 , 7  Precambrian gran i te , 

1 , 1 24 , 8  Diabase in truded i nto gran i te . 

0 , 2  25 , 0  Di abase , 

0 , 8  

1 . 0 

0 , 7  

2 ,  1 

0 ,  1 

0 , 6  

25 , 8  Precambrian gran i te , 

26 , 8  Diabase , 

27 , 5  Pl ateau surface traversed for next 2 m i  l es i s  the top of the T imber Cam p  
Mounta i ns ,  Note the abrupt i ncrease i n  number and change i n  types of 
vegetat ion that resu l ts from a r i se of a few hundred feet and a change i n  
exposure , The T imber Cam p Mountai ns a re under l a i n  by f lat- l y i ng sed i 
ments o f  the Apache group, both i ntruded by  s i  I I  s o f  d iabase , Ledges on  
h i l l s to west probab ly  are o f  Dri pp ing  Spring q ua rtz i te ,  

29 , 6  Troy quartz i te , 

29 , 7  Congl omerate l enses i n  the Troy qua rtz i te , 

30 , 3  Route a l ong Hi ghway 60, for next 3 , 7 m i l es ,  i s  over poor ly  exposed Troy 
quartzi te and diabase i ntrusi ve si l l s ,  
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1 , 3 3 1 , 6  White Mounta i ns at 1 2  o ' c l ock on far skyl i ne ,  

0 , 8 32 . 4  Grave l road to l eft term i nates, 3 m i l es di stant ,  at Chrysoti l e ,  si te of 
l a rgest underground asbestos m i ne i n  the United States , The chrysoti l e  
asbestos of east-centra l Arizona i s  unique i n  the Ameri cas because of i ts 
l ow magneti te content , 

0 , 2  32 , 6  Mounta i n  range at  9 o ' c l ock on sky l i ne i s  the S i erra Ancha , The upper 
port ion of the S i erra Ancha is composed of f l a t- l yi ng Apache group sedi 
ments a nd Troy quartz i te , The l ower portion of the Si erra Ancha i s  
domi nated b y  thi ck si l l s of d iabase whi ch  i ntrude the Apache group , 

0 . 2  3 2 . 8  Mounta i ns i n  far d i stance at 8 o ' c l ock are Four Peaks of the Mazatza l Range . 
The Mazatza l Mounta i ns are composed mai n l y  of o l der Precambrian sed i ments ,  
rhyo l i tes, and gran i ti c  to basi c i ntrusi ves , 

1 , 0 33 , 8  Quartzi te typ ica l  of the l ower Troy of th i s  a rea , Note pebb l y  l enses and 
cross-bedding , Here the Troy quartzi te i s  coarse-gra i ned and non-arkosi c .  
Th i s  i s  i n  contrast to the arkos i c ,  f i ne-gra i ned Drippi ng Spring quartzi te ,  
wh i ch i s  cross-bedded but o n  a sma l l er sca l e ,  and typ ica l l y  appears banded 
from a d i stance , 

1 , 0 34 , 8 Catt l eguard , enteri ng San Car l os I nd ian  Reservation , Di abase ,  wi th the 
m i nor noted exceptions noted be l ow, through the next 1 2 , 9  m i l e  i nterva l ,  
Through this  i nterva l 2 and perhaps 3 si l l s  a re traversed . The contacts 
between the si l l s a re not readi l y  seen at road l eve l , The broad basi n through 
the i nterva l 25 , 9-28 , 0  i s  typi ca l of the topograph i c  express ion of  s i l l s of 
p la teau areas , 

0 , 4  35 , 2  Mesa on sky l i ne ahead i s  capped b y  Mart in l imestone (Midd l e  Devonia n ) .  
D iabase si l l  immediate l y  under l yi ng the Mart in  l im estone i nc l udes " s l i vers " 
of upper formations of the Apache group , Unconformity at base of Marti n  
l im estone beve l s  both sed iments a nd this  si l l ,  Therefore si l l s i n  th i s  a rea 
are pre-Mi dd l e  Devon ian ,  

1 , 0 36 , 2  Seneca , 

0 , 5  36 . 7  Road j unction o n  l eft l eads to mai n  asbestos-beari ng area of Sa l t  Ri ver  
region , 

0 , 3  37 . 0  S i l tstones and sha l es compri se top 60-80 feet of Mesca l l i mestone i n  this  
a rea , prov id ing the upper portion of the Mesca l i s  not mi ss i ng due to pre
Troy or pre- Mart i n  eros ion , 

0 , 5  37 , 5  S i l tstones and sha l es of upper portion of Mesca l l i mestone . 
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0 , 8  3 8 , 3  F i ve-foot wide diabase d i ke on ri ght hand s ide of road (i nconspi cuous from 
- car ) . Th is  di ke cuts vert i ca l l y  through this  si l l  and through an upper si l l  
i nto whi ch  the si l l  bei ng traversed i s  i ntruded , Thus there a re a m i ni mum 
of 3 separate diabase i ntrusions exposed a l ong the s l ope traversed by th i s  
porti on of  the route . The di ke i s  truncated by  the unconform i ty a t  the base 
of the Devonian l imestone . 

0 . 3  3 8 . 6  At 1 0  o ' c l ock ,  2 m i l es d i stant,  prom i nent peak on sky l i ne i s  "72" Mesa . 
Th i s  peak i s  capped by Troy quartzi te and under l a i n  by a d i scordant d ia
base si l l ,  one of  the  few exampl es in  th i s  area of  a th ick si l l  i ntrus ive i nto 
Troy qua rtz i te . Th i s  si I I  probabl y was i ntruded a l ong a thrust fau l t .  There 
are numerous examp l es of m i nor d iabase i ntrusions i nto Troy qua rtz i te . 
Therefore,  the d iabase of the area i s  post Mi dd l e  Cambr ian . 

0 . 4  39 . 0  Those return i ng to G l obe may stop at parki ng a rea on l eft and wa l k  200 
feet a long west si de of h i l l  a head, and 30 feet h igher than road ,  to a sma l l  
asbestos deposi t .  Al l dumps seen i n  the canyon are from chrysoti I e  asbestos 
m i ni ng operation . 

0 . 1 39 , 1  STOP 1 .  TUR N LEFT i nto parkway and WAL K  200 feet a l ong tra i I toward 
canyon .  Enroute , note a l ga l  l i mestone . Di scussion of strati graphy , d iabase 
i ntrusions and structure of area by A.  F ,  Shr ide . After stop, caravan wi l l  
conti nue down canyon . 

0 , 4  39 . 5  Th in  " s l i ve r "  of Mesca l l imestone i n  d iabase , Upper massi ve beds represent 

0 , 3  

0 . 1 

1 , 6 

0 , 4  

0 . 3 

0 , 1 

a l ga l  (or upper) member ;  f la t-bedded l imestone represents l ower member .  

39 , 8  Sphero ida l  weatheri ng of d iabase and weather ing of d iabase to " pebbl y "  soi l 
especia l l y we l l  exhibi ted i n  th i s  and next road cuts , 

39 , 9  Park ing area for scen i c  v iew up the Sa l t  River Canyon , CARAVA N W I LL 
N OT STOP HE RE . 

4 1 , 5  Lower member of Mesca l l i mestone , Note thi n  (8- 1 2 i nch )  persi stent d ia
base s i l l s ,  The massi ve bed at road l eve l approxi mate l y  1/2 way through 
the f i rst road cut is one of the most favorab l e  beds in the d i stri ct for the 
l oca l izat ion of asbestos depos i ts , It is not appreciab l y m i nera l  ized  i n  th i s  
exposure , 

4 1 , 9  Dri ppi ng S pr i ng q ua rtz i te , 

42 , 2  Bridge across the Sa l t  River . 

42 , 3  At 9 o ' c l ock note typi ca l bandi ng i n  c l i ff of Dri ppi ng Spr i ng quartz i te , 
BE PRE PARE D T O  L O OK I N T H I S  D I RECT I O N- F I E L D  OF VIEW I S  L I M I T E D .  
Road junction o n  l eft with road down canyon , The f i rst 7 mi  l es o f  th i s  
road para l l e l s  the canyon and offers an  exce l l ent opportunity to v i ew the 
si l l s and various var iet ies of the diabase . 
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0 , 1 42 , 4  Diabase si l l ;  l ower contact  i s  approxi mate l y  20 feet strati graphi ca l l y 
above base of Mesca l l i mestone . 

0 , 3  42 , 7  Lower member of Mesca l  l imestone . 

0 , 1 42 , 8  Diabase . 

0 , 7  43 . 5  Massive c l i ff o n  sky l i ne a t  1 2  o ' c l ock i s  of Redwa l l  l i mestone , 

2 , 4  45 , 9  Unconform i ty between Mart in  I imestone ( Devonian)  and diabase . Note 
weatheri ng of diabase and l ack of chi l l borde r ,  

0 . 7  46 , 6  STOP  2 .  Becker 's  Butte l ookout park ing area , Peak  o n  sky l i ne to south -
east i s  Becke r ' s  Butte, whi ch i s  capped b y  Redwa I I  l i mestone . Base of 
uppermost mass ive cl i ffs is approximate contact between Redwa l l and 
Mart i n  l i mestones , Th i s  contact  a l so ca n be seen across tri butary canyon 
to east from th i s stop , 

E N D O F  F I E L D  T R I P 

T h i s i s  t h e  l a s t  f o r m a l s t o p  o f  t h i s  f i e l d  t r i p .  F o r  t h o s e  
p a r t i c i p a n t s  l e a v i n g  A r i z o n a v i a  t h e  n o r t h e r n  r o u t e  t h e r o a d l o g 
i s  c o n t i n u e d  t o  H o l b r o o k . I n f o r m a l s t o p s ,  e n r o u t e  t o  H o l b r o o k ,  
c a n  b e  a r r a n g e d  w i t h  J .  W .  H a r s h b a r g e r  a t  t h i s  s t o p . 

FROM STOP 2 

To 

0 , 4  47 , 0  

0 , 4  47 . 4  

Hol brook 9 2  m i l es 
Ga l l up via Ho l brook , 
Ga l l up v ia  St . Johns, 
Al buq uerque via Hi ghway 66, 
A l buq uerque via Hi ghway 60, 

1 89 m i l es 
1 85 m i l es 
324 m i l es 
325 m i l es 

F l agstaff , 
Phoeni x ,  
Tucson, 
E I  Paso via G lobe, 
E I  Paso via Socorro ,  

1 83 mi  l es 
1 37 mi l es 
1 7 1 mi l es 
373 mi l es 
447 mi l es 

Contac t  between t he Marti n l imestone (Upper Devonian)  a nd Redwa l l  l i me
stone (Mi ssi ssi ppian ) .  

Contact  between the Redwa l l l i mestone and Naco format ion ( Pennsy l van ian ) ,  

1 . 1 48 , 5  Li mestone and mudstone cyc l i c  depos i ts i n  Naco format ion, observe s imi l a r  

4 . 8  53 , 3  

0 . 2  53 . 5  

4 . 2  57 , 7  

cyc l es i n  road cuts ahead , 

Outcrops of Naco formation i n  road cut a nd on sky l i ne a t  1 o ' c l ock , 

Tertiary grave l s  crop out i n  road cuts and a l so form the l ow h i l l s i n  the 
foreground . 

Exce l lent  outcrop of Tertiary grave l s  d i sp layi ng we l l -rounded pebbl es ,  
cobb l es ,  and boul ders i n  a matri x o f  sand and si l t .  
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0 . 3  58 . 0  Exposure of red beds i n  road c ut i s  the fi rst of a seri es of outcrops of t he 
S upa i formation ( Permo- Pennsy l vanian ) ,  

1 . 2 59 , 2  The escarpment i n  the di stance i s  the famed Mogo l l on Rim ,  wh i ch  consi sts 
ma i n l y  of Perm ian strata , 

1 . 6 60 . 8  Road j unction to Ci beque on l eft , 

0 . 4  6 1 . 2  A t  1 0  o ' c l ock,  conspi cuous promontory formed most l y  of Supa i strata . 

1 , 0 62 . 2  Para l l e l -bedded si l tstone and c l aystone of Supa i  formation i n  roadcuts . 

2 , 5  64 , 7  BrO dge acros Carr i zo Creek .  Fossi l i ferous l i mestone i n  Naco formation 
be l ow l eve l  of br i dge a nd red beds of Supa i  formation above bri dge . 
Tertiary basa l t  on skyl i ne .  

2 , 7  67 . 4  Road j unction to Whi te River and Fort Apache on r i ght , 

1 . 0 

0 , 7  

1 . 2  

68 , 4  Red beds of s i l tstone and mudstone i n  Supa i  formation . 

69 . 1  At 2 o 'c l ock ,  Apache l i mestone member of Supa i format ion on sky l i ne ,  
Basa l t  l i es on red Supa i formation i n  c l i ffs on both si des of the roa d �  

70 ,3  Corduroy Creek Canyon , Wa l l s o f  canyon a re formed from red sandstone 
a nd mudstone of Sup� i format ion ,  over l a i n  by massi ve ye l l ow to gray  
th i n-bedded l i mestone (Apache member ) ,  l oca l l y  scoured a nd channe l s  
f i  l i ed wi th  Tert iary grave l s ,  and covered l oca l l y  wi th basa l t .  Hi l i s i n  
d i stance consi st most l y  o f  Supa i format ion . Outcrop o n  ri ght si de of 
road is made up of travert ine beds over l a i n  by basa l t  a nd under l a i n  by 
Tertiary grave l s ,  

2 , 5  72 . 8  Bri dge across Cedar Canyon ,  wa l l s formed of Tertia ry basa l t ,  h i l l s to l eft 
formed of Supa i formation . 

4 , 8  77 , 6  Bri dge across Corduroy Creek, wa l l s formed of Tertiary basa l t .  

1 , 3 78 , 9  Sma l l l umber m i l l  on r i ght s ide  of roa d .  

2 , 8  8 1 , 7  Forestda I e ,  

0 , 2  8 1 . 9  Ye l lowish outcrops i n  road cuts for next 2 m i l es a re sandy l i mestone of the 
Kaibab format ion (Perm ian ) .  Tertiary grave l s  form th in  mant l e .  

4 . 4  86 , 3  S i tgreaves Nationa l Forest , 

0 . 6  86 , 9  Cretaceous c l aystone i n  road cut , 

3 , 4 90 , 3  Entering Showl ow .  

0 , 7  9 1 , 0  S howl ow, named from the turn of a card , 
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0 , 2 9 1 , 2  Road junct ion to Mc Nary on r ight ,  conti nue stra i ght  ahead , 

0 , 5  9 1 , 7 Road junction U ,  S ,  Highway 77,. U .  S .  Hi ghway 60 . Fo l l ow l eft fork 
toward Hol brook;  ri ght fork l eads to Spri ngervi l l e .  

0 , 7  92 , 4 Route traverses a wide basa l t-capped mesa wi th a cover of pi non and 
j uni per . 

1 0 . 0  1 02 , 4  From 1 2  to 3 o ' c l ock si des of va l l ey, com pri s i ng reddish sha l e  and wh i te 
sa ndstone , are be l ieved to be Upper Triassi c sed iments ; Q ua ternary basa l t  
forms the ca ppi ng rock . 

1 . 0 1 03 , 4  Sandstone i n  road cut,  basa l un i t  of the Upper Triassi c sequence , 

0 , 5  1 03 , 9  Bri dge , Basa l t  a t  1 0  o ' c l ock , 

1 . 8 1 05 . 7 Low mesa i n  foreground conta i ns a coarse-gra i ned sa ndstone be l ieved to be 
Sh inarump cong l omerate or basa l member of Ch i n l e  formation (Upper 
Triassi c ) .  

0 . 2  1 05 , 9  Chi n l e  format ion i n  road cut . 

1 . 4 1 07 , 3  Tay l or 

1 , 0 1 08 , 3  Red beds i n  road cuts are i n  the Moenkopi forma tion (Triassi c ) .  

1 . 7  1 1 0 , 0  Cross Apache ra i I road , 

0 , 6  1 1 0 . 6  Snowf lake , 

0 , 8  1 1 1 . 4 Bri dge across S i l ver Creek .  At 1 2 : 30 o ' c l ock ,  wa l l s i n  narrow canyon a re 
formed by the Coconi no sandstone ( Permia n ) .  

0 , 8  1 1 2 , 2 Contact  between Cocon i no sandstone a nd over l y i ng Moenkopi forma tion . 
Ka iba b  I imestone i s  absent i n  th i s  a rea , 

0 . 4  1 1 2 . 6  Ye l l owi sh-red th i n-bedded s i l tstone i n  road cuts i s  the basa l un i t  of the 
Moenkopi format ion . 

3 . 7 1 1 6 . 3  Bri dge . Cocon i no sandstone crops out i n  wash . 

6 . 8  1 23 , 1  Lower massi ve sandstone of the Moenkopi formation forms the mesas i n  
foreground . 

0 . 4 1 23 , 5  At 1 : 30 o ' c l ock ,  dark h i l l  i n  di stance i s  Woodruff Butte , The butte i s  
formed from a basa l t i c  cap on the Chi n l e  formation, whi ch  i s  under l a i n  
b y  Moenkopi formation and Coconi no sandstone , I nd ian rui ns are present 
on butte . 
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5 , 6  1 29 , 1 Coconi no sa ndstone i n  wash , 

1 . 8 1 30 , 9  Road j unction to Woodruff on ri ght , 

2 , 1 1 33 , 0  At 1 2  to 1 o 'c l ock i n  the far di stance the bright-col ored rocks of the Chi n l e  
formation form a part of the Pa i nted Desert . The b lack knobs are vo l can i c  
necks i n  t he  Hopi Buttes country , 

0 , 5  1 33 , 5 At 1 : 30 o ' c l ock , Sh ina rump cong l omerate forms the cap of sma l l mesa , 
whi c h  i s  under l a i n  by Moenkopi format ion . 

1 ,  1 1 34 , 6  Coconi no sandstone on both si des of road , 

1 , 0 1 35 , 6  Moenkopi Butte at 2 o ' c l ock ,  capped with Sh inarum p  cong lomerate . 

0 , 9  1 36 . 5  Lower Moenkopi formation (Wupatki  member ) i n  road cut , 

1 ,  ° 1 37 , 5  Coconi no sa ndstone near road . 

0 . 4  1 37 , 9  Road junction to Petr i fi ed Forest a nd St , Johns on ri ght . 

0 , 3  1 38 , 2 Br i dge across L i tt l e  Co l orado Ri ve r ,  

0 , 4  1 38 . 6  Ma i n  square , Ho l brook . Caravan d i sbands here , Fo l l ow U . S .  Highway 66 
west to F lagstaff and Ca l i fornia , Fo l l ow U , S ,  Hi ghway 66 east to Ga l l up 
and A I  buquerque . 
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PE N NSYLVA NI A N- PE RM IA N  FAC I E S OF T HE S U PAI F O RMAT I ON 
I N  CENTRAL AR I ZO NA 

R .  L .  Jackson 
The Ca l i fornia Company 

I ntroduction 

The red beds of the Supa i formation have cons iderab le  area l extent in northern Ari zona . 
Many of the col orfu l  canyons of centra l and northern Ari zona are carved i nto the Supa i . 

I n  the course of th i s  study, whi ch  was begun i n  1 950, deta i l ed strat igraphi c sections 
were measured a l ong the Mogo l l on P latea u in centra l Ari zona . Secti ons  were measured 
in Munds and Beaver Creek Canyons a l ong a southwester l y  l i ne ,  and a l ong the Mogo l l on 
Rim from Pi ne ,  Ariz . ,  eastward to Promontory Butte , Cross bedded units i n  the Supa i were 
studi ed a nd mechan ica l  ana l yses of representat ive rock sam p l es were made . Careful 
cons i derat ion was gi ven to the fauna l and fac ies deve l opment from west to east . The 
stra t i graph ic  sections of  the  S upa i formation measured by E .  D .  Mc Kee ( 1 950, persona l 
communi cat ion ) to the west of the a rea stud ied ,  and the section measured by S .  S .  Wi nters 
( 1 95 1 , p .  1 0- 1 6 ) at Fort Apache , Ari z . ,  to the east, were wa l ked over and reviewed by 
the wri ter ,  Previous i nvest iga tions of the Supa i  formation were summa ri zed by the wri ter 
in a n  ear l i er pub l i cat ion (Jackson,  1 95 1 , p,  84-9 1 ) .  

Stra t i graph ic  re lat ionsh i ps 

F i g , 50 represents a genera l i zed section of the Supa i  formation from S pri ng Mounta i ns ,  
Nev . ,  to  Fort Apache ,  Ari z .  The  fa c ies cha nges i n  the members o f  the Supa i  are readi I y  
a pparent, a l though some o f  the re l a ti onshi ps l atera l l y  across this  a rea a re  open to question . 

S upa i stra ta i n  the a rea studi ed are essentia l l y  f la t- l yi ng .  Gent l e  norther l y  d i ps up to 
a ma ximum of f ive degrees have been measured . The forma tion consi sts of a l ternat ing beds 
of very f i ne-gra i ned sandstone , si l tstone , mudstone , l i mestone,  a nd c l aystone . The l i tho
l og i c  uni ts of the Supa i ref l ect the environment of a stab l e  to m i l d l y  unstab le  deposi tiona l 
she l f ,  and  the Supa i  formation i s  cons i dered to be de l ta i c  ( Hughes , 1 949 ) i n  ori gi n .  As a 
resu l t  of the study of cross- Ia�inat ion surfaces i n  the Supa i  forma tion of northern Arizona , 
Mc Kee ( 1 940, p .  822) i nd icates that the probab l e  d i rection i n  whi ch the sedi ment was 
tra nsparted was toward the south . Cross bedd i ng stud ies by the wri ter i nd i cate a south
easte r l y  d i rection of deposi t ion . 

A ser ies of ei ght measured strat i  graphi c sections was made i n  the a rea studied , Attent ion 
was gi ven to the re lat ions of rock un i ts to fauna l zones , of mar i ne to non-mari ne fa·c ies ,  
of cyc l i c  sedi mentat ion ,  and of  sedi mentation i n  re lat ion to  transgress ion and regress ion . 
A section at  Fossi l Creek was measured a l ong a traverse different from that fo l l owed by 
Hudd l e  a nd Dobrovo l ny ( 1 945 ) as  the new l ocation appea red to conta i n  a better exposed 
seq uence of Pennsy l va nian and Perm ian rocks , Corre la tion and compari son of the Fossi l 
Creek section with the Oa k Creek Canyon section of E .  D .  Mc Kee to the west , a nd the 
com posi te section of Wi nters at Fort Apache to the east is shown i n  F i gure 5 1 , 

Mc Kee d iv i des the Supa i forma tion i n  Oa k Creek Canyon i nto three di sti nct members . 
Member A consi sts of the c l  i ff-form ing upper sandstones; member B is composed of l edge
s l ope formi ng si l tstones and sandstones ; member C i s  a massi ve c l i ff and l edge form ed by 
the l ower sandstones . 
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Wi nters recogni zes four members i n  the Supa i formation i n  the Fort Apache a rea 
farther east . These a re the Corduroy , Fort Apache l i mestone of Stoyanow ( 1 936,  p ,  533 ) ,  
B i g  "A" , a nd Amos Wash members ( F i g .  5 1 ), named for the l oca l i t ies  where descri bed . 
The Corduroy and Fort Apache l i mestone members a nd the three members of Mc Kee a re 
recognized i n  the area studied by the wri ter . 

At the Fossi l Creek l oca l i ty ,  Wi nters ' Corduroy member i s  represented by a sandstone 
fac i es , I n the same area , the Fort Apache l i mestone member is muc h  thi nner than it i s  
farther east,  but rema i ns a l imestone fac ies , The th i nn i ng o f  the Fort Apache l i mestone 
cont inues northwestward through the Oa k Creek Canyon l oca l i ty but at Sycamore Canyon, 
st i  I I  farther to the west , the member is  m i ss i ng ( F i g , 50) , The Big "A" and Amos Wosh 
members of Wi nters a re represented by a n  undi fferent iated sa nd fa c ies a t  Fossi I Creek ,  
probab l y the  resu l t  of l atera l gradat ion such a s  that i n  the Corduroy member above , The 
wea k l edge-sl ope topograph ic  express ion of the under l y i ng member at Foss i l Creek has 
opt imum devel opment at Oak Creek ;  the term Oak Creek member I S  reta i ned for the 
Foss i  I Creek section , The Packard ranch member has opt imum express ion a nd deve l opment 
at Sycamore Canyon, and is recogn izab l e  both at Oa k Creek Canyon and at Fossi I Creek ,  
a l though not at Fort Apache , Wi nters found a c l ea r  separat ion of the Amos Wash member 
and the Naco l i mestone i n  the Fort Apache a rea , 

Pennsy l vanian- Permian  re l at ionshi ps 

Hudd l e  a nd Dobrovo l ny ( 1 945 ) p l ace the conta ct of the Pennsy l va nian  Naco l i mestone 
and the over l y i ng Supa i  formation above a seq uence of gray l i mestone a nd sha l e  beds, a nd 
be l ow a sequence of beds consisti ng of sandstone , sha I e ,  and some l i mestone , I n  Wi nters ' 
opi n ion , th i s  i s  an  arbi trary d iv i s ion whi ch  unnatura l l y d iv i des a conti nuous sequence of 
s im i  l a r  I i tho logy and fauna l assemblage , Wi nters ' ra i ses the Pennsyl va n ian-Permian  boundary 
4 1 0  feet above that proposed by Hudd le  and Dobrovo l ny ,  The uppermost bed of Wi nters ' 
Na co i s  a gray ,  thi n-bedded l imestone , r i pp l e-marked and foss i l i ferous , Th i s  l i mestone 
i s  over l a i n  by gray a nd reddish brown c l aystone beds whi ch grade upward i nto non-ca l careous 
s i  I tstone and sandstone beds , 

Through the i dent i f i  cation of fusu l  i n ids ,  Wi nters estab l  i shes a Vi rgi I ( l a test Pennsyl  van ian )  
age  for the upper Naco . Th i s  i s  especi a l l y  i nterest i ng upon consi derat ion of  the fa una found 
farther west , The h ighest foss i I i ferous strat i  graphi c un it  of the Naco I imestone at Foss i I Creek 
y ie l ds fossi l s  of Des Moi nes age ( F i g , 5 1 ) , Both th i s  zone and that  represented by the Fort 
Apache l imestone above serve as approxi mate t ime p l anes from Fossi l Creek to Fort Apache , 
The l i tho l og i c  assemb lages between these zones c l ea r l y  i nd i cate cond i t i ons of off- lap  or 
regress ion dur i ng la te Pennsy l van ian-ear l y Perm ian t ime , 

Whether transgressi ve or regress i ve deposi ts form i n  any area norma l l y depends upon 
re la t ive rates of s i nk ing a nd sedi mentat ion , Thus , the regress i ve deposi ts of Pennsy l va nian
Permian age i n  the Foss i l Creek-Fort Apache a rea i ndi cate a dom i nance of sedi me ntat ion 
over bas i n  s i nk ing , 

The Packard ranch member of the Supa i forma t ion,  arenaceous at the type l oca l i ty ,  
becomes more ca l careous eastward , Hudd le  and Dobrovo l ny acknowl edge that the Naco 
a nd Supa i format ions may i nterfi nger i nsome parts of Arizona , A means of estab l i sh i ng 
corre l ati on between contemporary fac ies , regard l ess of their  l i tho l ogi c d i fferences i s  the 
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i ntertongui ng of d i st inct fac i es as seen i n  the outcrop ( Dunba r ,  1 94 1 , p ,  3 1 3-332 ) , I t  i s  
suggested here that the Packard ranch member i s  an  examp l e  of th i s  i ntertonguing , The 
Packard ranch member is not represented at Fort Apa che ( F i g .  5 1 )i the Amos Wash member 
of Wi nters conta i n  no l i mestones . From the forego ing it appears that  the Packard ranch 
member of  Oak Creek a nd Foss i l Creek i ntertongues wi th  the Naco of  Wi nters , I t  i s  
evi dent ,  therefore,  that the Packard ra nch member of t he  Supa i  formation i s  of Pennsy l van ian  
age , I t  i s  further suggested that the si l tstone i nterva l of  the  Oa k Creek member at Fossi l 
Creek i s  represented by the l i mestone fac i  es of Wi nters ' upper Naco at Fort Apache . The 
off- Iap fac ies change of sandstone to si l tstone to l i mestone wi th in  the l i m i t i ng Fort Apache 
and  Des Moi nes t ime p l anes i s  a fa ctor favori ng this  suggesti on , 

, Summary and Conc l  usions 

The Supa i  formation of centra l Ar i zona is an  advanc ing continenta l de l ta i c  depos i t  of 
Pennsy l van ian-Permian a ge whi ch  has ca used a regress ion of the Pennsy l van ian sea due to 
sedimentation exceeding subsi dence in the area , 

Subd iv i s ion of the Supai formation i n  centra l Ar i zona i nto members of consi dera b l e  
a rea l extent can b e  made . The Pa ckard ranch a nd Oak Creek members a s  out l i ned i n  th i s  
paper are equ iva l ent to the upper part of  the Naco format ion as descr ibed by Wi nters, a nd 
a re consi dered Pennsy l van ian  i n  age , 

Author ' s  note 

The h ighways (US60--Ar izona 77) on wh i ch  the f i e l d  t r ip  traverses , passes east of the 
pri nc i pa l  area of study for this pa per ., The fac ies express ion of the Supai formation more 
nea r l y  approxi mates the strati  gra phi c section measured by Mr , S ,  S ,  Wi nters , whi ch may 
be examined in F i gure 5 1 . 

Exce l l ent fossi I co l l ecti ng may be atta i ned by turn i ng off the h ighway (US 60--Ar i z . 
77) r ight, toward Fort Apache ,  Arizona , to connect with state route 73 ; thence south to 
the cross ing of White River, a tota l di stance of about 30  m i l es ,  The col l ect ing l oca l i ty 
i s  j ust 1 00 yards short of the bri dge corss ing White Ri ver . The wri ter v i s i ted th i s  l oca l i ty 
a nd co l l ected a pro l i f ic  Des Moi nes ( Pennsy l van ian faunae from the Naco formation 
wh i ch outcrops here , 
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A N AC O N DA 

C OPP E R  

M I N I N G  

CO M PANY 



Cooke M71 1 0  Research Mode l  

Cooke M7250 Uni versa l Mode l 

COO KE 
P OLA R I Z I N G  

M I C R OSCOPES 
E XCLUS I VE ADVANTAGES 

Al l mode l s  supp l i ed wi th fu l l -s ize condensers and 
extra l a rge Po laroi d po lar izers supp l y ing fu l l fi e l d  of 
i l l um inat ion at a l l  magnif icati ons wi thout resort to 
swi ng-out l enses . 

Al l mode l s  supp l i ed with patented tri p- in  Bertrand 
Lenses and Bertrand Diaphragms, centerab l e ,  gi vi ng 
cri sp i nterference fi gures for an  area coveri ng O .  05mm 
on the  spec imen wi thout refocusi ng .  

Improved accessory equi pment : 
1 .  Object ive mounts permi tt i ng i nd ividua l  rotat ion 

to best exti nction posi t ion . 
2 .  S l otted objecti ves perm i tt ing measurements wi th  

graduated qua rtz wedge, and other compen
sators, over the i nterference fi gure . 

3 .  Grea t l y  improved universal stage . 
4 .  B inocu lar bodi es supp l i ed for a l l work not re

qu i r i ng the Bertrand Lens . (Bi nocu lar  body can be 
immediate l y  interchanged with stra i gh t  body 
wi th Bertrand Lens wi thout di sturbi ng fi ne focus ) 

Send for brochures on;  
Cooke Polar izi ng m i croscopes 

Cooke S tereoscopi c Mi croscopes 
Cooke Meta I I  urgi ca I Mi croscopes 

Cooke Meta l l ographi c Apparatus 
Cooke Uni versa l S tage 

Cooke Po lar izi ng Mi croprojector 
Vi ckers Projection Mi croscope 

T HE R . Y .  FE RNER  C OMPA NY, I NC .  
1 1 0 P l easant Street,  MAL DE N 48, MASSACHUS ETTS 

Offi ces : Chi cago - Denver - San Fra nc i sco 
I n  Canada : Cooke, Troughton a nd S imms, Ltd . 

6 1  Co I I  ege Street , Toronto 

(Suppl i ed i n  the Uni ted Sta tes wi th servi ce and re
p lacement stock fac i  I i t i es ma i nta i ned ) 
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SO UTHWEST E R N  T EC H N I C A L  S E RV I C ES 

Wishes you a p l easant  stay i n  Tucson,  and a successful convention . 

Reproductions 

234 E. 6th Street 

S I NC E  1 85 4 0 0 0  
Steinfeld IS have se rved t he m i ne rs of Ar izona . 

Joe Nomart  
In charge o f  our Mining Department 

since ? ?  (Joe won 't tell ! )  

Joe's motto : 
If it is simple . . . anyone can do it .  

o If  it is difficult . . .  1 w i l l .  
M y  customer is  a lways right. 
Nothing i s  too good for a c u stomer. 

I will never be too old to s e r v e .  

A l b e rt S te i nfe l d  a Co . H a rd ware Div is ion 

Distributors o f  Mining and Industrial Supplies 

Supp l i es 

Ph . 3-3392 



WA L K I E-RECORDALL 
• O N  THE SPOT • 

B AT T E RY ·R E C O R D E R  

T H E  E LECTRO N IC SEC RETARY 
Records All Conversation-Any Time . . .  Any Place . 

No Heavy Load . . No Bulk . .  No Wires . .  No Reels 

No Connecting To Electric Socket 

IT'S ALL I N  TH E BAG 
Total Weight 9 Ibs. (Mode l  CCB) 

Simply Turn a Concealed Knob and 

RECO R D  

1 946 1 947 1 948 1 949 

Moradi l l as 
Tayo l t i ta 

HANDS BUSY ? 
LET MILES WALKIE-RECORDALL TAKE YOUR NOTES 

IN THE FIELD-IN' THE LAB 
OR UNDERGROUND 

While Walking Riding or Flyi ng 

RECORDS: Interviews, conferences, reports, 1 -man inventory, markat 

res�arch, sales training, 2-way phone, etc. 

SENSITIV ITY RANGE: Up to 40 ft. radius from microphone (concealed 

in bag). Records reports whispered into the microphone W H I LE ON 

TRAINS, PLANES OR CARS. 
U N I NTERRUPTED CON TINU ITY: Up to 90 min. (Model CC), & up to 

4 hrs. (Model CC4), on each side of endless film band. 

COST OF PERMANENT RECORDING, inc!. ball.: 4¢ to 6¢ per hr. 

PERMANENT, FUTURE PLAYBACK: No extra cost. 

COST OF"A" & "B" BATTER I E S  (STANDARD): 1 ¢  per hr . 

LIFE OF BATTERIES: 1 00 & 350 working hrs., respectively. 

I N DEXED RECORDINGS: Playback any part within spl it  sec. u p  to 6 
sec. Identify, File. Mai l  first-class for 3¢. 

SAME UNIT records and play s back instantly and permanently. 
CONTROLS: Fast "Forward Go-Back", "Start-Stop" & "Speed". 

MILES REPRODUCER C O., INC. 0. 
812 BROADWAY NEW YORK Y N Y 

1 950 1 95 1  1 952 

Mora d i l l a s  Moradi l l as Moradi l las  
Tayo l t i ta Tayo l t i ta Tayo l t i ta 

Vi l l a de Seris Rio Chico 
Moradi l las 
Tayo l t i ta 

Moradi l l as 
Tayo l t i ta 
Contra Esta ca Contra Estaca Contra Estaca Contra Esta ca Contra Estaca 

Namiq ui pa Nam iq ui pa Guazapares 
Guazapares Matehua l a  
Matehua la Ta cubaya 

Y O U R  ? M I N E  

HADRILCO 

635 N .  3rd Ave . ,  Tucson Ph . 2-41 1 2  
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AMERICAN SMELTING a REFINING COMPANY 
S O UTHW E ST E R N  D E PA R T M E N T  

BUYERS OF 

Gol d  and S i l ver Ores a nd Concentrates 
Lead and Copper Ores a nd Concentrates 

Lead-Zinc-Copper Mi l l i ng Ore 
Zi nc Concentrates 

SME LTE RS AT : EI Paso, Texas-Amari l l o, Texas-Hayden, Arizona 

MI LL : Asarco Mi l l ,  New Mexi co (near Dem i ng )  

O R E  P U R C H A S I N G  D E PA RT M E N T  
8 1 0  Va l l ey Nationa l Bui l di ng Tucson, Ari zona 

I F  I T 'S SAM PLES YOU WA NT 

WE ' VE CAU G HT 
"," 

.... ., 00) SAMPLES  (f � 
FOR 6-

f!J" f!J'B « WE I L L  CATCH I E M  FOR YOU 
c .  W. F RE E L OVE WELL DRI L L !  N G  

4 1 50 E .  WAS H I N GT O N  - PH OE N I X  

TELE PHONE : 8-5 1 72 
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ERRATA 

Fig . 2 ,. cap t i on under lowe r r ight -hand photograph should read : 
MILES B . l ,  PART 3 
F ourth line from bottom of s e c ond paragraph : " Trip 1 "  should 
read "Part 3 . " 
Thi rd paragraph , !�th l ine : " at a given yield" should be 
deleted . 
F ourth paragraph , la s t  l ine : " f rom a s tat j. c  leve l "  should 
be inse rted before "more . "  
F i g . 3 in Explanat i on : "Ground water c ontours Spr ing 
1930" should read "Ground water c ontours Spr ing 1950 . "  
NOTE : Banded gne i s s e s  of the Trip 3 road log are the 
e qu i valent of inje c t i on gne i s s e s  of the art i c le on page 51 . 
Mi leage po int 3 3 . 1 ,  f i r s t  sentenc e , should read : "Dark 
green rock in road cut i s  Leatherwood quartz d i orite . "  
The following paragraph wa s omi tted at the end of thi s 
art i cle : 

Blake ( 1909 , p .  47 ) as sume d ,  a s  wa s customary in 1908 , 
that the age of the me tamorph i c  terrane wa s Precamb r ian . 
He rnon ( 1932 , p .  IB ) c onc luded that the domj.nant ly pel i t i c  
nature o f  the host i s  e qually c ompat ible w i th the theory 
of de riva t i on from the P J nal schi s t  of Precamb rian age or 
from the C retaceous roc ks . The Apache group , whi c h  i s  
dominantly quart z i t i c , and the Pale o z o i c  rocks , whi c h  are 
mo stly quart z i te s and l ime stone s , were c ons i dered a s  
l e a s t  likely hos t s . Thi s  intere s t ing prob lem awa i t s  
more deta iled s tudi e s . 
Sub s t i tute " ox i dation" f or " ol idat i on" in the last sentenc e 
of f i rst paragraph . 
S e c ond paragraph , la s t  l ine should read : " Of thi s  tota l ,  
approximately 65 . 6  perc ent came from Ray , and 34 . 4  perc ent 
from Supe r i or . "  
S e c ond line from b ottom ,  la s t  word should read : " s outhward . "  
Next -to -last paragraph , la s t  phrase should read : "which 
penetrates G i la ( ? )  c onglomerate and the lower tuff beds . 
La st paragraph , 4th l i ne on should read : " It i s  c oncealed 
b y  dac ite on the northwe s t  and cut off by the C onc entrator 
fault on the s outhea s t . "  

"Presumab ly thi s  thrust fault , now downthrown by the 
C oncentrator fault , or iginally wa s c ont inuous with the 
Walnut overturn and Walnut reverse fault . "  
F ourth paragraph , 2nd l ine , 10th word should read : " prominent . "  
Capt i on , Fig . 41 , should read : "Hypothe t i cal c ros s sect i on of 
a bas in showing G i la c onglomerate b oth in depos i t i onal and 
in fault c ontac t s  with older rocks . "  
F ourth paragraph , 4th l ine , 10th word , should read : " agent s . " 



 

 

 

 

 

 

 

 

 

THIS PAGE 
 

INTENTIONALLY BLANK 

 

 



L 

LIVE OAK Querc us E moryii 
Quercl.L5 Turbinella 
SOUTHWE S TE R N  
OAK TY PE S  -.Detail 

Car negiea Gigantea 

ChrysotllCl fn flUS /V'(L(SeC'S((J;/ 

PALO VE RDE Cercidlum l1lcrophyllwfl_ MES QUITE 
Prosopis Julijlora 

P RIC KLY 
P E AR - Opuntia 

S OME TYP I CAL P LANTS OF S OUTHERN ARIZ ONA 

CENTURY 
PLANT 

( MESCAL ) 
Agave Pa bneri 
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