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ABSTRACT

The T ortilla  M ountains are  a d iscon tinuous northw est-trend ing  

mountain chain  w ithin  the m ountain region of the Basin and Range pro

v ince  in P inal C ounty, A rizona. The study  area  is  60 m iles north of 

Tucson in a deep ly  eroded older Precam brian basem ent com plex th a t 

ex tends for 55 m iles along the  w est s id e  of the G ila-S an  Pedro River 

lineam ent from O racle in the  south to  Superior in the  north . The b a s e 

ment com plex c o n s is ts  prim arily  of O racle G ranite and a sso c ia te d  a p lite s  

which are d isconform ably overlain  by the s teep ly  dipping s tra ta  of the 

younger Precam brian Apache G roup. Numerous d iab ase  s i l ls  intrude the 

Apache Group and the  g ran itic  basem ent com plex.

No autochthonous Paleozo ic  sedim entary rocks a re  exposed , 

but alloch thonous b locks of D evonian and M iss iss ip p ian  lim estone occur 

a t  sev era l p lac es  in th is  a rea  res ting  on the  Precam brian ro ck s .

Superim posed upon the  Precam brian basem ent com plex is  the  

Laramide m agm atic event m anifested by Sonora d io rite  (69 m .y .) and 

sim ila r-appearing  e longate  in tru sive  m asses in the H ackberry a re a , the  

G rayback granodiorite  pluton (63 m . y . ) , and a oogenetic  eas t-tren d in g  

porphyry d ike system  (63 m .y .)  which cu ts  a ll o ther rock ty p e s .

C rosscu tting  the Laramide in trusive  rocks is  a group of s y s 

tem atica lly  o rien ted , e a s t-n o r th e a s t-  to  eas t-tren d in g  fis su re  veins and 

m ineralized fractures which contain  q u a rtz , h em atite , m agnetite , copper 

s i l ic a te s  and c a rb o n a te s , and d is tin c t q u a rtz -se r ic ite  a lte ra tio n  enve

lo p e s . A ssociated  w ith the  d io ritic  in tru sive  m asses  are  w ell-developed
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a lte ra tio n  halos severa l hundred fee t w ide in the  ad jacen t O racle 

G ran ite .

The Laramide in tru sive  rocks and the Precam brian basem ent 

com plex are disconform ably overlain  by the s teep ly  eastw ard  dipping 

m id-Tertiary Ripsey W ash sequence  and the H ackberry form ation. P lio - 

P le is to cen e  G ila Conglom erate in turn unconformably overlies the  H ack - 

berry form ation.

The Laramide in tru s iv e  rocks and fissu re  veins are  of reg ional 

e x te n t . In trusive  rocks sim ila r in com position, tre n d , and age to  rocks 

of the  Laramide porphyry dike system  occur in the Dripping Spring M oun

ta in s ,  in the C rozier Peak-C opper H ills  a rea , and in the  Red H ills , 

M ineral H il ls , and Sacaton M o u n ta in s . The geometry and d is tribu tion  

.of the in trusions .mark a fundam ental zone of no rth -sou th  ex tension  

ac tiv a ted  during Laramide tim e . The rocks were p a ss iv e ly  em placed in 

part following the  trends of the  o lder Precam brian fo lia tion  in O racle 

G ranite and P inal S c h is t.

D eposition  of the  m id-T ertiary  sedim ents followed in resp o n se  

to  the rising  T ortilla  M ountain b lo ck . As a resu lt of th is  u p lif t, in d i

vidual c rack le  b recc ia  m asses  com posed of younger Precam brian quartz 

i te , d ia b a se , and Paleozo ic  lim estone  moved under the  force of grav ity  

from the  e leva ted  T ortilla  M ountains in to  the  a d jacen t M iocene lake  and 

formed a sequence  of in traform ational g lide  sh ee ts  severa l hundred fee t 

w ide and 1 to  2 m iles lo n g .

The ex tensive  eastw ard  tiltin g  of the m ountain range is  the  

re su lt of elongated domal up lift and a tten d an t a n tith e tic  ro ta tion  during 

Basin and Range tec ton ism . This s ty le  of deform ation is  evidenced by
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the  v e rtica lly  inclined  and overturned s tra ta  of the  Apache Group and 

the s teep ly  eastw ard  dipping m id-Tertiary sedim entary ro c k s . Tilting 

was e s se n tia lly  com pleted prior to  the  deposition  of the G ila Conglom

erate  .



INTRODUCTION

Purpose and Scope of Investiga tion

The T ortilla  M ountains are  located  ad jacen t to  the  G ila-S an  

Pedro Valley tec to n ic  lineam en t. They co n stitu te  a Precam brian block 

th a t becam e struc tu ra lly  ac tiv a ted  e sp ec ia lly  during Laramide and m id- 

Tertiary tim e. This deform ation is  ind icated  by numerous e a s t-n o r th e a s t

trending d ikes and fissu re  ve in s a s  w ell as by the s teep ly  dipping to  

overturned a ttitu d es  of th e  younger Precam brian and m id-T ertiary  s e d i

mentary ro c k s .

It w as the  purpose of th is  investiga tion  to determ ine the com

plex  tec to n ic  and igneous h is to ry  of th is  area and to  p lace  it in the 

regional tec to n ic  fram ew ork. The re su lts  w ill contribu te  to  our under

standing  of tec to n ic  p ro c e sse s  operating in the Basin and Range province 

of A rizona. For th is  p u rp o se , a carefu l an a ly sis  of a ll  s tru c tu ra l e le 

ments in conjunction  w ith petrographic  exam inations of the  rocks is 

param ount.

It is beyond the scope of th is  investiga tion  to  exam ine in d e 

ta i l  the chem ical and pe tro log ica l va ria tions ev iden t in  each of the  Pre

cam brian and Laramide in tru sive  ro c k s .

Method of Study

The field work was begun in the  summer of 1968 and continued 

in term itten tly  through the fa ll of 1969. Zones of igneous in tru s io n s , 

trends of m ineralized fissu re  veins and d ik e s , and the  a ttitu d es  of the

1
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younger Precam brian and m id-Tertiary sedim entary  s tra ta  were accu ra te ly  

defined . G reat care w as taken  to  p lo t th e se  da ta  on h ig h -q u a lity  m aps. 

E xcellent a e ria l photographs and 7 1 /2  minute topographic b a se  maps 

were av a ilab le  from the U .S . G eological Survey which were enlarged to  

a sc a le  of 1 inch equals 1 ,000 fe e t.

The da ta  w ere p lo tted  on the  photographs using a c e ta te  overlays 

or d irec tly  on topographic  field  s h e e ts , depending on the qua lity  of in 

d iv idual photographs and th e ir  co n tras t le v e l. U sually  it proved advan

tageous to  spend a few more hours in each area in order to  p lo t the  data  

d irec tly  on topographic maps ra ther than  to  speed up the  field  work by 

p lo tting  da ta  on d is to rted  m argins of photographs for la te r  tran sfe r to  

the  b a se  m ap. Prominent s tru c tu ra l fea tu res ev ident on the  photographs 

were s te reo sc o p ica lly  s tud ied  prior to  the exam ination in th e  fie ld .

Several hundred rock specim ens were co llec ted  from the  area  

for co rre la tion  and m icroscop ic  id en tifica tio n  of the various Laramide 

in trusive  rocks and the  o lder Precam brian basem ent com plex. Each 

specim en w as slabbed  and 170 w ere se lec te d  for th in -se c tio n  an a ly se s  

to  study tex tu ra l and com positional varia tions . Photom icrographs of th in  

sec tio n s  were prepared by th e  w riter.

The b io tite  separa tion  from th ree  rocks for K-Ar dating  was done 

by the  w riter in the laboratory  of the  D epartm ent of Geochronology under 

the  superv ision  of D rs . D . L ivingston and P. E. Damon.

The p lanar struc tu ra l e le m e n ts , such as fo lia tio n , m ineralized 

and unm ineralized jo in ts , and fissu re  v e in s , w ere trea ted  s ta tis t ic a lly  

and plo tted  on Schmidt equal area  nets w ith the  aid  of com puter (program 

by M r. Richard C a ll, Departm ent of G eo log ical Engineering, The



U niversity  of A rizona). For th is  pu rpose , the  study area  w as div ided  

in to  struc tu ra l dom ains. Equal area  p lo ts of certa in  s tru c tu ra l elem ents 

were then  prepared for each dom ain.

A d e ta iled  structu re  map w as made of the  Kelvin b reccia  pipe 

b ecau se  it is  unique in th is  p a rticu la r a re a . A map with a sc a le  of 1 

inch equals 200 fee t was prepared in order to show in su ffic ien t d e ta il  

the  in te rnal m egascopic  fab ric .

For reg iona l c o rre la tio n , a ll  ava ilab le  geo log ica l d a ta  w ith in  

a radius of 15 to  20 m iles around the study area were com piled on an 

Army Map Service topographic  b a se  map of a sc a le  1 :250,000. This 

aided  g rea tly  in view ing the  T ortilla  M ountains in th e ir  proper s tru c 

tu ra l s e ttin g .

3

L ocation

The Tortilla M ountains are  part of a north -no rthw est-trend ing  

d iscon tinuous m ountain chain  located  w ithin the  m ountain region of the  

Basin and Range province as defined by Ransome (1903). The G ila and 

San Pedro V alleys form th e  eas te rn  boundary. To th e  north the  range 

extends in to  the  Ray area  w here it  m erges with the  D ripping Spring 

M oun ta ins. The w estern  boundary is  not w ell defined b ecau se  the  

T ortilla  M ountains grade in to  an ex ten siv e  pedim entlike erosion  su rface  

which slopes a few degrees w estw ard toward the  Florence basin  22 

m iles aw ay.

The sp ec ific  area  of in v es tig a tio n  is located  in th e  northern 

portion of the T ortilla  M ountains about 6 m iles south  of K ennecott's Ray 

copper dep o sit and 20 m iles e a s t  of F lorence, in P inal C ounty, Arizona 

(Fig. 1). The area com prises about 55 square  m iles and covers portions
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Figure 1. Location M ap, Northern T ortilla  M ountains



of the  U .S . G eolog ical Survey 7 1 /2  m inute G rayback and Kearny quad

ra n g le s , T ps. 4 and 5 S . ,  Rs. 13 and 14 E.

The sm all se ttlem en ts of Kelvin and R iverside, near the  ju n c 

tion  of G ila River and M ineral C reek , are  in  the  northern part of the 

a re a . The new town of Kearny lie s  a few m iles e a s t  of the  map boundary 

on S tate  Highway 177 ac ro ss  the G ila R iver. The tracks of the Southern 

P acific  Company follow  the  course  of the G ila River through th e  T ortilla  

M ountains and se rv ice  th e  mine a t  Ray as  w ell a s  the  sm elters a t H ayden .

The map area  is  term inated  on the  north and south  by the  G ray- 

back and Kearny quadrangle boundaries. To the e a s t  the  G ila River 

forms a natu ra l boundary, and to  th e  w est the  map w as term inated  where 

exposures becam e in creasin g ly  poor.

Topography and A ccess ib ility

The T ortilla  M ountains range in e levation  from 1,800 to  3 ,600 

feet in the in v es tig a ted  a r e a . The m ountains form steep  canyons where 

underlain  by the  younger Precam brian Apache Group and the  o lder P re- 

cam brian ap lite  porphyry com plex. C oarse ly  c ry s ta llin e  O racle G ranite  

and d iab a se  generally  form gen tle  slopes b ecause  of th e ir  low re s is ta n c e  

to  w ea th e rin g . The high re lie f  of th e  m ountain range can  only be ap p rec i

a ted  if view ed from the  e a s t  along the G ila River; from the  w est on the  

F lorence-K elvin road , the range appears to  extend only s lig h tly  above 

the  3 ,2 0 0 -fo o t high pedim ent su rface  (Fig. 2).

The northw est-trend ing  pedim ent escarpm ent forms the  p resen t 

drainage d iv ide with deeply  in c ised  canyons and w ashes lead ing  to  the  

north and e a s t  into the G ila River. On th e  pedim ent a shallow  w e s t-  

sou thw est-trend ing  dendritic  drainage pa tte rn  is  developed causing

5
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Figure 2. Relief Map of Tortilla Mountains and Vicinity

Study area is outlined by double l in e s . Photograph taken from 
U .S . Geol. Survey P lastic  Relief Map S e r ie s , 1966-1967, Tucson (NI 
12-11) and M esa (NI 12-8) Sheets; sc a le  1:250 # 000.
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ex tensive  formation of a g ran itic  regolith  in th is  a re a . This e llu v ia l 

cover considerab ly  hindered the  s tru c tu ra l in v es tig a tio n . G enera lly , 

how ever, the  lack  of heavy underbrush aided  g reatly  in the  overa ll in 

v e s tig a tio n .

The area can be reached  via S ta te  Route 177 from W inkelm an 

and Superior. A w ell-m ain ta ined  g ravel road lead s in to  the  area from 

Florence on the w e s t. A ccess from the  e a s t  into H ackberry W ash is 

p o ss ib le  acro ss  a p riva te ly  owned su sp en sio n  bridge a t the  DuBois 

Ranch or a ford ac ro ss  the  G ila River a t Kearny. Almost no a c c e ss  

e x is ts  into the  c en tra l portion of th e  map a re a . R ipsey W ash and se v e ra l 

tribu tary  w ashes may be used  for veh icu lar traffic  during th e  dry seaso n ; 

how ever, the  m ajority of the  area  can  be reached  only by foo t. M any of 

the a c c e ss  roads are  tem porarily  im passib le  a fte r  m ajor ra in sto rm s, 

e sp ec ia lly  during the  summer m onths. An o ccasio n a l snow fall during 

the  w inter period c u rta ils  field  work in the  h igher portions of the a re a .

Previous Work

The only published  accoun t of the  geology and struc tu re  of the  

northern T ortilla  M ountains is by Ransome (1919, 1923). In th e se  re 

ports Ransome d escrib ed  the  general geolog ic  se ttin g  of Ray and M iami 

in considerab le  d e ta il ,  e sp ec ia lly  w ith resp ec t to  the  m in e ra liza tio n . 

H ow ever, the  area south of the  G ila River (the heart of the  p resen t 

report) is only briefly  mentioned in connection  with a d isc u ss io n  of the  

Apache Group and the  indurated Tertiary sedim ents in  H ackberry W ash 

which Ransome regarded as an unusual type of G ila C onglom erate. 

Several descrip tio n s of the  Ray copper d ep o sit (Metz and Rose, 1966; 

and M etz and P h illip s , 1968) d isc u ss  the  geo log ic  se ttin g  of the  ore
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body proper in d e ta il  but do not dw ell on the  reg ional te c to n ic  framework 

to  any ex ten t.



REGIONAL GEOLOGIC SETTING

The T ortilla  M ountains are  part of a large  Precam brian b a se 

ment complex th a t is  exposed over a w ide region on the  sou thw est s ide  

of the G ila and San Pedro Rivers (Fig. 3 ). The com plex crops out near 

the  sm all se ttlem en t of O racle about 30 m iles south of the  T ortilla  

M ountains and ex tends p a s t the  Ray copper deposit to  the  v ic in ity  of 

Superior about 18 m iles north of K elvin. From the v ic in ity  of Ray north

w ard, the predom inant Precam brian rock is Pinal S c h is t, w hereas a 

g ran itic  in tru s iv e  com plex forms the predom inant rock type betw een Ray 

and O racle to  the  so u th . The dividing line  betw een th e  tw o rock groups 

trends generally  e a s t-n o r th e a s t south of Ray. It is  in te res tin g  to  note 

th a t the  northw est-flow ing  G ila River abruptly  changes its  cou rse  near 

Kelvin and tra n se c ts  the  high T ortilla  M ountain range in a more or le s s  

e a s t-w e s t  d irec tio n , pa ra lle ling  the  con tac t trend betw een the  sc h is t  

and g ran ite  p ro v in c e s .

The T ortilla  M ountains are  w holly w ithin the o lder Precam brian 

in trusive  terrane  (Fig. 4 , in p o c k e t) . Remnants of the  younger Precam 

brian Apache Group and Troy Q uartz ite  unconform ably overlying the  

g ran itic  basem ent are  s teep ly  tilte d  and form narrow ridges on the e a s t  

flank of the  Precam brian block ad jacen t to  the  San Pedro V alley. D iabase  

conformably in trudes the  younger Precam brian sedim entary  sequence  and 

the  g ran itic  basem en t.

The northw est-trending  Dripping Spring M ountains e a s t  of the  

G ila River c o n s is t  en tire ly  of Paleozoic and younger Precam brian

9



10

Mineral
Mtn

Keomy

STUDY
AREA

Picocho 
\  Mtns.

Block
Mtns,

Mommoth

Geology modified from Geologic Mop of Arizona, 1969, Arizona Bureau of Mines and U S.Geological Survey

E X P L A N A TIO N

QUATERNARY HD Bosolt flows PALEOZOIC 0 Undifferentioted limestone

TERTIARY 0 Extrusive vofconics YOUNGER
PRECAMBRIAN 0 Apoche Group, Troy Quortzite 

end diobose

LARAMIDE 0 Dikes, stocks, plutons
OLDER ’0 Orocle gronite, Modero 

dionte ond gneiss

CRETACEOUS 0 Andesite ogglomerole 
and sediments PRECAMBRIAN" [pcp»| Pinol Schist

Figure 3 . G eologic Sketch Map of the Tortilla M ountains and
Vicinity



11

sedim entary  s tra ta  th a t dip gently  so u th e a s t. The la tte r  are  a lso  ex ten 

s iv e ly  intruded by d ia b a se . No o lder PreCambrian rocks are  ex posed .

The Dripping Spring M ountains form a s truc tu ra lly  com plicated 

fau lt block m osaic in which v e rtica l d isp lacem en ts up to  sev era l thou

sand fee t occur which bring P aleozo ic  and younger Precam brian s tra ta  

to g e th er. N ow here, how ever, are the s tra ta  as s teep ly  tilted  as in th e  

T ortilla  M ountains to  the so u th w est. In the v ic in ity  of C hristm as and 

W inkelm an, the P aleozoic  s tra ta  of the  Dripping Spring M ountains are  

overlain  by an ex ten siv e  sequence  of C retaceous and Tertiary vo lcan ic  

ro ck s .

T h u s, on e ith e r s id e  of the  G ila and San Pedro Rivers rocks 

are  exposed tha t show d ifferen t s ty le s  of deform ation. East of the G ila 

River, ex tensive  block faulting  predom inates in the  gently  dipping se d i

mentary and vo lcan ic  u n its . W est of the river, the  Precam brian granite 

complex in d ica te s  extrem e eastw ard  tiltin g  evidenced by the  s teep ly  

dipping younger Precam brian and m id-T ertiary  sedim entary  ro c k s .

It is  im portant to  rea liz e  tha t any s teep  con tac t predating the  

tiltin g  of The T ortilla  range orig inally  had a more or le s s  ho rizon tal 

a ttitu d e . T hus, even though the  d iab a se  in trusive  bodies appear p re s 

ently  a s  v e rtica l d ik e s , they  were orig inally  em placed as  fla t-ly in g  

sh e e t- l ik e  bodies in the younger Precam brian sedim entary  s tra ta  as w ell 

as in the  o lder Precam brian g ran itic  basem ent com plex.

The M escal M ountains are  located  7 m iles beyond the  Dripping 

Spring range and are  separa ted  from the  la tte r  by a b ro ad , northw est

trending g rav e l-filled  v a lle y . They c o n s is t of an undisturbed P aleozo ic  

and younger Precam brian sedim entary seq u en ce , which forms consp icuous

11
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sou th w est-fac in g  dip s lo p e s . The Apache Group re s ts  unconform ably 

upon older Precam brian Pinal S c h is t, M adera D io rite , and Ruin G ran ite , 

forming the  lofty peaks of the P inal M ountains near G lobe. C oex tensive  

d iab a se  sh ee ts  occur throughout the  Apache Group of the  M e sc a l M oun

ta in s ,  but very l it t le  fau lting  is  recogn ized . The regu la r, monotonous 

arrangem ent of a ll  the  sedim entary  units in th is  range co n tra s ts  w ith 

the  h ighly  d istu rbed  nature of rock un its com posing the  Dripping Spring 

and Tortilla M o u n ta in s .

In the  so u th eas t corner of the  investiga ted  a re a , the  younger 

Precam brian rocks underlie  two d is tin c t p a ra lle l r id g e s , an eas te rn  

ridge a t H ackberry W ash and a w estern  ridge near R ipsey H ill .  The two 

exposures are  separa ted  by a sequence  of conglom eratic sandstones of 

m id-Tertiary age dipping m oderately to  the  so u th w est.

W ithin the  study  area  no autochthonous P aleozo ic  sedim entary 

rocks are ex p o sed . Several a lloch thonous blocks of M is s is  s ipp ian  E sca- 

brosa L im estone occur in th e  Ripsey H ill area  where they  overlie  the  

s teep ly  dipping Apache sed im ents w ith a fault c o n ta c t . The E scabrosa 

Lim estone d ips genera lly  45o~70° E. The unit is  w ell b ed d ed , very fo s -  

s i l ife ro u s , and n o n -b re c c ia te d . O ther Paleozo ic  lim estone units in th is  

area occur a s  com pletely  b rec c ia te d , iso la ted  b lo ck s . T hese b recc ia ted  

lim estone blocks res t e ither on the  Precam brian basem ent com plex in 

w idely spaced  exposures or occur w ithin  the  s teep ly  dipping m id-Ter

tia ry  sedim entary  sequence  as 1-2 -m ile  long b reccia  sh e e ts  a t H ack- 

berry W ash . The la tte r  occurrences w ill be d isc u sse d  in more d e ta il  in 

a la te r  ch ap te r.



13

The Laramide orogeny is m anifested by very w ell defined e a s t -  

n o rth east-  to  w est-n o rth w est-tren d in g  quartz m onzonite and granodiorite  

porphyry dike swarms th a t are  e sp ec ia lly  common near the  southern  and 

northern map boundary . One of the  d ikes yielded a b io tite  K-Ar age of 

6 3 + 1  m illion years (Damon, 1970). E as t-w est-tren d in g  irregu larly  

shaped quartz  d io rite  bodies are  exposed a t various p lac es  northw est 

of H ackberry W ash where they  in trica te ly  in trude the g ran itic  basem ent 

com plex and the younger Precam brian sedim entary  ro c k s . G ross cu tting  

re la tio n sh ip s show th a t the  quartz  d io rite  m asses are o lder than  the  

dike rocks and probably rep re sen t the e a r lie s t  Laramide m agm atic p u lse . 

The Sonora d io rite  exposed northw est of Kelvin and in the  Ray mine 

area  (Metz and R ose, 1966) m egascop ically  som ewhat resem bles the  

•quartz-diorite bodies in the  H ackberry W ash a re a , but the  rocks in the 

two a reas d iffer in com position . The d ifferent types w ill be described  

in a subsequen t ch ap te r.

The Laram ide d ike swarms are  of reg ional e x ten t. Sim ilar rocks 

with sim ila r o rien ta tion  are p resen t in the  Troy area  (Dripping Spring 

M ountains) to th e  e a s t ,  in the  South Butte-Red H ills  a rea  10 m iles to  

th e  w e st, a t various p lac es  in the C rozier Peak quadrangle to  the  south  

(Med ora Krieger, oral com m unication), and in the C h ris tm as-D eer C reek 

area  15 to  20 m iles to the  so u th e a s t. The w riter b e liev es  th a t th is  rep 

resen ts  a fundam ental ten sio n a l zone th a t becam e ac tiv a ted  during L ara

mide tim e and was subsequen tly  intruded by a d io ritic  to  quartz  

m onzonitic m agm a.

A pervasive  e a s t-n o r th e a s t-  to  e a s t-w e s t- tre n d in g  fissu re  vein  

system  is  exposed in the  northern h a lf  of the  map a re a . These
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m ineralized fissu re s  are  younger than  th e  hypabyssa l rocks but are a lso  

considered  to  be of Laramide a g e .

W est of the  map boundary is a quartz m onzonite p luton cover

ing a t le a s t  a 3 5 -sq u are -m ile  a rea  cen tered  around G rayback M ountain, 

a prominent landm ark in th is  reg ion . This large in tru sive  m ass has not 

been prev iously  recognized  on any county or s ta te  geo log ic  map of 

Arizona and w ill here  be named G rayback g ranod io rite . The g ranodiorite  

is  n o n -po rphy ritic , medium g ra in e d , and d is tin c tly  d ifferen t from th e  

coarse ly  c ry s ta llin e  O racle  G ran ite  which surrounds it on a ll  s id e s .

A b io tite  K-Ar d a te  y ie lded  63 m illion years for th e  g ranod io rite  (Damon, 

1970). The e a s t-n o rth e a s t- tre n d in g  Laramide d ike swarms approach 

and partly  p en e tra te  th e  G rayback granodiorite pluton from the  north

e a s t and sou thw est but do not com pletely  tran sec t the  m a s s .

The youngest rocks exposed in the  report area  are  sedim entary 

s tra ta  of Eocene (?) to  P lio cen e-P le is to cen e  a g e . The rocks vary con

siderab ly  in lithology and tex tu re  and are found in two se p a ra te  a re a s . 

The Ripsey W ash seq u en ce , a new ly named u n it, forms a north -trend ing  

be lt confined to  the cen te r of th e  map and c o n s is ts  of a low er boulder 

conglom erate u n it, a m iddle tu ffaceous san d sto n e  u n it, and an upper 

m assive  boulder conglom erate u n it. The s tra ta  generally  dip betw een 

20° and 45° E.

The s teep ly  d ip p in g , very w ell in d u ra ted , redd ish-brow n to  

ligh t gray conglom eratic san d sto n e  un its occurring in th e  e a s te rn  s id e  

of the Tortilla M ountains are  here named th e  H ackberry form ation. 

Interbedded sh a les  and sandy  layers are  common. U sually , a b a sa l 

m assive  boulder conglom eratic member im m ediately overlies the
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Precam brian basem ent. The formation d ips s teep ly  to  the  e a s t  where it is 

in con tac t w ith the Precam brian basem ent complex but fla tten s  g radually  

as the  G ila River is  approached . It is th is  form ation th a t Ransome (1919) 

considered  to  be a sp e c ia l type of G ila C onglom erate. In th is  formation 

th e  a llochthonous b reccia ted  Paleozo ic  lim estone sh ee ts  occur. No iso 

to p ic  age d a tes  are  av a ilab le  from e ither of the  form ations in the  imme

d ia te  report a r e a . The high degree of lith if ic a tio n  in th e  H ack berry 

formation su g g ests  th a t it  is o lder than the Ripsey W ash se q u en c e .

The n o rth east portion of the  mapped area  is underla in  by m as

s iv e  cobble and boulder conglom eratic sequences which c lo se ly  resem ble  

th e  G ila C onglom erate so  w idely  exposed in A rizona. Aside from loca l 

ta lu s  debris and a llu v ia l s a n d s , the  G ila Conglom erate is th e  most re 

cen t form ation; it overlies the  san d sto n es and sh a les  of the  Hackberry 

form ation with a marked unconform ity.

In th e  follow ing chap ters each major rock types is described  in 

d e ta il su ffic ien t to  bring out m ineralogical and tex tu ra l varia tions as 

w ell as the  s tru c tu ra l p e c u lia r itie s  and com plications w hich proved to  

be c h a rac te ris tic  for the  in v estig a ted  a re a .



OLDER PRECAM BRIAN ROCKS

The m ajor portion of the  investiga ted  area  is underla in  by a 

g ran itic  in tru s ive  complex th a t e sse n tia lly  c o n s is ts  of the  c o a rse 

grained porphyritic  O racle G ra n ite , a g en e tica lly  re la ted  ap lite  porphyry, 

and a d is tin c tiv e  tra n s itio n a l hybrid p h a se . Only the g ran ite  and th e  

ap lite  porphyry have been  separa ted  on the geologic map (F ig. 5 , in 

p o ck e t) . Their m utual co n tac ts  are w ell defined and can  be e a s ily  d is 

tingu ished  in the  f ie ld . The tran s itio n a l hybrid p h a se , how ever, is  com

p le te ly  g rada tiona l w ith the g ran ite  and the  ap lite  porphyry, and its 

d e lin ea tio n  requires pa in s tak ing  d e ta iled  m apping.

No other o lder Precam brian rock types have been rec o g n ize d . 

Pinal S ch ist is  w idely  exposed in the Ray reg ion , 5 m iles north of Kelvin, 

but no outcrop of s c h is t  w as found in the  study a r e a .

The igneous rock nom enclature used  throughout th is  report is  

based  on Johannsen 's  (1939) c la s s if ic a tio n . The diagram  used  to  plot 

modal an ly ses  is  show n in Figure 6 .

O racle G ranite

A co a rse -g ra in ed  porphyritic  igneous rock resem bling , in te x 

ture and com position , the  O racle and Ruin G ranites crops out over the  

en tire  w estern  portion of the study  area  and forms the backbone of the  

Tortilla M ounta ins. Peterson (1938) named the O racle G ranite  for ex 

posures in  the M am m oth-Oracle area about 30 m iles to  the  so u th , w here

as Ransome (1903) described  the  Ruin G ranite  from exposures in Ruin

16
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Q U A R TZ

/ QUARTZ
'm o n z o n i t e

THORITE S Y E N O -  
/  D IO R IT E

S Y E N I T EM O N Z O N IT E

100 9 0
P LA G IO C L A S E K -F E L D S P A R

Figure 6. Igneous Rock C la ss if ic a tio n  and Modal A nalyses 
Diagram Used in This Report. — (After Johannsen, 1939; and R oss, 1969)
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Basin located  a few miles northw est of M iam i, G ila C ounty, A rizona.

The O racle and Ruin G ranites are  nearly  in d is tin g u ish ab le  in hand sp e c i

men. Because the T ortilla  M ountains are  s tru c tu ra lly  more c lo se ly  re 

la ted  to  the  Mammoth a re a , the name O racle G ranite  is  re ta ined  here 

for the older Precam brian g ran itic  rock .

M odal an ly ses  of the  O racle  G ranite  from d ifferen t lo c a lit ie s  

are  lis te d  in Table 1, and th e  modal an a ly se s  g iven in Table 1 and o ther 

published  modes of o lder Precam brian g ran itic  rocks in c en tra l Arizona 

are  p lo tted  on Figure 7 . The com position of the O racle G ran ite  show s 

considerab le  v a ria tio n , but it  is  confined to  the  quartz  m onzonite f ie ld . 

Only two specim ens fa ll on the quartz  m onzonite-granodiorite  boundary 

and none is  p resen t in the  g ran ite  f ie ld .

In hand specim en , the  O racle granite  is  ch arac te rized  by 

numerous pink to  red p e rth itic  K -feldspar phenocrysts m easuring up to  

1 inch in d iam eter (F igs. 8 and 9 ). Together w ith som ew hat sm aller 

p lag io c la se  g rains they  are  surrounded by a m edium -grained q u a rtz -  

p lag io c la se  K -fe ldspar m atrix . B ecause of th is  large grain s iz e , the  

O racle G ranite  w eathers read ily  in to  a coarse  reg o lith .

Viewed m ic ro sco p ica lly , the  rock has a h o lo c ry s ta llin e , ph an er- 

i t ic ,  hypidiom orphic g ranu lar, very co a rse  grained porphyritic  te x tu re . 

M icroperth ite  and m icrocline are  the m ost consp icuous phenocrysts 

p resen t (F igs. 10 and 11). L ocally , m icroperthite con ta ins ind iv idual 

m icrocline a reas  th a t become ev iden t only upon ro ta tion  of the  m icro

scope s ta g e . P lag io c lase  (oligoclase) u su a lly  show s weak to  m oderate 

se r ic ite  a lte ra tio n  confined e sp ec ia lly  to  the  c en tra l portion of the  

g ra in s . In d e ta il , the se ric ite  is  arranged in an  orthogonal pa tte rn  w ith in



Table 1 .—M odal C om positions of the  O racle G ranite 

(Values in volume percent)
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1 2 3  4 5 6 7 8

Q uartz 28 26 26 31 34 40 .5  35 33

K -fe ldspar 37 31 21 24 21 16 35 3 0 .5

P lag io c lase  28 33 38 32 38 38 26 25

Biotite 5 10 15 13 5 2 9

M uscovite  —  — — — 0 .5  0 .5

C hlorite  — — — — 0 .5  3 1 .5  —

M agnetite  — — — — 1 2 0 .5  —

Other — — — — — — — 2

1. Mammoth mine (Peterson , 1938)

2 . Dump of Tar mine (C reasey , 1967)

3 . N ear O racle (C reasey , 1967)

4. N ear O racle (C reasey , 1967)

5 . K-483B (this study)

6 . K-74 (this study)

7 . G-47 (this study)

8 . Average of 10 a n a ly se s , south of O racle (Banerjee, 1957)



Q U A R T Z

G RANODIORITE /QUARTZ MONZONITE \  G R A N IT E

A P L IT E  
PORPHYRY /  
F I E L D - ^ / a. Orocle Gronlte 

Ruin Granite

• Aplite Porphyry

O RACLE GRANITE FIELD

IOO
P L A G IO C L A S E K -F E L D S P A R

Figure 7. C om positional P lot of O racle G ran ite , Ruin G ran ite , and Aplite Porphyry 

The an a ly ses  are  given in T ables 1 and 2 .
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Figure 8 . O racle G ranite (K-678)

Irregular perth itic  K -feldspar phenocrysts are se t  in a medium
grained q u a rtz -p la g io c lase -K -fe ld sp a r-b io tite  m atrix . P lag ioc lase  is 
a ltered  to  green s e ric  it e; K -feldspar phenocrysts show secondary (?) 
o rthoclase  overgrow th.

Subhedral K -feldspar phenocrysts and matrix feldspars contain  
abundant hem atite dust causing the  b rick-red  co lo ra tio n . Numerous 
quartz-lim onite  ve in lets are p resen t in the outcrop.
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Figure 10. Photomicrograph of Oracle G ranite (G-47)

Large m icrocline phenocrysts (up to 3 cm) in finer grained, 
ho locrysta lline  matrix composed of undulatory quartz , se ric itized  
p lag ioc lase  and irregular o rth o c lase . Note sharp boundary of quartz 
penetration  into the margin of the m icrocline p h e n o c ry s ts . C rossed 
n ic o ls . Bar is 1 mm.
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M icrocline phenocryst with typ ica l po lysynthetic  twinning and 
quartz in c lu s io n s . C rossed  n ico ls . Bar is 0 .5  mm.
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more or le s s  w ell defined p a ra lle l zones in each g ra in . This se le c tiv ity  

probably re fle c ts  o rig inal com positional varia tions in the  p lag io c la se  

c ry s ta l . A lbite-low  tw in lam ellae  are u sua lly  com pletely  d e s tro y e d . 

P lag ioc lase  grains have genera lly  a 0 .2 5 -0 .1 0  mm w ide , c le a r , N a- 

fe ld sp ar-rich  (?) margin w ithout any tw inning . The rim is  p resen t regard 

le s s  of w hether or not the  core portion of the p lag io c la se  h o s t is 

s e r ic i tiz e d . The e ffec t is  m ost s trik ing  where a com pletely  se r ic itiz e d  

p lag io c la se  grain is  enveloped by a c le a r  fe ld spar rim .

Brown b io tite  occurs e ither in large ind iv idual flakes or in 2-3 

mm aggregates c o n sis tin g  of numerous 0 .2 -0 .5  mm b io tite  flakes (Fig. 

12). M agnetite  may or may not be a sso c ia te d  with the  b io tite  c lu s te r s . 

Anhedral quartz  is  in te r s t i t ia l  to  subhedral p lag io c la se  and b io ti te . 

L ocally , quartz  show s se rra ted  edges and undulatory e x tin c tio n . In 

g en era l, th e  O racle G ran ite  is  qu ite  uniform in its  appearance through

out the a re a . There a re , how ever, lo ca l varia tions th a t merit m ention.

A d is tin c t b io tite  fo lia tio n  occurs in the  g ran ite  in the v ic in ity  

of Kelvin. The fo lia tion  trends N. 50o-8 0 °  E . , d ips s teep ly  to  north and 

sou th , and appears to  be confined to  a 1 .5 -m ile -w id e  zone th a t roughly 

follow s the  course  of the G ila River through the Tortilla M ountains.

A much more in ten se  q u a rtz -K -fe ld sp a r-b io tite  fo lia tion  occurs 

in the  O racle G ranite  so u th eas t of Kelvin in a h a lf-m ile -w id e  zone th a t 

p a ra lle ls  the trend of the b io tite  fo lia tion  observed farther to  the  north . 

This d is tin c t fabric  re su lts  from the  preferred o rien tation  of sp in d le -lik e  

quartz  aggregates up to  10 mm in length and pink K -fe ldspar phenocrysts 

up to  20 mm long (Fig. 13). In th in  se c tio n , the  e longate  quartz  grains 

have undulatory ex tinction  (Fig. 14). P lag io c lase  g rains are  commonly
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Rock is very co arse  g ra in ed , hypidiom orphic granular to por- 
phyritic with abundant 2 - 4  mm black b io tite  c lu s te rs  . The la tte r  con
s is t  of extrem ely fine g ra in ed , subhedral b io tite  flakes and m agnetite 
g ra in s . P arallel n ic o ls . Bar is 0 .5  mm.
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Figure 13. Foliated O racle G ranite (K-11A)

Foliation is formed by crudely aligned K -feldspar p h en o cry sts , 
elongate quartz a g g re g a te s , and the  paralle lism  of individual b io tite  
f la k e s . Scale is in ten s of fee t.

Figure 14. Photomicrograph of Foliated Oracle G ranite (K-418)

Strong foliation caused by preferred orientation  of m atrix quartz 
and K -feldspar. Note bending of p lag io c lase  twin lam ellae in pheno- 
c ry s t. C rossed  n ico ls . Bar is 1 mm.
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corroded and rep laced  by the fo lia ted  quartz  m atrix . L oca lly , very  fine 

c a ta c la s t ic  quartz seam s cut phenocrysts and fo lia ted  m atrix a lik e . In 

g en era l, the com pletely  se ric itiz ed  p lag io c la se  g rains a re  not aligned 

with the  quartz fo lia tion  but are bent in the d irec tion  of fo lia tion  giving 

rise  to  inc ip ien t S -shaped  co n fig u ra tio n s . In some p la c e s , p lag io c la se  

phenocrysts are d isp laced  along th e ir  a lb it twin lam illae  for a fraction  

of a m illim eter. C h loritized  b io tite  (pennine) and m uscovite  p a ra lle l the  

quartz fo lia tion  d irec tio n . Some larger ch lo rite  flakes show kink b a n d s . 

The pervasive  fo lia tion  trends a lm ost normal to  th e  g ra n ite -d ia b a se  con 

ta c ts .  In fa c t, no preferred m ineral o rien tation  is  p resen t in the  a d ja 

cen t d iab a se  s h e e ts .  The s ig n ifican ce  and origin of th is  d is tin c t 

fo lia tion  w ill be trea ted  in a subsequen t chap ter.

L ocally , the  O racle G ranite  is  com pletely rep laced  by epidote 

w ith only the  K -fe ldspar phenocrysts and m atrix quartz  rem aining (Fig.

15). In o ther p la c e s ,  sp ecu la r hem atite  and m agnetite  f ill the  in te rs tic e s  

of b reccia ted  g ran ite . M oderate  to  strong iron sta in ing  a fte r pyrite(?) 

occurs lo ca lly  in s ilic if ie d  and se ric itiz e d  gran ite  giving the rock a 

b rick -red  appearance  e a s ily  d isc e rn ib le  from a d is ta n c e . The e a s t 

trending qu artz -h em atite  f is su re -v e in  system  in th e  Kelvin area  is  a t 

tended by only lim ited a lte ra tio n  of the  ho st rock . G reen se r ic ite  in the  

p lag io c lase  and some s ilic if ic a tio n  are  the obvious a lte ra tio n  e ffec ts  

extending for 6 to  12 inches in to  the  ad jacen t g ran ite .

The O racle G ranite is overlain  by the sedim entary  rocks of the  

younger Precam brian Apache Group w ith a smooth d e p o sitio n a l c o n tac t. 

L ocally , the  granite  is  more in ten se ly  iron s ta in ed  as th is  con tac t is
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Figure 15. Epidolized O racle G ranite (G-89)

The rock is com pletely replaced  by epidote with only the  K- 
fe Id spar phenocrysts and quartz  matrix rem aining.
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app roached . This phenomenon may reflec t oxidation of the  old w eather

ing su rface  prior to  the  deposition  of the Apache Group sedim ents .

Aplite Porphyry

A large  portion of the  area  w est of Ripsey W ash is  underla in  by 

irregu lar in tru sive  m asses of a fine-g rained  leu co cra tic  g ran itic  p hase  

herein  named ap lite  porphyry. The rock is  exposed in s e c s .  27, 28, 33, 

34, T . 4 S . ,  R. 13 E. and s e c s . 3 , 4 , 9 , 10, T . 5 S . ,  R. 13 E . ,  where 

it  forms prom inent topographic fea tu res b ecau se  of i ts  re s is ta n c e  to  

w eathering . A s im ila r a p lite  porphyry m ass is exposed in the  v ic in ity  of 

K elvin .

The ap lite  porphyry is  lig h t gray to  beige depending on the b io - 

t i te  content and has a f in e - to  m edium -grained sacch aro id a l m atrix . 

P lag ioc lase  and K -fe ldspar phenocrysts m easuring up to  1 inch in diam 

e te r constitu te , about 5 percen t of the  rock volume (Fig. 16). At some 

p laces the a p lite  co n ta in s  a reas  of concen tra tion  of b io tite  1-2 cm wide 

surrounded by a d is t in c t  2-3 mm wide b io tite -fre e  ha lo  (Fig. 17). T hese 

mafic c lo ts  show no sy s te m atic  d is trib u tio n  pattern  in the rock .

The ap lite  porphyry is  a h o lo c ry s ta llin e , p h an eritic , hyp id io - 

morphic g ranular rock w ith a very fine g ra in ed , nonfoliated  in terlocking  

te x tu re . The grain s iz e  varies betw een 0 .2 5  and 1 mm. The m atrix con

s is ts  of anhedral quartz  (0.25 mm), subhedral se r ic itiz e d  p lag io c la se  

(0.5 mm) and subhedral m icrocline (0 .5 -1  mm). Very fine grained b io tite  

is  evenly d istribu ted  and is  commonly a ltered  to  ch lo rite  (pennine). The 

strongly  se ric itiz ed  m atrix p lag io c la se  (oligoclase) u su a lly  has a c le a r  

sodium -rich  m argin. Modal an a ly se s  of a p lite  porphyry are  g iven  in

Table 2.
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Figure 16. Photomicrograph of Aplite Porphyry (G-25)

F in e -g ra in ed , h o lo cry sta llin e  matrix is composed of quartz , 
m icrocline and com pletely se ric itiz ed  p lag io c la se . A few m icrocline 
and b io tite  phenocrysts are partly  res orbed by the m atrix . C rossed 
n ic o ls . Bar is 1 mm.

Figure 17. Aplite Porphyry (G-213)

Rock is fine grained containing a few K -feldspar phenocrysts 
and numerous 0 .2 5 -in ch  b io tite  clo ts with a narrow b io tite -free  halo  
zone. Pencil is 6 inches long.



Table 2 . —M odal C om positions of Aplite Porphyry 

(Values are  volume percent)
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K-43 G -25 G -228 G -241 G-213 K-22

Quartz 27 .3 3 0 .8 31 .2 3 2 .0 35 .1 3 8 .8

M icrocline 29 .3 19 .2 33 .3 3 4 .5 27 .3 26 .7

M icroperthite — 19.4 3 .0 0 .8 8 .0 2 .3

P lag ioc lase 3 4 .9 25 .1 28 .0 29 .2 23 .6 28 .9

Biotite 6 .1 3 .6 1.1 0 .1 3 .0 0 .2

M uscovite 2 .1 0 .1 3 .1 0 .9 1 .7 2 .8

C hlorite — — 1.1 0 .3 2 .0 0 .7 0 .3

M agnetite 0 .3 0 .7 — 0 .5 0 .6 —

The ap lite  porphyry show s a much more re s tric te d  range in com

position  w ithin  the  quartz  m onzonite field than  the  O racle  G ranite (Fig. 7). 

M ost of the  va lues p lot c lo se r  to  th e  g ran ite  boundary . The K -fe ldspar- 

p lag io c la se  ra tio  is  s lig h tly  increased  in favor of o rth o c lase . Q uartz and 

m uscovite are  sig n ifican tly  more abundant in the  ap lite  porphyry than  in 

the  O racle G ra n ite . H ow ever, b io tite  show s an inverse  re la tio n sh ip  by a 

fac to r of 2 to  4 . T h u s, it is  evident th a t the  ap lite  porphyry is  enriched 

in  K -fe ldspar, q u artz , and m uscovite a s  compared to  the  O racle G ran ite . 

B ecause of the  strong se ric itiz a tio n  in th e  p lag io c la se s  i t  w as not p o s 

s ib le  to  d ec id e  by op tica l techn iques w hether the  p lag io c la se  pheno- 

c ry sts  in the ap lite  porphyry d iffer s ig n ifican tly  in com position from th e  

m atrix p la g io c la se . The degree of se r ic itiz a tio n  is  about the  sam e in

b o th .
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The p resen t outcrop pattern  of the  larger ap lite  porphyry m asses 

suggests  enormous sh ee tlik e  bodies (F igs. 5 and 18, in p o c k e t) . W hen 

tilte d  90 degrees to  th e  w est to  th e ir  orig inal a ttitu d e  they  a tta in  a n ear

ly  v e rtica l p o s itio n . This pa ttern  su g g ests  th a t the  a p lite  porphyry 

bodies o rig inally  w ere d ik e lik e  fe a tu re s , severa l hundred fee t th ic k , 

which intruded the  partly  so lid ified  O racle G ran ite . The tem perature 

g rad ien t a c ro ss  the  co n tac t could not have been very g rea t b ecau se  the  

ap lite  porphyry grades nearly  im perceptib ly  into th e  O racle G ran ite .

The tran s itio n  zone varies  from a few to  severa l hundred fee t in w id th .

A strongly  fo lia ted  v a rie ty  of a p lite  porphyry occurs so u th e as t 

of Kelvin where it appears to  be bordered on the north and south  by the  

d is tin c tly  fo lia ted  O racle G ranite  described  a b o v e . The ap lite  porphyry 

con ta ins stre tched  quartz g rains and K -feldspar phenocrysts m easuring 

up to  10 mm and 20 mm in len g th , re sp ec tiv e ly . The fo lia ted  rock is 

bounded to  the  e a s t  and w est by d iab a se  d ikes but no preferred fabric  

can be recognized  in the  la t te r .  The fo lia tion  genera lly  trends N. 4 5 °- 

80° E. and d ips s teep ly  to  north and so u th . The rock is  h o lo c ry s ta llin e , 

p h an eritic , a llo triom orphic granular w ith a f in e - to  m edium -grained 

m atrix . The e longate  quartz  eyes c o n s is t  of individual an hed ra l, in te r

lock ing , s lig h tly  e llip so id a l grains w ith ragged edges m easuring 0 .2 5 -  

0 .5  mm in d iam ete r. The quartz  g rains u sua lly  have undulatory e x tin c 

tio n . Some e longate  phenocrysts are subhedral m icroperth ites and s e r i-  

c itized  p lag io c la se  averaging 2-5  mm in  len g th . A modal a n a ly s is  of 

fo lia ted  ap lite  porphyry (K-22) is  g iven in Table 2 . The com position of 

the  fo lia ted  varie ty  does not d iffer s ig n ifican tly  from th a t of the  main 

ap lite  porphyry m ass and both are  therefore considered  to  be th e  sam e 

rock ty p e .
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The fo lia tion  in the  ap lite  porphyry as  w ell a s  in th e  O racle 

G ran ite  must have formed some tim e before th e  in tru sion  of th e  younger 

Precam brian d iab a se  for reasons a lready  m entioned. It is be lieved  th a t 

th e  fo lia tion  formed during th e  p la s tic  s ta g e  of the  so lid ify ing  g ran ite  

and ap lite  porphyry and th a t it rep re sen ts  d iffe ren tia l movement w ithin  

th e  sem i-co n so lid a ted  magma. A sim ilarly  fo lia ted  ap lite  porphyry is 

exposed in s e c .  14, T . 4 S . ,  R. 13 E . , where it forms a narrow north

eas t-tren d in g  rid g e .

T ransitiona l Hybrid Phase

S patia lly  in term ediate  betw een the O racle G ran ite  and the  ap 

lite  porphyry there  o c cu rs , g en e ra lly , a medium- to  fin e-g ra ined  rock 

com posed of 50 percen t ap lite  m atrix and 50 percen t phenocrysts (Fig.

19). The rock is  h o lo c ry s ta llin e , p h an eritic , hypidiom orphic g ranular 

and is com posed of anhedral q u a rtz , subhedral m icrocline , clouded 

p la g io c la se , and b io tite  (Fig. 20). F o liation  is  gen era lly  a b se n t.

The phenocrysts are  anhedral quartz  g rains 2 -4  mm in d iam eter, 

se r ic itiz e d  p lag io c la se  2-3  mm in d iam eter, m icroperth ite  up to  10 mm 

in  d iam eter, and fresh  b io tite  w ith som e m arginal m uscovite flakes and 

opaque inc lu sio n s (F igs. 21, 22, 23, 24). The phenocrysts are  com

p le te ly  surrounded by the  m atrix and show varying degrees of re so rp tio n . 

K—feld spar and p lag io c la se  commonly contain  numerous quartz  in c lu s io n s .

The hybrid phase  c lo se ly  resem bles the O racle G ranite  and 

ap lite  porphyry in m ineral com position and therefo re  in d ica te s  s im ila r 

bulk chem ical com position; it d iffers only in te x tu re . The hybrid p hase  

probably rep resen ts  a zone of intim ate rew orking of th e  p a rtia lly  so lid 

ified  O racle G ranite  by the  intruding ap lite  porphyry.
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Figure 19 . Hybrid G ranite

K -feldspar, se r ic itiz ed  p lag io c la se  and quartz phenocrysts are 
surrounded by an a p litic  m atrix .

Figure 20. Photomicrograph of Hybrid G ranite (K-437)

Rock c o n s is ts  of fin e- to  m edium -grained groundm ass (Quartz, 
m icrocline, se ric itiz ed  p lag io c la se , b io tite  and m uscovite) surrounding 
larger quartz , se ric itized  p lag io c la se , b io tite , and p o ik ilitic  m icroper- 
th ite  g ra in s . C rossed  nicols . Bar is 1 mm.
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Figure 21. Photomicrograph of M icroperthite Phenocrysts in 
Hybrid G ranite (K-437)

K -feldspar m icroperthite with a lb ite  exso lu tion  la m e lla e . 
Phenocryst shows faint m icrocline grid upon ro tation  of the s ta g e . Note 
sharp boundary of p o ik ilitic  border zone. C rossed  n ic o ls . Bar is 1 mm.

Figure 22. Photomicrograph of M icroperthite Phenocryst in 
Hybrid G ranite K-437) Showing D etail of Figure 21

Poik ilitic  border zone and a lb ite  (?) exsolu tion  lam ellae in 
m icroperthite phenocryst. C rossed  n ico ls . Bar is 0 .5  mm.
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Figure 23. Photomicrograph of Hybrid G ranite (K-437) Showing 
A lb ite(?) Exsolution Lam ellae in K -feldspar M icroperthite

C losely  sp aced , su b p ara lle l sp ind les are cut by larger irregular 
flame s tru c tu re s . C rossed  n ic o ls . Bar is 0 .5  mm.

Figure 24. Photomicrograph of Hybrid G ranite (K-437) Showing 
Biotite Phenocryst with Iso la ted  M agnetite  G rains

C rossed  n ic o ls . Bar is 1 mm.
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Aplite D ikes

M any ap lite  d ikes cut the  O racle G ranite and tran s itio n a l hybrid 

p h a se , but they  have never been  observed to  cut the ap lite  porphyry 

m a s s e s . The d ikes are a few inches to  100 fee t w ide and lo ca lly  develop 

a pegm atitic  tex tu re  com posed of tourm aline , m uscov ite , and graphic  in 

tergrow ths of quartz  and K -fe ldspar. The a p lite s  trend n o rth -n o rth east 

and n o rth -n o rth w est, but in d e ta il th e ir  path is  much more irregu lar b e 

cau se  of th e ir  shallow  to  m oderate d ip . The d ikes d iffer from the  a p lite  

porphyry m asses only in th a t they  very seldom  con ta in  p h en o cry s ts . The 

d ikes show the  ty p ica l sacch aro id a l tex ture  which is  id en tica l in compo

sition  to  the  m atrix of th e  a p lite  porphyry m asses .

B ecause th e  d ikes cut the  o lder Precam brian g ran itic  rocks they  

are  defin ite ly  younger than  th e  O racle g ran ite  and the  hybrid p h a se . They 

are older than the  younger Precam brian d iab ase  b ecau se  the  la tte r  cu ts 

the ap lite  d ik e s . The w riter b e liev e s  th a t the ap lite  d ikes are of the 

same age or s lig h tly  younger than  the  a p lite  porphyry m asses b ecau se  

they generally  rad ia te  aw ay from the  ap lite  porphyry b o d ie s .

Jahns and Burnham (1969) recen tly  suggested  th a t a cooling 

g ran itic  body co n so lid a te s  in th e  final s ta g es  through c ry s ta lliz a tio n  

from a s i l ic a te  m elt and coex isting  aqueous fluid of low er v is c o s ity .

This condition is only rea lized  if  one assum es a c lo sed  system  and an 

early  c ry s ta lliz a tio n  of anhydrous m ineral phases . A reduction  of th e  

confining p ressu re  through newly formed fractures in the a lready  so lid  

upper portions of the  granite  w ill c au se  the e scap e  of the d isso lv e  w ater 

and concom itant quenching of the  s i l ic a te  melt to  form a p l i t e s .
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A sim ila r p rocess during the  conso lida tion  h isto ry  of the  O racle 

G ranite may very w ell have caused  the  form ation of the  a p lite  porphyry 

m asses and a sso c ia te d  ap lite  d ik e s .

Age and C orrelation  of the 
O lder Precam brian Rocks

No iso to p ic  age determ inations are av a ilab le  for th e  Precam brian 

g ran itic  rocks in th is  p a rticu la r a re a . H ow ever, rocks of s im ila r compo

s itio n , tex tu re , and stra tig rap h ic  position  have been  dated  near O racle 

by G ile tti and Damon (1961) , Damon, L iv ingston , and E rickson (1962), 

Damon, E rickson, and L ivingston (1963), and L ivingston et a l .  (1967), 

using Rb-Sr and K-Ar m ethods . The d a te s  for the  O racle G ran ite  range 

betw een 1,420 and 1 ,450 m. y .  C reasey  (1967) obtained an average 

lea d -a lp h a  age of 1 ,250 + 140 m . y .  from zircons co llec ted  from chum  

d rill cu ttings of the  San M anuel ore d e p o s it. The w riter fee ls  th a t 

C re a se y 's  da te  is  too young for w hat is genera lly  considered  to  be O racle 

G ran ite . C reasey  m ain tains th a t a shorter h a lf life  for Rb-87 (47 x 10^ 

m. y . )  would d e c re a se  th e  Rb-Sr age of G ile tti and Damon (1961) to  1 ,350 

m . y . , w hich , according  to  C re ase y , is  reasonab ly  c lo se  to  the  average  

lea d -a lp h a  a g e . In any e v en t, C re a se y 's  d a te  should be considered  a 

minimum age for the  O racle G ranite (L ivingston, oral commun. ,  1970).

L ivingston (1969) sum m arized the age re la tio n sh ip s  of the o lder 

Precam brian rocks in cen tra l Arizona and concluded th a t the Ruin G ran ite  

(porphyritic b io tite  quartz  monzonite) of the Salt River C anyon, loca ted  

about 45 m iles no rtheast of Kelvin, g ives average  K-Ar and Rb-Sr d a tes  

of 1 ,440 + 25 and 1 ,418 + 10 m . y . , re sp e c tiv e ly . T hese d a te s  are  in 

good agreem ent w ith the ones obtained  from the  O racle G ran ite . S ilver



(1968) reported a U-Pb zircon date  of 1 ,4 3 0 -1 ,4 6 0  m. y .  for the  Ruin 

G ran ite  in Ruin B asin .

T h u s, there  is  convincing ev idence from iso to p e  geochronology 

th a t th e  c o a rse -g ra in e d , porphyritic  b io tite  quartz  m onzonite and a s s o 

c ia ted  ap lite  in cen tra l and so u th easte rn  Arizona are  of o lder Precam brian 

a g e . S tra tig raphic  ev idence  in the  T ortilla  M ountains confirm s th is  con

c lu s io n . W herever exposed , th e  Apache Group overlies th e  g ran itic  

basem ent complex w ith a d ep o sitio n a l unconform ity. Furtherm ore, ex 

ten s iv e  d iab a se  s i l ls  and d ik es considered  to  be of younger Precam brian 

age intrude both the  g ran itic  com plex and the sedim entary  rocks of the  

Apache G roup. F in a lly , the o lder Precam brian rocks are sy s tem atica lly  

cut by hy p ab y ssa l rocks of Laram ide a g e .
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YOUNGER PRECAM BRIAN ROCKS

In so u th eas t Arizona the  younger Precam brian period is rep re

sen ted  by the sedim entary  rocks of the  Apache Group, th e  Troy Q u artz ite , 

and ex tensive  s i l l  and d ik e lik e  in trusive  bodies of d ia b a se . The main 

exposures occur in the  Sierra Ancha M ountains, G ila  C ounty, but is o 

lated  outcrops are recognized  southw ard to the  la titu d e  of Tucson and 

w estw ard in the Vekol and S la te  M ountains (Shride, 1967).

The younger Precam brian exposures in the Sierra Ancha Moun

ta in s  and near G lobe to  th e  south are  re la tiv e ly  undisturbed and fla t ly 

ing . This a ttitu d e  co n tra s ts  m arkedly w ith exposures p resen t w est of 

the G ila-S an  Pedro River lineam ent w here rem nants of the  Apache Group 

and Troy Q uartz ite  are invariab ly  til te d  in to  a v e rtica l position  and lo c a l

ly overtu rned . This deform ation is  w ell d isp layed  in  the  M ineral Moun

ta in  area (Schmidt, 1967), T ortilla  M ountains (this report), and the  

C rozier Peak-Putnam  W ash a rea  (Krieger, 1969).

The younger Precam brian sedim entary rocks and co ex ten siv e  

d iab ase  s i l ls  crop out in two d is tin c t north-trending  ridges in the so u th 

e a s t corner of th e  in v es tig a ted  a re a . The units a re , for the  most p a rt, 

v e rtica l or s lig h tly  overturned to  th e  w e s t. L ocally , in d istu rbed  a re a s , 

the  beds dip 30o-6 0 °  E. Because of its  re s is ta n c e  to  w eathering , the  

Apache Group can  be followed for the  en tire  exposed s tr ik e  length w ith

out d ifficu lty . The Barnes Conglom erate se rves a s  an ex ce llen t marker 

horizon, e sp ec ia lly  in faulted  a r e a s .
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The Apache Group is  generally  d ivided in to  th ree  form ations 

which in ascend ing  order are: P ioneer Formation w ith the  b a sa l Scanlan 

Conglom erate member, Dripping Spring Q uartz ite  w ith the  b a sa l Barnes 

Conglom erate member, and M esca l L im estone. L ocally , a th in  am ygda- 

lo ida l b a sa lt  lay er occurs above the  M escal L im estone w hich , where 

p re sen t, se rves as a m arker horizon betw een th e  upperm ost Apache Group 

sequence  and th e  overlying Troy Q u a rtz ite . The la tte r  is  the  youngest 

unit of th e  younger Precam brian sedim entary  seq u en ce .

N ear H ackberry Spring the en tire  Apache Group and th e  d iab a se  

have been  in trica te ly  intruded by the  Laramide quartz  d io rite  s to c k .

Small apophyses of d io rite  extend in to  th e  sedim entary  rocks and lo ca lly  

com pletely engulf ind iv idual b locks and fragm ents. No change in strike  

and dip is  m easurab le  in th e  a d jacen t Apache s tra ta  even though the  un its 

s trike  nearly  a t righ t ang les in to  the  d io rite  s to c k .

B ecause every form ation of the younger Precam brian sedim en

tary  sequence  is p re sen t in th is  a rea  a short d escrip tio n  of each un it is  

in order. No attem pt is  made to  g ive a com plete s tra tig rap h ic  a n a ly s is  

of the  sequence  nor to  subdiv ide each form ation in to  severa l members 

as w as done by C reasey  (1967) in the Mammoth quadrangle and by Shride 

(1967).

Apache Group

Pioneer Formation

The P ioneer Formation w as named by Ransome in 1903 from 

exposures found near the  abandoned mining se ttlem en t of P ioneer in the  

M escal Range, loca ted  about 15 m iles no rtheast of th e  study  a re a . At
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the type lo c a lity , the  formation is  about 200 fee t th ick  and c o n s is ts  of 

dark redd ish -b row n, somewhat arenaceous sh a les  com posed m ainly of 

fine a rkosic  d e tr i tu s . A coarse  pebbly lay er alw ays p resen t a t th e  b a se  

of th is  Scanlan Conglom erate v a rie s  in th ick n ess  from a few inches to  5 

fe e t. In agreem ent w ith Shride (1967), the  Scanlan C onglom erate is con

sidered  by the au thor to  be a b a sa l member of the  P ioneer Form ation . The 

con tac t is therefore shown as a dotted  lin e  a t the b a se  of th e  P ioneer on 

the  geologic map (Fig. 5 , in p o c k e t) .

The Scanlan C onglom erate re s ts  w ith an angu lar unconform ity 

upon th e  older Precam brian g ran itic  basem ent com plex and rep resen ts  

the  f irs t reworked debris of the  younger Precam brian tran sg re ss iv e  s e a . 

Judging from the  unusually  s tra ig h t co n tac t l in e , th e  erosion  surface 

upon w hich the  conglom erate w as deposited  m ust have been  re la tive ly  

smooth and w ithout any m ajor topographic re lie f . L ater faulting com pli

cated  th is  re la tio n sh ip  considerab ly  as is  shown in sec tion  5 w est of 

Hackberry W ash and se c tio n  12 north of the old Ripsey m ine.

The Scanlan  C onglom erate is  com posed of w ell-rounded  2- in ch  

quartz  and red ch ert pebb les in an a rk o s ic  m atrix . The unit ranges from 5 

inches to  5 fee t in th ic k n e s s . The a rk o s ic  m atrix c lo se ly  resem bles th e  

underlying Precam brian g ran ite  and obviously  rep resen ts  reworked g ran

i te .  At some p la c e s , o ccasio n a l quartz or chert pebbles a re  the  only 

signs of the  Scanlan Conglom erate (Fig. 25). L oca lly , the  co n tac t is  

o ffse t by numerous c ross fau lts with d isp lacem en ts up to  sev era l hundred 

fe e t.

In s e c . 12, T. 5 S . , R 13 E . , good co n tac t re la tio n sh ip s  b e 

tw een the Scanlan Conglom erate and the underlying g ran ite  are  ex p o sed .
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Figure 25. V ertical D isconform able C ontact Between Older 
Precam brian Oracle G ranite (pCgr) and Younger Precam brian Pioneer 
Formation (pCpf)

A few quartz ite  pebbles a t the base  of the Pioneer Formation 
are the only sign of Scanlan Conglom erate in th is  outcrop. Looking 
north . SW 1/4 s e c . 32, T. 4 S . ,  R. 14 E.
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The conglom erate here is 2 fee t th ick  and con ta in s w ell-rounded  quartz  

pebbles in an a rk o sic  to  shaly  m atrix . The north-trending  co n tac t is  

overturned w ith a dip of 63° SW .; th e re fo re , O racle  G ran ite  overlies 

Scanlan C onglom erate in ou tcrop . Five fee t s tra tig rap h ica lly  above th is  

co n tac t is a dark -purp le  sandy sh a le  unit th a t con ta ins a 3 -in ch  layer 

rich  in quartz and fe ld sp ar frag m en ts . The indiv idual pink K -fe ldspar 

c ry s ta ls  are  subhedral to  euhedral in  ou tline  and are  a ligned  w ith th e ir  

long prism faces p a ra lle l to  the  bedd ing . T hese  fragm ents probably rep 

re sen t the rew orked rego lith  of th e  old granite  su rface .

The b a sa l conglom erate g ives way upward to  a firmly indurated 

dark-m aroon s i l t  stone or m udstone containing abundant a rk o sic  d e tr ita l 

m ateria l. Fragm ents of pink K -fe ldspar are  common. D e lic a te  c ross 

lam inations in the  red s il ts to n e  can  be recogn ized . This sam e un it a lso  

con ta ins numerous ox idation  spo ts a few m illim eters in d iam eter w ith 

lim onite  ps endomorphs a fte r  pyrite  (?) in th e ir  c e n te r s . The upper part 

of the  Pioneer becom es more q u a rtz itic  and ligh t g ray .

The th ic k n e ss  of th e  P ioneer Formation cannot be accu ra te ly  

determ ined b e c a u se  the  unit is  ex ten siv e ly  intruded by d iab a se  and 

covered by ta lu s  d e b ris . Assuming th a t no a ss im ila tio n  by the  d iab ase  

took p la c e , a maximum th ic k n ess  of 200 fee t is  ev iden t from the  outcrop 

p a tte rn . L ocally , th e  form ation may th in  to  75 to  100 fe e t.

The P ioneer Formation is  overla in  by th e  Barnes C onglom erate 

member of the  Dripping Spring Q uartz ite  w ith an  apparen t conform able

c o n ta c t .
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Dripping Spring Q uartzite

The Dripping Spring Q uartz ite  and its b a sa l Barnes Conglom erate 

w ere described  by Ransome in 1903 from exposures a t  Barnes Peak, G ila 

C ounty , the type lo ca lity  for the Apache G roup. There the quartz ite  con

formably overlies the P ioneer Form ation and is conform ably overlain  by the  

M escal L im estone . At the  type lo c a lity  the Dripping Spring Q uartz ite  

m easures 420 fee t in th ick n ess  .

In the study  a re a , as w ell a s  in other parts  of cen tra l A rizona, 

the Barnes C onglom erate se rv es as an ex ce llen t marker horizon to  se p a 

ra te  the  Pioneer Formation from the  Dripping Spring Q u a rtz ite . In the  

T ortilla  M o u n ta in s , the  Barnes C onglom erate ranges in th ic k n ess  from 35 

to  50 fee t and is  therefore  shown as a d is tin c t unit on the  geolog ic  m ap. 

Even though the  conglom erate a tta in s  a m appable th ic k n e s s , it is  here  

considered  to  be the  b a sa l member of the Dripping Spring Q uartz ite  in 

com pliance w ith Shride (1967) and not a sep ara te  form ation .

The Barnes C onglom erate c o n s is ts  of very re s is ta n t ,  e llip so id a l 

quartz and red chert pebb les em bedded in a co arse -g ra in ed  a rk o s ic  ma

trix  (Fig. 26). The pebb les are  genera lly  4-6  inches in d iam eter and lie  

with th e ir  lo n g es t axes p a ra lle l to  the bedding p lan e . The unit is  very 

w ell indurated and u su a lly  breaks ac ro ss  the  pebble  fragm ents (F igs. 27, 

28). I ts  re s is ta n c e  to  w eathering c a u se s  the  conglom erate to  be ex

posed along ridge to p s . E xcellen t exposures occur near H ackberry 

Spring and in sev era l canyons farther w est where they  c ro ss  the  ridges 

a t nearly right ang les .

The sudden change from a sh a ly  sequence  to  a conglom erate 

sug g ests  a new period of erosion and sed im en ta tion . H ow ever, no



Figure 26. Barnes Conglom erate Showing W ell-rounded , W hite 
Q uartz, G ray ish -red  Q uartz ite , and Red Chert Pebbles Embedded in 
Arkosic M atrix

Figure 27. Barnes Conglom erate Showing W ell-rounded Red 
Chert and Q uartzite Pebbles Embedded in a Firm Arkosic M atrix

Note c lo se ly  spaced fracture system  which cu ts and s lig h tly  
o ffsets individual pebbles and co b b les .



47

Figure 28. D etail of Fracture Surface Cutting Indiscrim inately  
Through W ell-rounded Pebbles and Firm M atrix of Barnes Conglomerate

P las tic  sc a le  is 6 inches long.
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unconformity w as observed betw een the  Pioneer Formation and overlying 

Barnes C onglom erate. At one lo ca lity  in sec tio n  12, about h a lf  a mile 

e a s t  of R ipsey W ash , the a rkosic  m atrix of the  conglom erate ex tends 

into the  underlying sh a le  for sev era l inches along open f ra c tu re s . This 

ind ica tes th a t th e  Pioneer Formation was su ffic ien tly  conso lida ted  a t the  

tim e the  Barnes Conglom erate w as deposited  to m aintain f ra c tu re s . How 

much of the  Pioneer has ac tu a lly  been eroded prior to  the  deposition  of 

the  Barnes Conglom erate is  im possib le  to  e s tim a te . The m atrix of the 

Barnes certa in ly  shows more affin ity  to  the g ran itic  basem ent com plex 

than to  the sh a le  horizons ly ing  im m ediately below  i t .

According to  G ranger and Raup (1964) the  Barnes C onglom erate 

and portions of the  overlying Dripping Spring Q uartz ite  w ere sorted  and 

red istribu ted  from ta lu s  outw ash by an encroaching sea  and deposited  

in a shallow  b a s in .

The conglom erate g ives way to  a m assiv e , ligh t redd ish -b row n, 

medium- to  c o a rse -g ra in ed  q u artz ite  un it which forms prom inent c liffs  

and ridge to p s . L oca lly , the  q u a rtz ite  becom es a rk o sic  and pebbly , 

containing abundant pink K -fe ldspar and quartz  fragm ents. C ross bedding 

is common in the more m assive  u n its , and w e ll-p rese rv ed  ripple marks 

loca lly  occur a long s teep  bedding p lanes (Fig. 29).

The upper portion of the  D ripping Spring is th in  bedded giving 

the rock a lam inated a p p ea ra n c e . The ind iv idual beds range from 2 to  

12 inches in th ick n ess  and are  of a deep  redd ish -b row n to  pa le  y e llo w ish - 

gray co lo r. The sequence  a lte rn a tes  betw een arenaceous sh a le s  and 

q u a rtz ite . M inute specks of iron oxide are finely  d issem in a ted  in the  

co arse r portions of the  sh a le . T hese lim onite specks appear to  be 

pseudom orphs a fte r d iag en etic  p y rite .
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Figure 29. Ripple Marks in Dripping Spring Q uartzite

Vertical bedding p lanes d isp lay  exce llen t ripple m arks. Frac
tures and bedding surfaces are coated  with lim onite . Outcrop is in a 
steep  w ash w est of the Florence m ine.
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The th ick n ess  of the  D ripping Spring Q uartz ite  is d iff icu lt to  

determ ine b ecau se  of the p resen ce  of ex ten siv e  d iab a se  s i l ls  and s tru c 

tu ra l co m p lica tio n s . Nowhere is  the un it exposed in i ts  en tire ty  in one 

ou tcrop . As ind icated  on the geologic map (Fig. 4 , in p o c k e t) , the  

th ick n ess  of exposures ranges from 500 to  650 fe e t.

D isc u s s io n . According to  G ranger and Raup (1964) and Shride 

(1967), who paid p a rticu la r a tten tio n  to  the  Dripping Spring Q uartz ite  

in G ila C ounty, the  source  a rea  for m ost of the  c la s t ic  m ateria l w as to  

the so u th . G ranger and Raup (1964) b ased  th e ir  conclusion  on a carefu l 

exam ination of various sedim entary  fe a tu re s , such  as grain  s iz e ,  round-  

n e s s , c ro s s -s tra tif ic a tio n , im brica tion , p a le o c h a n n e ls , and ripple 

m arks. The isopach  map for the D ripping Spring Q uartz ite  in G ila County 

(Fig. 30) in d ica te s  th a t the  b a sin  of deposition  for the  Apache Group ap 

paren tly  w as a n o rth east-e lo n g a ted  embayment which was part of a much 

larger and deeper sea  to the northw est (Pinal and Pima C o u n tie s ) . The 

isopach  map a ls o  show s a p e rs is te n t thinning of the  Dripping Spring to  

the north toward the  M aza tza l M ountains and to  the  so u th e a s t. Con

com itant th ickening  of the  form ation occurs to the w est and so u th w est. 

U nfortunately , very  few exposures of Apache Group rem ain in a reas  th a t 

were once the  d e e p e s t portions of the younger Precam brian se a  (Slate 

and Vekol M o un ta in s). The area  of the  p resen t-d ay  T ortilla  M ountains 

lie s  south of the  embayment along the edge of the  b a s in .

M escal L im estone

The M escal L im estone overlies the Dripping Spring Q uartz ite  

w ith an apparen tly  conform able c o n ta c t . Ransome (1919) named the  

M escal Lim estone a fte r exposures found in the M esca l M ountains about
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15 m iles n o rtheast of the investiga ted  a re a . At El C ap itan  C anyon, the  

type lo c a lity , the  formation is 225 fee t th ic k . In the T ortilla  M ountains 

the lim estone varies in th ick n ess  from 200 to  250 fe e t. E xcellen t ex 

posures of th e  un it occur a t H ackberry W ash and w est of the  Florence 

mine where its  a ttitu d e  is  e ith e r v e rtic a l or s teep ly  inclined  to  the  e a s t .

The lower portion of the  M esca l is  a th in ly  bedded , im pure, 

shaly  lim estone contain ing  abundant rib like  chert layers and chert con

cre tions (Fig. 31). The rock is typ ica lly  redd ish  brown to  p a le  yellow ish  

g reen . Near the southern  boundary of s e c .  1, T . 5 S . ,  R. 13 E . , a 

crudely bedded dolom itic lim estone  is p resen t w ith d is t in c t  b lack  chert 

nodules and lam inae . This un it is  b reccia ted  and co n to rted . Only 25 

fee t of th is  b lack  chert dolom ite are  exposed below  Tertiary g ravel cover.

N ear the  cen te r of the  form ation there  are numerous strom ato litic  

s truc tu res th a t are  w ell exposed in a sm all w ash  w est of the  F lorence 

mine w ithin s teep ly  dipping b e d s . This portion probably corresponds to  

the a lg a l member of Shride (1967). E lsew here in the  a re a , the cen tra l 

portion of the M esca l is a m ass iv e , lig h t-g ray , rec ry s ta llized  lim estone 

in which the  o rig inal bedding p lan es appear to  be outlined by gray chert 

la y e r s . L oca lly , ep id o te -rich  zones occur in the lim estone , e sp e c ia lly  

where Laramide m onzonite porphyry d ikes and sm all d io rite  bodies cu t 

the sedim entary  seq u en ce .

The upper portion of the  M esca l L im estone is a 10-fo o t wide 

s ilic if ie d  layer w hich orig inally  may have been  a tu ffaceous u n it. This 

unit is very finely  lam in a ted , dark redd ish  brow n, and resem bles a 

banded rh y o lite . This rock is  w ell exposed in the w ash w est of the  

Florence m ine.
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Figure 31. M escal L im estone

S iliceous lam inae and cherty  nodules stand out in high re lief 
on the w eathered surface of th is  dolom itic member. Length of exposure 
is about 2 fee t. Photograph taken along power line road in S l /2  s e c . 1, 
T. 5 8 . ,  R. 13 E.
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A p ecu lia r  n o n -fo ss ilife ro u s lim estone , be lieved  to  be M e sc a l, 

occurs near the northern boundary of s e c .  12, T . 5 8 . ,  R. 13 E . , a d ja 

cen t to  the T ertiary  gravel cover. The s tra ta  are  strongly  d is to rted  and 

form a sou thw est-p lung ing  fo ld . An irregu lar e a s t-w e s t- tre n d in g  m on- 

zonite  porphyry dike cu ts the  un its and sep a ra te s  the  M esca l (?) lim e

stone from the  Troy Q uartz ite  exposed 50 fee t to  the so u th .

The M esca l L im estone is  u su a lly  overlain  by an am ygdaloidal 

b a sa lt  flow 10-50 fee t th ic k . The rock is dark purp lish  g ray , strongly  

w eath ered , and ox id ized , and con ta in s  abundant sp h e rica l to  e llip so id a l 

am ygdales th a t are filled  w ith chalcedony  a n d /o r  z e o l i te s . The b a sa lt  

flow is  generally  considered  to  be the  upperm ost unit of the  Apache 

Group and a id s g rea tly  in separa ting  the la tte r  from the  overlying Troy 

Q u a rtz ite .

Troy Q uartz ite

The Troy Q uartz ite  is the  upperm ost form ation of the  younger 

Precam brian sedim entary  se q u e n c e . The un it w as firs t described  by 

Ran some (1919) in the  Ray quadrangles where he a ssig n ed  a Cam brian 

age to the form ation. The q u artz ite  is named a fte r  Troy M ountain in the  

Dripping Spring M ountains w here the  un it a tta in s  a th ic k n ess  of 362 

fe e t.

The Troy re s ts  w ith a paraconform able co n tac t upon the  v e s ic u 

la r  b a sa lt  flow . On a reg ional s c a le ,  how ever, an unconform ity betw een 

the  Apache Group and the Troy Q uartz ite  can  be recogn ized  (Shride, 

1967).

W ithin the report a rea  the form ation is  not a s  w idely  exposed 

as the Apache Group b ecause  of ex tensive  overlap by the  T ertiary  g ravel



d e p o s i ts . Good exposures of Troy Q uartz ite  occur a t H ackberry W ash 

(Figs. 32, 33) and w est of the  Florence mine in  the  e a s t  h a lf  of s e c .  12, 

T. 5 S . ,  R. 13 E.

N ear the  b ase  of the  un it there  is a conglom erate lay er 5-10 

fee t th ick  which con ta ins w ell-rounded  quartz ite  and red chert pebbles 

embedded in a co arse  q u a rtz itic  m atrix . The low er portion of the  un it is  

commonly e x ce ss iv e ly  iron s ta in e d .

The main part of the  form ation c o n s is ts  of m ass iv e , lig h t-g ray , 

pebbly quartz ite  beds th a t m easure sev era l fee t in th ic k n e s s . Abundant 

lim onite coatings on w eathered su rfaces g ive the form ation a dark 

reddish-brow n appearance  from a d is ta n c e . The upperm ost exposed Troy 

Q uartz ite  a t  H ackberry W ash is  th in ly  b ed d ed , a lm ost lam inated , and 

quite d ifferen t in ch a rac te r from the  m assive  q u a rtz ite  un its  below . In 

Hackberry W ash , the  form ation is about 350 fee t th ick ; north of Florence 

m ine, the q u artz ite  is  400 fee t th ic k . This figure is  far le s s  than  th e  

1,200 fee t m easured by Shride in the  Sierra Ancha M ountains and in d i

c a te s  th a t the T ortilla  M ountains are  loca ted  near the  southern  lim it of 

the Troy Q uartz ite  d e p o sitio n a l b as in  as p ostu la ted  by Krieger (1961, 

1968a, b , and d ) .
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D iabase

Mode of O ccurrence

D iab ase  is one of the  more ex tensive  in tru sive  rocks in the  

T ortilla  M ountains and appears in two modes of occurrence; as s i l l - l ik e  

sh ee ts  20-250 fee t w ide in  the  Apache Group and as irregu lar in tru sive  

bodies and d ikes up to  1 ,500 fee t th ick  in  the o lder Precam brian basem ent
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Figure 32 . Troy Q uartz ite  near Hackberry Spring Looking W est 

The s teep ly  inclined s tra ta  form conspicuous c l i f f s .
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Figure 33. Troy Q uartz ite  near Hackberry Spring Looking South

Individual beds of s teep ly  inclined s tra ta  range from a few 
inches to  3 fee t in th ic k n e ss .



com plex . The term "basem ent s ill"  w ill be used  throughout th is  report 

for d iab ase  in trusive  bodies th a t occur in the  g ran ite  basem ent complex 

to  imply th e ir  o rig inal sh e e t- l ik e  nature (Hamilton, 1965). The larger 

d iab a se  m asses occur north of the  Ripsey m ine, s e c . 12, T. 5 S . ,

R. 13 E . , and a t various p laces throughout the T ortilla  M ounta ins.

The d iab ase  s i l ls  are generally  concordant in the dipping P re- 

cam brian s tra ta  and trend in a northerly  d irec tio n . L ocally , they  show 

cro sscu tting  re la tio n sh ip s . The s i l l  co n tac ts  w ith the Apache sedim en

tary  rocks are  alw ays s tra ig h t and sharp , and there  is no evidence of 

ass im ila tio n  by the  intruding d ia b a se . Only the  P ioneer Formation and 

the Dripping Spring Q uartz ite  were penetra ted  by the d iab a se  magma in 

the  study  a re a . E lsew here in so u th eas t Arizona, notably th e  M esca l 

M ountains (Ransome, 1919), the  M ineral M ountain quadrangle (Schmidt, 

1967), and a t Superior (Sell, 1960), the M escal L im estone se rves a s  th e  

favored h o st for the  d iab a se  in tru s io n . Because the  d ia b a se  offers l i t t le  

re s is ta n c e  to  e ro s io n , exposures are generally  poor excep t where s teep ly  

dipping s i l ls  are  cut by w ashes and canyons (Fig. 34).

C hilling  of the  d iab a se  is alw ays p resen t for sev era l fee t from 

the  co n tac ts  ind icating  a s ig n ifican t tem perature g rad ien t a c ro ss  the  

con tac t zone a t the tim e of in tru s io n . H ow ever, no m egascopic  m etam or- 

phic e ffec t is  ev iden t in the ad jacen t sedim entary  ro ck s . The sed im en

tary  s tra ta  above and below  the  d iab a se  s i l ls  show no change in th e ir 

overall a ttitu d e  nor do th ey  bend w here the d iab ase  cu ts acro ss  the  

u n i ts .

In the  w estern  part of the a re a , the la rg e s t and m ost varied  d ia -
/

b ase  exposures occur w ithin the  g ran itic  basem ent com plex. The s i l l

58
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Figure 34. Joint Pattern in a D iabase Basement S ill

At le a s t  three w ell-defined  fracture d irec tions can  be recog
n ized . Exposure is along a w ash in NW1/4 se c . 30, T. 4 S . ,  R. 14 E.
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con tacts  are sh a rp , generally  s te e p , and ch illed  for sev era l fe e t. How

ever, in d e ta il ,  th e ir  trend is  very irregu lar. Small d iab a se  apophyses 

commonly extend in to  the g ran ite  for some d is tan c e  before dying o u t.

Some of th e  larger basem ent s i l ls  in the  main T ortilla  range can  be fo l

lowed for severa l m iles before they  d iverge and continue a s  sm aller s i l l 

like  b o d ie s . L ocally , large blocks of g ran ite  are  com pletely  surrounded 

by d iab a se  a t the  p resen t lev e l of erosion  giving the appearance  of huge 

x e n o lith s . Some of the  iso la ted  b locks are  1 ,000 fee t in d iam ete r. How

ever, the  w riter be liev es th a t the  b locks are not true xeno lith s as one 

would p ictu re  them "floating" in d iab a se  magma but are  m erely s la b s  

iso la ted  in p la n . Their third d im ension could be much la rg er than  the  

exposed tw o-d im ensional d iam ete r.

The d ia b a se -g ra n ite  c o n tac ts  are  very s te e p , dipping 90 degrees 

w ith a 15-degree v aria tio n  e ith e r w ay . In the Kelvin a re a , how ever, 

many co n tac ts  appear nearly  ho rizo n ta l. The s itu a tio n  there  is com pli

cated  by abundant low -ang le  faulting which is d isc u sse d  in more d e ta il  

in a subsequen t ch ap ter.

It is  in te res tin g  to  note th a t the  more ex ten siv e  d iab a se  bodies 

in  the  O racle G ranite  occur near or ju s t  below  the Apache Group c o n ta c t . 

This phenomenon is  w ell exposed in the  Ripsey mine area  w here the d ia 

b ase  in trica te ly  d is s e c ts  the  gran ite-A pache Group co n tac t zone. If th is  

sp a tia l re la tio n sh ip  holds tru e , i . e . , th a t the  more m assive  d iab a se  

sh e e ts  were p refe ren tia lly  em placed in the  g ran itic  basem ent near the  

b a se  of the  Apache G roup, then  i t  is fa ir to  assum e th a t the  Apache Group 

o rig inally  extended much farther north along th e  e a s t  s ide  of the  T ortilla  

M oun ta in s, as is  p resen tly  shown on th e  geologic map. The northernm ost
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occurrence of P ioneer Formation and Dripping Spring Q uartz ite  is  in the  

sou thw est corner of s e c .  32, T. 5 S . , R. 14 E . , where the  un its are  

d isco rdan tly  overlain  by m id-Tertiary conglom erates and sa n d s to n e . 

Father no rth , the  conglom erate lie s  d irec tly  on the  g ran itic  b asem en t, 

but i ts  b a sa l portion is invariab ly  com posed of angu lar to  subangu lar 

cobbles and boulders of Apache sedim entary  rocks and Troy Q u a rtz ite . 

This re la tio n sh ip  su g g ests  th a t the  younger Precam brian sedim entary  

rocks w ere exposed to  erosion  during m id-T ertiary tim e perhaps as far 

north as Kelvin even though no Precam brian sedim entary  rocks crop out 

there  now.

F artherw est in th e  g ran itic  basem en t, the d ia b a se  sh e e ts  

s te ad ily  d e c rea se  in th ic k n ess  to  an average  of 50 to  75 fe e t . Ju s t w est 

of R ipsey W ash in the  southern  h a lf  of the map area  , a north -trend ing  

d iab a se  tr ip le t occurs w hose c h a ra c te r is tic  pa ttern  a ided  g rea tly  in d e 

ciphering deform ation by serving as a m arker horizon in the  o therw ise 

s tru c tu re le ss  g ran ite .

The width of ind iv idual d iab a se  s i l ls  apparen tly  is  not re la ted  

to  the grain  s iz e  of th e  ro c k . Several 10 to  50 foot w ide basem ent s i l ls  

in  the w estern  portion of the  area  along the F lorence-K elvin road are 

extrem ely co arse  g ra ined , w hereas large in tru s iv e  bodies in th e  Tortilla  

M ountains farther e a s t  a re  fine to medium g ra ined . S uffic ien tly  d e ta iled  

work has not been carried  out by the  w riter on each  of the large  d iab a se  

s i l ls  to  determ ine w hether one is  dealing  with sing le  or m ultip le in tru 

siv e  e v e n ts . M ultip le  in tru sive  even ts have been  recogn ized  by Shride 

(1967), Nehru and Prinz (1970), and Smith (1970) in the  Sierra Ancha 

M ountains and e lsew here  in so u th e as t A rizona.
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Petrography

The d iab a se  varies g rea tly  in com position and tex tu re  from unit 

to  un it as w ell a s  w ithin  a s in g le  dike or s i l l .  The d iab a se  is  a g re e n ish -  

gray to  b la c k , h o lo c ry s ta llin e , p h an eritic , f in e - to  c o a rse -g ra in e d , 

hypidiom orphic g ranu lar rock with a ty p ica l d iab a s ic  to  oph itic  te x tu re . 

L ocally , it becom es d is tin c tly  po rphyritic . The m argins of the d iab a se  

in trusive  bodies are alw ays c h ille d , and there  is a com plete g radation  

from a co a rse r grained core portion to  an aphan itic  border zone. No flow

band ing , flow -d ifferen tia tion , or c ry s ta l-se ttlin g  phenom ena were ob

se rv ed .

The d iab a se  varies in com position from a th o le iit ic  quartz  d ia 

b a se  to  a q u a rtz -free  v a rie ty . The quartz  d iab a se  frequently  con ta ins 

granophyric intergrow ths along the  m argins of p lag io c la se  g ra in s . M odal 

an a ly se s  from sev e ra l th in  se c tio n s  are  lis te d  in Table 3 .

Table 3 . —M odal C om positions of D iab ase

K-245B K-225 K-187 K-675 K-520A G-86A G -95

P lag io c lase 4 4 .4 41 .6 52 .0 53 .0 55 .9 56 .0 4 4 .5

Pigionite 4 9 .1 5 .9 4 0 .5 24 .0 3 5 .9 — —

Hornblende
ch lo rite 0 .3 40 .0 4 .0 13 .0 — — 41.0 5 1 .5

Biotite 2 .0 — 0 .5 tr 1 .1 —— —

Quartz 3 .2 0 .2 2 .0 — — — — — —

M agnetite
(ilm enite?) 1 .0 10 .7 1 .0 10.0 7 .1 3 .0 4 .0

Apatite — 2 .5 tr tr tr tr tr
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P lag io c lase  is  the  m ajor co n stitu en t in nearly  a ll  specim ens 

exam ined and ranges in com position from andesine  to  lab rad o rite . I t 

c ry s ta lliz ed  early  in the  magma and occurs in s len d er subhedral la th s  

th a t m easure betw een 0 .3  and 2 mm in len g th . P lag io c lase  commonly 

show s inc ip ien t to  nearly  com plete se r ic itiz a tio n  in a s in g le  specim en . 

This se le c tiv e  rep lacem ent of p lag io c la se  may re flec t com positional 

v a ria tio n . In many specim ens p lag io c la se  en c lo se s  and cu ts anhedral 

to  subhedral aug ite  and p ig ion ite  grains giving r ise  to  a ty p ica l d ia b a s ic  

tex tu re  (Fig. 35). In o ther exam ples, large subhedral pyroxene m asses 

w ith a g rea te r d iam eter than  p lag io c la se  grew s im p lic ia lly  betw een the  

fe ld sp ar la th s  forming an oph itic  te x tu re . The pyroxenes show various 

s tag es  of a lte ra tio n  to  hornblende and c h lo r i te . In tw o specim ens 

(G-86A and G-95) o rig inal pyroxene is  com pletely  rec ry s ta lliz e d  to  a 

fe lty  m ass of very fine grained hornblende (Fig. 36), and in specim en 

G-5A, pyroxene is  com pletely  rep laced  by serpen tine  (Fig. 37). Horn

blende and se rpen tine  a ls o  extend into the  ad jacen t p lag io c la se  along 

minute c ra c k s . The tw o specim ens m entioned are  ac tu a lly  gabbroic 

b ecau se  of th e ir  very large  grain  s iz e .

The percen tage  of m agnetite  (ilm enite?) varies g rea tly  from 

sam ple to  sam ple a s  shown in Table 3 . The opaque m inerals occur e ith er 

finely  d issem in a ted  throughout the  rock or in  la rger irregu lar b lebs p en e 

trating  p lag io c la se  and pyroxene along grain  b o u n d a rie s . S k e le ta l m agne

tite  b lebs are common (F igs. 38, 39). U sually , a rim of red-brow n b io tite  

developed around the  larger m agnetite g rains a t  the  ex p en se  of pyroxene 

(Fig. 40).
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Figure 35. Photomicrograph of D iabase (K-675)

Subhedral p lag io c lase  la ths extend into a large pig ionite grain 
and form a subophitic  tex tu re . C rossed  nicols . Bar is 1 mm.
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Figure 36. Photomicrograph of Altered D iabase  (G-86A)

Finely c ry s ta llin e  hornblende (H) extends in to  p lag io c lase  along 
minute c ra c k s . The felty  hornblende is an a ltera tion  product of augite  
and pig io n ite . Note the  very co arse  p lag io c lase  c ry s ta ls . C rossed  
n ic o ls . Bar is 1 mm.

Figure 37. Photomicrograph of Altered D iabase  (G-5A)

Com plete serpen tin iza tion  (S) of aug ite  and pig ionite  has a lso  
a ttacked  ad jacen t p lag ioc lase  (P) . Serpentine commonly cu ts p lag io 
c la se  along fine hairline  frac tu res . P arallel n ic o ls . Bar is 1 mm.
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(G-5A)
Figure 38. Photomicrograph of Skeletal M agnetite  in D iabase

M agnetite  rep laces aug ite  and pig ionite along crystallographic  
d irec tio n s . P aralle l n ic o ls . Bar is 0 .5  mm.

(K-341)

M agnetite  forms at the  expense of augite  and p ig ionite  along 
crysta llograph ic  boundaries (A). M agnetite extends a lso  partly  into 
p lag io c lase  (P). P arallel n ico ls . Bar is 0 .5  mm.
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Figure 40. Photomicrograph of M agnetite  in D iabase  (K-520A)

Irregular m agnetite grain fills  in te rs tice s  betw een unaltered 
p lag ioc lase  (P) la th s . Finely c ry s ta llin e  red b io tite  (B) forms ad jacen t 
to  m agnetite a t the  expense of pyroxene (?) . Paralle l n ic o ls . Bar is 
0 .5  mm.
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In the th o le iitic  d iab a se  s i l l s , very fine g ra in ed , anhedral 

quartz  occurs betw een p lag io c la se  and pyroxene. L oca lly , a granophyric 

intergrow th of quartz  and K -fe ldspar formed around ind iv idual p lag io 

c la se  la th s . Turner and Verhoogen (1960) explain  the  granophyres as la te  

d iffe ren tia tes  of a b a sa lt ic  magma upon cooling during in tru s io n . Limited 

a ss im ila tio n  of the  h o s t rock (granite or sedim entary) a t  the  tim e of in 

tru sion  may a lso  enrich the  magma in  s il ic a  and a lk a lie s  near the mar

g in s . This p o ss ib il i ty , how ever, has to  be ruled out b ecau se  no such 

fea tu res have been  ob se rv ed . As pointed out by Anthony (1960), no ex 

ten s iv e  a ss im ila tio n  of th e  h o s t rock by the intruding d iab a se  should be 

expected b ecau se  of the  extrem e d ifferences in com position betw een the 

rock types in v o lv ed .

Anomalously large a p a tite  c ry s ta ls  m easuring 1-2 mm in length 

are lo ca lly  p resen t and cu t p lag io c la se  and pyroxene a lik e . A patite may 

co n stitu te  2 .5  percen t of the  modal com position (K-225).

Petrography of a D iabase  S ill

A 470-foot-w ide d iab a se  basem ent s il l  w as sy s tem atica lly  

sam pled to  dem onstra te  the  change in tex tu re  and m ineral varia tion  from 

the  lower to  the upper c o n ta c t. The d iab a se  in trudes O racle G ranite and 

is  exposed in s e c .  30, T . 4 S . , R. 14 E. The. feature  is  w ell exposed 

over its  en tire  w idth b e ca u se  of the  s te ep  dip and can  be e a s ily  trav ersed  

along a shallow  w ash . The sam ples w ere co llec ted  a t predeterm ined in 

te rv a ls  ranging from 1-5 fee t near the co n tac ts  to  50 fee t in the  cen ter of 

the  d iab ase  body. The upper and low er co n tac ts  w ith the  O racle  G ranite  

are  very w ell exposed . M odal a n a ly se s  th a t w ere used  to  co n stru c t 

Figure 41 are  tabu la ted  in Table 4 .
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ABUNP.'BIOTITE

A8UND.T WINNING 4 0 2 -4 7

W / / / / / / ^ / / / / / / ^  ABUND.EXSOLUT. 4 0 2 -1 5  H ' ' s \ M

SOME EXSOLUT. 4 0 2 - 1 4

V / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / A
y / Z v / / / / / / / / / / / / / / / / /

VOLUME PERCENT AVERAGE GRAIN SIZE (MM)
( PLAGIO CL ASE)

g ^ g g p i o g l o c l o s e C lin o p yro xe n e Hornblende, biotite, 
— v  ■iA • c h lo r ite

Q u a rtz M a g n e t i te

Figure 41. M ineral V ariations in a D iabase  S ill, T ortilla  M oun
ta in s  , Arizona

NW co r. s e c .  30, T . 4 S . , R. 14 E.

x-



Table 4 . — M odal C om positions of a D iabase  Basement S ill

Sample
No. P lag io c lase Pyroxene

H ornblende
C hlorite Biotite

M agnetite
Ilm enite(?) Q uartz

K -402-6 47 .4 44 .6 — — — 8 .0 — —

7 4 8 .8 3 5 .0 5 .4 2 .2 4 .8 3 .8

9 4 9 .5 3 8 .8 5 .5 0 .7 3 .1 2 .4

11 53 .0 3 7 .0 3 .1 1 .8 4 .6 0 .5

12 50 .3 4 2 .0 1 .5 0 .8 2 .1 2 .4

14 5 0 .2 4 3 .5 3 .0 0 .4 1 .6 1 .3

15 53 .4 3 5 .8 6 .2 0 .6 3 .0 1 .0

17 50 .8 4 2 .2 0 .8 0 .7 2 .7 2 .8

18 4 7 .4 3 7 .6 6 .6 0 .6 3 .0 4 .8

20 4 4 .6 3 5 .4 9 .2 0 .8 4 .6 5 .4

22 5 3 .2 3 6 .8 1 .1 0 .1 3 .6 5 .2

23A 3 8 .6 4 3 .5 1 .3 9 .6 5 .0 2 .0
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The v a ria tio n s , s lig h t a s  they  a re , show up w ell in F ig . 41 .

The grain s iz e  of p lag io c la se  in c re a se s  sharply  w ithin  the  f irs t  5 fee t 

above the co n tac t from 0 .0 1  to  0 .4  mm and gradually  a tta in s  its  m axi

mum of 1 .5  mm (average) near the  cen te r and upper portion of the  d ia 

b a se . The g rain  s iz e  d e c re a se s  much more rapidly  a t the upper co n tac t 

than  a t  the low er. W ithin  20 fee t of the upper co n tac t the  average s iz e  

of p lag io c la se  d e c re a se s  from 1 .5  mm to  c ry p to c ry s ta llin ity . The re la 

tive  amount of p lag io c la se  changes only s lig h tly  throughout the  w idth 

of the  s i l l ,  but a d e fin ite  d e c rea se  is ev ident toward the c o n ta c ts . No 

change in p lag io c la se  com position w as d isc e rn ib le . M agnetite  show s 

a marked concen tra tion  near the  co n tac ts  and a d e c rea se  near the  cen te r 

of the in tru sive  body. Q uartz and granophyre show a sim ila r re la tio n 

sh ip . Red-brown b io tite  is  e sp ec ia lly  concentra ted  w ithin  1 foot of the 

upper co n tac t where c le a r  aug ite  is  th e  main p h ase  of the clinopyrox- 

e n e s . Very l i t t le  hornblende occurs h e re .

G enerally  sp eak in g , the  re la tiv e  amounts of clinopyroxene 

vary much more e rra tic a lly  than  p la g io c la se . This v a ria tio n , no doubt, 

is  due to  the varying degree of a lte ra tio n  to  hornblende and c h lo rite .

The to ta l of c linopyroxene, hornblende, and ch lo rite  rem ains about con

s ta n t throughout the  s i l l .  Augite and p ig ion ite  are  the  common pyroxenes 

p resen t and are shown as one m ineral in the a n a ly s e s . Toward the cen te r 

of the  s i l l  many clinopyroxene grains show exso lu tion  in th e  c h a rac te r

is t ic  herringbone arrangem ent. This may ind ica te  th a t the  in te rio r of 

the d iab a se  sh e e t cooled a t  a much slow er ra te  re la tiv e  to  the border 

z o n es . The g ranu lar, in terlocking  tex ture  of the  d iab a se  su g g e s ts  th a t



the  sh e e t c ry s ta lliz ed  in p lace  a fte r its  em placem ent, w ith the ch illed  

co n tac ts  serving as  therm al in su la to rs .

The in te rio r of the  s i l l  is  d is tin c tly  po rphyritic , contain ing  

numerous 2-5  mm pyroxene (?) phenocrysts now com pletely  a lte red  to  

leuch tenberg ite  (ch lo rite ). As determ ined by X-ray a n a ly s e s , the  pheno

cry sts  w eather out rap id ly  in outcrop and form consp icuous red d ish - 

brown p its  in the  o therw ise  m assive  black  d iab ase  s u r fa c e . The follow 

ing sequence  of photographs (F igs. 42-50) show s the com positional and 

tex tu ra l changes ac ro ss  the  d iab a se  s i l l  from the  lower to  the  upper con

ta c t  .

Age and C orrela tion

The d iab a se  in th is  area is  considered  to  be of younger Precam - 

brian a g e . The following c rite ria  su b s ta n tia te  th is  co n c lu sio n . Largo 

d iab a se  s i l ls  in trude the  younger Precam brian sedim entary  rocks in the  

Sierra Ancha M ountains in n o rth -cen tra l A rizona, where they  w ere dated  

by S ilver (1960) and Damon e t a l .  (1962) to  be 1,200 and 1,140 + 40 

m .y . o ld , re sp e c tiv e ly . The d iab a se  in the  T ortilla  M ountains is  very 

sim ila r to  the dated  Sierra Ancha s i l ls  and c lea rly  p o std a tes  the  d e p o s i

tio n  of the  Apache G roup. Furtherm ore, the d iab ase  in th e  study  a rea  is 

cu t everywhere by the Laram ide h y p ab y ssa l d ike swarms and the  d io ritic  

in tru sive  b o d ies , thus p lacing  an upper lim it on the  d ia b a s ic  in tru s ive  

event a t p re-L aram ide.

Shride (1967) concluded , a fte r  ex ten siv e  s tu d ies  of th e  d iab a se  

co n tac t re la tio n sh ip s , e sp ec ia lly  with the Paleozo ic  lim estone  se q u en c e , 

th a t the  d iab a se  does not intrude the  P aleozo ic  sed im entary  se c tio n  but 

th a t the  la tte r  overlie  the  d ia b a se  w ith a d ep o sitio n a l co n tac t w herever
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Figure 42. D iabase-O rac le  G ranite C ontact (K-402-5A)

The ch illed  d iab ase  forms a sharp but highly irregular contact 
with the g ran ite . P lag ioc lase  in the granite  is a ltered  to  green se ric ite ; 
pink K -feldspar forms irregular b lebs; b io tite  is una lte red .

Figure 43. Photomicrograph of the D iab ase-O rac le  G ranite 
C ontact (K-402-5A)

Lobes of m icrocrysta lline  d iab ase  (db) extend into c o a rse 
grained granite (gr) forming a sharp but irregular c o n ta c t. No ex traord i
nary a lte ra tio n  occurs in the g ran ite . A b io tite -m agnetite  c lu s te r  is in 
the  upper right corner. P arallel n ic o ls . Bar is 1 mm.
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Figure 44. Photomicrograph of D iabase  Basement S ill (K-402-9)

Granophyric matrix w ith partly  a ltered  p lag io c lase  and pyroxene. 
Twenty feet above c o n ta c t. C rossed  n ic o ls . Bar is 0 .5  mm.

Intergrowth of p lag io c la se , au g ite -p ig io n ite , and m agnetite 
forms m edium -grained d iab asic  tex tu re . One hundred six ty  feet above 
lower co n ta c t. C rossed  n ic o ls . Bar is 1 mm.
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Granophyric intergrowth in d iab ase  m atrix . Note wide range in 
p lag io c lase  grain  s iz e . Rock is re la tive ly  una ltered . Forty feet below 
upper c o n ta c t. C rossed  n ic o ls . Bar is 1 mm.

Excellent twinning in p lag io c lase  (?) and p ig ionite  (Po) is partly  
destroyed by incip ien t a lte ra tio n . C rossed  n ic o ls . Bar is 0 .5  mm.
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Figure 48. Photomicrograph of D iabase Basement Sill (K-402-22)

Typical d iab asic  tex tu re  in fine-grained  d iab a se . P lag ioclase  
(w hite), pyroxene (gray), and m agnetite  (b lack). Five feet below upper 
co n tac t. P aralle l n ic o ls . Bar is 1 mm.
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Figure 49 . Photomicrograph of D iabase Basement Sill (K-402-23A)

C luste r of rad iating  aug ite  and p lag io c lase  c ry s ta ls  with d is 
sem inated m agnetite in very fine grained d ia b a se . No granophyre is 
p resen t. One foot below upper c o n ta c t. Parallel n ic o ls . Bar is 1 mm.

Figure 50. Photomicrograph of D iabase  Basement S ill (K-402-23A) 
Showing D etail of Figure 49

C luste r of rad iating  p lag io c lase  c ry s ta ls . C rossed  n ic o ls . Bar 
is 0 .5  mm.
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good exposures perm it exam ination . The sam e conclusion  w as reached 

by Sell (1960) a fte r d e ta iled  in v es tig a tio n s  in the  Superior a re a , e sp e c ia l

ly the  underground workings of the  Magma m ine.

N. P. P eterson  (1962), on th e  o ther hand , p o stu la ted  a T ertiary  

age for the  d iab a se  in the G lobe-M iam i and Superior a rea  on th e  b a s is  

of s tra tig rap h ic  ev id en ce . B ecause no P aleozo ic  rocks are  in co n tac t 

w ith d iab ase  in the  study  a re a , P e te rso n 's  conclusion  cannot be d irec tly  

evaluated  h e re , but the  w riter considers  the d iab a se  in the  study area  to  

be of younger Precam brian a g e .



PALEOZOIC ROCKS

N on-b recc ia ted  L im estone Blocks of M iss iss ip p ia n  
and Pennsv lvan ianf?) Age

G e n era lly , there  a re  no autochthonous P a leozo ic  sedim entary  

rocks exposed in  the T ortilla  M oun ta ins, a lthough a few iso la ted  ou t

crops of E scabrosa L im estone occur in the  SE co r. s e c .  12, T . 5 S . ,

R. 13 E . , w est and sou thw est of the  Florence mine w here they  overlie  

the Apache Group w ith a fau lt c o n ta c t. This lim estone is  a co arse ly  

c ry s ta llin e  marble con tain ing  numerous crinoid stem s. Bedding is  w ell 

p reserved and s tr ik e s  approxim ately N. 5° W . and d ips 87° NE. The 

rock does not show the in ten se  in te rnal b recc ia tio n  which is  so  ch a rac 

te r is t ic  of the alloch thonous lim estone  un its exposed in the  H ackberry 

W ash a re a . The w estern  boundary of the lim estone  b locks is  a fau lt dip  

ping 45° E. To the e a s t ,  th e  lim estone  is  overlain  w ith a d ep o sitio n a l 

con tac t by s teep ly  d ipp ing , crudely  bedded conglom erates (Fig. 51).

Several o ther lim estone  b locks occur over a d is ta n c e  of 1 ,500 

fee t w est of the  F lorence mine toward Ripsey H ill. One of the  larger 

b locks (150 x 400 feet) inc ludes two 5-foot-w ide c lean  q u a rtz itic  san d 

stone un its  th a t are  in terbedded w ith the m assive  lim esto n e . This re la 

tionsh ip  has only been  observed in the  Epitaph and Scherrer Form ations 

in so u th eas t A rizona, but w hether the lim estone b locks in the  Tortilla  

M ountains are  of Perm ian age  is q u estio n ab le . N e v e rth e le ss , they  do 

ind ica te  th a t th is  a rea  had once been covered by P aleozo ic  sedim entary  

rocks which are  now nearly  com pletely  eroded aw ay . In the  Dripping
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Figure 51. Steeply Dipping D epositions! C ontact Between 
Paleozoic Lim estone and Crudely S tratified  M id-Tertiary Conglom erate 
Strata

SE1/4 s e c . 12, T. 5 S . ,  R. 13 E . , looking north. The con
glom erate c o n s is ts  of Precam brian g ran ite , a p lite , q u a rtz ite , and d ia 
b a se . Note the abundance of d iab ase  matrix m aterial im m ediately above 
the  co n tac t.



Spring M ountains 10 m iles to  the e a s t  the  M artin and E scabrosa Lime

stones as w ell as portions of th e  N aco Group are  w ell exposed in  a 

gently  dipping regu lar se q u e n c e .

A sm all exposure of th in ly  bedded, ligh t b lu ish -g ra y , finely  

c ry s ta llin e  lim estone  contain ing  abundant brachiopod, crinoid stem , and 

bryozoa fo ss il  fragm ents occur in the NE c o f .s e c . 12, T . 5 S . , R 13 E.

It is  intruded by an o liv e -g reen  m onzonite porphyry w hich is  s im ila r in 

com position and tex tu re  to  the  Laram ide m onzonite d ikes in th is  a re a .

The m onzonite porphyry is  confined to  the  lim estone block and does not 

extend into the  a d jacen t s tra ta  of the  Apache G roup. T hus, the  lim e

stone block and the m onzonite porphyry were te c to n ic a lly  em placed in 

th e ir  p resen t p o s itio n .

A llochthonous B recciated L im estone Blocks of 
D evonian , C arbon iferous, and Permian (?) Age

In the  N l /2  s e c . 1, T . 5 S . ,  R. 13 E . , tw o sp o o n -sh ap ed , 

com pletely b recc ia ted  P a leozo ic  lim estone  b locks re s t  upon Precam brian 

d ia b a se . A sim ila r occurrence of b reccia ted  lim estone is in the  NW co r. 

s e c . 8, T . 5 S . , R. 14 E . , where the  un it re s ts  on Laramide d io rite  w ith 

an apparen t fau lt c o n ta c t. A sm all quartz ite  b reccia  occurs a t its  sou th 

ern te rm in u s .

The la rg e s t, m ost sp e c ta cu la r  b recc ia ted  lim estone  un its occur 

in the  H ackberry W ash area  where they  are exposed w ithin  s teep ly  d ip 

ping sa n d s , s h a le s ,  and red -b ed  un its of probable M iocene a g e . The 

lim estone is fo ss ilife ro u s  and com pletely  b reccia ted  in te rn a lly  w ith  very  

fine angular lim estone  m ateria l filling  the in te rs tic e s  of the  la rg er angu

la r b reccia  fragm en ts. The b recc ia ted  lim estone  forms prom inent e longa te
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ridges w ithin th e  e a s ily  w eathered sandstones and s h a le s . Individual 

lim estone un its a few hundred fee t w ide can  be follow ed for 2 m iles 

along strik e  le n g th .

A more d e ta iled  account of th e ir  ch arac te r and em placem ent w ill 

be given in a subsequen t ch ap te r. It su ffices to  say  here  th a t th e se  

lim estone un its rep resen t D evonian , M iss is s ip p ia n , and probably 

Pennsylvanian  s tra ta  th a t once covered the  Tortilla M ountains area  but 

have s in ce  been  tec to n ic a lly  moved in to  th e ir  p resen t lo c a tio n .



LARAMIDE INTRUSIVE ROCKS

In trusive  rocks of Laramide age are  w idespread  in the  Tortilla  

M ountains and occur a s:

1. Irregu lar-shaped  quartz  d io rite  and d io rite  in tru s iv e  bodies 

w ith a b io tite  K-Ar d a te  of 69 m .y . (Damon, 1970).

2 . A large granodiorite  p luton exposed predom inantly w est of the  

study  area  in the v ic in ity  of G rayback M ountain , w ith a b io tite  

K-Ar d a te  of 63 m .y . (Damon, 1970).

3 . N early e as t-tren d in g  ind iv idual d ikes and e longate  in tru s iv e  

bod ies ranging in com position from granodiorite  to  rhyolite  

w ith a b io tite  K-Ar da te  of 63 + 1 m .y . (Damon, 1970). The 

d ikes cu t the  quartz  d io rite  m asses and the granodiorite  p lu to n , 

but no d e fin ite  age re la tio n sh ip  has yet been  e s ta b lish e d  b e 

tw een the quartz  d io rite  and the  granodiorite  p lu ton .

The Laramide d ikes and elongate  in trusive  m asse s  a re  noncom - 

formably overla in  by the  s teep ly  dipping m id-Tertiary sedim entary  s e 

quences (Figs. 5 and 18). This re la tio n sh ip  in d ic a te s  th a t th e  eastw ard  

tiltin g  of the  T ortilla  M ountains predom inantly occurred a fte r  the  Lara

mide in tru s ive  rocks w ere em placed . T herefore, a ll  the  d ikes and e lo n 

g a te  s to ck s were ro ta ted  eastw ard  together with the T ortilla  M ountains 

along a north-trending  hinge l in e . In trusive  re la tio n sh ip s  d isc u sse d  

below  have to  be view ed in the  aforem entioned concep t to  be fully  

understood .
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Q uartz D iorite  and Related In trusive Bodies 

These in trusive  rocks crop out in two w idely separa ted  lo ca tio n s 

w ithin  the map a re a . One large exposure occurs northw est of Kelvin near 

the  northern boundary of the a re a , and the  others occur a s  irregu lar

shaped m asses in the  so u th e as t portion of the  map near H ackberry W ash .

The d io ritic  rocks northw est of Kelvin are  considered  by M etz 

and Rose (1966) to  be th e  o ld es t of the  Lara mid e in tru s iv e  rocks found in 

the Ray a re a . A new K-Ar d a te  from b io tite  sep a ra te s  of the  d io rite  (68.7 

+ 1 .7  m .y .)  is  in good agreem ent w ith the  in te rp re ta tion  of M etz and 

R ose. The rock is  referred to  a s  Sonora d io rite  by geo lo g ists  a t  Ray b e 

cau se  of ex ten siv e  exposures found near the former se ttlem en t of Sonora 

a t the  open p it periphery . The sam e name has been  adopted in  th is  re 

port for a ll d io ritic  rocks occurring north of K elvin.

The Sonora d io rite  is  a h o lo c ry s ta llin e , p h a n e ritic , f in e -  to  

m edium -grained, hypidiom orphic granular rock ranging in com position 

from a b io ti te -a u g ite  d io rite  to  hornblende quartz d io rite . It is  dark gray 

to  b lack  and w eathers read ily  in to  bouldery o u tc ro p s . M odal a n a ly se s  

of the  Sonora d io rite  are  lis te d  in  Table 5 .

Under the m icroscope, d d is tin c t p a ra lle l alignm ent of p lag io - 

c la se  la th s  can  be seen  which is  not ev iden t in hand specim en . P lag io - 

c la se  is  genera lly  u n a lte re d , strongly  zoned , and is  andesine  (An^g) in 

com position . Its  average length  varies  from 0 .3  to  1 mm (Fig. 52). The 

p resence  of red-brow n b io tite  and c le a r  d io p sid ic (? ) aug ite  is a d is t in c 

tive  feature  for m ost of th e  Sonora d io rite  (Fig. 53). Anhedral quartz 

occurs in te rs ti tia lly  to  the  o ther s i l ic a te s ,  but sev era l iso la te d  g rains
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Rock is fine-g rained  au g ite -b io tite  d io rite  and very sim ilar in 
com position to  K -129. It c o n ta in s , how ever, le s s  quartz . Note faint 
alignm ent of unaltered p lag io c lase  c ry s ta ls . This rock yielded a K-Ar 
age of 69 m. y .  C rossed  n ic o ls . Bar is 1 mm.

Figure 53. Photomicrograph of Sonora D iorite (K-129)

Rock is a h o lo cry s ta llin e , hypidiom orphic granular, non- 
porphyritic au g ite -b io tite  quartz  d io rite . Red-brown b io tite  con tains a 
few m agnetite inclusions and it is locally  ch lo ritized  along the  m arg in s. 
Anhedral, in te rs titia l quartz shows sim ultaneous ex tinction  over a large 
a re a . P aralle l n icols . Bar is 1 mm.
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show sim ultaneous e x tin c tio n . The quartz d io rite  is  lo ca lly  cu t by e a s t -  

w est-tren d in g  epidote v e in le ts  containing some su lfide  m ineraliza tion  

w ith ch lo rite  and c a lc i te .  A djacent to  th ese  v e in le ts  p lag io c la se  is  a l 

ways strongly  s e r ic i tiz e d .

Table 5 . —M odal C om positions of Sonora D iorite

K-129 K-646 K-654 K-149 G -192

P lag io c lase 48 .7 51 .6 59 .9 61 .3 51 .1

O rthoclase 5 .8 2 .0 4 .8 7 .3 12 .7

Quartz 12 .5 8 .2 7 .0 7 .7 11 .2

Biotite 14 .5 17.2 10 .9 —— — —

Augite 13 .7 10.8 13 .4 — — —

H ornblende 1 .8 4 .2 0 .2 17 .2 17 .4

C hlorite tr 1 .2 0 .6 2 .5 4 .5

Opaques 3 .0 4 .8 3 .2 4 .0 3 .1

Along the  high ridge c re s t  northw est of Kelvin occurs a p ecu lia r 

porphyritic  v a rie ty  of quartz d io rite  in which an d esin e  phenocrysts (3-5 

mm) and extrem ely p o ik ilitic  b io tite  flakes are surrounded by a very fine 

grained aphan itic  q u a rtz -fe ld sp a r m atrix (F igs. 54 and 55). Augite (1-2 

mm) is  u su a lly  rimmed by ep id o te .

The Sonora d io rite  is  cu t by a m ajor e a s t-n o rth e a s t- tre n d in g  

Laramide dike swarm w h ich , in g e n e ra l, follow s the  northern boundary 

of the  map area for severa l m iles before being fau lted  and covered by 

recen t ta lu s  m ateria l. The southern  co n tac t of the  d io rite  w ith the
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Very fine grained groundm ass of quartz , se ric itiz ed  p lag io c lase  
and some K -feldspar en c lo ses  subhedral, zoned , unaltered andesine 
phenocrysts and resorbed b io tite  f la k e s . A few aug ite  grains are rimmed 
by ep ido te . C rossed  n ic o ls . Bar is 1 mm.

Figure 55. Photomicrograph of Porphyritic Phase of Sonora 
D iorite (K-134) Showing D etail of Figure 54

O scilla to ry  zoning in unaltered andesine  ph en o cry sts . Very fine 
grained groundm ass c o n s is ts  of quartz , p lag io c la se , and K -feldspar. 
C rossed  n ic o ls . Bar is 0 .5  mm.



O racle G ranite is  rem arkably s tra ig h t and a lso  trends e a s t-n o r th e a s t 

p a ra lle l w ith the  Laramide d ike sw arm .

In the so u th eas te rn  portion of the  map area  w est of H ackberry 

W ash , severa l d io ritic  in trusive  bodies occur th a t su p e rfic ia lly  resem ble 

th e  Sonora d io rite  ju s t  d e sc rib ed . It is  very lik e ly  th a t the  rocks exposed 

belong to  th e  sam e Laramide m agm atic ev en t. Sim ilar to  the  Sonora d io 

r ite , th e  H ackberry in tru s iv e  bodies are cu t ex ten siv e ly  by an e a s t -  

no rtheast-trend ing  m onzonite porphyry d ike  sw arm . U nlike the Sonora 

d io rite , how ever, the  Hackberry. exposures are gen era lly  narrow and 

irregularly  elongated  in an e a s t-n o r th e a s t d irec tio n . The c o n tac ts  w ith 

the  Precam brian g ran itic  basem ent com plex are  e ither s teep  or nearly  

h o rizo n ta l. W ithout doubt, much of sec tio n s  31 and 36 are  underla in  by 

d io rite , and the  g ran ite  rep re sen ts  a cover th a t has not yet been com

p le te ly  removed by e ro s io n . In many in s ta n c e s , the d io rite -g ra n ite  con

ta c t  can  be traced  around a h ills id e  in nearly  horizon tal fash ion  so th a t 

the  g ran ite  forms a r e s is ta n t  cap over the  d io rite . This re la tio n sh ip  is  

w ell exposed in the  cen te r and so u th e as t corner of sec tio n  36 . G enera lly , 

narrow d io rite  apophyses extend over ridge tops and connect w ith larger 

d io rite  m asses  lo ca ted  on e ith e r s id e  of the  granite  r id g e s .

A sm all tonguelike  d io rite  m ass occurs in the  w estern  h a lf  of 

sec tio n  31 near the  se c tio n  l in e .  The d io rite  is  exposed in a sadd le  and 

is  surrounded on a ll  s id e s  excep t to  the  w est by O racle G ran ite . I ts  

outcrop configuration  su g g ests  a f la t bo ttom .

G enerally  sp eak in g , a ll  d io rite  exposures are  confined to  the  

e a s t  s id e  of R ipsey W ash in sp ite  of th e ir  e a s t-w e s t  e longated  configura

tio n . This may re flec t d ifferen t lev e ls  of erosion  on e ith e r s id e  of Ripsey 

W ash .

88
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The elongate  d io rite  m asses  w est of H ackberry W ash , with one 

excep tion , d iffer in com position from the Sonora d io rite  in th a t th e ir  

p rincipal m afic c o n stitu en t is  primary hornblende rather than  aug ite  and 

b io tite . P lag io c lase  genera lly  show s more ex tensive  se r ic itiz a tio n  in  

the H ackberry d io r i te s , but its  com position is s t i l l  an d esin e  (Angg-^o). 

A c lea r a lb ite  rim is  a lw ays p re se n t. H ornblende is  lo ca lly  strongly  

a ltered  to  ch lo rite  and z o is ite . M odal an a ly se s  of hornblende quartz 

d io rite  are g iven in Table 6 .

Table 6 . — M odal C om positions of Hornblende Q uartz D iorite

K-198 K-693 K-672 K-98B K-696

P lag io c lase 5 2 .8 5 2 .5 56 .6 6 1 .2 67 .3

O rthoclase 14.1 4 .3 4 .1 6 .0 3 .2

Quartz 8 .3 13.1 11.6 8 .8 3 .8

Hornblende 14 .8 24 .6 15 .7 19.4 —

Augite — — — — 10.9

Biotite — — tr — — 9 .5

C hlorite 7 .4 2 .1 9 .2 0 .8 2 .0

M agnetite 2 .6 3 .2 2 .7 3 .8 3 .3

As shown in T able 6 , the  rocks range from quartz  d io rite -d io rite  

to  syenod io rite  (K-198). Sample K-696 is  the only one in th is  su ite  con

ta in ing  aug ite  and b io tite  and , in th is  re sp e c t, resem bles the  Sonora 

d io r ite . The com positional va ria tions of the  d io ritic  rocks are  show n on 

Figure 56.



Q U A R T Z

100 9 0
P L A G I O C L A S E

K -F E L D S P A R

Figure 56. C om positional V ariations of the Sonora and H ack 
berry D iorite  B od ies.

M odal an a ly ses  are g iven in Tables 5 and 6 .
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C ontact R elationsh ips Between the  Quartz 
D iorite  Bodies and the  Precam brian Rocks

Good co n tac t re la tio n sh ip s  are  lo ca lly  exposed betw een  quartz 

d io rite  and O racle G ran ite . In v ariab ly , the  d io rite  becom es porphyritic  

near the  borders w ith  hornblende forming phenocrysts up to  1 cm lo n g .

This is  w ell exposed in the  northw est com er of s e c .  31, T . 4 S . ,  R.

14 E . , where the e longate  d io rite  m ass term inates and p lunges under 

the  O racle G ran ite .

About one m ile w est of th is  lo ca lity  in sec tio n  36, a 15-foot

wide hornb lende-rich  zone developed near the  g ran ite  co n tac t forming 

sc h lie ren -lik e  configurations and very  co arse  nodules th a t a re  su r

rounded by d io r ite . It is  d ifficu lt to  determ ine w hether th e se  fea tu res 

are xeno lith s incorporated  by the  intruding d io rite  magma or la te - s ta g e  

pegm atitic  se g reg a tio n s . The ad ja ce n t g ran ite  is  enriched in K -fe ldspar 

a t  the co n ta c t.

In the  N l/2  s e c .  31 , T . 4 S . ,  R. 14 E . , com plete b recc ia tion  

and mixing of O racle G ranite and d iab a se  occur near the  d io rite  c o n ta c t . 

On c a su a l observation  it appears th a t undisturbed O racle G ranite  con

ta in s  d iab a se  in c lu sio n s w hich are  a ligned  in a north -northw est d irec tio n . 

D eta iled  exam ination showed th a t the granite  has a preferred fabric  im

parted by the e longate  pink K -fe ldspar c ry s ta ls  p a ra lle l to  the  d iab ase  

in c lu s io n s . In p laces  d io rite  served  as m atrix m ateria l.

N ear the  dividing line  betw een se c tio n s  31 and 32, large b locks 

of g ran ite  and d ia b a se  do occur w ith in  the  ad jacen t d io rite ; for exam ple, 

a 3 -foot-w ide redd ish  quartz ite  boulder is  p re se n t. L oca lly , pebble  

d ik e s , 1-2 fee t w ide, occur in strongly  kao lin ized  and se r ic itiz e d (? )
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gran ite  contain ing  w e ll-ro u n d ed , f in e -g ra in e d , and a ltered  d io r i te (? ) . 

Thus, i t  appears th a t during the  waning stag e  of c ry s ta lliz a tio n  the  d io - 

rite  developed a highly m obile gas or fluid phase  which w as ab le  to  

penetra te  the  h o st rock and c au se  ex ten siv e  b recc ia tio n  and a lte ra tio n , 

particu larly  in the O racle G ran ite . The pebble d ikes probably rep resen t 

channelw ays for the  escap ing  gas p h a se . That no ch illing  e ffec ts  are 

p resen t in the d io rite  may su g g est th a t the border zones of the  d io rite  

becam e enriched in v o la tile s  w ith subsequen t c ry s ta lliz a tio n  of coarse  

hornblende and K -feldspar and m obilization of the  g ran ite  and d iab ase  

host rock . This probably occurred in an e s se n tia lly  c lo sed  sy stem , th a t 

i s ,  th e  d io rite  did not break through a fractured roof a t  th is  p o in t.

N ear H ackberry Spring in the  extrem e so u th e as t portion of the  

map a re a , the  quartz  d io rite  very in trica te ly  in trudes the  Apache Group 

(Fig. 57). Here b locks of Dripping Spring Q uartz ite  and e sp ec ia lly  

M escal L im estone are  com pletely  subm erged in  the  d io rite  and d isp laced  

nearly  1,000 fee t below th e ir  orig inal s tra tig rap h ic  p o s itio n . The M es

cal apparently  w as the more favored of the  sedim entary un its to  be in 

corporated as xeno lith s judging from th e ir  wide d is trib u tio n  w ith in  the 

d io rite . The lim estone is  a lso  th e  le a s t  like ly  to  be modified by a g ran it

ic  m elt. The indiv idual b locks range from a few fee t to  30 fee t in diam 

e te r . L ocally , the  b locks are  ro ta ted  10-30 deg rees; how ever, a t o ther 

p laces they  appear to  have subsided  in to  the d io rite  magma w ithout any 

change in a tt i tu d e . The b locks apparen tly  did not sink deeper than  about 

1 ,000 fee t in to  the magma. The v isc o s ity  in the  intruding magma may 

have been g rea t enough a t  th is  level to  prevent any further dow nsink ing .
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Figure 57. Apache Group Intruded by D iorite

Portions of the  Pioneer Formation and Dripping Spring Q uartzite  
are in trica te ly  intruded by the  Laramide quartz d iorite  s to c k . The s teep ly  
dipping Apache Group forms high ridge c re s ts  w hereas the d io rite  is only 
exposed on deeply  inc ised  slopes and in w ash e s . SW 1/4 s e c . 5, T . 5 
S . ,  R. 14 E.
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At severa l p lac e s  along the  d io rite  co n tac t there  are many ex

am ples of com plete mixing of quartz ite  and M esca l L im estone fragm ents 

cem ented by d io rite  m atrix . T hese fea tu res are  ind icated  on the  geo log ic  

map (Fig. 5, in pocket) w ith a b recc ia  sym bol. The b recc ia  m asses  cap 

h igher ridges and can  be traced  d irec tly  into the  underlying d io r ite . The 

co n tac ts  betw een  d io rite  and b reccia  are generally  horizon tal . As men

tioned befo re , the  d io rite  intruded the  Precam brian terrane  prior to  the  

eastw ard tiltin g  of the T ortilla  block and one is  therefore  e ffec tiv e ly  

looking a t a c ro ss  sec tio n  of th e  p resen tly  fla t-ly in g  to  gen tly  w estw ard - 

plunging d io rite  in tru s iv e  m a sse s . The b recc ia  b o d ies , th en , rep resen t 

in trusive  b recc ias  th a t formed along the  s teep ly  dipping w a l ls . Because 

of th e  eastw ard ro ta tion  they  are  now above the  d io rite  ra ther than  on 

e ith e r s id e  of i t .

The d io rite  intruded th e  en tire  Apache Group and the Troy 

Q u artz ite . How far it p enetra ted  the Paleozo ic  sedim entary  sec tio n  is 

unknown b ecau se  of the lack  of ex p o su res .

The d io rite  is o v erla in , in dep o sitio n a l co n tac t, by the  M io- 

cene(? ) conglom erates north of H ackberry Spring . Farther south  the  d io 

rite  is  overla in  by the q uartz ite  and lim estone c rack le  b recc ia s  of th e  

H ackberry form ation, and to  the  w est the d io rite  is  bordered by a fau lt 

zone th a t p laces  the  w estw ard-d ipp ing  M iocene (?) red -b ed  seq u en ces 

over the  d io r i te .

Age and C orrela tion

The d io rite  in tru s ive  m asses  near Kelvin and H ackberry W ash 

are  o lder than  the  Laramide d ike  swarms b ecau se  the  d io rite  is  cu t by
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the d ik e s . The d io rite  is  a lso  intruded by a sm all granodiorite  stock  

north of th e  G ila  River in s e c . 3 , T. 4 S . , R. 13 E . , which very c lo se ly  

resem bles th e  G rayback granodiorite  pluton in com position and te x tu re .

In the C hristm as area  lo ca ted  15 m iles to  the  e a s t ,  W illden  

(1964) d e sc rib e s  a u g ite -  and hornb lende-bearing  m icrodiorite in tru s ive  

bodies which are  sim ila r to the  d io ritic  rocks in the  T ortilla  M o u n ta in s. 

The m icrodiorite a t C hristm as in trudes the  C re taceous a n d es ite  complex 

and is  considered  by W illden  to  rep resen t the o ld es t of severa l T ertiary  

in trusive  un its  in th a t a re a .

In the W inkelm an quadrangle about 6 m iles so u th e as t of th e  

H ackberry a re a , Med ora Krieger (oral com m unication, 1969) ob tained  a 

K-Ar d a te  of 66 m .y . from a d io rite  in trusive  m ass c lo se ly  resem bling 

the  H ackberry W ash quartz d io rite . The d io rite  in trudes O racle G ranite 

and d isp lay s a general e a s t-w e s t  e longation . This d a te  ag rees w ell w ith 

the Laramide in trusive  sequence  in th e  study outlined above.

Grayback G ranodiorite  Pluton and Sm aller 
G ranodiorite  In trusive  Bodies

The w riter a ss ig n s  the name "G rayback granodiorite" to  a large  

igneous m ass w hich has not been  prev iously  recognized  on e ith e r the 

s ta te  or county geo log ic  maps of A rizona. The name refers to  G rayback 

M ountain, a prom inent landm ark in th is  a re a , w hich occupies the  cen tra l 

portion of the pluton (Fig. 4 , in p o c k e t) .

The G rayback granod io rite  is  exposed over a t  le a s t  40 square  

m iles w est of the  study area  and covers large parts  of T p s . 4 and 5,

R. 12 E. Good exposures occur along the  F lorence-K elvin  road w here 

the  rock w eathers in to  boulderlike  form s. Only a sm all portion of the
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pluton extends in to  the w estern  part of the map a re a , but it  w as c lea rly  

recognized  as  a sep ara te  in tru sive  m ass b ecause  the g ranodiorite  is 

d is tin c tly  d ifferen t in tex tu re  and com position from the  a d jacen t O racle 

G ran ite .

The Grayback pluton in trudes the older Precam brian O racle 

G ranite  and the Pinal S c h is t. This in tru s ive  re la tio n sh ip  is  exposed 

near Cochran along the  G ila R iver. The easte rn  co n tac t of the  pluton 

w ith the O racle G ran ite  trends generally  n o rth -so u th , but large  portions 

of the  w estern  and southern co n tac t zone are covered by recen t sand and 

gravel d ep o sits  so  th a t the  true  ou tline  of the pluton is  p resen tly  not 

w ell know n. A general no rth -sou th  elongation  of the pluton is  suggested  

by the  outcrop p a tte rn .

The granodiorite  is a lig h t-g ray , h o lo c ry s ta llin e , medium

gra ined , non-porphyritic  rock e a s ily  d istin g u ish ab le  from the  c o a rse 

grained O racle G ranite  (Fig. 58). L ocally , numerous rounded d io rite (? ) 

inc lusions m easuring up to  2 fee t in d iam eter are  p re se n t. In the  v ic in ity  

of G rayback M ountain, abundant ap lite  and pegm atite d ikes occur w hich 

range from 1 inch to  1 foot in w idth; they  cut the  w eak b io tite  fo lia tion  

(average N . 37° E . , 72° NW .) in the rock a t nearly  right a n g le s . A few 

narrow hornblende a n d es ite  d ikes are  p resen t w hich dip w ith a shallow  

angle  to  the north .

Under the m icroscope, the  rock d isp lay s  a m edium - to  c o a rse 

g ra ined , nearly  equigranular fabric  (Fig. 59). The grain  s iz e  ranges from 

1-5 mm with a few larger perth ite  pa tches m easuring up to  7 mm in  diam 

e te r . Modal an a ly ses  are  g iven in Table 7 and are  a lso  p lo tted  in 

Figure 60.
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Figure 58. Gray back G ranodiorite (G-262)

The rock is medium g ra in ed , non-porphyritic  and ea s ily  d is 
tingu ishab le  from the Oracle G ran ite . The granodiorite y ielded a K-Ar 
date  of 63 m. y .

Figure 59. Photomicrograph of Grayback G ranodiorite (G-262)

Rock is h o lo cry s ta llin e , medium grained w ith a hypidiom orphic 
granular te x tu re . Note zoning and intergrowth of p la g io c la se . Anhedral 
quartz fills  in te rs tic e s  betw een subhedral p lag io c lase  and irregular pe r- 
th ite  g ra in s . C rossed  n ic o ls . Bar is 1 mm.



Table 7 . —M odal C om positions of Grayback G ranodiorite and 
A ssociated  In trusive Rocks
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G-103 K-267 K-262 G -174 K-200 K-203

P lag io c lase 4 1 .7 4 3 .5 52 .6 52.1 3 8 .8 40 .6

O rthoclase 18 .3 16 .2 7 .1 9 .2 21 .4 25 .0

Quartz 27 .9 28 .5 28 .6 3 0 .4 3 3 .2 26 .0

Biotite 10 .7 11.2 9 .6 6 .7 1 .6 4 .8

C hlorite 0 .3 0 .2 0 .5 0 .6 0 .4 2 .8

M agnetite 1 .1 0 .5 1 .6 1 .0 4 .6 0 .8

Subbedral p lag io c la se  la th s  (An25-2g) are  u su a lly  surrounded by 

a c le a r a lb ite - r ic h  m arg in . In some grains the core portion is  com pletely  

se r ic itiz e d , but only in c ip ien t a lte ra tio n  occurs in o th e rs . Large anhed - 

ral K -feldspar p a tch es  en c lo se  ind iv idual grains of fresh  b io ti te , a lte red  

and fresh  p la g io c la se , and anhedral q u a rtz . M yrm ekitic intergrow ths 

commonly form betw een p la g io c la se  and K -feldspar but w ere never ob

served betw een quartz and p la g io c la se . L ocally , p lag io c la se  show s co r

roded m argins w hich in d ica te s  p a rtia l reso rp tion  a fte r c ry s ta lliz a tio n .

The range in com position of the  G rayback g ranod io rite  p lu ton , 

as w ell as of o ther se lec te d  Laram ide in trusive  bodies exposed in  the  

near v ic in ity , is  g raph ica lly  shown on Figure 60 . The rocks from G ray

back M ountain, M ineral M ountain, Troy b a s in , and the  one s a te l l i t ic  

s tock  north of th e  G ila  River (G-174) are a ll confined to  the granodiorite  

f ie ld . The excep tions are  two a n a ly se s  from a s a te l l i t ic  s to c k .in  th e  

southern  part of the map which fa ll in the  quartz  m onzonite field  bu t
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QUARTZ

f QUARTZ  
MONZONITE

GRANODIORITE

K -F E L D S P A RS Y E N O -D IO R IT ED IO R ITE

IOO
PLAGIOCLASE

° Groyback granodiorite,(G)i Mineral Mountain quartz monzonite,(MM); 
Satellitic stocks in Tortilla Mountains,  Troy 
g r a n o d i o r i t e , (T)

♦ Sonora d io r i t e ,  Hackberry Wash quar tz  diorite

Figure 60. C om positional V ariations of Several Laramide 
In trusive Rocks, T ortilla  M ountains and V icinity

Arrow in d ica tes  p o ss ib le  d ifferen tia tion  tren d .
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c lo se  to  the granodiorite  border. For the  purpose of com parison , the  

an a ly ses  of the  quartz d io rite -d io rite  su ite  are a lso  p lo tted  in Figure 60 . 

In a general w ay, the  an a ly se s  define  an arc which resem bles the  trend 

of Bowen's c ry s ta l d ifferen tia tion  in  a magm atic c y c le . B ecause the 

rocks are a ll  of Laramide age , i t  is conceivab le  th a t the  quartz  d io rite -  

d io rite  su ite  rep re sen ts  the  e a r lie s t  rock to  so lid ify  in the c ry s ta lliz a 

tion  h isto ry  and th a t the  g ranod io rite -quartz  m onzonites are the  la te r  

d ifferen tia tion  products w hich c ry s ta lliz ed  in the  v ic in ity  of the  iso b a ric  

minimum of T uttle and Bowen (1958).

Age and C orrela tion

The iso to p ic  age of the  G rayback granodiorite  is  6 2 . 9 + 1 . 3  

m . y . , a s  determ ined by the  K-Ar method using b io tite  (Damon, 1970; 

Schm idt, 1970). Therefore, th e  rock belongs to  the  Laramide in tru sive  

event a s  defined by Damon and M auger (1966). The prom inent e a s t-w e s t  

trending dike swarms extend part way into the  e a s te rn  portion of the 

granodiorite  stock  and thus c lea rly  p o std a te  the  granodiorite  in tru s ive  

e v e n t. T heir iso to p ic  age  d a te s ,  how ever, are  w ithin  the  lim its of ex 

perim ental error, suggesting  a c lo se ly  re la ted  in tru s iv e  e v e n t.

The G rayback granodiorite  is  sim ilar in age to  the  G ranite  

M ountain porphyry (60 and 63 m . y . ) ,  w hich is  located  about 6 m iles 

n o rtheast of G rayback M ountain near the Ray ore body (Table 8). M etz 

and Rose (1966) recognized  a n o rtheast-trend ing  zone of porphyry in tru 

sions ("porphyry break") in the Ray area  which may very w ell re fle c t a 

fundam ental zone of w eakness during Laramide tim e. This zone, if  fo l

lowed to  the  sou thw est, ex tends into the G rayback granodiorite  p lu to n .
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Table 8 . —K-Ar and Rb-Sr Ages of Laramide In trusive  Rocks in the
T ortilla  M ountains and V icinity

L ocation
Apparent Age 

(m .y .) Reference

Ray D is tric t
G ranite M t. porphyry 60 Rose and Cook (1965)
G ranite M t. porphyry 63 C reasey  and K istler (1962)

Tortilla M ountains

Sonora d io rite 6 8 . 7 + 1 . 7 Damon (1970)
Grayback granodiorite  
Quartz m onzonite

62.9  + 1.3 Damon (1970)

porphyry dike 6 3 . 1 + 1 . 3 Damon (1970)
Copper H ill quartz Damon, M auger, and '

m onzonite 
C rozier Peak quartz

68 Bikerman (1964)

d io rite  in tru s iv es 66 Krieger (oral commun.)
San M anuel m onzonite 
San M anuel m onzonite

69 Rose and Cook (1965)

(altered)

Dripping Spring M tn s .

65, 69 C reasey  (1965a)

C hristm as quartz
d io rite 62 C reasey  and K istler (1962)

Troy quartz m onzonite 71 .1  + 3 .2 Damon and M auger (1966)

G lobe-M iam i D is tr ic t

S chultze  g ran ite 58 C reasey  and K istler (1962)
Schultze  g ran ite 58 Damon e t a l .  (1964)
Schultze  g ran ite  
Lost Gulch quartz

60 C reasey  (1965a)

m onzonite 62 C reasey  and K istler (1962)
Barren gran ite  (drill core) 5 4 . 5 + 1 . 2 Damon (1970)
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The G ranite  M ountain porphyry as well a s  the  Schultze  g ran ite  

(58-60 m . y . ,  Table 8) in the  G lobe-M iam i area are  considered  to  be 

resp o n sib le  for the copper m ineraliza tion  in the ad jacen t Pinal S ch ist 

and d iab a se  ho st ro c k s . The O racle G ranite  near the  G rayback g rano- 

d io rite  co n tac t c o n ta in s , lo ca lly , a se rie s  of n o rth -e a s t trending oxi

d ized  fissu re  veins w ith q u a rtz , lim onite , and some m alach ite  s ta in .

The granodiorite  body i ts e l f  show s l i t t le  ev idence of hypogene a lte ra tio n  

over its  en tire  exposed po rtion . In one outcrop near th e  e as te rn  co n ta c t, 

how ever, fresh -appearing  granodiorite  contained  m inute sp eck s of m ala

ch ite  a sso c ia te d  w ith tiny  lim onite grains sp a tia lly  a s so c ia te d  w ith fresh 

b io tite  c lu s te r s . No unusual a lte ra tio n  w as noted in th in  sec tio n  from 

the  same hand specim en .

A sm aller quartz m onzonite-granodiorite  in tru sive  body loca ted  

about 8 m iles northw est of G rayback M ountain has been  describ ed  in the  

M ineral M ountain quadrangle (Schmidt, 1967). In tex tu re  and com posi

tio n , th is  rock cannot be d is tin g u ish ed  from the G rayback g ranod io rite , 

and the  M ineral M ountain stock  is  therefore  ten ta tiv e ly  considered  to  be 

of Laramide a g e , pending an iso to p ic  age de te rm ina tion .

The sm all m ineralized  granod io rite  stock  in  th e  Troy b asin  w ith

in the  Dripping Spring range w as dated  by L ivingston (in Damon and
1

M auger, 1966) to  be 71 m .y .  old and , th u s , is  so  far the  only Laramide 

in trusive  rock in  th is  area  show ing an anom alously o lder a g e . The com

positio n s of the  M ineral M ountain granodiorite and the  Troy s tock  a re  

p lotted  in Figure 60 . Both in tru s ive  un its are  cut by e a s t-w e s t  trending 

d ike rocks w hich resem ble  in minute d e ta il  the h y p ab y ssa l rocks in the  

in v estig a ted  a re a .
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Iso la ted  G ranodiorite and Quartz M onzonite Stocks

Two sm all igneous m asses  th a t range in com position from 

granodiorite to  quartz  m onzonite intrude the quartz  d io rite  bodies d e s 

cribed above. One is  loca ted  in s e c .  3 , T . 4 S . ,  R. 13 E . , north of 

the G ila River w here it c lea rly  in trudes the  Sonora d io rite . The intruding 

stock is  a b io tite  g ranodiorite  w ith a h o lo c ry s ta llin e , non -p o rp h y ritic , 

medium- to  co arse -g ra in ed  tex tu re  (Fig. 61). In com position , the rock 

c lo se ly  resem bles the G rayback g ranod io rite , as shown in Table 7 

(G -174). For th is  rea so n , the  b io tite  granodiorite  is  considered  to  be a 

s a te l l i t ic  in tru s iv e  body of the  G rayback g ranod io rite , and therefo re  of 

sim ila r a g e . The b io tite  granodiorite  forms an e longate  m ass m easuring 

1,000 fee t by 2,500 fe e t. H ow ever, the  trend of the  e a s te rn  co n tac t w ith 

the  quartz d io rite  is  partly  contro lled  by a m ajor w estw ard-d ipp ing  fau lt 

zone, and the  w estern  co n tac t is overlain  by ta lu s .  The true configura

tion  of the in trusive  body is th u s not know n. C on tact re la tio n sh ip s  w ith 

the  ad jacen t quartz d io rite  m ass are  not w ell ex p o sed , but a t a few 

p laces  granodiorite apophyses c learly  extend into the  quartz  d io r ite .

Both the  b io tite  granodiorite  and th e  quartz  d io rite  are cu t by a grano

d io rite  porphyry d ik e .

The o ther in tru sive  m ass is  loca ted  in  the  southern  h a lf of s e c .  

36, T. 4 S . , R. 13 E . , e a s t  of R ipsey W ash; it is  in co n tac t w ith O racle 

G ranite and quartz  d io rite . No good con tac t re la tio n sh ip s  are o bservab le , 

but the  w riter b e liev es  th a t th is  rock is a lso  a s a te l l i t ic  in tru sive  m ass 

a sso c ia te d  w ith the Laramide m agm atic e v en t. The rock is  a medium

gra ined , non-porphyritic , h o lo cry sta llin e  quartz  m onzonite ch arac te rized  . 

by abundant p e rth itic  o rth o c lase , strongly  se rc itiz ed  p la g io c la se , and
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Figure 61. Photomicrograph of S a te llitic  G ranodiorite Stock
(G-203)

Rock is h o lo cry s ta llin e , hypidiom orphic granular and medium 
g ra ined . O scilla to ry  zoning in p lag io c lase  is common. Note incip ien t 
to  nearly com plete se ric itiz a tio n  of d ifferent p lag io c lase  grains sug 
gesting  com positional v a ria tio n s . C rossed  n ic o ls . Bar is 1 mm.
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finely d issem ina ted  b io ti te . The rock can  e a s ily  be d is tin g u ish ed  from 

the co arse -g ra in ed  O racle G ran ite  and the  much darker quartz  d io r ite . 

Two modal an a ly se s  of quartz  m onzonite (K-200 and K-203) are  shown 

in Table 7.

D iscu ss io n

Viewed on a regional s c a le , th e  various Laram ide in trusive  

bodies d isc u sse d  above l ie  w ithin a 15-20 mile w ide b e lt trending  e a s t -  

no rtheast a c ro ss  th e  T ortilla  M ountains and the  Dripping Spring ran g e . 

The Ray copper d ep o sit is  loca ted  near the  northern boundary of th is  be lt 

and the C hristm as mine l ie s  near the southern  m argin. This Laramide 

trend is  p a rticu la rly  w ell outlined by the  numerous dike swarms and 

elongate  in tru sive  m asse s  in  both ranges and ce rta in ly  re f le c ts  a funda

m ental ten s io n a l zone generated  during Laramide tim e . The in tru s ive  

b e lt does not extend farther e a s t  in to  the  M escal M oun ta in s, judging 

from the ab sen ce  of any throughgoing sy stem atic  d ike swarms . The in 

tru s iv e  b e lt , how ever, extends for a t le a s t  12 m iles to  the  w e s t-  

sou thw est from the T ortilla  M ountains w here i t  is  covered by H olocene 

gravel in the Florence a re a .

E as t-w est-tren d in g  Dike Swarms

Mode of O ccurrence

The youngest Laram ide in tru s iv e  rocks in th is  a rea  are  ind iv id 

ual d ikes and d ike swarms th a t cut a ll  rocks of p re-L aram ide and Laram ide 

a g e . The d ikes generally  occur in groups trending e a s t-n o r th e a s t and 

w est-n o rth w est a c ro ss  the  map a re a . Several such  d ike swarms are 

p re sen t. One d ike swarm follow s the  northern boundary of the  study
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area and cu ts Precam brian O racle G ran ite , d ia b a se , and Laramide quartz 

d iorite  in d isc rim in a te ly . Another d ike swarm occurs in the  v ic in ity  of 

the G ila River cu tting  m ainly O racle G ran ite , and a th ird  zone of c lo se ly  

spaced d ikes is  in the southern  part of the map a r e a .

Individual d ikes can  be follow ed for severa l m iles along s tr ik e , 

but invariably  they are term inated by m ajor m id-T ertiary fau lt s tru c tu re s . 

The d ikes range in th ick n ess  from 10 to  150 fee t with an average  width 

of 50 to  75 fe e t . Commonly severa l p a ra lle l d ikes merge in to  la rg er por

phyry m asses from which they  d iverge on the  o ther s id e  in to  numerous 

individual d ik e s .

On a large s c a le ,  the  d ikes describe  a som ewhat sinuous p a th .

A good exam ple of th is  pa ttern  is shown in the w estern  h a lf of the  map 

in s e c s .  7, 8, and 9 , T. 4 S . ,  R. 13 E. H ere, a 100-foot-w ide, N.

70° E .-trend ing  q u a rtz -fe ld sp a r porphyry dike changes suddenly  to  an  

e a s t-w e s t  and then  to  a N . 75° W . d irec tio n , describ ing  an a rc lik e  p a t

te rn . Several sm aller but d iscon tinuous dikes follow the  sam e configura

tio n . A sim ila r pa ttern  is outlined by two p a ra lle l, 100-foot-w ide quartz 

fe ld sp ar porphyry d ikes in s e c s .  19, 20, and 21, T. 4 S . ,  R. 13 E. How

ever, abundant tran sv e rse  faulting  com plica tes the  p ic tu re  in th is  reg ion . 

An in te res tin g  in tru s iv e  re la tio n sh ip s  e x is ts  betw een a quartz  m onzonite 

porphyry dike and a d iab ase  s i l l  in the  cen tra l part of the  map area  (F ig s. 

62 and 63).  A sm all porphyry apophysis with e x c e lle n t flow banding ex 

tends into the  d iab a se  for a short d is ta n c e . The porphyry apparen tly  fol

lowed an ea rlie r fracture d irec tion  and wedged the  d iab a se  a p a r t .

In the southern portion of the map area there  is  a 2-m ile-w ide 

zone of c lo se ly  spaced  eas t-w est-tren d in g  hornblende granodiorite
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Figure 62. Quartz M onzonite Porphyry (qmp) Dike Intruding 
D iabase (db)

A portion of the dike with a w ell-developed  flow structu re  
intrudes in a w edgelike manner th e  ad jacen t d ia b a se . Hammer is on 
co n ta c t. O racle G ranite is in upper right corner. SW 1/4 s e c .  19,
T. 4 S . , R. 14 E.
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Figure 63. W edge of Quartz M onzonite Porphyry in D iabase

D etail of Figure 62. Flow banding in the ch illed  quartz mon
zonite p resen tly  forms a synform al arrangem ent with a nearly horizontal 
a x is . Pencil is 6 inches lo n g .
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porphyry d ikes th a t in trude Precam brian O racle G ran ite , Apache G roup, 

d ia b a se , and Laramide quartz d io rite . The d ikes can  be follow ed for 

nearly  5 m iles ac ro ss  the map a re a . The b e lt is in terrup ted  by the  north

trending Ripsey W ash near the cen ter of the  m ap, and an apparen t le f t 

la te ra l o ffse t of about one m ile is  in d ica ted . Small but s ig n ifican t bend

ing of the d ikes ad jacen t to  the  R ipsey W ash fau lt zone supports the  

above h y p o th es is . Farther w e s t, the  d ikes become com plexly involved 

in sm a ll-sc a le  tran sv e rse  faulting ind icating  a p revailing  le f t la te ra l 

d isp lacem en t.

The sy stem atic  arrangem ent of the  d ikes se rves a s  an ex ce llen t 

"m arker horizon" in the  o therw ise  fea tu re le ss  Precam brian g ran itic  te r -  

rane and a id s g rea tly  in deciphering  the m id-Tertiary tec ton ism  in th is  

a re a . For th is  reason  th e  indiv idual d ikes are recorded in d e ta il on the  

geologic map (Fig. 5).

Petrography

Although each  d ike  varies  com positionally  in some d e ta il  from 

th e  o th e rs , th ree  main v a rie tie s  of hypabyssal rocks are recognized  in 

the  study area:

1 . H ornb lende-b io tite  g ranodiorite  porphyry, exposed predom inantly 

in the southern  part of the  map a rea ,

2 . Biot it e quartz  m onzonite(?) and q u a rtz -p la g io c la se  porphyry 

exposed in the  cen tra l and northern p o rtio n s , and

3 . Rhyolite porphyry, observed only in the  northern p a rt.

This nom enclature is prim arily based  on phenocryst com position b e ca u se  

the con ten t of th e  m icrocrysta lline  m atrix could not be determ ined under 

the m icroscope.
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The ho rnb lende-b io tite  g ranodiorite  porphyry is  a g reen ish -g ray  

rock forming d ikes 50 to  150 fee t w ide th a t lo ca lly  broaden in to  sm all 

in trusive  m a sse s . The rock con ta ins consp icuous hornblende a n d /o r  

b io tite  phenocrysts in various s ta g es  of ch lo ritiza tio n  and ep ido tiza tion  

(Figs. 64, 65, 66). Q uartz eyes are  e ith e r ab sen t or occur in only minor 

am ounts. Subhedral an d esin e  p lag io c la se  phenocrysts m easuring 2 to  4 

mm in  d iam eter commonly exh ib it clouded margins a frac tion  of a m illi

m eter in w idth (Fig. 67). Strong o sc illa to ry  zoning can  lo ca lly  be seen  

in p la g io c la se . The m atrix  is  a very fine grained to  m icrocrysta lline  

aggregate  of quartz and clouded fe ld sp ar lo ca lly  con tain ing  hornblende 

m ic ro lites . M atrix  p lag io c la se  and hornblende form, in p la c e s , a p ilo -  

ta x itic  tex tu re  b ecau se  of th e ir  p a ra lle l arrangem ent. P lag io c lase  pheno

c ry s ts , how ever, show no preferred o rien ta tio n . O rthoclase  phenocrysts 

are  a b se n t, but K -fe ldspar may be p resen t in the m atrix .

The b io tite  quartz  m onzonite(?) porphyry d ikes are  ch arac te rized  

by d is tin c t 3 to  10 mm dipyram idal quartz p h en o cry sts , zoned p lag io 

c la s e , and black  b io tite  (Fig. 68, 69). C lear to  cream -co lo red  subhedral 

p lag io c la se  phenocrysts are  ub iqu itously  p resen t (F ig s. 70, 71, 72).

The quartz  phenocrysts show varying degrees of reso rp tion  w ith tube like  

embayments th a t are  filled  w ith m atrix m ateria l and common p lag io c la se  

c ry s ta ls . The co lo r of the  m atrix ranges from dark g reen ish  gray to 

orange gray depending on the  re la tiv e  amount of m afic m icro lites and K- 

fe ld sp ar. Some d ikes are nearly  devoid of any m afic c o n s titu en ts  and 

e sse n tia lly  c o n s is t of quartz and p lag io c la se  phenocrysts  s e t  in a lig h t-  

gray q u a rtz -K -fe ld spar m atrix  (Fig. 73). T hese rocks are  herein  ca lled  

q u a rtz -p lag io c lase  porphyry .
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Figure 64 . H ornblende-b io tite  G ranodiorite Porphyry Dike

Up to  0 .5 - in c h  black hornblende and chalky w hite p lag ioc lase  
phenocrysts stand out c learly  from the g reen ish -g ray  m atrix . The boul- 
dery d isin teg ra tion  is ty p ica l for a ll Laramide d ike rocks in th is  a re a . 
Scale is 6 inches long.
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Figure 65. Photomicrograph of B iotite-hom blende Porphyry
(K-302)

Nearly com pletely res orbed and ch loritized  hornblende pheno- 
c ry sts  are surrounded by a m icrocrystalline ground m a ss . Q uartz and 
m agnetite occur w ithin the  a ltered  phenocryst. P arallel n ic o ls . Bar is

Figure 66. Photomicrograph of B iotite-hom blende G ranodiorite 
Porphyry (K-253)

The ch lo ritized  hornblende phenocrysts (Hb) and the  subhedral 
quartz grain (Q) are s ligh tly  res orbed by the  m atrix. The quartz grain 
contains inc lusions of epidote and ch lo rite . P arallel n ic o ls . Bar is 1 mm.
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Figure 67 . Photomicrograph of G ranodiorite Porphyry (K-17)

A c lu s te r  of individual p lag io c lase  c ry s ta ls  has been ex ten 
sively  kaolin ized  along the  outer m argin. The surrounding groundm ass 
contains a large amount of fine-g rained  non-aligned hornblende 
Parallel n ic o ls . Bar is 1 mm.
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Figure 68. Biotite Quartz M onzonite Porphyry (G-268)

The rock con ta ins g la ssy  p lag io c la se , dipyram idal quartz  eyes 
and black b io tite  se t in a dark greenish  gray m atrix . This rock y ielded 
a K-Ar da te  of 63 m .y .

Figure 69. Q uartz M onzonite Porphyry (K-130)

D ipyram idal quartz and chalky p lag io c lase  grains are surrounded 
by finer quartz , p lag io c la se , K -feldspar, b io tite  m atrix.
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The zoned p lag io c la se  phenocryst is se t  in a fine-g rained  
quartz -fe ldspar-ho rnb lende  m atrix . The irregular b io tite  grain  (black) 
contains a p lag io c lase  in c lu s io n . C rossed  n ic o ls , Bar is 1 mm.

Figure 71. Photomicrograph of Q uartz M onzonite Porphyry (K-77) 
Showing Resorbed Quartz and P lag ioc lase  Grains

The fo lia tion  is caused  by the  alignm ent of hornblende n e ed le s . 
P arallel n ic o ls . Bar is 1 mm.



116

Figure 72. Photomicrograph of Quartz M onzonite Porphyry (K-55)

Subhedral phenocrysts of c lea r quartz , clouded p lag io c la se , 
and ch loritized  b io tite  are se t in a m icrocrysta lline  m atrix . A faint 
flu idal fabric is shown by the  alignm ent of b io tite . Parallel n ico ls .
Bar is 1 mm.

Figure 73. Photomicrograph of Q uartz P lag ioc lase  Porphyry (G-44)

Subhedral phenocrysts of quartz and p lag io c lase  are  se t in a 
fine-g ra ined , non-fo lia ted  q u a rtz -fe ld sp a r m atrix. C rossed  n ico ls .
Bar is 1 mm.
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Several 10 to  20 foot w ide rhyolite  porphyry d ikes occur n ear 

the northern map boundary where they  cu t the  ea rlie r  m entioned d ike 

ro c k s . The rhyo lite  porphyries are  p ink ish  gray w ith 1 to  3 mm pink 

o rthoclase  and p lag io c la se  p h e n o c ry s ts , 0 .50  to  1 mm finely d issem i

nated  quartz e y e s , and m inor b io t i te . Phenocrysts co n s titu te  only 5 to  

10 percen t of the  rock , th e  rem aining being d e n se , p in k ish -g ray  m atrix 

com posed prim arily of m icrocrysta lline  quartz and o rthoc lase  in a p ilo -  

ta x itic  arrangem ent.

G enerally  sp eak ing , th en , th e  dike rocks change from a b io ti te -  

hornb lende-rich  but quartz -poor assem blage  in the south  to  a d is tin c tly  

" quartz porphyritic" varie ty  in the  cen tra l and northern po rtion . H ow ever, 

th is  general trend does not exclude hornb lende-rich  rocks th a t a re  a lso  

p resen t in th e  northern part of the map, but th e se  v a rie tie s  alw ays con

ta in  d is tin c t quartz p h e n o cry s ts , w hereas the  b io tite -ho rnb lende  grano- 

d iorite  in the  south  is devoid of quartz p h e n o c ry s ts .

Age and C orrela tion

A K-Ar age determ ination  on b io tite  from one of the  b io tite  

quartz m onzonite porphyry d ikes in the  v ic in ity  of the  Rare M eta ls  mine 

ind icated  a d a te  of 63 .1  + 1 .3  m .y . (Table 8). The d ik es are  therefore  

in d is tin g u ish ab le  in age from th e  G rayback g ranodiorite  p luton by K-Ar 

m ethods. H ow ever, fie ld  ev idence  show s tha t th e  d ikes must be s lig h tly  

younger than  the  G rayback granodiorite  b ecau se  they  extend partly  into 

the  e as te rn  h a lf of the  p lu to n . The c lo se  agreem ent of the  two ages 

n ev erth e less  su g g ests  th a t the  d ikes are g e n e tica lly  re la ted  to  the  in 

tru sion  of the G rayback granod io rite  p lu ton .
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D ikes of sim ila r com position and occurrence are  found through

out the  Dripping Spring range , th e  C rozier Peak quad rang le , south of 

C hristm as, and in the  South Butte area  10 m iles w est of the  T ortilla 

M ountains. They a re , w ithout d o u b t, part of the  e a s t-n o rth e a s t- tre n d in g  

Laramide in tru sive  b e lt d isc u sse d  above.



TERTIARY SEDIMENTARY ROCKS

The youngest rocks in  the  study  area  are various co n g lo m era tes , 

s a n d s to n e s , s h a le s , and tu ffaceous un its th a t nonconform ably overlie  

the  Precam brian basem ent com plex and the  Laramide in trusive  ro c k s . 

Three m ajor sedim entary  sequences have been recognized  which d iffer in  

com position , te x tu re , mode of o ccu rren ce , and geographic d is trib u tio n  

w ithin the  map area:

1 . H ackberry form ation and allochthonous b reccia  m asse s  exposed

along the  e a s t  front of the  T ortilla  M ounta ins,

2 . R ipsey W ash sequence  exposed on both s id e s  of Ripsey W ash 

in the  cen tra l portion of the map a re a , and

3 . G ila(?) C onglom erate exposed e a s t of the  G ila  River in the  

n o rth east portion of the  map a re a .

Except for th e  G ila (? ) Conglom erate which overlies th e  H ack - 

berry form ation with a d is tin c t angular unconform ity, no d e fin ite  age 

co rre la tion  e x is ts  betw een the  H ackberry form ation and R ipsey W ash 

seq u en ce . T hus, the  H ackberry form ation is here  d efin ite ly  o lder than  

the G ila(?) Conglom erate but may or may not be tim e equ iva len t w ith 

the  Ripsey W ash seq u en ce .

H ackberry Formation

The name H ackberry form ation is  a ss ig n ed  to  a se r ie s  of s e d i

m entary rocks exposed along the  entire  eas te rn  front of the  Tortilla  

M ounta ins. The form ation is  named a fte r  H ackberry W ash , a m ajor
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drainage feature  in the  southern  part of the  Kearny quadrangle, along 

w hich ex ce llen t exposures of th e  form ation occu r.

In the  study a re a , the H ackberry form ation c o n s is ts  of a poorly 

sorted  and poorly bedded cobb le-bou lder conglom erate b a sa l seq u en ce , 

a lig h t-g ray  to  g ray ish -red -p u rp le , poorly indurated , friab le  but w e ll-  

bedded sandstone  and sh a le  sequence  and a very w ell indurated and 

w e ll-s tra tif ie d  g ray ish -red  cobble conglom erate upper seq u en c e . The 

d is tin c t redd ish  color of th is  un it stem s from the  oxidized vo lcan ic  

m atrix m ate ria l. The redd ish  cobble conglom erate sequence  changes up 

sec tio n  and along s trik e  gradually  in to  a g ran ite  and a p lite - r ic h  cobble 

conglom erate seq u en ce . The exposed th ic k n ess  of the  H ackberry forma

tion  w ithin the  report a rea  is  ca lcu la ted  to  be 4 ,500  fee t from the  ou t

crop p a tte rn . The form ation nonconform ably overlies the  Precam brian 

basem ent com plex and is in turn disconform ably overlain  by G ila (?) Con

g lom erate .

The H ackberry form ation crops out con tinuously  for 7 m iles 

along the e as te rn  front of the  T ortilla  M ou n ta in s. The form ation s trik es  

n o rth -n o rth w est, d ips 35o-8 0 °  n o rth east toward the G ila River and can 

be followed northward to  the  v ic in ity  of R iverside. The northw est-flow ing  

G ila River se rves generally  a s  d ividing line  betw een the H ackberry for

mation on the  w est and G ila(?) Conglom erate to  the  e a s t .  H ow ever, a 

few exposures of s teep ly  dipping lig h t-g ray  sh a les  and san d sto n es b e 

lieved  to  be part of the  H ackberry formation crop out on the e a s t  s id e  of 

the  G ila  River along the  railroad  tracks in s e c s .  7, 17, and 20, T. 4 8 . ,  

R. 14 E . , where they  are overla in  by G ila(?) C onglom erate w ith a marked 

unconform ity (Fig. 74).
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Figure 74. Unconformable C ontact betw een Gently Dipping 
Gila Conglom erate (above) and Steeply Inclined Hackberry Formation 
(below)

Small fault in Hackberry formation is term inated by the  over- 
lying Gila C onglom erate . Outcrop is along sec tio n  line betw een s e c s .  
6 and 7, T. 4 S . , R .  14 E. near the  railroad tracks of the Southern 
Pacific C o . , looking north .



H eindl (1958, p . 88-89) d e sc rib e s  red sandy beds about 1 .5  

m iles north of th e  p resen t boundary on the  e a s t  s id e  of M ineral C reek .

The red beds generally  s trike  N. 60° E . , dip 10o-1 5 °  S E ., and are 

faulted  ag a in s t the  Dripping Spring M o u n ta in s. The dip of the  red beds 

s teep en s considerab ly  and the  s trik e  is  more varied near the  fau lt con 

ta c t .  The red beds are unconform ably overlain  by G ila Conglom erate 

w hich s tr ik es  N. 25° W . and d ips about 5° SW. According to  H eind l, 

th e  G ila Conglom erate is  in dep o sitio n a l co n tac t w ith th e  bedrock of th e  

Dripping Spring M o u n ta in s . H eindl ten ta tiv e ly  co rre la te s  th e se  red beds 

w ith sim ilar un its  in th e  H ackberry W ash area  of th e  p resen t re p o r t . The 

Elder Gulch red beds are  the northernm ost-know n occurrence of the  H ack- 

berry form ation in  th is  a r e a .

The low er portion of the H ackberry formation is  a m oderately 

w ell indurated cobble and boulder conglom erate com posed of angu lar to  

subangular b locks of O racle G ran ite , ap lite  porphyry, d ia b a se , s e d i

ments of the  Apache G roup, P aleozo ic  lim estone , and Laram ide hypabys- 

sa l rocks in various proportions (Fig. 75). The com position of the  

conglom erate re flec ts  c lo se ly  the  nature of the underlying basem ent 

com plex. The angu larity  and ill sorting of the m ateria l su g g e s ts  d e p o s i

tion  c lo se  to  its  orig inal so u rc e . The con tac t betw een conglom erate and 

basem ent com plex is  d e p o s itio n a l, and it is e ither v e rtica l or d ips 

s teep ly  to  the  e a s t  (Fig. 51). Only lo ca lly  is th e re  some fau lting  p resen t 

along the  c o n ta c t.

Bedding is  generally  d ifficu lt to  recogn ize  in th is  b a sa l co n 

glom erate member, but o ccasio n a l 1 to  2 inch th ick  arkose and sh a le  

layers and th e  alignm ent of pebb les and cobbles ind ica te  the s tru c tu ra l 

a ttitu d e .
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Figure 75. Typical Exposure of the  Poorly Bedded but W ell- 
indurated Basal Cobble and Boulder Conglom erate Sequence of the  H ack- 
berry Formation

The conglom erate c o n s is ts  here mainly of older Precam brian 
granite  and a p lite . Note the d iscontinuous arkosic  sandstone  lenses 
and fine pebble horizons suggesting  crude layering . N l/2  s e c . 19,
T. 4 S . ,  R. 14 E.
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North of H ackberry Spring in s e c s . 5 and 8, T . 5 S . , R. 14 E . , 

the  cobble conglom erate d irec tly  overlies Troy Q u a rtz ite . H ere the  con

glom erate c o n s is ts  mainly of Apache q u artz ite  and Paleozo ic  lim estone  

fragm ents embedded in  a redd ish  a rkose  m atrix . No boulders of O racle 

G ranite and ap lite  porphyry are  p re se n t. The occurrence of P aleozo ic  

lim estone cobbles in the  conglom erate su g g ests  th a t lim estone  s tra ta  

once covered the  s ite  of the  p re sen t T ortilla  M ountains but have s in ce  

been com pletely removed by e ro s io n . At H ackberry Spring , th e  conglom 

era te  w edges out com plete ly , and in its  p lace  occur the a llochthonous 

b reccia  sh ee ts  res tin g  d irec tly  upon Laramide quartz  d io r ite .

Farther north in s e c . 19, T . 4 S . ,  R. 14 E. and s e c .  30,

T. 5 8 . ,  R. 14 E . , the  conglom erate con ta ins abundant quartz ite  m aterial 

of the  Apache Group even though no Apache Group rocks crop out in th is  

a re a . The conglom erate re s ts  d irec tly  on O racle G ran ite . The w riter b e 

liev es th a t the  Apache Group extended a t one tim e much farther to  th e  

north along the  e a s te rn  front of the  T ortilla  M ountains than  is p resen tly  

evident from the  outcrop p a tte rn . Isopachs in d ica te  i t .  The conglom erate 

is  the  erosional rep resen ta tio n  of the  m issing  Apache Group s t r a ta .

M onolithologic b reccia  le n se s  of ap lite  porphyry, O racle 

G ran ite , and d iab a se  are conform ably in terbedded w ith the  conglom erate 

sequence in s e c s .  18 and 19, T . 4 S . , R. 14 E. and s e c .  30, T . 5 S . ,

R. 14 E. The b recc ia  le n se s  are  2 ,000  to  3 ,000  fee t long , up to  200 fee t 

th ic k , and a re  confined more or le s s  to  a ce rta in  s tra tig rap h ic  horizon 

w ithin the  conglom erate se q u en c e . The b recc ia s  occur e ith e r d irec tly  

on the  g ran ite  basem ent com plex or w ith in  a few hundred fee t from the 

gran ite-cong lom erate  c o n ta c t. The b recc ia  le n se s  c o n s is t of tigh tly
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packed angular fragm ents a few inches to  severa l fee t in d iam ete r.

M atrix m aterial is v irtua lly  a b se n t. D iabase  and g ran ite  b recc ias  are  

often superposed in sh in g le lik e  fashion  w ithout any obvious m ixing.

The enclosing  conglom erate is u su a lly  rich in fragm ents of the  Apache 

G roup. A 10 by 100 foot b recc ia ted  q u artz ite  s liv e r  of P ioneer Formation 

re s ts  d irec tly  on a granite  b recc ia  len s in the  N l/2  s e c . 30, T . 5 S . ,

R. 14 E. A pparently, both were em placed sim u ltan eo u sly . The b reccia  

len se s  are  probably of lan d s lid e  origin a s  a re su lt of up lift and tiltin g  

in the  neighboring Tortilla M o u n ta in s . The com position of the  b reccia  

le n se s  is certa in ly  id en tica l to  the rock types exposed in the  T ortilla  

M oun ta in s . The T ortilla  M ountains are  therefore  considered  to  be the  

source area  for the b reccia  le n s e s .

In the W l / 2 , s e c .  32, T. 4 S . , R. 14 E . , th e  boulder con

glom erate w edges out below  th e  th in ly  bedded sh a le  and sandstone  s e 

quence so  th a t the  sandstone  sequence  re s ts  d irec tly  on the  Precam brian 

basem ent com plex. In the  general s tra tig rap h ic  sequence  of the  H ack- 

berry form ation, the  sh a le  and sandstone  units are above th e  b a sa l • 

boulder conglom erate. B ecause of th e ir  friab le  n a tu re , th e  sh a le s  and 

sandstones are ea s ily  eroded and h eav ily  covered w ith ta lu s  d e b ris . 

G enera lly , 1 to  2 inch th ick  tu ffaceous(? ) san d sto n e  beds a lte rn a te  w ith 

extrem ely friab le  sh a le  la y e rs . L ocally , a few cobble horizons m easur

ing up to  h a lf a foot th ick  are p re se n t.

The sa n d s to n e -sh a le  sequence  varies from ligh t gray to  deep  

maroon red and ranges from le s s  than  100 to  3 ,000  feet in th ick n ess  

(Figs. 76 and 77). It is  in th is  sequence  th a t the  large  alloch thonous 

b reccia  sh e e ts  are  found . Numerous mud cracks and ripp le  marks in the
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Figure 76. Steeply Eastward D ipping# Thinly Bedded, Friable 
Sandstone and Shale Sequence of the Hackberry Formation

SE1/4 sec  30, T . 4 S . ,  R. 14 E ., looking sou th .

Figure 77. Outcrop Pattern of Hackberry Formation and Paleo
zoic C rackle Breccia

The ridge-form ing lim estone crackle  breccia  occurs w ithin the 
red-brow n, s teep ly  d ipp ing , th in ly  bedded, sandy sha le  and mudstone 
seq u en ce . NW1/4 s e c . 32, T. 4 S . ,  R. 14 E ., looking n o rth east.
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sh a les  and sands in d ica te  a sh a llo w -w ate r environm ent, but no trac e  of 

any fo ss il  m aterial has been n o ted . L ocally , 0 .2 5  to  0 .5  inch th ick  

gypsum layers occur w ithin the  m aroon-red sh a le  horizons ind icating  

evaporation in a c lo sed  b a s in .

S tra tig raph ica lly  above the  sh a le -sa n d s to n e  sequence  is  the  

very w ell indurated and w ell-bedded  cobble conglom erate unit exposed 

along the course  of H ackberry W ash (Fig. 78). The un it c o n s is ts  of a l 

ternating  th in ly  bedded a rkose  and m udstone layers  w ith numerous cobble 

horizons (Fig. 79). The cobbles are  generally  w ell rounded and w ell 

so rted . Individual beds range from 0 .2 5  inch to  sev era l fee t in th ic k 

n e s s .  Graded bedding and c ro ss  lam inations a re  common. Numerous 

in terbedded m udstone units show mud c racks; o thers exhib it in te rference  

and o sc illa tio n  ripple marks in d ica tiv e  of a shallow  lac u s trin e  environ

m ent.

The cobb les range in com position from an d es ite  agglom erate 

through v e s icu la r  b a s a l t ,  d ia b a se , and O racle G ranite  to  younger P re- 

cam brian q u a rtz ite , Paleozo ic  lim esto n e , granodiorite  porphyry , and a 

d is tin c tiv e  varie ty  of hornblende a n d e s ite  (Fig. 80). The a n d e s ite  con

ta in s  s len d er b lack  hornblende phenocrysts up to  0 .7 5  inch long in a 

lig h t-g ray  aphan itic  m atrix . Nowhere is  there  a rock exposed in the  

investiga ted  area th a t could have served  as  source  m aterial for th is  p a r

tic u la r hornblende a n d e s ite . A sim ila r problem e x is ts  for the  v e s ic u la r  

b a sa lt  and an d es ite  agglom erate of the  H ackberry form ation. The n e a re s t 

exposures of a n d es ite  and b a sa lt  a re  in the  C hristm as area  (W illden, 

1964). There ex ten siv e  exposures of C re taceous a n d e s ite  flows overlie  

the gently  dipping Paleozoic  lim estone  se q u e n c e . In hand specim en , the
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Figure 78. Hackberry Formation

Thinly bedded, w ell-indurated  sandstone  and cobble conglom
erate  sequence dipping 35 °-5 5 0 E. Hackberry W ash, looking north.

Figure 79. D etail of the  H ackberry Outcrop Seen in Figure 78

Note the  a lternating  cobble conglom erate, san d sto n e , and 
sha le  seq u en ce . Red-brown coloration  re su lts  from a n d esitic  matrix 
m ateria l. The ligh t-g ray  cobbles are hornblende andesite  (?) probably 
derived from the C hristm as-W inkelm an area . Hackberry W ash . Pencil 
is  6 inches lo n g .
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Figure 80. C lo se -u p  of A lternating Cobble Conglom erate and 
Sandstone Sequence in H ackberry Formation

Note v esicu la r b a sa lt (b) and hornblende andesite  (h) cobbles 
in the  w ell-bedded  and w ell-indu ra ted  an d es ite -rich  matrix m ateria l. 
Hackberry W ash . Pencil is 6 inches long.
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an d esite  agglom erates from the C hristm as area are in d is tin g u ish ab le  

from the  a n d es ite  cobbles in the  H ackberry form ation. This su g g ests  th a t 

a t le a s t  the a n d e s ite -r ic h  cobble conglom erate was transported  into th is  

region from the  W inkelm an-C hristm as area  during m id-T ertiary tim e. Al

te rn a tiv e ly , one can assum e th a t the  T ortilla  M ountains were once 

covered by C retaceous a n d es ite  agglom erate flows w hich s in ce  then  have 

been com pletely  removed by e ro sio n . T hese could have served as  ready 

source for the  cobbles and m atrix m aterial in the  H ackberry form ation a s  

w ell a s  for the a n d e s ite  agglom erate un its  w ith in  the  a lloch thonous b rec

c ia  s h e e ts .

W est of H ackberry Spring in s e c s .  7, 8 , and 17, T . 5 S . ,

R. 14 E . , an iso la ted  a rea  of g ray ish -red  H ackberry form ation is se p a 

rated  by the  H ackberry fau lt from Precam brian O racle G ran ite , d ia b a se , 

and Laramide quartz  d io r ite . The beds s tr ik e  generally  w est-n o rth w est 

and dip 18o-8 0 °  S W ., opposite  to  the  dip of the  main H ackberry forma

tion  exposed farther e a s t .  The H ackberry fau lt is  w ell exposed and dips 

30o-5 5 °  SW. This struc tu re  is a branch of the  m ajor R ipsey fau lt sy s tem , 

w hich , farther north , sep a ra te s  the  en tire  m id-T ertiary  conglom erate s e 

quence in the  Ripsey W ash area  from the  underlying g ran itic  basem ent 

com plex. The redd ish  cobble conglom erate un its w e s t of H ackberry 

Spring are in d is tin g u ish ab le  from the  w e ll-s tra tif ie d  g ray ish -red  H ack

berry formation exposed a sho rt d is ta n c e  to the  e a s t .  A poorly so rted , 

poorly s tra tif ie d , lig h t-g ray  cobble and boulder conglom erate overlies 

the H ackberry form ation w est of H ackberry Spring w ith apparen t angular 

unconform ity.
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D iscu ss io n

The reversed  dip d irec tion  w ithin  the  H ackberry s tra ta  su g g est 

a northw est-trend ing  an tic lin a l structure  w hose sou thw est limb is  com

prised  of the s tra ta  w est of H ackberry Spring and w hose eas te rn  limb is  

the sequence exposed along H ackberry W ash . The core of th is  hypo

th e tica l an tic lin e  is  p resen tly  occupied by the  Lara mid e quartz d iorite  

stock  and portions of the Precam brian basem ent com plex. The s truc tu ra l 

se ttin g , how ever, demands a d ifferen t exp lana tion . F irst of a l l ,  th e  

sedim entary  sequence  in H ackberry W ash overlies the  basem ent com plex 

w ith a depositional c o n ta c t, and i ts  p resen t s teep ly  dipping a ttitu d e  is  

the re su lt of hom oclinal eastw ard  tiltin g  of the entire  Precam brian b lock . 

The w estern  segm ent of the H ackberry form ation, on the  o ther hand , is 

in fau lt con tac t w ith the underlying Laramide quartz  d io rite  and O racle 

G ranite  ind icating  th a t th e  un it w as d isp laced  into i ts  p re sen t p o s itio n . 

The two ad justm en ts probably were sim u ltan eo u s.

Age and C orrela tion

The H ackberry form ation nonconform ably overlies the  Precam brian 

basem ent com plex and the  Laramide hypabyssa l rocks . The form ation 

therefore p o std a te s  the  youngest in tru sive  even t in th is  a re a , w hich 

occurred a t 63 m .y . In the v ic in ity  of R iverside, the  H ackberry form ation 

is  overlain  by G ila Conglom erate w ith a d is tin c t angu lar unconformity 

(Fig. 73). T hus, from stra tig rap h ic  ev idence , the H ackberry form ation 

is  younger than  the Laramide in tru s iv e  even t but o lder than  the  G ila Con

g lom erate . Furtherm ore, th e  p resen ce  of vo lcan ic  d e tr ita l m ateria l in the  

form ation in d ica te s  th a t the sed im ents p o std a te  the  C retaceous a n d e s ite -  

b a sa lt  ex trusive  even t so  w idely  exposed in  the  C hristm as q u ad ran g le .
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D r. E. L indsay of th e  Departm ent of G eo sc ien ces and the  w riter 

made a sp ec ia l but u n su ccess fu l attem pt to  d isco v er fo s s ils  in the  sandy 

and shaly  portions of the  form ation. No iso top ic  age d a te s  of the  H ack- 

berry form ation are av a ilab le  from th e  im m ediate study a re a . H ow ever,

2 m iles south  of th e  map boundary in the  ad jacen t C rozier Peak quad

ran g le , Medora Krieger (personal com m un., 1969) obtained two K-Ar 

d a te s  from an in traform ational rhyolite  bed w hich is  p a rt of a sequence 

considered  by th e  w riter to  be the  southern  ex tension  of the  H ackberry 

form ation. The d a te s  w ere obtained from b io tite  and san id ine  se p a ra te s  

w hich y ielded  ag es of 20 and 24 m .y . ,  re sp e c tiv e ly . The H ackberry for

m ation, there fo re , is  of early  to  m iddle M iocene a g e .

Sedim entary un its s im ila r to  the  H ackberry form ation in p h y si

ca l appearance and stra tig rap h ic  position  are  the  C loudburst Formation 

of C reasey  (1967), the  San M anuel Formation of H eindl (1963) in the  San 

M anuel a re a , the  M ineta beds of Chew (1962) near Redington, portions 

of the  low er R illito  Formation south  of the  Santa C a ta lina  M ountains 

(Voelger, 1953; P ash ley , 1966), and an unnamed red-brow n cobble con

glom erate sequence  in the  Owl Head mining d is tr ic t  exposed 8 m iles 

northw est of O racle Junction along S ta te  Highway 8 0 -8 9 .

The C loudburst Formation is considered  by C reasey  to  be of 

Late C retaceous or early  Tertiary  age as determ ined from s tra tig rap h ic  

ev idence and co rre la tion  w ith sim ila r-appearing  s tra ta  in Reed Basin 

so u th eas t of C h ristm as. The C loudburst is  a sequence  of s teep ly  dipping 

a lternating  m afic v o lcan ic , fanglom eratic , and sedim entary  b recc ia  u n its . 

The m ajor portion of the  fanglom erate is  very sim ila r to  the w e ll-b ed d ed , 

w ell-indu ra ted  H ackberry form ation. The la t te r ,  how ever, does not
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contain  a n d e s ite -b a s a lt  flow s. Sim ilar to  the H ackberry form ation, the  

C loudburst con ta in s g ranodiorite  porphyry cobbles probably derived from 

a nearby L aram ide-age s to c k . I t  may be th a t th e  H ackberry form ation is  

the northern equ iva len t of the  C loudburst Form ation.

W atson (1967) strongly  b e liev es  th a t the  C loudburst Formation 

a t le a s t  in part p reda tes the Laramide granodiorite  porphyry a t San M anuel 

b ecau se  he e s tab lish ed  an in tru s ive  re la tionsh ip  betw een the  porphyry 

and the C loudburst Formation a t  a lo ca lity  w here C reasey  had mapped a 

fau lt c o n ta c t. C reasey  (1967) how ever m aintains th a t the p resen ce  of 

Laramide granodiorite  porphyry fragm ents in th e  C loudburst Formation 

e s ta b lish e s  a post-L aram ide age for the form ation. Because of th e se  

d isc rep an c ies  in the in te rp re ta tio n , a d irec t co rre lation  betw een the  

Hackberry and C loudburst Form ations is  not attem pted a t the  p resen t 

tim e.

The San M anuel Formation of H eindl is  synonymous w ith 

C re ase y 's  low er G ila Conglom erate member. According to  H eind l, th e  

San M anuel Formation overlies the  C loudburst Formation w ith both a 

nearly  conform able and a d is tin c tly  unconform able c o n ta c t, and it  is  

c learly  younger than  the  C loudburst. H eindl co n sid ers  the  San M anuel 

Formation to  be of m id-T ertiary  ag e , w hereas C reasey  a s s ig n s  a P lio - 

P le is tocene  age to  h is low er G ila Conglom erate m ember. The un its of 

th e  San M anuel Formation are  m oderately w ell s tra tified  and dip 20o-4 5 °  

E. toward the San Pedro River. This d ip , in fa c t, is  very sim ila r to  the  

a ttitu d e  of th e  H ackberry form ation. In com position , the  San M anuel 

form ation resem bles the  g ran ite -rich  portions of th e  H ackberry form ation. 

T hus, the H ackberry formation show s a ffin itie s  to  both the C loudburst
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and San M anuel Formation making a d irec t co rre la tion  w ith e ith e r one of 

the la t te r  two un its very d iffic u lt.

To re c a p itu la te , the  follow ing argum ents have to  be considered  

in any corre lation  schem e:

1. The H ackberry form ation is  of M iocene age a s  determ ined by 

two K-Ar d a te s .  S tra tig raphic  ev idence  a lso  in d ica te s  a p o s t-  

Lara mide age for the  form ation.

2 . C reasey  (1967) considers th e  C loudburst Form ation to  be of 

post-L aram ide age b ecau se  of the p resen ce  of granodiorite  

porphyry p e b b le s , w hereas W atson (1967) argues for a p re - 

Lara mide age  b ecau se  of in trusive  re la tio n sh ip s  betw een grano

d io rite  porphyry and the  C loudburst Form ation.

3 . The San M anuel Formation of H eindl (1963) (lower G ila Con

glom erate member of C reasey , 1967) is  d e fin ite ly  younger than  

the  C loudburst Formation and is  considered  to  be of m id-Tertiary 

age  of Heindl but of P le io -P le is to cen e  age by C re ase y .

4 . The H ackberry form ation is s tru c tu ra lly  and com positionally  

very sim ilar to  both the  C loudburst and San M anuel F orm ations. 

All th e se  sedim entary  s tra ta  under considera tion  s trike  generally  

no rth -no rthw est and dip s teep ly  to  the  n o rth east toward the  

G ila -S an  Pedro va lley  trough .

The M iocene M ineta beds of Chew (1962) exposed near Redington 

along the  San Pedro Valley on the  e a s t  side  of the  Rincon M ountains have 

ce rta in  s im ila ritie s  to  th e  red -bed  sequence  of the  H ackberry form ation. 

The units s trik e  no rth -no rthw est and dip s teep ly  to  the  e a s t .  The upper 

m udstone-sandstone  un its of the  M ineta may co rre la te  w ith the maroon
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sh a le  un its of the  H ackberry form ation. F o ssil tee th  and jaw  bones of a 

rhinocerous sp e c ie s  in d ica te  an early  M iocene age for the  upper M ineta 

b e d s . The M ineta Formation is  overla in  by a "Turkey T rack "-lik e  a n d e s

ite  flow w hich has been  dated  by Damon (1970) a t 26 .3  + 2 .4  m .y . The 

"Turkey Track" a n d es ite  is  not exposed in  the  H ackberry a re a . Further 

study in the Redington a rea  may reveal a continuation  of the  red -bed  

sequence  to the  north and even tually  e s ta b lish  the  p resen ce  of a con

tinuous m id-M iocene sedim entary  sequence along the  San Pedro-G ila  

River v a lley  which has h itherto  only been su sp ec ted  from w idely  s c a t 

tered  ex p o su res .

A redd ish -m aroon , w e ll-s tra tif ie d  cobble and boulder conglom 

era te  described  by Barter (1962) and lie s  (1967) in the  Owl Head mining 

d is tr ic t  resem bles to  some ex ten t the  red -bed  sequence  of the  H ackberry 

form ation. The un it s tr ik es  northw est and d ips 20 °-7 5 o NE. It ce rta in ly  

conforms w ith the  p resen t a ttitu d e  of the o ther m id-T ertiary s tra ta  men

tioned above. Barter co rre la te s  th is  formation w ith the  M iocene Pantano 

Formation of so u th e as t Arizona (Brennan, 1962).

S tudies by Voelger (1953) and Pash ley  (1966) in the  southern  

foo th ills of the  Santa C a ta lin a  M ountains north of Tucson ind ica ted  the  

p resence  of m aroon-red m udstone un its m easuring up to  300 fee t in th ic k 

n ess  and dipping 10o-4 0 °  S . aw ay from the Santa C a ta lina  M ountain front 

toward the Tucson b a s in . The m udstone layers con ta in  lo ca lly  abundant 

gypsum and resem ble the s il ty -sa n d y  portions of the  H ackberry form ation. 

From stra tig raph ic  re la tio n sh ip s , V oelger considers th is  low er part of h is  

R illito formation to  be of m id-T ertiary  a g e .
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It is d ifficu lt to  ev a lu a te  w hether or not th e se  iso la ted  m id- 

Tertiary un its  were deposited  in one continuous basin  or p laya lak e  dur

ing M iocene tim e. Post-M iocene tec ton ism  has modified too many 

fea tu res to  allow  a sim ple co rre la tion  betw een o u tc ro p s , and recen t ta lu s  

m aterial has covered c ritic a l exposures th a t a re  e s se n tia l  for a regional 

in v es tig a tio n . H eindl (1958, F ig . 7) su g g ests  a d e fin ite  sequence  b e 

tw een P an tano -, W h ite ta il- , and H ackberry -type  conglom erates w ith 

Pantano being the o ld es t and Hack berry the youngest d e p o s it. He en 

v isio n s an in itia lly  more or le s s  continuous b asin  of dep o sitio n  (1963, 

p la te  3) w hich becam e involved in the Basin and Range tec to n ic  ep isode  

and deformed in to  numerous b lo ck -fau lted  b a s in s . T hese ind iv idual 

b a s in s  now expose the tilte d  M iocene conglom erate s e q u e n c e s . The 

w riter b e liev es th a t the lo c a lit ie s  m entioned above rep resen t tim e- 

equ ivalen t but sep ara te  b a s in s  of deposition  of early  M iocene or la te  

O ligocene a g e . Table 9 is an attem pt to  co rre la te  various m id-T ertiary  

sedim entary  un its w hich occur in w idely spaced  lo c a lit ie s  throughout 

southern  A rizona.

Allochthonous Breccia Sheets of the 
H ackberry Formation

One of the  m ost in te res tin g  fea tu res of the  H ackberry form ation 

is  the  p resence  of a lloch thonous b reccia  sh e e ts  and le n se s  th a t are  

conform able w ith the  sh a le  and san d sto n e  u n its  of th e  form ation. The 

b reccias are generally  confined to  a certa in  horizon w ithin  the  form ation. 

For reasons given below , the  w rite r b e liev es  th e se  alloch thonous breccia  

sh ee ts  to  be lan d slid e  m asses  or a v a lac h e -ty p e  d e p o sits  em placed under
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Table 9 . C orrelation betw een M id-T ertiary  Sedim entary Rocks in Southern Arizona

R ay
Ransome (1919)

Tortilla Mtns. 
This Report

San M anuel Owl Head
Barter lies 
(1962) (1987)

Chew Cl
Tucson Basin

Voelger PoshleyCreosey (1967) Heindl (1963)Epoch Brennan (1962)(1953) (1966)

Pediment
GravelsPediment

Gravels
Pediment

Gravels
Pediment

Gravels Alluvium Alluvium

Sacaton Fm.
Valley Fill Pediment

Grovels
Alluvium

Pediment
Gravels

Quiburis
Fm.

Banco
Beds

Gila Cgl. Gila Cgl, Gila Cgl.

Soza Beds
San

Manuel
Fm.

Dacite
Ripsey Wash 
Sequence /

Unnamed 
Tilted Red 
Cobble Cgl. 

Sequence 
and

Andesite
Agglomerate

Turkey Track 
Porphyry 
(26m .y.)

Whitetail
Fm.

Cloudburst
Fm.

Pantano
Fm.

Rillito
Fm.

Mineta Fm.
Fonglom.

Paleozoic
Sediments

and
Precambrian

Basement

Volcanic
Unit

Precambrian
Basement

Precambrian
Basement

Precambrian
Basement Catalina

Gneiss
Catalina

Gneiss

Pinal Schist Cretaceous
Sediments

Pinal Schist

Precambrian
Basement
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the force of gravity  from a ris ing  m ountain fro n t, ra ther than  the  rem 

nants of a m ajor overth rust.

These b lu ish -g ray  b recc ia  sh ee ts  are c lea rly  v is ib le  ac ro ss  

the  G ila River from Kearny where they  appear to  r e s t  d irec tly  upon the 

Precam brian b asem en t.

Individual b recc ia  le n se s  m easure from 50 to  100 fee t in th ic k 

n ess  and many can be followed for nearly  2 m iles along s tr ik e . B ecause 

of th e ir  high re s is ta n c e  to  e ro sio n , th e  b reccia  sh e e ts  stand  out in bold 

re lie f  above the  sh a le  and san d sto n e  un its of the H ackberry form ation 

(Figs. 77 and 81). The b reccia  sh ee ts  trend north -no rthw est p a ra lle l to  

the  enclosing sedim ents and dip 40o-7 0 °  E.

The b recc ias  crop out along the e as te rn  margin of the map area 

in th ree  sep ara te  exposures over a cum ulative s trik e  length  of 6 m iles 

(Fig. 5). The southernm ost b reccia  m ass is  exposed along H ackberry 

W ash near H ackberry Spring and m easures a l i t t le  over 2 m iles in len g th . 

The cen tra l b reccia  m ass is  confined to s e c s .  19, 29, 30, and 32, T. 4 

S . , R. 14 E. and crops out about ha lf a mile w est of the  G ila  R iver. It 

is  separa ted  along s trik e  from the  southern  b recc ia  m ass by 3 ,500  fee t 

of sandstone  and s h a le . The northernm ost b recc ia  m ass occurs in s e c .

18, T. 4 S . , R. 14 E . , along a tribu tary  w ash  of the G ila R iver. This 

b recc ia  is separa ted  along s tr ik e  from the cen tra l m ass by 6 ,000  fee t of 

H ackberry form ation.

Com position of the  b recc ia  sh e e ts  . Each one of the  b reccia  

m asses is com posed of a se r ie s  of ind iv idual m onolithologic b recc ia  

le n se s  th a t range in com position from Precam brian d iab a se  and q u a rtz ite , 

to  various units of P aleozo ic  lim esto n e , C re taceous a n d e s ite  agg lom erate .
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Figure 81. Allochthonous C rackle Breccia in M iocene H ack- 
berry Formation

The breccia  is composed of Paleozoic lim estone and younger 
Precambrian quartz ite  units which dip with the  Hack berry formation 
s teep ly  to  the  e a s t .  S E l/4  s e c .  19, T. 4 S . ,  R. 14 E . ,  looking sou th .
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and L aram ide-age granodiorite porphyry. W ithin each  b recc ia  m ass the  

individual le n se s  are stacked  up on top of each o ther like  sh in g les  on a 

roof. Each b reccia  len s rep re sen ts  a sep ara te  g lide u n it. In sp ite  of the 

wide com positional range rep resen ted  among them , the  indiv idual mono- 

litho log ic  b reccia  le n se s  are not mixed w ith other rock types excep t for 

some interm ingling along m utual c o n ta c ts .

Each individual rock un it is  ex ten siv e ly  sha tte red  and re c e 

m ented. Each len s i s ,  n e v e rth e le s s , continuous enough to  be a m ap- 

pab le  u n it. In every b reccia  le n s , the  sm aller angu lar fragm ents fill the 

sp a ce s  betw een the la rg er angu lar fragm ents. Bedding is  on rare o cca 

sions s t i l l  d isc e rn ib le  w ithin indiv idual b reccia  le n s e s ,  but no part of 

any su rface  m easuring over 5 inches in d iam eter is le ft in ta c t by the  

sha tte ring  p rocess (Fig. 82). G enerally  speak ing , the  q uartz ite  le n se s  

show a h igher degree  of b recc ia tio n  than  the overlying lim estone u n i ts .

All lim estone b recc ia s  are  fo s s il ife ro u s , contain ing  abundant 

crinoid s te m s , brachiopod s h e l ls ,  and bryozoan rem n an ts . B ecause of 

the  in ten se  b recc ia tio n , no fo ss ils  have rem ained in ta c t for p rec ise  

id en tifica tio n  (Fig. 83). North of H ackberry Spring , a b reccia  len s con

ta in s  a few th in ly  bedded lim estone  s lab s  with abundant brachiopod 

sh e lls  which D r. D . L . Bryant of the  D epartm ent of G eo sc ien ces  iden 

tified  as A trypa. T hese forms are d iag n o s tic  of the  D evonian M artin 

Form ation.

The southern  b reccia  m ass show s the m ost com plicated s tru c 

tu ral arrangem ent. It c o n s is ts  of up to  10 superim posed le n se s  each  

m easuring 20 to  50 fee t in th ic k n e s s . In order to  in d ica te  the  in te rnal 

struc tu re  of the b recc ia  m a sse s , the  individual le n se s  w ere sep ara ted



141

Figure 82. Dolom itic C rackle Breccia with Remnant Bedding

Same location  as Figure 81. Pencil in cen ter of p icture is 6 
inches long .
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Figure 83 . Lim estone C rackle Breccia

In tensely  b reccia ted  Paleozoic lim estone recem ented by a fine
grained carbonate-lim onite  m atrix. The breccia is m onolithologic.
N l/2  s e c . 8 , T .  5 S . # R. 14 E. Pencil is 6 inches long.
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on the geologic map (Fig. 5). Good co n tac t re la tio n sh ip s betw een the  

underlying sh a les  of the  H ackberry form ation and the  overlying b reccia  

sh ee ts  are exposed in s e c .  5 near the northern term ination of the  b reccia  

m ass . Here the s teep ly  e as tw ard -d ip p in g , th in ly  b ed d ed , friab le  san d 

stones and sh a le s  are more or le s s  conform ably overla in  by a 1 to  2 foot 

th ick  dolom ite b recc ia  sh e e t . No ev idence of fau lting  occurs along the  

c o n ta c t. The underlying sh a le  un its are  und istu rbed , excep t a t the very 

c o n ta c t . The sh a le  tends to  pene tra te  the  overlying dolom ite b reccia  

a s  apophyses along minute c racks suggesting  reac tion  to  loading  in a 

la c u s trin e  (?) environm ent.

The dolom ite b reccia  th ins out rapidly to  the  south and its  

p lace  is taken  by a 15 to  20 foot th ick  d iab a se  b re c c ia . Im m ediately 

above the d iab ase  is  a w hite to  red d ish -g ray  co arse  quartz ite  b recc ia  

w hich , as one trav e rse s  eastw ard  ac ro ss  the  en tire  u n it, g ives way 

su c ce s iv e ly  to  E scabrosa L im estone, d ia b a se , more q u a rtz ite , and , 

f in a lly , to  the com posite Paleozo ic  lim estone  b recc ia  sh ee ts  th a t form 

the  prom inent dip s lope  along H ackberry W ash . The lim estone  b recc ias 

are  lo ca lly  overlain  by a th in  veneer of a n d e s ite  agglom erate and grano- 

d iorite  porphyry b recc ia  before they  are covered by the  s teep ly  d ipp ing , 

lig h t-g ray  to red-m aroon sh a le s  of the H ackberry form ation.

The low er co n tac t of the main b reccia  un it w ith the H ackberry 

form ation is  rem arkably s tra ig h t even though the  indiv idual le n se s  w ithin  

’ the  b reccia  m ass p inch out and a lte rn a te  con tinuously .

North of H ackberry Spring in the  N l /2  of s e c . 8, the  en tire  

b reccia  m ass can be view ed in c ro ss sec tio n  w here a sm all w ash cuts 

ac ro ss  the exposure (Fig. 84). H ere , th e  m ain lim estone b recc ia  is
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Figure 84. Allochthonous Paleozoic Lim estone Breccia near 
Hackberry Spring

The breccia  is underlain and overlain by the steep ly  dipping 
M iocene Hackberry Form ation. Ridges in the  background are underlain 
by the  s teep ly  dipping younger Precambrian Apache Group and Laramide 
quartz d iorite  in trusive m a sse s . Looking so u th w est.
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overlain  by a th in  band of a n d e s ite  agglom erate and underlain  by a w hite 

quartz ite  b reccia  l e n s . The quartz ite  b recc ia  lens overlies a b lock of 

Pioneer Formation which s t i l l  re ta in s  i ts  orig inal bedd ing . The Pioneer 

overlies b reccia ted  do lom ite , w hite q u a rtz ite , and lim esto n e . The entire 

b reccia  m ass is  then  term inated a t  its  low er con tac t by s teep ly  eastw ard  

d ipp ing , friable sandy sh a le  units of the  H ackberry form ation. The sh a les  

sep a ra te  a second se rie s  of quartz ite  and lim estone b recc ia  le n se s  s i tu 

ated  about 400 fee t s tra tig rap h ica lly  below  the main b reccia  m ass ju s t  

d e sc rib e d . This second b reccia  se rie s  is  a lso  underlain  by the  friab le  

sh a les  which in turn grade rapid ly  in to  the cobble and boulder conglom 

era te  of the  b a sa l H ackberry form ation (Fig. 85).

South of H ackberry Spring, the  a n d es ite  agglom erate in c reases  

rapid ly  in volume and becom es a m ajor c o n stitu en t of the  b recc ia  m a s s . 

The agglom erate generally  sep a ra te s  indiv idual b recc ia  le n se s  and , th u s , 

may have served as a g lide horizon for the  em placem ent of the  b recc ia  

s h e e t s .

From the  cen ter of s e c .  8, T . 5 S . , R. 14 E. southw ard the 

b recc ia  le n se s  d irec tly  overlie  the  Laramide quartz  d io rite  stock  ra ther 

than the sandy sh a le  u n its . The b a sa l conglom erate and the sh a le  mem

bers of the  H ackberry form ation apparen tly  lap  out southward a g a in s t the  

quartz  d io rite  stock  so  th a t the b reccia  sh ee ts  were em placed d irec tly  

upon the Laramide in trusive  rock . A th in  veneer of a n d es ite  agglom erate 

is  u sua lly  p resen t along the  low er co n tac t of the  b reccia  m a s s . The 

an d esite  appears to  have been  em placed together w ith the  b recc ia  over 

the Laramide s to c k .
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Figure 85. Lim estone and Q uartzite  Breccia Sheets in Hack- 
berry Formation
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Each individual b reccia  sh e e t shows considerab le  s lick e n s id es  

a t the b a se , which resem bles su p erfic ia lly  a m ajor fau lt su rfa c e . The 

s lick en sid es  trend generally  downdip and a t te s t  the movement of th e se  

sh e e ts  in to  th e ir  p resen t p o s itio n .

The cen tra l b reccia  m ass show s a very sim ilar s truc tu ra l a r 

rangem ent as the  southern  o n e . A few hundred fee t s tra tig rap h ica lly  

below  the main b reccia  m ass , w ell w ithin the sandy sh a les  of th e  H ack- 

berry form ation, are  severa l p a ra lle l b reccia  le n se s  m easuring 10 to  80 

fee t in th ick n ess and up to  h a lf a m ile in len g th . The b recc ia s  are  com

posed of P ioneer Form ation, Troy Q u artz ite , P aleozo ic  lim esto n e , a n d e s 

ite  agglom erate , and granodiorite  porphyry. The younger Precam brian 

quartz ite  b recc ias  generally  overlie  the P aleozo ic  lim estone b reccia  

le n s e s .  This reversed  stra tig rap h ic  re la tio n sh ip  is  to be expected  in an 

area  of rapid erosion  near a rising  mountain fro n t.

The main cen tra l b reccia  m ass th ins rapidly  to  the north and in 

the  E l/2  s e c . 19, T . 4 S . , R. 14 E . , th e  b reccia  lo se s  its  id en tity . The 

b recc ia  tra ils  along s trik e  into a true lim estone conglom erate which is 

in d is tin g u ish ab le  from the  other conglom erate horizons of the H ackberry 

form ation.

Emplacement of the Allochthonous Breccia M asses

The rock types rep resen ted  in the b recc ia  m asses range from 

Laramide to  younger Precam brian in a g e . As is  ev iden t from the  forego

ing descrip tion  and the  geo log ic  map (Fig. 5), no order e x is ts  in the  

stra tig raph ic  arrangem ent of indiv idual b reccia  sh e e ts  w ith in  the main 

b reccia  m a sse s . The proposition  of a lan d slid e  origin for the  b reccia  

m asses would require  under ce rta in  conditions th a t the  youngest rock
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un its occur near the bottom of the  p ile  and the older d iab a se  and quartz

ite s  near the to p . Such a sequence  is  certa in ly  not rep resen ted  h e re . In 

fa c t, the more com petent younger Precam brian quartz ite  b reccia  le n se s  

are  invariably  a t the  bottom of the s ta c k , and the  Paleozo ic  lim estone 

b reccia  le n se s  u sua lly  form the upperm ost lay e r . This heterogeneous 

stack ing  order, how ever, does not negate  a lan d s lid e  o rig in .

As pointed out above, th e  b reccia  m asses are  conform ably 

underlain  and overlain  by the  sandy sh a le s  of the  H ackberry form ation. 

The sh a le s  ind ica te  a very wet if  not lacu strin e  environm ent of d e p o s i

t io n . As the T ortilla  M ountains rose  they were ac tiv e ly  e roded . The 

m ateria l w as transported  rapidly  into the ad jacen t basin  to the  e a s t ,  

and it forms now the  i ll-so r te d  b a sa l conglom erate member of the H ack - 

berry form ation . Large m asses of d ia b a se , q u a rtz ite , and lim estone b e 

came un stab le  during th is  tim e of up lift and de tached  them selves from 

th e ir  o rig inal p o s itio n . The Tortilla M ountains must have been tilted  

about 3 0 ° E ., judging from the  angular d isco rdance  betw een b a sa l con

glom erate and sedim entary  rocks of the  Apache G roup. This inc lina tion  

of the  Tortilla block probably aided  th e  detachm ent of the  various rock 

s lab s  which then  moved down the  s teep  m ountain front en m asse  over 

the  a llu v ia l fans and into th e  shallow  lake  th a t had formed at the p resen t 

s i te  of the G ila V alley. B ecause a ll  b reccia  m asses  p resen tly  l ie  in the  

sam e stra tig rap h ic  horizon of the  H ackberry form ation, the em placem ent 

of th e se  b recc ias  m ust have occurred during a re la tiv e ly  short tim e in 

te rv a l, probably in resp o n se  to  in creased  u p lif t. The underlying sh a les  

upon which the  b reccia  sh e e ts  w ere deposited  show no sign  of d is tu r

b an ce . This re la tionsh ip  su g g ests  th a t the  sh ee ts  moved in to  th e ir



depositlonal s ite s  in a very orderly fash io n . Rock creep  and slid ing  

down a g e n tle , w e ll-lu b rica ted  slope of 5° to  10° appears to  be a p la u s 

ib le  m echanism  for the  b reccia  em placem ent.

The cau se  of b recc ia tio n  of the  individual rock m asses is  d if

ficu lt to  ex p la in . B ecause the  underlying and overlying H ackberry se d i

ments are  und istu rbed , the  b recc ia tio n  could not have taken  p lace  a fte r 

the  rock s lab s  were em placed . Furthermore, b reccia tion  did not take  

p lace  prior to  the  detachm ent of the rock s lab s  from th e ir  source area 

in the  Tortilla M ountains b ecau se  the few rem aining Paleozo ic  lim estone 

exposures south of the  F lorence mine are not b rec c ia te d . The sam e is 

true for the younger P re Cambrian quartz ite  un its and the  d ia b a se . T here

fo re, b reccia tion  m ust have occurred during tran spo rt as the  individual 

b rittle  rock s lab s  moved over some irreg u laritie s  or o b stac le s  on the  

ground su rface . A sim ilar em placem ent m echanism  w as proposed by Van 

A1 stin e  (1970) for allochthonous Paleozo ic  b locks in the Tertiary San L u is- 

upper Arkansas graben of C olorado. Bell (1971) stud ied  an a llochthonous 

g lide  sh e e t in the Shadow M ountains of C aliforn ia  where the p la te  slid  

in to  Tertiary lak e  beds causing  l i t t le  or no deform ation of the  underlying 

sed im en ts . It is  un like ly  th a t a ta lu s  or rock avalanche  can  produce a 

se rie s  of m onolithologic b recc ia  sh e e ts  th a t show so  l i t t le  sign  of in te r

mingling . The w riter favors the  exp lanation  th a t each  individual b reccia  

sh e e t rep resen ts a rock slab  w hich becam e de tached  from its  source w hile 

the Tortilla M ountains w ere in the  p rocess of v e rtica l up lift w ith  s lig h t 

ro tation  to  the e a s t .  The rock s lab s  can be view ed as  g lide  sh e e ts  mov

ing down a g en tle  s lope  under th e  force of g rav ity .
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The T ortilla  M ountains are  considered  to  be the  source of the 

b reccia  m asses  b ecau se  every a lloch tonous b reccia  sh ee t can  u ltim ately  

be traced  to  a corresponding outcrop area  in the  ad jacen t m ountain range, 

excep t the  a n d esite  agglom erate w hich is  so  p reva len t in the southern  

b reccia  m a ss . As m entioned a b o v e , the  n e a re s t exposures of sim ila r 

a n d es ite  agglom erate are  in the C hristm as-W inkelm an area  about 10 

m iles so u th eas t of here w here they  are  part of a v a s t C re taceous 

v o lcan ic -sed im en ta ry  seq u en ce . The p resence  of an d es ite  in the  b recc ia  

m asses g ives strong support to  the  idea  th a t portions of the  T ortilla 

M ountains were once covered by a C retaceous ex trusive  seq u en ce . C er

ta in ly , no trace  of th is  vo lcan ic  record has been found in the T ortilla 

M ountains proper, probably a s  a re su lt of ex ten siv e  erosion  in m id- 

Tertiary  tim e . The p resen ce  of C re taceous vo lcan ic  rocks would a lso  

explain  the  high percen tage  of a n d es ite  and b a sa lt  cobb les in the  H ack- 

berry form ation .

The s teep ly  inclined  a ttitu d e  of the b recc ia  m asses  and e n c lo s

ing sed im ents is the  re su lt of continuing eastw ard  tiltin g  of the T ortilla  

block during la te  M iocene or early  P liocene tim e.

R ipsev W ash Sequence

The name "R ipsey W ash sequence" is  here  g iven to  a se rie s  of 

boulder conglom erate and tu ffaceous sandstone  un its consp icuouly  ex

posed along the en tire  leng th  of R ipsey W ash in the  cen tra l part of the 

map a re a . Three members are  recognized:

1. A low er, poorly sorted  and poorly s tra tif ie d , m oderately in 

durated  cobble and boulder conglom erate;



151

2. A m iddle, w e ll-s tra tif ie d , z e o litic  tu ff and tu ffaceous san d 

sto n e  unit; and

3 . An upper, m a ss iv e , poorly sorted  boulder cong lom erate , very 

sim ila r in appearance  to  the low er conglom erate u n it.

The entire  sequence  s tr ik e s  north -northw est and d ips 10o-5 0 °  N.E .  (Fig. 

86). The in c lin a tio n  is u su a lly  h ig h es t a t  its  co n tac t w ith the basem ent 

com plex fla tten ing  gradually  to  th e  e a s t .  The z eo litic  tu ff member forms 

generally  m assive  d ip -s lo p e  exposures along Ripsey W ash . The exposed 

th ick n ess  of the  Ripsey W ash  sequence  is  about 5 ,500 fe e t. This figure 

shou ld , how ever, be considered  a minimum b e ca u se  the e a s te rn  co n tac t 

is  fau lted  a g a in s t the  Precam brian basem ent com plex.

The low er conglom erate member re s ts  w ith a nonconform able 

co n tac t upon the o lder Precam brian basem ent com plex to  the  w e s t. In 

the  northern part of R ipsey W ash , the  low er conglom erate p inches ou t, 

and here  th e  z e o litic  tu ff member re s ts  d irec tly  on the Precam brian 

g ra n ite .

The low er and upper boulder conglom erate members are  very 

sim ila r in lithology and genera l ap p ea ran ce . Both are m oderately w ell 

indurated , crudely  s tra tif ie d , and w eather in to  rounded b lu ff-lik e  ex 

posures . The conglom erate c o n s is ts  of angu lar to  sub rounded fragm ents 

and boulders of d ia b a se , O racle G ran ite , Apache q u a rtz ite . P aleozo ic  

lim esto n e , and Laramide d ike ro ck s . No d a c ite  fragm ents w ere noted in 

e ither of the  conglom erate m em bers. Indiv idual boulders may range up 

to  5 fee t in d iam ete r.

The com position of the  conglom erate un its  c lo se ly  re flec ts  th e  

charac te r of the nearby basem ent com plex w h ich , for th is  rea so n , is
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Figure 86. Outcrop Pattern of Ripsey W ash Sequence

M oderately eastw ard dipping conglom erate and tuffaceous 
sandstone units res t unconformably on older Precam brian Oracle G ran ite . 
The Ray mine is located  betw een the Tortilla and Dripping Spring M oun
ta in s in the  upper right co rner. Looking north.
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considered to  be the source for the  conglom erate seq u en ce . Bedding is 

ill  defined in the  conglom erate members and is  ind icated  by o ccasio n a l 

a rkosic  sand and m udstone la y e r s . L ocally , one or severa l p a ra lle l 

chalky-w hite  tu ffaceous un its  in the conglom erate m easure 1-2 fee t in 

th ickness and contain  g ran ite  and Pinal S ch ist fragm en ts. The fragm ents 

must have been derived from s c h is t  exposures found a few m iles north of 

the  G ila River.

L ocally , m onolithologic b reccia  le n se s  com posed of Precam brian 

ap lite  a n d /o r  d iab a se  occur w ithin  the  low er conglom erate member. They 

range from 50 to  200 fee t in th ic k n ess  and can be followed along strike  

for over 1,000 fe e t. The b recc ia s  are  very sim ilar in ch arac te r to  the  

ones described  from the low er H ackberry form ation. Very l i t t le  mixing is 

ev iden t in the b reccia  le n s e s .

B recciated lim estone  b o u ld e rs , m easuring up to  4 fee t in d iam 

e te r , are loca lly  abundant in the  upper conglom erate member (se c . 35,

T . 4 S . , R. 13 E . ) . In com position , they  c lo se ly  resem ble the  Paleozo ic  

lim estone b reccia  m asses of the  H ackberry form ation, and it  is  very lik e ly  

th a t the  lim estone  boulders w ere derived from th e s e  b reccia  m a sse s . C er

ta in ly , there  are no other lim estone  b reccia  m asses  p resen tly  in th is  area 

tha t could have served as  source  m ate ria l.

The middle tuff and tu ffaceous sandstone  member is  a very w e ll-  

s tra tified  unit containing large pum ice w hose fe ld spars fragm ents a re  

now com pletely a ltered  to  c lin o p tilo l ite . Individual beds range from a 

few inches to  severa l fee t in  th ick n ess  (Figs. 85, 86, 87). The co n tac ts  

w ith the lower and upper conglom erate members are a lw ays tra n s it io n a l. 

The upper portion of the  low er conglom erate un it becom es increasing ly
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C h arac te ris tic  outcrop pattern  of the  s teep ly  inclined tu ffa- 
ceous sandstone  units along Ripsey W ash . Looking sou th .

Figure 88. Tuffaceous Sandstone along Ripsey W ash

The sandstone  is underlain  and overlain by the  cobble and 
boulder conglom erate and se rves as an exce llen t marker horizon w ithin 
the  Ripsey W ash seq u en ce . Looking so u th eas t.
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Figure 89. Sm all, H igh-angle Normal Fault in Tuffaceous 
Sandstone, Ripsey W ash Sequence
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sandy un til tu ffaceous arkose  p redom inates. The co n tac t w as drawn 

where the rock c o n s is ts  of a t le a s t  75 percen t tu ffaceous a rk o se . C on

v e rse ly , the upper part of the  tu ffaceous unit becom es in creas in g ly  

conglom eratic un til co arse  c la s ts  predom inate.

The sandy portions of the tu ffaceous member c o n s is t  en tire ly  

of g ran itic  fragm ents derived from the  Precam brian O racle G ranite  and 

accom panying a p lite  p h a se s . L oca lly , how ever, d iab a se  fragm ents b e 

come an im portant c o n s titu e n t.

In the northern portion of R ipsey W ash , s e c s .  15 and 22,

T. 4 S . , R. 13 E . , the low er conglom erate member is  a b se n t and the  

tu ffaceous unit re s ts  w ith  a d ep o sitio n a l con tac t on O racle G ran ite . A 

h igh -ang le  normal fau lt brings the tu ffaceous un it in ju x tap o sitio n  with 

gran ite  in s e c .  15.

The tu ffaceous member is about 1 ,000 fee t th ick  in the  cen tra l 

portion of Ripsey W ash , but it  th in s to  only a few hundred fee t in  the  

northern p a rt. In the  southern  portion of the map a re a , the tu ffaceous 

member f la tten s considerab ly  and a sy n c lin a l struc tu re  is  suggested  

w ith the ax is  trending about 45° NW.

The w riter b e liev es th a t the  tu ffaceous san d sto n e  member rep re 

se n ts  a fluv io lacustrine  d e p o s it. This is  su b s tan tia ted  by the  p resence  

of o ccasiona l ripple marks and m udstone lay e rs  . The z e o litic  tu ff por

tion  with the large pum ice fragm ents probably rep re sen ts  an a irfa ll 

d ep o sit th a t se ttle d  in the  shallow  la k e . On the  w hole , how ever, th e  

tu ffaceous sandstone  member is  su ffic ien tly  contam inated by lith ic  frag

ments of O racle G ran ite , d ia b a se , q u a rtz ite , and Pinal S ch is t to  in d ica te  

th a t a considerab le  portion of th is  unit was tran spo rted  in to  the  study



area  from the  north or northw est where ex ten siv e  exposures of P inal 

S ch ist occur.

The cy c lic  nature  of the  Ripsey W ash sequence  su g g e s ts  a te c 

ton ica lly  un stab le  tim e during w hich the low er and upper conglom erates 

record u p lif ts , and the tu ffaceous sandstone  member su g g ests  re la tiv e  

s ta b ility  w ith vo lcan ism .

Age and C orrelation  .

No iso to p ic  age determ inations are  known from the  Ripsey W ash 

sequence a t th is  tim e. The th in  tu ffaceous layers w ithin the  conglom er

a te  un its u sua lly  con ta in  a m oderate amount of b io t i te . In add ition  to  

the  b io ti te , there  a re , how ever, numerous Pinal S ch is t and O racle G ranite 

fragm ents in th e se  tu ffaceous layers  suggesting  co n sid erab le  reworking of 

the  vo lcan ic  u n its . Some of the  b io tite  in the tu ff l e n s e s , therefo re , 

could have been  derived from Precam brian d e trita l m aterial causing  s e r 

ious errors in any dating e ffo rt.

Judging from the  lack  of d a c ite  fragm ents in the low er and upper 

conglom erate m em bers, i t  can  be postu la ted  th a t the sequence  is o lder 

than  th e  m id-T ertiary  ex tru sive  event so  prom inently rep resen ted  in the  

Ray-Superior area  10 m iles to  th e  north . The Ripsey W ash sequence  

would then  be tim e equ iva len t to  the  W h ite ta il C ong lom erate . The p re s 

ent a ttitu d e  of the R ipsey W ash sequence  a lso  su g g ests  th a t the  con

glom erate is o lder than  th e  struc tu ra l even t w hich caused  the eastw ard  

tilting  of the T ortilla  b lo c k .

A poorly bedded conglom erate very sim ila r in appearance  to  the  

Ripsey W ash sequence  overlies w ith an angular unconform ity the  H ack- 

berry form ation and Apache Group in the  so u th e as t portion of the  m ap.
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The conglom erate d ips up to  80 deg rees a t the Apache co n tac t but f la t

ten s gradually  eas tw ard . This re la tio n sh ip  sug g ests  th a t the  Ripsey 

W ash sequence is a t le a s t  in part younger than the H ackberry form ation.

G ila C onglom erate

The youngest sedim entary  unit in the  report area  occurs in the  

extreme no rtheast corner of the m ap . It is  a m oderately indurated cobble 

and boulder conglom erate which is  here ten ta tiv e ly  co rre la ted  w ith the 

G ila Conglom erate (Fig. 90).  The sequence  is  very m ass iv e , poorly 

bedded , and forms consp icuous rounded b lu ffs . This conglom erate is  

p a rt of a v a s t  flu v ia tile  d ep o sit th a t ex tends from Ray southw ard to  

H ayden and beyond in to  the  San Pedro V alley. Good exposures of th is  

unit occur along S tate  Highway 177 betw een Kelvin and Kearny and along 

sm all creeks and w ashes th a t are  deeply  entrenched in the  se q u en c e .

The conglom erate c o n s is ts  of a ll the rock types recognized  in 

the  neighboring m ountain ran g e s . The fragm ents included Pinal S c h is t, 

O racle G ran ite , d ia b a se , younger Precam brian q u a rtz ite , n o n -b recc ia ted  

Paleozoic lim esto n e , various L aram ide-age in tru s ive  ro ck s , and d a c ite  

boulders (Fig. 91). The indiv idual fragm ents range from le s s  than  1 inch 

to  10 fee t in d iam eter, are  angu lar to  w ell rounded , and are  generally  

crudely s tra tif ie d . The c o a rse s t  m ateria l occurs near the  b a se  of the  

Dripping Spring M ountains to  the  e a s t .  In the v ic in ity  of S ta te  Highway 

177, the  G ila Conglom erate con ta in s  abundant a rkosic  m ateria l and s il ty  

lam inae which enhance the  s tra tif ic a tio n  co n sid erab ly .

Bedding in  the c o a rse r  and poorly sorted conglom erate is  very 

d isco n tin u o u s. V irtually no s in g le  horizon can  be traced  along s tr ik e  for 

any g rea t d is ta n c e . H igh -ang le  no rth -no rthw est-trend ing  normal faulting
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Figure 90. Typical Exposure of G ila Conglom erate

Poorly s tra tif ie d , m oderately w ell indurated cobble conglom 
erate  c o n s is ts  of Precam brian g ra n ite , d ia b a se , and q u a rtz ite . P a leo 
zoic lim estone, L aram ide-age porphyry, and m id-Tertiary d ac ite  
boulders. Bedding is nearly ho rizo n ta l. S ec . 5 , T . 4 S . , R. 14 E . # 
looking northw est.
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Figure 91. C lo se-u p  of G ila Conglom erate

Poorly so rted , w ell-rounded boulders and cobbles of Precam - 
brian . P a leozo ic , and T ertiary rocks are se t in a sandy m atrix . Note 
large d ac ite  boulder in foreground. The unit d ips slig h tly  w e s t. S ec. 
5, T. 4 S . , R. 14 E.
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Is common in the conglom erate, but the  d isp lacem en t along th e se  fau lts  

is  indeterm inate b ecau se  of the ab sen ce  of any d is tin c t m arker horizon .

The p resence  of abundant d a c ite  boulders c lea rly  d is tin g u ish es  

th is  conglom erate unit from the sim ilar-appearing  low er and upper con

glom erate members of the  R ipsey W ash se q u en c e . The abundance of Pinal 

S ch ist and d ac ite  fragm ents in the G ila Conglom erate strongly  su g g ests  

th a t the source area  for th is  unit lie s  in the v ic in ity  of Ray w here th e se  

two rock types are  w idely exposed .

The G ila Conglom erate forms a north -no rthw est-trend ing  asym 

m etrical sync lina l struc tu re  w ith the  s te e p e r e as te rn  flank occurring ad 

jac en t to the Dripping Spring M o u n ta in s. The s tra ta  f la tten  out in the  

v ic in ity  of th e  highway and then  rev e rse  th e ir  a ttitu d e  near the  G ila 

R iver. In p laces along th e  r iv e r , the  conglom erate overlies w ith a marked 

unconformity the sh a le  and san d sto n e  sequence  of the H ackberry forma

tio n . These are the  only re la tiv e  age ind ica tions betw een the H ackberry 

form ation and the G ila C onglom erate .

The th ick n ess  of the  G ila Conglom erate in the study area  is  

d ifficu lt to  estim ate  b e ca u se  no continuous sec tio n s are  exposed . From 

the outcrop p a tte rn , how ever, severa l thousands of fee t are in d ic a te d .

In co n tra s t to  the  H ackberry form ation and the Ripsey W ash s e 

quence , the  G ila Conglom erate has not been involved in the strong e a s t 

ward ro tation  which a ffec ted  the  m id-T ertiary  s t r a ta . The G ila Conglom 

erate therefore rep resen ts  the  erosional product of a la te  Tertiary tec to n ic  

c y c le .



QUATERNARY DEPOSITS

H olocene G ravel Cover

On e ither side  of th e  G ila River occur gently  sloping te rraces  

tha t formed on G ila Conglom erate and the H ackberry form ation. Even 

though the te rraces  are ex ten siv e ly  d is se c te d  by the p resen t d rainage 

system , they  co llec tiv e ly  form a consp icuous erosion  su rface  th a t re 

sem bles a tab le la n d , if  view ed ac ro ss  a d is tan c e  of sev era l m ile s . The 

te rrace  su rfaces are  covered by recen t debris derived from the  ad jacen t 

mountain s lo p e s .

The se ttlem en ts of Kelvin and R iverside are  s itu a ted  on river 

gravel benches which formed a t the  confluence of M ineral Creek and 

the  G ila River.

A ped im en t-like  gravel su rface  extends w est of the map boun

dary for tens of m iles into the  Florence b a s in . The pedim ent cover rep re 

sen ts  prim arily the decom position  product of the  underlying O racle 

G ran ite . This p la tea u lik e  pedim ent su rface  is topographically  1 ,400 

fee t above the  G ila  River floor, and its  e as te rn  edge marks the  boundary 

betw een the w estw ard -slop ing  erosion  su rface  and the  extrem ely d is 

sec ted  T ortilla  M ountain sy stem . The decom posed m aterial on the p ed i

ment is ex tensive  enough to  mask any struc tu ra l d e ta il  in the  underlying 

O racle G ran ite . This cover considerab ly  hampered the  geo log ic  in v e s ti

ga tion  in the w estern  part of the  study a re a .
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STRUCTURE

The Tortilla M ountain area l ie s  w ithin the m ountain region of 

the Basin and Range province a s  defined by Ransome (1903). It is tran 

s itio n a l betw een the  Colorado P la teau  province to  the  n o rtheast and the 

D esert region to  the  so u th w e s t. The area  has a com plex tec to n ic  h isto ry  

ranging from older Precam brian to P lio -P le is to cen e  tim e. M any of the 

older struc tu ra l features have  been modified by the younger tec to n ic  

e v e n ts , e sp ec ia lly  during Laramide and m id-Tertiary tim e, so  th a t the  

com plete struc tu ra l h isto ry  is  d ifficu lt to  d ec ip h er.

The T ortilla  M ountains proper are part of a v a s t o lder Precam 

brian terrane tha t ex tends from the v ic in ity  of O racle in the  sou th , p a s t 

the  Black and T ortilla  M ountains, to  the  v ic in ity  of Ray and Superior to  

the north (Figs. 3 and 4). This Precam brian outcrop area  is  a major te c 

ton ic  block w h ich , as p resen tly  exposed , m easures 55 m iles in length  

and a t le a s t  25 m iles in w id th . The predom inant rock is o lder Precam 

brian O racle G ranite and a s so c ia te d  in trusive  p h ases  dating around 

1,460 m.y .  North of the  G ila R iver, how ever, the  Precam brian terrane  

c o n s is ts  of Pinal S ch is t which forms a broad e a s t-n o rth e a s t- tre n d in g  

b e lt .

Upon th is  Precam brian basem ent severa l m agmatic and tec to n ic  

even ts were superim posed during Laramide and M iocene-P liocene  tim e. 

The Precam brian block is  bounded on the w est by ex ten siv e  gravel d e 

p o s its  of the F lo ren ce-C asa  G rande b a s in . The p resen t e a s te rn  boun

dary marks the no rth -no rthw est-trend ing  G ila-S an  Pedro v a lley  lineam ent

163



164

which is an in tegral part of the  cen tra l Arizona struc tu ra l b e lt as defined 

by M ayo (1958). The northern boundary is i ll  defined b ecau se  of abun

dant m id-Tertiary ex trusive  volcanism  w hich now covers large  portions 

of the  R ay-M iam i-Superior a r e a .

In order to  evaluate  the  reg ional tec to n ic  se tting  adequate ly  and 

to  unravel the  com plex tec to n ic  p ic tu re , the various struc tu ra l e lem ents 

d iscovered  in the study area have to  be d isc u sse d  in d e ta i l .  The s tru c 

tural fea tu res w ill be d isc u sse d  in chronologic order, beginning w ith 

the  older Precam brian and c losing  w ith the la te  Tertiary  tec to n ic  e v e n ts .

O lder Precam brian S tructures

Foliation  in O racle G ran ite  and Aplite Porphyry

In the n o rtheast portion of the map area a d is tin c t b io tite  and 

quartz fo lia tion  occurs in both the  co arse  O racle G ranite and the finer 

grained ap lite  porphyry p h a s e . This structure  is w ell developed in s e c s .  

6 , 7, and 18, T . 4 S . ,  R. 14 E. and s e c s . 1, 2, 3 , 11, 12, and 13,

T . 4 S . , R. 13 E. The b io tite  fo lia tion  is  genera lly  w eaker than  the  

quartz fo lia tio n . The la tte r  is lo ca lly  so  pervasive  th a t th e  rock a tta in s  

a nearly  g n e is so se  te x tu re .

Both fo lia tion  types trend conform ably N. 50° E. to  e a s t-w e s t  

and dip s teep ly  to  north and so u th . Figure 92 is  an equal area  p ro jec tion  

of 173 fo lia tion  p o le s . The diagram  c learly  shows th e  preferred e a s t -  

no rtheast o rien ta tion  w ith a strong maximum a t N. 80° E.

In g e n e ra l, th e  b io tite  and quartz fo lia tion  p a tte rn  in d ica te s  a 

gen tle  northw ard-bending arc w hose apex  l ie s  in the  Kel vin-Ri vers id e 

a re a . In the v ic in ity  of Kelvin W ash , the fo lia tion  trends predom inantly
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N . 60o-7 0 °  E. Following the  trend eastw ard  to  the  v ic in ity  of R iverside 

W ash , the  struc tu re  ro ta tes into N. 80° E. and thence  in to  an e a s t-w e s t  

d irec tion  north and south of R iverside . This g en tle  arcing of the fo lia tion  

pattern  does not appear to  be affected  by the  m id-Tertiary tecton ism  b e 

cau se  no e rra tic  d is trib u tio n  in the  fo lia tion  pa ttern  is  n o tic ea b le . The 

in ten sity  of b io tite  fo lia tion  d im in ishes gradually  to  the  so u th eas t un til 

itbecom es unrecognizab le  in hand specim en . C onverse ly , the  in te n s ity  

of the  quartz fo lia tion  in c re a se s  toward the  n o rth ea s t. I t is  strongly  

developed south of R iverside betw een R iverside W ash and the  G ila River. 

H ere, the rock has lo s t  i ts  ty p ica l O racle  G ranite tex tu re  and more c lo s e 

ly  resem bles a hybrid p h a se . Strongly e longate  quartz  e y e s , crudely  

aligned pink K -feldspar p h e n o c ry s ts , and irregularly  d is trib u ted  green 

p lag io c lase  grains are a ll embedded in a strongly fo lia ted  a p litic  m atrix . 

Sufficient igneous c h a ra c te r is t ic s , how ever, s t i l l  rem ain so  th a t the  

m aterial is  not considered  to  be m etam orphosed Precam brian sedim entary  

ro ck .

The b io tite  and quartz fo lia tion  appears to  be of primary mag

m atic o rig in . It is  probably the re su lt of d iffe ren tia l movement w ithin  

the c ry sta lliz in g  igneous body during the  final phase  of em placem ent.

Very l it t le  c a ta c la s t ic  deform ation is ev iden t under the m icroscope. It is 

not like ly  th a t the  large d iab a se  basem ent s i l ls  supp lied  the  hea t for th e  

rem obilization  of the  h o s t rock b ecau se  the fo lia tion  trends nearly  a t 

right ang les to  th e  d iab ase  c o n ta c ts . Furtherm ore, no Laramide in trusive  

rocks to  furnish the n e ce ssa ry  therm al energy are exposed in the immedi

a te  v ic in ity  of the  fo lia ted  g ran ite . In fac t, the  Laramide in tru sive  bodies



in general had very s ligh t therm al e ffec ts  on the  surrounding country 

rock , be it O racle G ran ite , d ia b a se , or Apache Group sedim entary  ro ck s .

I t  seem s th a t the fo lia tion  is  of older Precam brian a g e . It is  

g en e tica lly  a sso c ia te d  with the em placem ent of th e  O racle G ra n ite -ap lite  

porphyry com plex, and it w as not superim posed on the  O racle G ranite a t 

a la te r  tim e b ecau se  the c ro sscu ttin g  d iab ase  sh ee ts  show no ev idence 

w hatever of any fo lia tio n . T herefore, the  fo lia tion  orig inated  prior to  

the  younger Precam brian d iab a se  in trusive  ev en t.

A very fa in t b io tite  fo lia tion  occurs in the  a p lite  porphyry m ass 

w est of Ripsey W ash in s e c .  28, T . 4 S . , R. 13 E. The fo lia tion  trends 

generally  N. 45° W . a t a d is tin c t ang le  to the  main fo lia tion  pa tte rn  in 

the  Kelvin a re a . Its  a rea l d is tr ib u tio n , how ever, is  very lim ited . The 

fain t fo lia tion  in the  ap lite  porphyry is  probably the  re su lt of lo ca l fric 

tion  th a t occurred during the  la s t  s tag e  of em placem ent.

Banerjee (1957), in a struc tu ra l study of the O racle G ranite b e 

tw een the  town of O racle and the  Mogul fau lt, has c lea rly  outlined  a 

no rtheast-trend ing  b io tite  fo lia tion  p a tte rn . H ow ever, th is  p a tte rn  w as 

la te r  modified by le ft la te ra l movement along the  Mogul fa u lt. As poin ted  

out above, no d e flec tio n  of the b io tite  and quartz fo lia tion  occurs in the  

study area where the  fo lia tion  arc  has been tran sec te d  by th e  m id-T ertiary  

fau lting . Therefore, w hatever the  d isp lacem en ts along the  fa u lts , they  

were of in su ffic ien t m agnitude to  d isru p t the  regu lar fo lia tion  p a tte rn .

A plite-pegm atite  D ikes

As d isc u sse d  in an e a rlie r  ch ap te r, numerous a p lite  and peg

m atite d ik e s , ranging in width from one inch to  ten s  of fe e t, occur 

throughout the  older Precam brian g ran itic  te rran e . The preferred d irec tion
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tends to  be north -northw est and n o rth -n o rth e as t. The d ip , how ever, is  

m oderately sha llow , and the  d ikes follow therefore  a very irregular p a th . 

Because the Tortilla M ountains experienced a minimum of 90° E. tiltin g  

since  Precam brian tim e, the  p resen t d ike a ttitu d e s  do not re flec t the  

original em placem ent p o s it io n s . D ikes p resen tly  showing a shallow  in 

c lination  were orig inally  nearly  v e rtic a l, and d ikes p resen tly  showing a 

steep  dip rep resen t orig inal fla t s tru c tu re s .

Younger Precam brian S tructures 

Position of th e  Apache Group

The sedim entary  rocks of the  Apache Group occur in  two separa te  

but para lle l north-trending  b e l t s . One is  near H ackberry W ash and the  

other near Ripsey H ill. Additional sm aller exposures occur along Ripsey 

W ash a s  iso la ted  b locks in the imm ediate v ic in ity  of th e  m ajor fau lt zone .

In the  main outcrop a r e a s , the  Apache Group s tra ta  trend  g en era l

ly  north to  northw est and dip e ither s teep ly  to  th e  e a s t ,  are  v e rtic a l, or 

are  overturned up to  70° W . The two sedim entary b e lts  a re  p resen tly  

over one mile apart and are separa ted  by a th ick  sequence  of T ertiary  

cong lom erate . This conglom erate unconform ably overlies the  Apache 

Group of Ripsey H ill on i ts  e as te rn  s id e , but the  conglom erate of the  

Ripsey W ash sequence is  fau lted  a g a in s t the  Apache Group along its  

w estern  side  so  th a t the  Precam brian sedim entary rocks appear to  pinch 

out to  the  north (Fig. 5, in p o c k e t) . N ear the  southern  map boundary , 

the  Apache Group is  in tr ic a te ly  intruded by the younger Precam brian 

d iab ase  and the irregularly  e a s t-w e s t- tre n d in g  Laramide in tru sive  b o d ie s .



W herever it is  e x p o se d , the  Apache G roup-o lder Precam brian 

con tac t is a d epositiona l nonconform ity. In sp ite  of th e ir  s teep ly  up

turned a ttitu d e , the  sedim entary  un its  of the Apache Group have not been 

observed to  be faulted along the  con tac t w ith the  underlying g ran ite . In 

other w ords, the hom oclinal tiltin g  did not involve only the  Apache Group 

but a lso  a tw o-m ile-w ide  sec tio n  of the underlying g ran itic  basem ent 

com plex. The narrow b e lts  of Apache Group are  not de tached  fau lt b locks 

a s  they  are ind ica ted  to  b e , for in s ta n c e , on the  geo log ic  map of Arizona 

(1969) in the M ineral M ountain a r e a . In th is  c a s e , the  Apache Group 

re s ts  w ith an angular unconform ity on older Precam brian P inal S ch is t.

The general no rth -sou th  trend of the  Apache Group is  m odified 

in d e ta il by numerous e a s t-w e s t- tre n d in g  c ro ss  f a u l ts . In the Ripsey H ill 

a re a , the overall d isp lacem en t is  le f t la te ra l w ith individual s tr ik e -s lip  

separa tion  of up to  500 f e e t . Sm aller s tep lik e  o ffse ts  showing severa l 

ten s  of feet of d isp lacem en t are  much more common, how ever. C o lle c 

tiv e ly , they  ach iev e  the  sam e re su lt as the larger s in g le  fau lt d isp la c e 

m ents. Some r ig h t- la te ra l d isp lacem en ts  are  a lso  p re se n t.

The southern portion of the  Apache Group of Ripsey H ill is  in 

tr ic a te ly  intruded by the  Laramide hornblende granodiorite  porphyry m ass 

w hich com pletely  engulfs ind iv idual b locks of a ll  th e  Precam brian rocks 

p re se n t. Numerous in tru s ion  b recc ia s  ad jacen t to  the  porphyry m ass are  

probably g en e tic a lly  re la ted  to  the  in tru sive  e v e n t.

The main portion of the Apache Group of H ackberry W ash is  

in trica te ly  intruded by the Laram ide H ackberry quartz d io rite  s to c k . The 

general no rth -sou th  trend of the  sedim entary  un its  s t i l l  p re v a ils , how

ever, and s ig n ifie s  a very p a ss iv e  in tru sive  m echanism  for the  quartz
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d io rite  s to c k . E xtensive r ig h t- la te ra l c ro ss faulting  occurs ju s t  north of 

the  in trusive  mass .  D isp lacem en ts are  on the  order of a few to  500 fe e t. 

In the v ic in ity  of H ackberry Spring , the  Apache Group is  term inated by 

the  quartz d iorite  stock  and no Apache Group sedim entary  rocks occur 

beyond th is  point to  the  south  in the mapped a re a . The northernm ost 

exposure of the  Apache Group is  in s e c .  32, T . 4 S . , R. 14 E . , where it 

is  overlain  with an angular unconform ity by the  s teep ly  dipping M iocene 

H ackberry form ation . As pointed out b e fo re , the  Apache Group w as ap 

parently  removed by erosion in the northern part of the  mapped area  prior 

to  the  deposition  of the  M iocene s t r a ta .

Numerous in trusion  b rec c ia s  sp a tia lly  a sso c ia te d  w ith  the H ack

berry quartz d io rite  are  e sp ec ia lly  concen tra ted  in the  H ackberry Spring 

a re a . They contain  fragm ents of O racle G ran ite , d ia b a se , and various 

members of the  Apache G roup. The m atrix c o n s is ts  of in tru s ive  m atter 

and comminuted m aterial of a ll  the rock types in v o lv ed .

A sm all exposure of P ioneer Formation resting  unconform ably on 

Oracle G ranite occurs w est of R ipsey W ash near the northern boundary of 

s e c . 11, T . 5 S . ,  R. 13 E. H ere the  overturned s tra ta  dip 60o-7 5 °  SW. 

and ind ica te  an eastw ard  ro ta tion  of up to  120° a t th is  p a rticu la r lo c a lity .

Several sm aller exposures of com pletely  b recc ia ted  Apache 

Group rocks occur in Ripsey W ash in s e c . 11. They are  re la ted  to  the  

major north -trend ing  fault zone which follow s the cou rse  of the  w a s h . 

Easy recognition of the  Barnes Conglom erate member aided  g rea tly  in th e  

struc tu ra l in v es tig a tio n  of th is  a r e a .

The p a ra lle l position  and p resen t sep ara tio n  of the  two main 

Apache Group exposures can  be explained in the  follow ing m anner. The
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sligh tly  eastw ard  inclined  Apache s tra ta  and overlying R ipsey W ash s e 

quence were cut in p o st-M io cen e  tim e by a no rth -no rthw est-trend ing  

h igh -ang le  normal fa u lt. The w estern  side  subsided  re la tiv e  to  th e  

easte rn  s id e . S im ultaneously  w ith the  faulting occurred an eastw ard  

ro tation  of each  block which continued until th e  sedim entary rocks a t 

ta ined  a nearly v e rtica l a ttitu d e  and the  separa tion  of the two Apache 

exposures w as com pleted . Evidence for northw est faulting occurs in the  

Hackberry formation in s e c . 7, T. 5 S . ,  R 14 E. and northward from the 

large d iab ase  m ass in s e c .  1, T . 5 S . ,  R. 13 E. The term ination of the  

Ripsey H ill Apache Group to  the  north can be a ttribu ted  to  ex tensive  

erosion in p re-M iocene tim e and the  deposition  of the  th ick  Ripsey W ash 

conglom erate sequence  prior to  t i l t in g .

A rig h t- la te ra l d isp lacem en t of the Apache Group of H ackberry 

W ash from the Apache Group of R ipsey H ill could be an a lte rn a tiv e  ex

p lanation  to bring about the separa tion  of the  u n its . In the ligh t of th is  

h y p o th e s is , the  southern  end of the  H ackberry group would match the  

northern end of the Ripsey H ill g roup , and the  p resen t H ackberry fau lt 

would mark the  trac e  of se p a ra tio n . Very l i t t le  ev idence  for la rg e -s c a le  

r ig h t- la te ra l faulting e x is ts  e lsew here  in the  map area; th e re fo re , the  

w riter favors the f irs t ex p lan a tio n .

Mode of D iabase  Emplacement

The s teep ly  dipping a ttitu d e  of the d iab a se  s i l ls  and d ikes does 

not rep resen t the orig inal configuration  a t the  tim e of em placem ent. A 

minimum w estw ard ro ta tion  of 90 deg rees is  required in the  Tortilla  

M ountain block in order to  res to re  the younger Precam brian sedim entary  

s tra ta  into a nearly  horizon tal p o s itio n . W ith th is  ro ta tion  the d iab ase
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s il ls  in the  sedim entary  rocks a s  w ell a s  in the  g ran itic  basem ent com

plex  w ill a lso  acquire  a more or le s s  horizon tal a t t i tu d e . At the tim e of 

d iab ase  in tru sion , th en , the  area  th a t is  now the  T ortilla  M ountains con

s is te d  of the  g ran itic  basem ent covered by approxim ately 1 ,500 fee t of 

f la t-ly in g  sedim entary  s tra ta  dep o sited  in a litto ra l environm ent. As the  

d iab ase  magma invaded the h o st rock it took advan tage  f irs t of the  a l

ready es tab lish ed  fla t-ly in g  jo in ts  and fractures in the upper part of the  

O racle G ranite near the old erosion  su rface  and then  cu t upward in to  the  

sedim entary s tra ta  before following p reex isting  bedding su rfaces in the  

more shaly  horizons of the  P ioneer Formation and Dripping Spring Q uartz

i te .  No a ss im ila tio n  took p la c e , and the  sedim entary  s tra ta  and portions 

of the  g ran itic  basem ent w ere uplifted  and d ila te d . Judging from the 

sedim entary th ic k n e s s , the  combined load p ressu re  even in the  g ran ite  

could not have exceeded 300 b a rs . In the report area  th e re  is  no ev i

dence th a t the  d iab a se  broke through i ts  roof and a tta ined  an ex trusive  

ch a rac te r, u n less  the  b a sa lt  in the  top of th e  M escal L im estone is  th e  

ex trusive  equ ivalen t of the  d ia b a se .

De S itte r (1956, p . 139-140) reports a v e rtica l d o lerite  d ike 

which c le a rly  changes in to  a d o le rite  s i l l  a t a certa in  lev e l of in tru s io n . 

As the ascend ing  magma is  sub jec ted  to  le s s  and le s s  v e rtica l s t r e s s ,  a 

point w ill be reached in the  n e a r-su rfa ce  region w here the  p rincipal s tre s s  

axes are  in terchanged and the  d ike becom es one or a se rie s  of s i l l s .

Mudge (1968) in a study of dep th  control of some concordant 

in trusions g ives th ree  fac to rs th a t govern the  depth  a t which a s i l l- l ik e  

body is  em placed:
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1. W ell-defined  parting  su rfaces have to  be p resen t (bedding 

p la n e s , unconfo rm ities, f la t f ra c tu re s ) ,

2 . S ills generally  in trude a t dep ths of 3 ,0 0 0 -7 ,5 0 0  fe e t, probably 

reflecting  the b a lan ce  betw een lith o s ta tic  p ressu re  and fluid 

p ressu re  of the  magma, and

3 . An im perm eable m udstone lay er serves as fluid barrier re ta rd 

ing the upward movement and causing  the magma to  in je c t 

la te ra l ly .

Factors (1) and (2) seem  to  apply pretty  w ell to  the study a r e a . Factor 

(3), how ever, cannot be app lied  rigorously  h e re . The intruding d iab a se  

favored the  sh a le  horizons ra ther than  being barred by them . Furtherm ore, 

the  d iab a se  ex ten siv e ly  intruded the  g ran itic  basem ent in a s i l l- l ik e  

fashion  and no claim  for a m udstone fluid b arrie r can  be made h e re . It 

seem s more like ly  th a t the  d iab a se  followed the  path  of le a s t  re s is ta n c e , 

which happened to  be the  fla t jo in ts  in the g ran ite .

H ills  (1963) argues th a t the m agm atic p ressu re  m ust exceed  the  

load p ressu re  so  th a t the  overlying s tra ta  can  be lifted  and th a t la te ra l 

com pression as w ell as p reex isting  subhorizontal p lanes of w eakness w ill 

aid s ill  in tru s io n s .

In the  ligh t of the  fluid wedge concep t, very l i t t le  v e rtica l force 

is  required a t the  toe of the  advancing d iab a se  sh ee t to  lif t the  overlying 

rock c o v e r . T h u s, the  fluid p ressu re  of the  mobile magma is  su ffic ien t 

to  drive the d iab a se  for ten s  of m iles in e ither d irec tion  of a po stu la ted  

condu it. It is  in te res tin g  to  note th a t ,  with the excep tion  of one s i l l ,  

there  are no observed c ro sscu ttin g  fea tu res exposed in the  report area 

or the  C rozier Peak quadrangle to  the  south w hich resem ble p o ss ib le
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feeders for th e  ascend ing  d ia b a se  m agm a. This im ples th a t the  d iab a se  

might have had to  trave l a t le a s t  15 m iles la te ra lly  or th a t p ip e lik e  con 

du its  e x is t a t a depth not yet exposed by erosion  or th a t the p resen t 

erosion surface follows more or le s s  the hypothetica l trend of d ike like  

feeders which are e ith e r a t dep th  or a lready  eroded aw ay .

The one c ro sscu ttin g  dike noted is in the  N l/2  s e c s . 23 and 

24, T. 4 S . , R. 14 E . , w here it  t ra n se c ts  the g ran itic  basem ent com plex 

in a sinuous pattern  and d ips gen tly  to  the  s o u th . This feature is  about 

100 fee t th ick  and a t the  tim e of in trusion  prior to  th e  tiltin g  of the Tor

t i l la  M ountains it co n stitu ted  a nearly  v ertica l s tru c tu re .

G eologically  sp e a k in g , the  d iab a se  could be em placed in a 

re la tiv e ly  short time span (B. E. N ordlie, oral commun.) Even so , the  

in trusive  event did not c au se  any m ajor struc tu ra l d is tu rb an ces  in the  

h o s t rock b ecau se  the s tra tig rap h ic  a ttitu d e s  in the  sedim entary  s tra ta  

are well m aintained except for com plications caused  by la te r  c ro ss  fau lt

ing . Some of the sedim entary  b locks have been d isp laced  v e rtic a lly  for 

50 to  100 fee t by the  intruding d ia b a se .

In summary, the  follow ing p ic tu re  is  v isu a liz e d . The re la tiv e ly  

fluid d iab ase  magma m igrated through the  Precam brian basem en t com plex 

along v e rtica l conduits som ewhere ou tside  the p resen t study area  u til iz 

ing the fluid wedge m echanism . As long as the  confining p ressu re  of the  

host rock w as som ew hat g rea te r than  the  fluid p ressu re  of the  magma, the  

la tte r  could only intrude in a d ik e lik e  fash io n . W hen the  d iab a se  reached 

the  near-su rface  environm ent, the  d e lic a te  s tre s s  b a lance  inverted and 

the  load p ressu re  w as no longer the  maximum principal s t re s s  a x is . Sub- 

horizontal parting p lanes in the g ran ite  as w ell a s  in th e  overlying
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sedim entary rocks provided ready channelw ays for the  d iab a se  to  spread 

rapidly for ten s of m iles aw ay from the  cen tra l condu it. C ry s ta lliza tio n  

of the  d iab ase  occurred e s se n tia lly  in p lace  b ecau se  there  is  no evidence 

for flow d ifferen tia tion  and flow banding in the  s i l l s . In o ther w o rd s, the  

d iab ase  magma rem ained a fluid un til it  reached the  s ite  of i ts  em place

m ent. The ch illed  m argins of the  s i l ls  ac ted  a s  therm al in su la to rs  to  

permit continuous c ry s ta lliz a tio n  in each  u n it. The low v isc o s ity  of the  

d iab ase  magma probably prevented the  form ation of sing le  la c co lith ic  or 

lopo lith ic  in trusive  bodies and ra ther favored the  form ation of a se rie s  

of superposed  s i l l s .

Paleozo ic-p re-L aram ide Faulting 

A low -ang le  fau lt zone occurs near the  p resen t ridge c re s t  in 

O racle G ranite in s e c s .  30 and 3 1 , T . 4 S . , R .  1 4 E .  The structu re  d ips 

5 ° -4 5 0 W , trends in a northerly  d irec tio n , and tends to  separa te  O racle 

G ranite in the footw all from a more hybrid rock in the  hanging w a ll. The 

fault cannot be traced  con tinuously  along the  h ills id e s  b e ca u se  i t  is  ob

lite ra ted  by numerous Laramide quartz d io rite  in tru s iv e  bodies and d ike 

ro c k s .

The structu re  is  b e s t  exposed in th e  w est h a lf of s e c .  30 along 

steep  slopes and c ro sscu ttin g  w a sh e s . The fau lt forms a d is tin c t d a rk - 

brown outcrop and c o n s is ts  of a 10 -15 -foo t th ick  quartz  b recc ia  rec e 

mented by s id e ritic  calcium  c a rb o n a te . The un it is  very re s is ta n t to  

erosion and forms sm all c liffs  along the  h i l ls id e s .  Iso la ted  pa tches of 

d iab ase  occur in p lac es  ju s t  above or below th e  fau lt. W ithin 250 fee t 

of the  low er c o n ta c t, the O racle G ranite becom es sheared  and con ta ins 

numerous ch lo rite  seam s th a t a re  oriented more or le s s  p a ra lle l to  the
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fau lt. The overlying hybrid rock is  sheared beyond recognition  ad jacen t 

to  the upper fault c o n ta c t .

B ecause the  s truc tu re  is  cu t by the  various dike ro c k s , th e  

fault is  defin ite ly  o lder than  the  Lara mid e in trusive  e v en t. Furtherm ore, 

d iab ase  is involved in the faulting  w hich p lac es  th e  age of th is  s tru c 

ture betw een younger Precam brian and L aram ide.

In view of the eastw ard  tiltin g  of the  Tortilla b lock during m id- 

Tertiary tim e, the  now m oderately w estw ard dipping fau lt must have been  

a nearly  v ertica l northw ard-trending structure  in pre-L aram ide tim e . The 

only other exposure of a sim ila r feature  is  in the  E l/2  s e c .  13, T . 4 S . ,

R. 13 E . , where rem nants of a quartz -ca lc ium  carbonate-cem ented  b rec 

c ia  e ither cap sm all ridge tops or dip 10o-4 0 °  E . in to  O racle G ran ite .

In th is  a re a , the b reccia  is cut by severa l north -no rthw est-trend ing  

h igh -ang le  post-L aram ide f a u l ts .

Laram ide S tructures

The numerous Laramide hypabyssa l rocks and th e  fis su re  veins 

show a predom inant e a s t-n o r th e a s t to  w est-n o rth w est o rien ta tio n . This 

d irec tion  re flec ts  a fundam ental zone of struc tu ra l w eakness w hich func

tioned during Laramide tim e and appears to be the re su lt of no rth -sou th  

ex ten sio n . The various dike rocks outline th is  d irec tion  excep tionally  

w ell, w hereas the  quartz d io rite  in tru sive  bodies ind ica te  a more irregu

la r  but s t i l l  recogn izab le  e a s t-w e s t  e longation  (Fig. 93). The only ex 

cep tion  to  th is  regu lar pa ttern  is the G rayback granodiorite  p luton which 

does not show a preferred o rien tation  and w hich in th is  re sp e c t resem bles 

som ewhat the G ran ite  M ountain porphyry stock  w est of Ray.
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The w riter b e liev e s  th a t the  Laramide trend of th is  area  is  of 

regional im portance . It is  recogn ized  not only in the  study area  but is  

repeated  severa l tim es to  th e  north and sou th , notably a t Ray, in the  

G lobe-M iam i-Superior a re a , a t  Troy, in the C hristm as-W inkelm an a re a , 

a t Copper C reek , in the  Red H ills a re a , in the  M ineral H ills  a re a , and 

a t Sacaton (H. C ourtrigh t, personal com m un., 1970). In fa c t, th is  b e lt 

of subpara lle l Laramide in tru s iv e  rocks and fissu re  veins may m easure 

in i ts  en tirety  over 30 m iles w ide and about 70 m iles long .

Laramide D ike Swarms

As a lready  pointed out in an ea rlie r  c h ap te r, the  study area  is  

tran sec ted  by severa l e a s t-w e s t- tre n d in g  d ike  swarm s ranging in com

position  from h o rnb lende-b io tite  granodiorite porphyry to  rhyodac ite . 

•Regardless of th e ir  com position , th e  d ikes trend c o n s is te n tly  e a s t -  

no rtheast to w est-n o rth w est and cut every rock type in th is  area  except 

the  Ripsey W ash sequence  and the H ackberry form ation .

The d ike swarms can  be followed along s tr ik e  for sev era l m ile s , 

but sm all o ffse ts  by la te r  c ro ss  fau lts  are  common. Ripsey W ash appears 

to  follow a m ajor no rth -so u th -tren d in g  s tru c tu ra l zone w hich is  now 

covered for the  m ost part by the  conglom erate and tu ffaceous sandstone  

se q u e n c e s . It is ev iden t from th e  geologic map th a t the  north -trend ing  

Ripsey fault zone term inates the  prom inent e a s t-w e s t- tre n d in g  dike 

sw arm . Individual d ikes cannot be p ro jected  d irec tly  a c ro ss  Ripsey W ash 

to  the w est and m atched w ith a co u n te rp a rt. Taken as  a u n it, how ever, 

the  dike swarm north of H ackberry W ash can be fairly  w ell co rre la ted  

w ith the  dike swarm w est of R ipsey W ash along the  sou thern  map boun

dary . Both d ike swarms are  sim ila r in com position . An apparen t le ft
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la te ra l d isp lacem en t of about one m ile is  ind icated  where th e  d ikes meet 

Ripsey W ash . The bending of the  d ike term inations near R ipsey W ash 

strongly  supports th is  le f t- la te ra l  movement. Two large  granodiorite  

porphyry d ikes in s e c s .  25 and 26, T. 4 S . , R. 13 E. in d ica te  a sim ila r 

le f t- la te ra l  d isp lacem en t by curving southward as they  approach Ripsey 

W ash from the  e a s t .  The d ikes do not continue d irec tly  ac ro ss  Ripsey 

W ash to  the w e s t. A 1-m ile le f t- la te ra l  d isp lacem en t along Ripsey W ash 

is  again  in d ica ted .

An e a s t-w e s t- tre n d in g  dike swarm tra n se c ts  Sonora d io rite  

along the  northern map boundary and is  term inated  to  the  w est by the 

m oderately w estw ard-d ipp ing  Dry W ash fau lt zone . The d ike  swarm ap 

pears to  have been  d isp laced  southward for 0 .25  to  0 .5  m iles on the  w est 

s id e .

Three p a ra lle l 100-150-foo t wide quartz  m onzonite porphyry 

d ikes in the w estern  h a lf of the  study  area d isp lay  a prom inent arcing 

convex to  the north (F igs. 5 ). The d ikes en te r the  w estern  map boundary 

trending N. 60° E . , then  bend abruptly  into an e a s t-w e s t  d irec tion  and 

continue w ith a S . 60° E. tre n d . The zone of maximum curvature  cen ters 

around Johnson W ash . This convex bending is  a lso  re flec ted  in the a r

rangem ent of numerous fissu re  veins in the  v ic in ity  of the  Rare M etals 

m ine. The d ikes becom e in trica te ly  faulted  farther e a s t  near Zellew eger 

W ash . A le f t- la te ra l  d isp lacem en t of 0 .25  m iles is  suggested  but poor 

exposures make d efin ite  co rre la tions d ifficu lt betw een severa l d is jo in ted  

dike p o rtio n s .

W ooley W ash appears to  mark another n o rth -n o rth east-tren d in g  

fault zone along which th e  e a s t-w e s t- tre n d in g  d ike swarms are d isrup ted
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and d isp laced  southw ard (s e c s . 3 and 4 , T . 5 S . , R. 13 E .) . The sou th 

ernm ost d ike of th is  zone , how ever, is  m erely bent southw ard and not 

o ffse t. This re la tionsh ip  su g g ests  a more p la s tic  y ielding to  the  la te ra l 

s tre s s e s  ra ther than a fa ilu re  by rup tu re . In g e n e ra l, no s in g le  fau lt is  

responsib le  for the  ind icated  d isp lac em e n ts . T hese d isp lacem en ts are  

alw ays accom plished  by a se r ie s  of sm a ll-sc a le  s tep  f a u l ts . On the  

w hole, how ever, th e  e a s t-w e s t  Laramide trend has never been  o b lite r

a ted  by the  more recen t c ro ss  fau lting , only modified in d e ta il .

F issu re  Veins and M ineralized  F ractures

A 1 .5 -m ile -w id e  zone of c lo se ly  spaced  e a s t-n o r th e a s t-  to  

w est-n o rth w est-tren d in g  fissu re  ve ins cu ts  the  O racle G ran ite , ap lite  

porphyry, and d iab a se  in the  northern part of the  map a r e a . The min

era lized  b e lt occurs ju s t  south  of the Gila River and can  be follow ed 

w estw ard beyond the p resen t map boundary . To the  e a s t ,  th e  f issu re  

veins are term inated by the  m id-T ertiary  conglom erate se q u en c e .

Even though the f is su re s  follow more irregu lar pa ths th an  the  

Laramide d ik e s , th e ir  overall trend conforms c lo se ly  to  the  d ike  tren d . 

The fissu re  veins p o std a te  the  Laramide d ikes a s  ind ica ted  by severa l 

c ro sscu tting  re la tio n sh ip s .

Individual ve ins range from a few inches to  5 fee t in w idth and 

are  e ither v e rtica l or s teep ly  inclined  to  north and sou th . They genera lly  

contain  quartz , sp ecu la r h em atite , m agnetite , some m alach ite , a z u rite , 

and ch ry so co lla . The vein  stru c tu res  are ex ten siv e ly  iron sta ined  and 

protrude above the  g ran ite  w eathering  surface in d is tin c t ridgelike  ex 

p o su re s . The Sultana-A rizona mine is loca ted  along sev era l of th e se  

f issu re s  where they  c ro ss  a d iab a se  basem ent s i l l .
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Individual ve ins are  spaced  10 to  200 fee t a p a r t. A lteration in 

the ad jacen t granite  host rock is  lim ited and s tr ic tly  confined to  the  vein  

m arg in s. P lag ioc lase  is  generally  converted to  green s e r ic i te , and K- 

fe ld spar shows a ce rta in  degree of c lo u d in g . In p laces  where severa l 

fissu re  v e in s  m erge, the  in tervening  ho st rock becom es com pletely  a l 

tered  , and the  outcrop is s ta ined  brick red over w idths of severa l hun

dred fe e t. F inely d issem inated  lim onite is commonly p re se n t. Pervasive 

a lte ra tio n  of th is  type is w ell exposed along the  ridge betw een Zellew eger 

W ash and Johnson W ash in the  v ic in ity  of th e  Rare M etals m ine. This 

zone of c lo se ly  spaced  fissu re  veins co inc ides w ith the  area of maximum 

northward arcing m entioned above and may in d ica te  th a t the ascend ing  

m ineralizing flu ids took advantage of th e  developed ten s io n  zones and 

consequen tly  perm eated the  en tire  g ran ite  h o s t.

The a ttitu d e s  of severa l hundred fis su re  ve ins w ithin  th is  min

era lized  zone are  shown on eq u a l-a rea  p ro jec tions in F ig s . 94, 95, and 

96 . Their trends c lea rly  change w ithin the b e lt from N. 73° E. in the 

w est (Fig. 94), over N. 77o-9 0 °  W . in the v ic in ity  of Z ellew eger and 

Ripsey W ashes (Fig. 95) to  N. 72° E. in the e as te rn  part of the  zone 

(Fig. 96). The maximum is w ell defined in Figures 94 and 96, w ith a 

varia tion  of only 10-15 d e g re e s . It is  in te res tin g  to  note th a t the  vein  

trends co incide exac tly  in the  w estern  and e as te rn  part of the  zone 

w hereas the  a ttitu d es  are much more d iffuse  in the  cen tra l portion , 

where a large  number of c ro ssin g  fis su re  veins form a sm all d ihedral 

angle which accoun ts for the  broad maximum in  the  corresponding eq u a l-  

net p lo t (Fig. 95). G enerally  sp eak in g , the f issu re  veins d e sc rib e  a 

sinuous pa ttern  ac ro ss  the  northern portion of the map a re a . This pa ttern
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Figure 94 . S tereographic P rojection  of 118 F issu re  Veins in 
O racle G ran ite , V icinity of Rare M etals M ine
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Figure 95 . S tereographic P rojection of 291 F issu re  Veins in 
Oracle G ran ite , Area betw een Johnson W ash and Z ellew eger W ash
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Figure 96. S tereographic Projection  of 295 F issu re  Veins in 
O racle G ranite  and Aplite Porphyry, Kelvin Area
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Figure 97 . Summary Plot of 1016 F issu re  Veins from the M in
era lized  Belt betw een Rare M etals M ine and K elvin.

The overall trend is  e a s t-w e s t .
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could be the  re su lt of d iffe ren tia l la te ra l movement along severa l s tru c 

tu ral b locks concurrently  w ith or a fte r  the  form ation of the  vein  s truc tu res 

The overall tre n d , how ever, is  c learly  e a s t-w e s t  a s  shown in Figure 97. 

This p lo t rep resen ts th e  sum of a ll f issu re  veins recorded in the  field  

from the  m ineral b e lt betw een the  Rare M etals mine and the Kelvin a r e a .

In sp ite  of th e ir  local sinuous p a tte rn , the ve in  s truc tu res  conform to  the  

regional e a s t-w e s t  Laramide tre n d .

Several a ttem pts have been made in the  p a s t to  explore the  more 

prom ising fissu re  ve in s for p o ss ib le  o re-g rade  m in era liza tio n . In sp ira 

tion  Copper Company drilled  sev e ra l ve ins in s e c .  11, T . 4 8 . ,  R. 13 E . , 

but re su lts  are  not known. During the summer of 1969, a chum  d rill pro

gram w as carried  out in Johnson W ash near the Rare M eta ls  mine appar

ently  to  te s t  the  ex ten t and amount of m ineralization  p resen t in the 

prom inent a lte ra tio n  zones exposed nearby . After the  com pletion of nine 

h o le s , the program w as term inated .

A zone of c lo se ly  spaced  m ineralized frac tu res and in ten se  a l 

te ra tion  occurs betw een Kelvin and R iverside W ash near the  dividing line  

of s e c s .  12 and 13, T. 4 S . , R. 13 E. The a lte ra tio n  is  e sp ec ia lly  prom

inent in the two a pi it  e porphyry b locks th a t overlie  O racle G ran ite . 

G en era lly , the  ap lite  porphyry and th e  ad jacen t O racle G ranite  are  cut by 

c lo se ly  spaced  lim onite v e in le ts  which exh ib it a 0 .2 5 -0 .5 - in c h  quartz -  

se ric ite  a lte ra tio n  envelope (Figs. 98 and 99). W here the  spacing  of the  

lim onite v e in le ts  is  c lo se  enough, the  en tire  rock is a lte red  to  quartz 

and s e r ic i te . Abundant copper carbonate  in one of the  main w ashes a t 

te s ts  to  the  p resen ce  of copper m ineralization  in th is  a rea  (Fig. 100).

The preferred o rien ta tion  of the  m ineralized frac tu res is  conform able w ith
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Figure 98. C losely  Spaced M ineralized Fractures in Older 
Precam brian Aplite

Every fracture is surrounded by a 0 .2 5 -in ch  q u a rtz -se ric ite  
a lte ra tion  envelope which encloses a cen tral lim onite ha irline  v e in le t. 
The a ltera tion  seam s con trast w ell w ith the overall iron sta in ing  of the 
host rock . These m ineralized fractures are part of the  regional e a s t-  
w est-trend ing  m ineral b e lt. Large w ash , SW 1/4 s e c .  12, T. 4 S . ,
R. 13 E. Pencil is 6 inches lo n g .
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Figure 99 . Limonite Veinlets in O racle G ranite

Every goeth ite  ve in le t and hairline fracture shows a narrow 
a ltera tion  halo in which p lag io c lase  is changed to  green s e r ic i te . The 
ve in le ts  are p ara lle l and conform to  the main e a s t-n o rth east-tren d in g  
m ineral zone. Pencil is 6 inches long.

Figure 100. Cupriferous Stream G ravels

Copper carbonate cem ented stream  gravels in an area of in tense  
a lte ra tio n  and iron s ta in in g . Large w ash in S W l/4  s e c . 12, T . 4 S . ,  R. 
13 E. Pencil is 6 inches long.
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the fissu re  veins and is shown in the eq u a l-a rea  p lot (Fig. 101). The 

fracture trend forms a w ell-defined  maximum around N. 87° E . , but the 

dips are  in p lac es  shallow er than  45 d e g re es . This pe rvasive  a lte ra tio n  

zone was the  ta rg e t for O cciden tal Petroleum 's drilling program in the  

fa ll of 1967 where they  explored for a p o ss ib le  enriched copper su lfide  

b lanket below the oxide capp ing . Five ho les were d rilled  before the 

pro jec t w as te rm in a ted .

The Sonora d io rite  near th e  northern map boundary and the 

various d iab ase  s i l ls  south of R iverside are  cu t by numerous ch lo rite -  

se rp en tin e-ep id o te -K -fe ld sp a r v e in le ts  which a lso  conform to  the re 

gional e a s t-n o rth ea s t- tre n d in g  m ineralized vein system  (Fig. 102). The 

v e in le ts  are p a ra lle l, spaced 0 .5  to  ten s of fee t apart,and  dip steep ly  

to  the  north and south (Fig. 103). Some of th e se  s truc tu res are m ultiple 

ve ins m easuring sev era l inches in th ic k n e s s .

C oncentrations of m ineralized fractures in O racle G ranite occur 

a t severa l p laces  throughout the cen tra l and southern part of the map 

area where they are c lo se ly  a sso c ia te d  w ith the  Laramide quartz d io rite  

in tru sive  m a sse s . The frac tu res a re  c lo se ly  sp a ce d , trend e a s t-n o r th e a s t , 

and are  heav ily  coated  w ith goeth ite  and ja ro s ite . Abundant lim onite 

cubes ind ica te  the  former p resen ce  of p y rite . The in tervening O racle 

G ranite is strongly  s e r ic itiz e d , and the outcrops are e x ce ss iv e ly  sta ined  

by lim onite . No copper m ineralization  has been  observed in th e se  p a r

ticu la r lo c a l i t ie s .

A half-m ile-w ide zone of in ten se  fracturing occurs w est of 

Ripsey W ash in s e c s .  11 and 14, T . 5 S . ,  R. 13 E. The frac tu res trend 

e a s t-n o r th e a s t to  e a s t-w e s t  and are v e rtica l or dip s teep ly  to  north and
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Figure 101. S tereographic Projection of 261 M ineralized  F rac
tu res in O racle  G ranite and Aplite Porphyry, Kelvin Area
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Figure 102. S tereographic Projection of 150 Epidote and 
K -feldspar V einlets in Sonora D iorite
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Figure 103 . C h lo rite -serp en tin e -ep id o te-K -fe ld sp ar Veinlets 
in D iabase

The p ara lle l ve in le ts  cut across the  d iab ase  s i l ls  sy s tem at
ica lly  and conform to  the  regional eas t-n o rth east-tren d in g  m ineralized 
fracture sy stem . Note the pervasive K -feldspar flooding (K) around the  
epidote hairline  v e in le ts . Pencil is 6 inches lo n g .
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sou th . In the  v ic in ity  of R ipsey W ash , they  swing m arkedly northward 

p ara lle l to  the  Laramide dike swarm and su g g est drag along the Ripsey 

fault as the  w estern  block moved southw ard.

V isible su lfide  m ineralization  is  exposed a t the Ripsey m ine, 

which is loca ted  along a prom inent N . 70° E .-tren d in g  fissu re  vein  in 

s e c . 12, T . 5 8 . ,  R. 13 E. The vein dips 45o-5 0 °  S . and cu ts O racle 

G ranite and d ia b a se . L ittle  a lte ra tio n  is  ev iden t in the  im m ediate v ic in 

ity  of the s tru c tu re . The mine has long been in a c tiv e . According to  

Ransome (1923), the vein  con ta ins ch a lcopy rite , p y rite , sp h a le rite , and 

galena in a gangue of finely c ry s ta llin e  quartz and c a lc i te , but the mine 

had been worked prim arily for gold and s ilv e r . The vein  is  term inated by 

the R ipsey fau lt to  the  w e s t, and to  the e a s t i ts  trace  is  lo s t in the d ia 

b a se  basem ent s i l l .

A prom inent fissu re  vein  is  exposed in the  Florence mine in the  

SE1/4 s e c . 12, T . 5 8 . ,  R. 13 E. The vein trends nearly  e a s t-w e s t  and 

d ips 6 0 °S . M ineralization  occurs along the co n tac t and w ithin  the Pale

ozoic lim estone b lock . Nodules of ga lena  are abundant w ith minor 

amounts of w u lfen ite , s id e rite , and the new m ineral hem ihedrite , which 

has recen tly  been  described  by W illiam s and Anthony (1970).

Regional C onsiderations

The preferred e a s t-n o r th e a s t to  e a s t-w e s t  o rien ta tion  of the  

Laramide d ikes and in trusive  m asses  as w ell a s  the numerous fissu re  

veins and m ineralized fractures re flec t a fundam ental zone of w eakness 

th a t w as ac tiv a ted  ex ten siv e ly  during Laramide tim e. T hese struc tu ra l 

elem ents follow to  some degree the  older Precam brian fo lia tion  pa ttern  

in the  O racle  G ranite and the  a s so c ia te d  ap lite  porphyry m a sse s . As the
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foliation  arches convexly northward in the  Kelvin a re a , the  d ikes and 

m ineralized struc tu res do the  sam e. This co incidence  may be fo rtu ito u s. 

However, the w riter b e liev es th a t a t le a s t  in the  Kelvin area  the  o lder 

Precambrian fabric contro lled  to  some degree the  em placem ent of the  

Laramide dike swarms and th e  formation of the  ten s io n  fractures w hich 

subsequen tly  becam e paths for m ineralizing so lu tio n s . In order to  a c 

com plish th is ,  the  entire  region m ust have been  sub jec ted  to  north- 

south  ex tension  during Laramide tim e.

The form ation of an e as t-w e s t- tre n d in g  ten s io n a l zone can be 

accom plished in severa l w ays: f ir s t ,  by d irec t e a s t-w e s t  la te ra l com

pression ; second , through the  form ation of an  e a s t-w e s t e longated dome 

with the  subsequen t form ation of longitudinal ten s io n  frac tu res resu lting  

from vertica l s tre s s ;  th ird , through regional hom oclinal bending around 

an e a s t-w e s t  ax is ; and , fourth, through a regional n o rth east-so u th w est 

d irec ted  sh ear c o u p le .

Evidence for e a s t-w e s t  com pression is  not very w ell d isp layed  

in the  investiga ted  a re a , although G illu ly  (1956) favors such  an in te rp re

ta tion  in so u th eas t Arizona where he recognized th rusting  and folding in 

the C retaceous se d im e n ts . No folding of th is  kind is  p resen t in the study 

a re a .

It is  unlikely  th a t a reg ional sh ear couple caused  th e  e a s t-w e s t  

ten sion  zone b ecau se  the resu lting  pa ttern  would be an en echelon  a r

rangem ent ra ther than  a continuous b e lt tha t can  be followed for ten s of 

m iles along s tr ik e .

Hom oclinal bending and elongate  doming along an e a s t-w e s t  

ax is are  very a ttrac tiv e  concep ts to  exp lain  no rth -sou th  e x ten sio n .
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Scale model experim ents by C loos (1939) and Beloussov (I960, 1961) 

dem onstrate th a t su b p ara lle l ex tension  fractures w ill develop along the 

c re s t  of an uplifted  domal fe a tu re . According to  C loos, the amount of 

up lift is  minimal for the f irs t appearance of long itud inal ten s io n  frac 

tu re s . For th is  condition  to  be re a liz e d , the  ra tio  of dome height to  

dome w idth is about 1:300. In o ther w ords, if  the e longate  dome had an 

orig inal w idth of 30 m ile s , the  up lift required to  form v is ib le  frac tu res 

is  500 fe e t. This corresponds to  a 21-m inute inc lina tion  of the dome 

flan k s , which for a ll  p rac tic a l purposes is  unrecognizable  and certa in ly  

cannot be m easured w ith a Brunton com pass.

Arching or domal up lift in th is  region has to  involve the  older 

Precam brian g ran itic  ro c k s , the Apache Group, and the  en tire  Paleozoic  

lim estone se c tio n . Even though no bending is  recognized  in any of th e se  

s tra ta , the s lig h t amount of curvature n e ce ssa ry  to  produce zones of 

w eakness would not be reflec ted  in the  p resen t struc tu ra l position  of 

th e se  u n its . Post-Laram ide block faulting in the  Dripping Spring M oun

ta in s  and eastw ard tiltin g  in the  Tortilla M ountains has ob lite ra ted  any 

s lig h t amount of arching th a t may have prev iously  ex is ted  in th is  a r e a .

The amount of ex tension  ind ica ted  by the  accum ulated w idth of 

the d ikes is  nearly  2 ,000 fee t over a 6-m ile  d is ta n c e , or about 6 p e rc e n t. 

If the w idths of the irregu lar quartz d io rite  in trusive  m asses are  added to  

th is  figure, the  amount of ex tension  in c re a se s  to  1 m ile in 7 m iles or 

about 14 p e rcen t. In the la tte r  c a s e , the assum ption  is  made th a t no 

ass im ila tio n  took p lace  by the  quartz d io rite  in tru sive  b o d ie s .

B ecause of the  90^ E. tiltin g  of the Tortilla M ountain range, the  

p resen t a ttitu d e s  of the  d ike swarms are in fac t c ro ss  se c tio n s  exposing
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a penetration  to  a depth of about 1 .5  m iles in to  the  Precam brian b a s e 

m ent. Idea lly , the d ikes should show a fan -shaped  arrangem ent and 

converge to the  w est if  th e  curvature of the arc  w as pronounced. How

ever, a s  pointed out a b o v e , th e  required doming is  so  s lig h t th a t the  

d ikes are p rac tic a lly  v e rtica l for the d is tan c e  exposed to  observation , 

a fac t w ell bom out by the  d ike pattern  in the  map a re a .

Many attem pts have been made in the  p a s t to  bring forward 

tec to n ic  exp lanations for the d istribu tion  of Laramide in tru sive  bodies 

and a sso c ia ted  m ineral d ep o sits  in the w estern  United S ta te s . Butler 

(1933a) was one of the  f irs t to  ca ll a tten tion  to  th is  problem , and many ^ 

investiga to rs have s in ce  contributed sig n ifican tly  to  its  so lu tion , no t

ably B illingsley and Locke (1935, 1941), M ayo (1958), W isse r  (1960), 

G illuly (1965), Schm itt (1959, 1966), Sumner (1967), and G uilbert and 

Sumner (1968), to  mention a few .

The re su lts  of the  p resen t study  concur to  some ex ten t w ith the 

ideas outlined by th e s e  in v es tig a to rs , but in many other ways they  d iffer 

considerab ly . The m ost im portant lo ca l and reg ional Laramide d irec tion  

in the  investiga ted  area is  N. 70° E. to  e a s t -w e s t .  This d irec tion  is 

revealed  by various in trusive  rocks , fissu re  v e in s , and the  pattern  of 

m ineralized fractures (Fig. 93). How ever, i t  n e ith er conforms s tr ic tly  

with the  N. 70° W .-tren d in g  Texas zone as defined by H ill (1902) and 

Ransome (1915), d isc u sse d  by Albritton and Smith (1956), and outlined 

by Sumner (1967) and G uilbert and Sumner (1968) nor w ith the  N. 20 °- 

40° E .-tren d in g  m ineral b e lts  outlined by Landwehr (1967). M ayo (1958, 

p . 1172) in h is paper on lineam ent tec to n ic s  s ta te s  th a t concerning the 

Texas lineam ent "s tran d s  w ithin  th is  b e lt ,a s  in southern  A rizona, a re
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marked by nearly  e a s t-w e s t  fau lts and e longated  or a ligned in tru s io n s ."  

This certa in ly  ag rees with the exposed Laramide pa ttern  in the  study 

a re a .

According to Landw ehr's (1967) term inology, the northern Tor

til la  M ountains are part of h is  no rtheast-trend ing  Globe b e lt , w hich 

s tre tch es  from Ajo in sou thw est Arizona p a s t S ilv e rb e ll, Ray, Superior, 

M iami, and Globe to  northw est New M exico. Aside from the  apparen t 

alignm ent of th ese  various m ineral d e p o s its , there  is  no ind ica tion  from 

loca l geo log ic  data  th a t a ll  of th e se  mentioned lo c a litie s  are connected  

by one p a rticu la r s truc tu re  zone. N orthw est-trend ing  fau lts  and frac 

tu res are  the  main ore control a t  Ajo, and e a s t-n o r th e a s t to  e a s t-w e s t

trending chains of Laramide hypabyssa l rocks and fis su re  veins are  

evident a t  S ilver Bell, Ray, Superior, G lobe, and Insp ira tion  (Fig. 104).

In fa c t, there  is no Laramide struc tu re  th a t connec ts Ray and Superior, 

and certa in ly  there  is  no d irec t connection  betw een Ray and S ilver B ell. 

D ata from the p resen t investiga tion  c learly  show th a t the  Ray d ep o sit is  

part of an ea s t-n o rth ea s t- tre n d in g  Laramide in tru sive  b e lt , herein  ca lled  

the  R ay-Sacaton b e lt, which is recognized in the  Sacaton M ountains north 

of C asa  G rande, a t M ineral Butte northw est of F lorence, in the Red H ills  

and M ineral M ountain a re a , in the p re sen t study a re a , and a t Troy in the  

Dripping Spring M ounta ins. A second p a ra lle l Laramide in tru s iv e  b e lt , 

the C hristm as-C opper H ills  b e lt , is  exposed in the  C hristm as-W inkelm an 

Copper H ills  area and charac te rized  by dike swarms and elongate  in tru

sive  b o d ie s . The d ep o sits  of G lobe, M iam i, Copper C i t ie s , In sp ira tio n , 

C astle  Dome, Pinto C reek , and Superior are part of a third Laramide in 

tru sive  b e lt  th a t includes the Schultze g ran ite , the S ilver King
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a re a . This zone is here named the G lobe-Superior be lt and is p a ra lle l 

to but north of the R ay-Sacaton b e lt.

A fourth m ajor zone of m ineralization  includes the d ep o sits  of 

San M anuel and Copper Creek and is herein ca lled  the Copper C reek - 

San M anuel b e lt . This zone p ro jec ts  eastw ard p a s t Safford to  M orenci 

and c o n s titu te s  one of the m ost im portant m ineralized zones in cen tra l 

A rizona.

At S ilver Bell, the m ineralized fissu re  veins and m onzonite 

porphyry d ikes trend predom inantly no rtheast to  e a s t -n o r th e a s t , cutting 

a d ac ite  porphyry-quartz  m onzonite stock  and strongly  a ltered  sedim en

tary  ro c k s . The eas te rn  continuation  of the S ilver Bell zone is  lo s t in 

the in tervening ad jacen t va lley  f i l l .  The d ep o sit cou ld , how ever, rep re

sen t a portion of the  Copper C reek-San M anuel b e lt which becam e d is 

p laced  to  the south  during m id-Tertiary Basin and Range te c to n ic s .

As shown in Figure 102, the individual b e lts  change from a 

nearly  e a s t-w e s t  to  n o rth east d irec tio n . This bending may be the re su lt 

of regional post-L aram ide wrenching as suggested  in an e a rlie r  chap ter 

or it may re flec t the  in fluence of the o lder Precam brian fabric d irec tio n .

B reccias A ssociated  w ith Laramide 
In trusive M asses

Breccia m asses g en e tica lly  a sso c ia ted  w ith quartz d io rite  and 

granodiorite porphyry in tru sive  bodies occur in s e c . 31, T . 4 S . , R. 14 

E ., the SW 1/4 s e c . 5 and NW 1/4 s e c . 8, T. 5 S . , R. 14 E . , and the  

N E l/4  s e c . 13, T. 5 S . , R. 13 E. The b recc ias  are  a m ixture of Apache 

Group fragm ents w ith some O racle G ran ite . The fragm ents are  a few

195
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inches to severa l fee t in d iam eter, angu lar to  w ell rounded, and are 

embedded in a d io ritic  m atrix . Some larger b locks s t i l l  p reserve  bedding, 

but th e ir  mutual o rien ta tion  is  qu ite  e rra tic . Individual b recc ia  m asses 

may be com pletely surrounded by the  in trusive rock , and outcrop re la 

tionsh ips in d ica te  th a t in many in s tan ces  b reccia  m asses cap the  e lo n 

ga te  in trusive  b o d ies . This fla t position  of the b recc ias  is  the re su lt of 

m id-Tertiary eastw ard  ro tation  of the mountain ra n g e . Because the  in 

tru sive  event occurred prior to  the eastw ard  ro ta tio n , the  b recc ias  con

s titu te  the o rig inal w alls of the s to ck s and not the  b recc ia ted  roof.

In the  E l/2  s e c .  31, a norm al-appearing portion of O racle 

G ranite conta ins numerous pebbles and cobbles of Dripping Spring 

Q u artz ite . The quartz ite  fragm ents are w ell rounded and range in diam 

e te r from 2 inches to  5 fe e t .  L oca lly , the  sm aller quartz ite  pebbles are 

aligned N . 35° W . and dip 65° NE. For some rea so n , th is  preferred 

o rien tation  is  conform able w ith the in ternal struc tu re  of the  Kelvin b rec

c ia  column located  4 m iles to  the northw est. Some dark -g ray  sc h is to se  

xeno liths are p resen t m easuring 0 .25  to  2 inches in d iam eter. They show 

no preferred o rien ta tio n . No s c h is t  exposures occur w ithin 8 m iles of 

th is  lo c a lity . Numerous highly a ltered  d io ritic  apophyses extend into 

the  b recc ia  m ass and ad jacen t O racle G ranite near the  southern  b reccia  

co n tac t. A larger quartz d io rite  body is  exposed a few hundred fee t to 

the  w e s t. The w riter b e liev es  th a t the  O racle G ran ite , d ia b a se , and the  

Apache Group becam e mobilized/ a t  the tim e the  quartz  d io rite  w as em

p laced . P resen tly , no Apache Group is  exposed in the  im m ediate v ic in ity , 

but the occurrence of quartz ite  pebbles certa in ly  su g g ests  th e ir  former 

p re sen c e . The en tire  b reccia  m ass m easures severa l hundred fee t in
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diam eter and is  a lte red  to  a rg illite  and s e r ic i te . Finely d issem inated  

lim onite occurs throughout the  rock and a N. 75° E . -trend ing  fracture 

zone conta ins abundant goeth ite  and ja ro s ite .

Small b reccia  rem nants and a la rger b reccia  m ass com posed of 

younger Precam brian quartz ite  occur in the N l/2  s e c . 13, T. 5 S , R. 13 

E. They are  sp a tia lly  and g en e tica lly  a sso c ia ted  w ith a broad horn

blende granodiorite porphyry body which in trica te ly  in trudes the  Precam 

brian basem ent com plex and the  en tire  Apache G roup. The b recc ias 

c o n s is t of subangular g reen ish -g ray  quartz ite  fragm ents ranging from 

le s s  than one m illim eter to  severa l inches in d iam eter. In the north 

h a lf of sec tio n  13, large blocks of Apache sedim entary  rocks a re  in 

tim ately  mixed with d iab a se  and Laramide porphyry. Every b recc ia  block 

is  com pletely engulfed by the  granodiorite  porphyry m a s s .

The larger b reccia  occurrence in the N E l/4  s e c .  13 con ta ins 

abundant p ink ish -g ray  quartz m onzonite porphyry, g reen ish -g ray  quartz

i te ,  s i l ts to n e , and d iab ase  fragm en ts. The m atrix appears to  be finely 

comminuted m aterial derived from the rock fragm ents.

It appears th a t a ll th e se  b reccia  occurrences are  g en e tica lly  

a sso c ia te d  with the Laramide quartz d io rite  and granodiorite  porphyry in 

tru sive  even ts along the c o n ta c t .

A sm all b reccia  exposure involving d iab ase  and O racle G ranite 

crops out in the N l/2  s e c . 30, T . 4 S . ,  R. 14 E . , but no d io ritic  in tru 

sive  m ass is recognized  nearby . In tex tu re  and genera l a p p ea ra n c e , th is  

b reccia  c lo se ly  resem bles the  ones ju s t  d esc rib ed , and it is  conceivab le  

th a t a sm all d io rite  p lug , which is  not yet breached by e ro s io n , is  s i tu 

ated below the b re c c ia .
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B reccias of Q uestionab le  A g e

W ooley Breccia M ass

The W ooley mine is  loca ted  in a p ecu lia r b reccia  d ep o sit about 

h a lf a mile e a s t  of the K elviri-Florence road in the  N l /2  s e c . 33, T. 4 S . , 

R. 13 E. The b reccia  forms an e longate  exposure 400 by 800 fee t and is 

en tire ly  in Precambxlan ap lite  porphyry . No Laramide in trusive  bodies 

are exposed in the general reg ion . Unlike the  b recc ia  m asses  described  

ab o v e , the  W ooley b reccia  is m onolithologic and contains no foreign 

fragm ents.

The b reccia  c o n s is ts  of subangular a p lite  porphyry fragm ents 

2 to  4 inches in d iam eter recem ented by drusy quartz v e in le ts  which 

su p erfic ia lly  resem ble a quartz vein stockw ork. L oca lly , the  drusy 

quartz forms 2 -inch  pockets filled  with 0 .2 5  to  1 inch lim onite p seu d o - 

morphs a fte r chal copy r i te . The lim onite pseudom orphs are generally  a c 

companied by ch rysoco lla  and m alach ite . D issem inated  lim onite 

pseudom orphs up to  0 .25  inches in d iam eter and rimmed by chrysoco lla  

occur lo ca lly  in the n o n -b recc ia ted  a p lite  porphyry near the b reccia  

periphery . The ap lite  shows generally  ex tensive  green se r ic ite  a lte ra 

tio n . The co n tac ts  betw een the drusy quartz ve ins and the ap lite  porphyry 

fragm ents are sharp  and generally  no a lte ra tio n  is  p resen t in the  frag

ments .

The b reccia  m ass is  bounded on the  north by a s teep  e a s t-w e s t  

fau lt, but on a ll o ther s id e s  it  grades in to  non -b recc ia ted  ap lite  porphyry. 

The W ooley b reccia  has been explored by severa l sh a fts  and a d its ,  but 

no production figures are know n. Several exploration  com panies have 

recen tly  conducted induced po lariza tion  surveys over the  b recc ia  body.
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but re su lts  were d isco u rag in g . Several years ago . The Anaconda Copper 

Company drilled  a few exploratory holes to  te s t  the ex ten t of m inera liza

tion and b reccia tion  a t dep th . Apparently the b reccia  m ass plunges 3 0 °- 

40° SW as an e longate  body (R. W . Thom ssen, personal commun. ,  1969). 

The m oderate inc lina tion  of the b reccia  m ass re su lts  from the 50o-6 0 °  E. 

tiltin g  of the  w estern  T ortilla  block during m id-Tertiary tim e . The o rig i

nal configuration of the b reccia  m ass probably resem bles a s teep ly  

plunging p ipelike  body.

The age of the W ooley b reccia  is  d ifficu lt to  de term ine . Be

cau se  no foreign fragm ents are involved and no Laramide in trusions are 

exposed nearby , th e  b reccia  could very w ell be a Precam brian s tru c tu re .

Kelvin Breccia Column

Mode of o ccu rren ce . The Kelvin b reccia  column is  loca ted  

south of the G ila River in the NE1/4 s e c .  12, T. 4 8 . ,  R. 13 E . , about 

one mile so u th e as t of Kelvin and 2 ,500  fee t sou thw est of R iverside. The 

b reccia  m ass m easures 900 by 1,000 fee t and shows a very irregu lar 

con tac t w ith the enclosing  h o st rock . The b reccia  is s itu a ted  for the  

m ost part in a 600-foo t w ide d iab ase  basem ent s i l l  which extends in to  

the b reccia  area  from the so u th . A sm all portion of the  b reccia  is in 

fo lia ted  O racle G ran ite .

The b reccia  column is  bounded to the north by a s teep  w e s t-  

northw est-trend ing  fault zone, to  the w est by R iverside W ash which 

conceals  a m ajor north -trend ing  fau lt zone, to  the  south by a gradational 

con tact with the d iab ase  basem ent s i l l  and O racle G ran ite , and to  the  

e a s t by a com plicated eastw ard-d ipp ing  low -ang le  fau lt system  involv

ing d iab ase  and O racle G ra n ite . A sm all north-trending  w ash cu ts the



entire  b reccia  m ass and provides exce llen t exposures of the  in ternal 

structure  (Fig. 105, in p o c k e t) .

C om position . The b reccia  column can  be separa ted  in to  two 

portions on the b a s is  of com position . The w estern  ha lf c o n s is ts  p re

dom inantly of d iab ase  b reccia  w ith a m oderate amount of iso la ted  or 

aligned cobbles and boulders of O racle G ran ite , younger Precam brian 

q u a rtz ite , and porphyritic  d ike ro ck s . The easte rn  ha lf is predom inantly 

a mixture of O racle G ra n ite , younger Precam brian q u a rtz ite , Paleozoic  

lim estone , and a minor amount of d ia b a se . The fragm ents range in s iz e  

from a fraction  of an inch to 5 fee t in d iam eter. The cobbles and boulders 

are generally  very w ell rounded , w hereas the  sm aller fragm ents are  quite 

angu lar. Individual O racle G ranite cobbles commonly show a d is tin c t 

outer ep ido te-rich  zone 0 .25  inches wide th a t grades inward to  a narrow 

K -fe ldspar-rich  zone. Lim estone cobbles found next to  th e se  a ltered  

g ran ite  cobbles show no sign  of a lte ra tio n .

The m atrix of the  w estern  d iab ase  b reccia  is  mainly comminuted 

and reco n stitu ted  d iab a se  and a m icrocrysta lline  aggregate  of quartz and 

epidote a s  determ ined from th in  sec tio n s  and X-ray d iffraction  p a tte rn s . 

The m icrocrysta lline  aggregate  forms minute apophyses which penetra te  

the entire  b reccia  m ass in an irregu lar netw ork .

The m atrix of the  eas te rn  b reccia  c o n s is ts  of comminuted 

m aterial of a ll rock fragm ents p resen t (Figs. 106, 107, and 108). W here 

there  is a concen tra tion  of O racle G ranite fragm ents, the m atrix  is  p re 

dom inantly a rk o s ic . A h igher percen tage  of d iab a se  in the rock fragm ents 

w ill a lso  be reflec ted  in the corresponding m atrix m ate ria l. G enera lly , 

how ever, the O racle G ranite appears to  have contributed  prim arily to  the
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Figure 106. Eastern H alf of Kelvin Breccia Column

Brecciated Oracle G ranite is cem ented by a d ia b a se -ric h  m atrix 
m aterial consisting  of comminuted d iab ase  and granite  fragm ents.

Figure 107. C entral Part of Kelvin Breccia Column

Angular b locks of Oracle G ranite (gr), Apache quartz ite  (q tz), 
and d iabase  are cem ented by g reen ish -g ray  matrix m ateria l. The m atrix 
is a comminuted mixture of a ll the m egascopic rock types p resen t. Pen
c il is 6 inches lo n g .
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Figure 108. Eastern Portion of Kelvin Breccia Column

Brecciated Oracle G ranite is cem ented by a fine-grained  mix
ture of d iabase  and g ran ite . Pencil is 6 inches lo n g .
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m atrix in th is  part of the b recc ia  colum n. Individual grains of p lag io - 

c la s e , cloudy K -fe ldspar, and quartz are eas ily  recognized  in the out

crop . In th in  se c tio n , a minor amount of quartz ite  fragm ents is  a lso  

p resen t in the  m atrix (Fig. 109).

In the southern  and cen tra l portions of the  b reccia  m ass numer

ous slab s of Barnes Conglom erate and Dripping Spring (?) Q uartz ite  occur 

w ith the ir long axes aligned  in a north -sou th  d irec tio n . Paleozo ic  lim e

stone  cobbles are  concen tra ted  m ainly in the no rtheastern  part of the  

b recc ia  (Fig. 110). The p resen ce  of younger Precam brian quartz ite  and 

P aleozoic  lim estone fragm ents is of g rea t in te re s t b ecau se  none of th e se  

rock types a re  exposed in the im m ediate v ic in ity  of the  b recc ia  colum n. 

The n ea res t outcrop of Apache Group is  about 4 m iles so u th , and no 

autochthonous Paleozo ic  lim estones are p resen t in th is  p a rt of the  Torrilla 

M oun ta in s. The source area for th e se  fragm ents w as most lik e ly  above 

the  b reccia  m ass and is  now com pletely  removed by e ro s io n .

In ternal s tru c tu re . One of the most in te res tin g  fea tu res of the 

b reccia  column is  the d is tin c tly  preferred orien tation  of the  co n stitu en t 

rock fragm ents. In order to  show the  in ternal struc tu re  in su ffic ien t d e 

ta i l ,  the  b reccia  column w as mapped on a sc a le  of 1 inch = 200 fee t, 

using th e  enlarged topographic map as b a s e . S trike and dip read ings 

w ere taken  on indiv idual e longate  granite  and q uartz ite  b locks as w ell as 

on e longate  concen tra tions of rock fragm ents. The data  were p lo tted  on 

an e q u a l-a rea  net as shown in Figure 111. The diagram  c learly  in d ica te s  

a preferred o rien tation  ranging from N. 15° E. to  N . 40° W . , w ith a 

strong maximum a t N. 15° W . The elem ents dip e ith e r  v e rtica lly  or 

s teep ly  to  e a s t  and w e s t. How ever, there  is  a general ind ica tion  of a
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Figure 109. Photomicrograph of Kelvin Breccia M atrix

The m atrix c o n s is ts  of quartz ite  and d is in teg ra ted  granite  frag
ments surrounded by comminuted d iab ase  (dark gray). Bar is 1 mm.

Figure 110. N ortheastern Portion of Kelvin Breccia Column

A heterogeneous assem blage  of w ell-rounded Oracle G ran ite , 
d iab ase , and Paleozoic lim estone cobbles immersed in a g reen ish -g ray  
m atrix. The granite cobbles have a d is tin c t ep ido te-rich  rind w hereas 
the  lim estone cobbles are una ltered .
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SCHMIDT EQUAL-AREA NET 
LOWER HEMISPHERE PROJECTION 

PERCENT PLOT

0 . 7 - 2 %

1 1 2 - 5 %

| | 5 - 1 0 %

1 | 10- 20%

1 1 + 2 0 %

Figure 111. S tereographic Projection of the Preferred O rien ta
tion  of Fragments in the Kelvin Breccia Column
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funnel-shaped  arrangem ent. The fragm ents in the w estern  b reccia  ha lf 

dip s teep ly  to  th e  e a s t  w hereas the  bands of rock fragm ents in the  

eas te rn  h a lf of the  b reccia  m ass dip generally  w estw ard . The fragm ents 

near the cen ter of the  b reccia  are  v e r t ic a l . T hus, the in ternal struc tu re  

of the  b reccia  column su g g ests  a no rthw ard -e longated , upw ard-flaring 

funnel centered  in Precam brian d iab a se  and O racle G ranite  which in 

volves rock types not exposed in the  im m ediate v ic in ity  of the s tru c tu re .

Two p a ra lle l e a s t-n o r th e a s t—trending Laramide quartz  m onzonite 

porphyry d ikes tra n se c t the  b reccia  m a ss . The d ikes are  20 to  30 fee t 

w ide and are term inated w ith the b reccia  column by R iverside W ash to  

the  w e st. One of the d ikes ex tends a l i t t le  way in to  fo lia ted  O racle 

G ranite to  the  e a s t  before being cut off by the eastw ard-d ipp ing  low - 

angle fau lt zo n e . The d ikes are  sev ere ly  d is jo in te d , e sp ec ia lly  in the  

cen tra l and eas te rn  h a lf of the b recc ia  m ass where the  rock fragm ents 

show the  s tro n g est a lignm ent. The d isp lacem en t of indiv idual d ike s e c 

tions am ounts to  about 80 fe e t. Some c ro ss faulting  is  ev iden t. How

ever, the  fragm entation in m ost p laces appears to  be of d ifferen t o rig in . 

Good co n tac t re la tio n sh ip s  betw een indiv idual dike segm ents and b reccia  

m aterial are  exposed in the  sm all north -trend ing  w a sh . There it is  ob

vious th a t numerous ro tated  dike b locks are  not segm ented by fau ltin g .

In many p la c e s , the  b recc ia  m aterial p en e tra tes  the  d ikes along minute 

cracks and frac tu res and lo ca lly  forms sm all embayments (Fig. 112).

This re la tionsh ip  su g g ests  th a t the d ikes were d is jo in ted  and ro tated  by 

the  sam e p ro cess  th a t caused  the  pronounced alignm ent of the g ran ite , 

q u a rtz ite , and lim estone  fragm ents in the b reccia  colum n. Flow banding 

in the ch illed  margin of the  porphyry dike is p resen t in the  d is jo in ted
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Figure 112. Kelvin Breccia Column

Breccia matrix m aterial in trica te ly  intrudes the Laramide quartz 
monzonite porphyry d ik e . M oderate amounts of epidote coat the dike 
frac tu res . Exposure is in sm all north-trending w ash , northeast part of 
the breccia  colum n.
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blocks w ithin the b reccia  column as w ell as in the  undisturbed d ike por

tion  th a t ex tends in to  non -b recc ia ted  O racle G ranite to  the e a s t .  I t  

seem s th a t the  quartz m onzonite porphyry d ikes p redate  the  form ation of 

the  b reccia  colum n.

A 30-foo t w ide rhyolite  porphyry dike trends toward the  b reccia  

m ass from the south  but lo se s  i ts  iden tity  a t th e  con tac t betw een d iab a se  

b recc ia  and O racle G ra n ite . Fragm ents of the d ike occur in the  d iab a se  

b recc ia  severa l hundred fee t aw ay from the  la s t  d ike ex p o su re . An is o 

la ted  200-foot long rhyolite  porphyry d ike sec tio n  forms part of the  

southern  con tac t betw een d iab ase  b reccia  and non -b recc ia ted  d iab ase  

basem ent s i l l .  This re la tio n sh ip  is  add itional ev idence th a t the  Laramide 

d ikes have been  involved in the b reccia tion  p ro c e s s .

Good co n tac t re la tio n sh ip s  betw een the  b recc ia  column and the 

enclosing  ho st rock are  exposed in the  sou thw estern  part of the  struc tu re  

w here the d iab a se  b reccia  is in co n tac t w ith O racle G ran ite . H ere the 

b reccia  m ateria l p en e tra tes  the g ran ite  a s  minute apophyses and forms 

a zone 10 fee t w ide of in tim ate m ixing. Large b locks of granite  becom e 

com pletely  iso la te d . Away from the  co n tac t zone sm aller fragm ents and 

gran ite  cobbles are in the  d iab ase  b reccia  and show the typ ica l north - 

northw est preferred o rien ta tio n .

G enerally  speak ing , the  co n tac ts  betw een b recc ia ted  d iab ase  

and non -b recc ia ted  d iab a se  are  much le s s  obvious than  the  d ia b a se -  

g ran ite  co n tac ts  and appear to  be very g rad a tio n a l. In th e  f ie ld , the  

con tac t w as drawn on the  f irs t  appearance  of foreign fragm ents and d is 

tin c tly  recogn izab le  b recc ia tio n  in the  d ia b a se .
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The n o n -b recc ia ted  d iab a se  a t the  co n tac t to  th e  north and south  

contain  numerous K -fe ldspar and ep idote v e in le ts  which do not occur in 

the d iab a se  b re c c ia . The occurrence of th e se  v e in le ts  w as an add itional 

fac to r th a t a ided in the d e lin ea tio n  of the  b reccia  periphery .

The b recc ia  column is  cut by numerous nearly  e a s t- tre n d in g , 

s teep ly  dipping fissu re  veins ranging in width from 1 to 3 fe e t . They 

con ta in  various am ounts of lim on ite , c h ry so co lla , m alach ite , and some 

ch a lco p y rite . Sm aller m ineralized v e in le ts  occur in p lac es  throughout 

the b recc ia  m ass trending p e rs is te n tly  e a s t-n o r th e a s t to  e a s t -w e s t .  The 

only exception  to  th is  pa ttern  is  a m ajor north-trending  m ineralized f is 

sure vein  exposed in the easte rn  h a lf of the b recc ia  colum n. The zone 

is  nearly  10 fee t w ide and exh ib its  in ten se  s ilic if ic a tio n  together w ith 

abundant m agnetite . Some sp ecu la r hem atite  a s  w ell as minor am ounts 

of m alach ite  and ch rysoco lla  s ta in in g . L im estone cobbles and boulders 

w ithin  th is  m ineralized  zone have been rep laced  by garnet and epidote 

in a 1-2 inch th ick  band around the ou ter m argin. The vein  crops out 

near the northern co n tac t of the b recc ia  and can  be followed in term it

ten tly  southw ard for about 800 fe e t. C oarsely  c ry s ta llin e  ac tin o lite  oc

curs in p lac es  along the trace  of th is  m ineralized zone.

No c ro sscu ttin g  re la tio n sh ip s are exposed betw een the  two 

m ineralized trends in the b reccia  colum n, but both are  c lea rly  p o st 

b recc ia  em placem ent.

Aside from the lo ca l ep ido tiza tion  of the g ran ite  fragm ents and 

the m icrocrysta lline  ep id o te -q u artz  m atrix , no pervasive  hydrotherm al 

a lte ra tio n  is  ev iden t in the  b reccia  m a s s . Even the  in ten se ly  m ineralized
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fissu re  veins show only a minor amount of se ric itiz a tio n  in the  ad jacen t 

h o st ro c k .

A ge. The d isrup tion  of the  Laramide quartz m onzonite porphyry 

d ikes and the p resence  of quartz  m onzonite porphyry fragm ents in the  

d iab ase  b reccia  c learly  in d ica te s  th a t the  Kelvin b reccia  column is of 

Laramide a g e , but older than  the  m ineralizing e v e n t. The s teep ly  in 

clined  a ttitu d e  of the pebble tra in s  and rock s lab s  in the b recc ia  m ass 

a lso  su g g ests  th a t the form ation of the  b reccia  m ust have taken  p lace  

a fte r the  T ortilla  M ountains w ere tilte d  to  the  e a s t ,  o therw ise  the  o rig i

nally  v ertica l fabric  would now have a tta ined  a horizon tal p o s itio n . This 

then  puts the c ro sscu ttin g  m ineralized  fissu re  veins in to  the  m id-T ertiary 

or younger age g roup . At the p resen t tim e, it  is  im possib le  to  a ss ig n  a 

more d efin ite  age to  the  Kelvin b reccia  colum n.

O rig in . In order to  arrive  a t  a m eaningful exp lanation  for the 

form ation of the b reccia  m ass, the fea tu res m entioned above have to  be 

co n sid ered . The no rth -northw est-trend ing  in ternal fabric  su g g ests  th a t 

the  b reccia  formed under certa in  conditions th a t did not favor a random 

d is trib u tio n  and orien tation  of the com ponent rock fragm en ts. A flu id ized  

m echanism , as proposed by Reynolds (1954) and C loos (1941), may have 

been  an im portant agen t h e re . The p resence  of younger Precam brian 

quartz ite  and P aleozoic  lim estone  fragm ents in the predom inantly  Pre

cam brian d iab a se  b reccia  column requ ires a downward-m oving m echanism  

th a t w as ab le  to  s tra tify  the component rock fragm en ts. As pointed out 

above, the  sedim entary  rocks found in the  b reccia  m ass are  not exposed 

w ithin  a 4-m ile  radius around th is  s tru c tu re .
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The pervasive  ep ido tiza tion  of the granite  fragm ents and the  

p resence  of the m icrocrysta lline  ep ido te-quartz  m atrix strongly  su g g est 

th a t the  b reccia  formed in the  300o-400°C  tem perature range which gen

erally  corresponds to  the  g reen sch is t fac ies  of regional m etam orphism . 

B ecause a major portion of the  m atrix is c ry s ta llin e , hydrotherm al or 

magmatic conditions m ust have p revailed  during b reccia  form ation. The 

source for the flu ids is  problem atic  b ecause  no post-L aram ide igneous 

rocks are exposed in the  nearby surroundings. N ev erth e le ss , it may be 

th a t the  b recc ia  column rep resen ts some so rt of v e rtica l channel way for 

pu lsa ting  hydrotherm al fluids which u ltim ately  caused  the  d iffe ren tia l 

downward movement and s tra tif ic a tio n  of the overlying rock column w ith

in the Kelvin b reccia  m ass . A co llap se  m echanism  resu lting  from mag

m atic  p u lsa tio n s  and subsequen t w ithdraw al has  been  ca lled  upon by 

M etz and P h illips (1968) to  explain  the  origin of the  Calum et b reccia  

p ipe loca ted  6 m iles north near the Ray ore body.

Post-Laram ide Faulting

The recognition  and evaluation  of faulting in a predom inantly 

g ran itic  te rran e , such as the  northern T ortilla  M ountains, p resen ts  a 

g rea te r problem than  in a mountain range d isp lay ing  various sedim entary  

s tra ta . The trac ing  of individual s truc tu res is  d iff icu lt, te d io u s , and 

som etim es im p o ssib le . Once a fau lt s truc tu re  has been  lo c a te d , there  

generally  is  no m arker horizon to  ind ica te  the d irec tion  of movement and 

amount of d isp lacem en t. H ow ever, sev era l fea tu res g rea tly  aided  the  

struc tu ra l in te rp re ta tion  in the  study area: f ir s t ,  th e  p e rs is te n t , p a ra lle l 

northward trend of nearly  v e rtica l d iab a se  s i l ls ;  seco n d , the e a s t-w e s t

trending Laramide in tru s ive  rocks and fis su re  ve ins; th ird , the  steep ly



dipping rem nants of Apache Group s tra ta ; and, fourth , the  p resen ce  of 

the tilted  C enozoic Ripsey W ash and H ackberry conglom erate s e q u e n c e s .

Faulting is  very w idespread in the Tortilla M ountains and domi

na tes the  struc tu ra l p icture. F ig . 113 (in pocket) show s the  general fau lt 

pa ttern  as it occurs in the  Precam brian basem ent com plex and the  C eno

zoic  conglom erate se q u e n c e s . The p resen t study attem pts to  outline the  

general d irec tions and age re la tio n sh ip s o f the more prom inent s truc tu res 

and to  dem onstrate  th e ir dependence on the  regional te c to n ic  fram ework.

In th is  re sp e c t, it  is  of param ount im portance to  eva lua te  the various 

structu ra l pa tterns in th e ir  re sp ec tiv e  tim e periods le s t  a chao tic  in te r

p reta tion  re su lts  a s  has recen tly  been so  ably dem onstrated (W ertz,

1970).

Two ages of post-L aram ide faulting are  recognized  in the Tor

t i l la  M ounta ins. One p redates the  m id-Tertiary conglom erate sequences 

and trends predom inantly e a s t-n o r th e a s t to  w est-n o rth w es t. The o ther 

p o std a tes  the m id-Tertiary conglom erate sequence  and trends generally  

north to  no rthw est.

P re-M iocene Faulting

Numerous w e st-n o rth w es t-  to  e a s t-n o rth ea s t- tre n d in g  c ross 

fau lts  are exposed throughout the study a re a . They are  e a s ily  recognized 

in the  s teep ly  inclined  Apache Group and the north-trending  d iab a se  s i l l s .  

L ateral o ffse ts  occur invariab ly  along th ese  fau lt s tru c tu re s . In the Rip

sey H ill a re a , the predom inant o ffse t d irec tion  is le f t la te ra l  w ith ind i

vidual d isp lacem en ts ranging from 10 to  500 fe e t. C lo se ly  spaced  

sequences of p a ra lle l fau lts may show only severa l fee t of d isp lacem en t
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along individual s tru c tu re s , but the  net re su lt may amount to  sev era l 

hundred fe e t.

The overall d isp lacem en t pa ttern  of the  Apache Group in the 

H ackberry area  is  right la te ra l  and thus opposite  to  the movement in the  

Ripsey H ill b lo c k . The net r ig h t- la te ra l d isp lacem en t is  about 2 ,000 

fee t, a s  ind icated  by the  d is jo in ted  position  of severa l Apache Group 

segm en ts. The p resen ce  of the Barnes and Scanlan Conglom erate mem

bers proved invaluable  in developing the struc tu ra l p ic tu re .

Many of the e as t-tren d in g  c ro ss fau lts are nearly  p a ra lle l w ith 

the  Laramide dike rocks and thus cut the la tte r  a t a very sm all an g le . 

This is w ell d isp layed  in the S l /2  s e c . 11 and N l /2  s e c s .  13 and 14,

T. 5 S . , R. 13 E. The numerous sm a ll-sc a le  no rthw est- and n o rth east

trending o ffse ts  in the d ike swarms are  probably re la ted  to  the major 

e a s t-w e s t- tre n d in g  cross fa u lts .

A 2 ,0 0 0 -fo o t le f t- la te ra l  o ffse t is  ind ica ted  in the d isp lacem en t 

pa ttern  of severa l north-trending  d iab ase  basem ent s i l ls  exposed w est of 

R ipsey W ash in s e c .  34, T. 4 S . ,  R. 13 E. H ere , a se rie s  of steep ly  

dipping w est-n o rth w est-tren d in g  cross fau lts d isrup ted  the in tru sive  

pattern  in s tep lik e  fash ion  so th a t each s ill  w as p ro g ressiv e ly  o ffse t 

th ree  tim es and each  northern segm ent moved farther w e s t. Sim ultaneous 

w ith the  d isp lacem en t occurred convex bending of the s i l l  segm ents in 

the  d irec tion  of re la tiv e  m ovem ent. The nearby Precam brian ap lite  por

phyry m ass has a ls o  been affected  by the  le f t- la te ra l  d isp lacem en t.

It is im portant to  rea lize  th a t ne ither the  Ripsey W ash nor the 

H ackberry conglom erate sequence  has been appreciab ly  involved in the  

c ross fau lting . The low er conglom erate members d isconform ably overlie
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the basem ent com plex and term inate  every cross fau lt in th is  a re a . G en

e ra lly , no o ffse ts  occur in the  conglom erate un its where the  fau lts m eet 

the  low er c o n ta c t. One excep tion  to  th is ,  how ever, occurs in the cen te r 

of s e c . 3 0 . ,  T. 4 S . , R 14 E . , where a m ajor N . 45° E .-trend ing  fau lt 

involves the low er H ackberry form ation. The ind icated  r ig h t- la te ra l d is 

p lacem ent of 200 fee t a t the  hackberry  co n tac t is  opposite  to  the  1 ,0 0 0 - 

foot le f t- la te ra l  d isp lacem en t of a 500-foo t-w ide  d iab ase  s i l l  along the 

sam e s tru c tu re .

The major fault zones u su a lly  develop 20 to 30 fee t of gouge 

and cau se  ex ten siv e  shearing  in the  g ran itic  h o s t rock . B ecause the  m id- 

Tertiary conglom erate sequences have not been affected  to  any degree by 

the  c ross fau ltin g , the struc tu ra l deform ation in the  Precam brian b a se 

ment com plex m ust have taken  p lace  before the  conglom erates were d e 

posited  and before they  were tilted  to  the  e a s t .  In p re-M iocene tim e, 

the  d iab ase  s i l ls  and the Apache Group were e ith e r horizon tal or inclined  

not more than  30° E . , as ind icated  by the unconform able re la tio n sh ip s 

w ith the conglom erate se q u e n c e s . H ig h -an g le , e a s t -w e s t ,  normal fau lt

ing then  occurred dropping the north or south s id e s  su c c e ss iv e ly  down

ward . The M iocene conglom erates were then  deposited  on the a lready 

eroded fault b lo ck s , and afte r th is ,  60o-9 0 °  E. ro ta tion  took p lace  p a ra l

le l  to  the m ajor fau lt su rfa c e s . T hus, the  le f t- la te ra l  or r ig h t- la te ra l off

se ts  p resen tly  ind icated  are a c tu a lly  h igh -ang le  normal fau lts with e ith er 

the  north or south  s ide  dropped dow n. The sequence  of even ts leading  to  

the  developm ent of apparen t la te ra l o ffse ts  on v e rtica l d iab a se  s i l ls  is 

g raph ically  illu s tra te d  in Figure 114.
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ALO NG  N O R M A L  F A U L T S  
N O R T H  S ID E  D O W N

P R E -C A M B R IA N
G R A N IT E

‘ .M IO C E N E  CONGLOMERATE'•’ ( 3 )  D E P O S I T I O N  OF M I O C E N E  
C O N G L O M E R A T E  ON  
E R O D E D  FAULT B L O C K S

P R E - C A M B R IA N
G R A N IT E

M IO C E N E
CONGLOMERATEDIABASE

( 4 )  6 0 ° — 9 0 °  R O T A T I O N  O F  
E N T I R E  B L O C K  TO EAST

P R E -
CA M B R IA N

G RAN ITE

Figure 114. Sequence of Events Leading to  the  D evelopm ent of 
Apparent L e ft- la te ra l O ffsets on V ertical D iabase  S ills  in the  T ortilla  
M ountains
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The 50 to  100-foot w ide eas t-tren d in g  A-Diamond fau lt zone 

c ro sse s  the  Kelvin road near the boundary line of s e c s .  11 and 14, T. 4 

S . ,  R 13 E. Its  trace  can be followed w estw ard from Kelvin W ash for 

nearly  one m ile, but there  the  fau lt zone is  lo s t  in the  ex tensive  ta lu s  

cover of R ipsey W ash . On the  e a s t s id e , the s tru c tu re  is  probably te r 

m inated by la te r  north-trending  normal f a u l ts .

Several low -ang le  normal fau lts  a re  p resen t in the  K elvin- 

R iverside a re a . One eastw ard-d ipp ing  fault is w ell developed in the  

E l/2  s e c .  11, T . 4 S . ,  R. 13 E. The upper p la te  of O racle G ranite over

lap s  and partly  concea ls  a 600-foot w ide v e rtica l d iab ase  basem ent s il l  

and cau se s  an apparen t pinching out of the  s il l  to  the  north . The fau lt 

d ips 3 0 °-4 5 o E. and may continue ac ro ss  the G ila River northw ard . 

W hether or not it m erges w ith the s teep ly  dipping north-trending  Sonora 

fau lt is  not know n. The low -ang le  fault cu ts  severa l e a s t-w e s t  Laramide 

d ikes and numerous fissu re  v e in s .

E xtensive low -ang le  faulting occurs in s e c s .  12 and 12, T. 4 S. 

R. 13 E . , where strongly m ineralized and a ltered  ap lite  porphyry has 

been em placed over re la tiv e ly  unm ineralized O racle G ra n ite . The con tac t 

is  a 15° to  45° S .-d ipp ing  fau lt zo n e . The ap lite  porphyry is  cu t by c lo se  

ly  sp aced , sy s tem atica lly  eas t-tren d in g  m ineralized jo in ts  and fissu re  

v e in s . F inely d issem ina ted  lim onite specks in the  rock ind ica te  the for

mer p resen ce  of s u lf id e s . M oderate amounts of copper carbonate  are  

p resen t in the  la rg er f issu re  veins and a lso  as a cem enting agen t in the 

ferruginous conglom erate along the northw est-trend ing  Kelvin fault zone . 

The source for th e se  a lloch thonous m ineralized p la te s  is  p rob lem atic .

The southward dip tends to  su g g e s t a northern source a re a , but no ap lite
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porphyry is  p resen tly  exposed north of the  G ila River u n less  it  is covered 

by G ila C onglom erate . Numerous ap lite  porphyry m asses crop out farther 

to  the  so u th , and it  is very lik e ly  th a t the  a llochthonous p la te s  did orig

in a te  th e re . The northward movement occurred probably in response  to  

continued up lift and eastw ard  ro ta tion  of the T ortilla  range . Faulting is 

postm ineral in a g e . In th is  re sp e c t i t  is  in te resting  to  note th a t the 

trend of the  m ineralized fractures and fissu re  veins in the  upper p la te  

conforms reasonab ly  w ell w ith the regional m ineraliza tion  pa tte rn  in the 

O racle G ra n ite . T hus, very l i t t le  ro ta tio n , if any , took p lace  during the  

em placem ent of the upper p la t e s .

A north -trend ing  low -ang le  fau lt system  is  exposed w est of the  

Sultana-A rizona mine in the  E l/2  s e c .  12, T. 4 S . ,  R. 13 E. The fau lts  

dip 20° to  40° E. and separa te  strongly  fo lia ted  O racle G ranite in the  

upper p la te  from regular granite  and d iab a se  in the low er p la te . The 

southward con tinuation  of the low -ang le  fau lt is  com plicated by north

e a s t  c ro ss  fa u ltin g . A sm all segm ent of the fau lt is  exposed , how ever, 

in the extrem e S E l/4  s e c . 12 where O racle G ranite overlies a v e rtica l 

d iab a se  basem ent s i l l  w ith a shallow  eastw ard-d ipp ing  fau lt c o n ta c t.

The age of th is  faulting is de fin ite ly  post-L aram ide b ecau se  an  e a s t

trending Laramide quartz  m onzonite porphyry dike is term inated  by th is  

s tru c tu re . No c ro sscu ttin g  re la tio n sh ip s w ith the  tilted  H ackberry forma

tion  are exposed; consequen tly  an upper age lim it for the  low -ang le  fau lt

ing cannot be e s tim ated .

P ost-M iocene  Faulting

The la te s t  tec to n ic  even in the  study a rea  is  m anifested  by a 

se rie s  of north - to  no rthw est-trend ing  normal fau lts  involving the
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m id-Tertiary Ripsey W ash and H ackberry sequences as w ell a s  the  G ila 

C onglom erate .

The R ipsey and H ackberry fau lts  bring the midi-Tertiary con

glom erate sequences in fau lt con tac t w ith the Precam brian basem ent 

com plex. The Ripsey fau lt is  a north - to  northw est-trend ing  struc tu re  

dipping 30° to  65° WSW. Its  trace  is  w ell exposed and can  be follow ed 

for nearly  6 m iles through the  cen tra l portion of the  map area (F igs. 5 and 

18).

The Ripsey fau lt d iv ides the map area into two large  struc tu ra l 

b lo c k s . The w estern  block c o n s is ts  mainly of o lder Precam brian g ran itic  

ro c k s , v e rtica l d iab a se  basem ent s i l l s ,  and e as t-tren d in g  Laramide d ike 

sw arm s. The e as te rn  block c o n s titu te s  the northern Tortilla M ountains 

proper and con ta in s rem nants of the s teep ly  inclined  Apache Group re s t

ing on the Precam brian basem ent com plex, d iab a se  s i l l s ,  and various 

Laramide in trusive  b o d ies . The Ripsey W ash sequence  d ips a t  15° to  

30° in to  the Ripsey fau lt. This re la tionsh ip  su g g ests  th a t the w estern  

block til te d  independently  of, but sim ultaneously  w ith , th e  eas te rn  

block when the en tire  range becam e s truc tu ra lly  u n s ta b le .

The H ackberry fault m erges w ith the  R ipsey fau lt in s e c .  1,

T. 5 S . , R. 13 E . , and is  considered  to  be a branch of the la t te r  fa u lt. 

The H ackberry fau lt brings the sou thw est-d ipp ing  portion of the H ack

berry form ation in con tac t w ith the Precam brian O racle G ranite and 

Laramide quartz d io rite . The fau lt d ips 30° to  55° W . and S W ., w hich 

is  very sim ila r to  the  a ttitu d e  of the  Ripsey fau lt.

N ear the  southern  border of the mapped a re a , a m oderately 

w est-d ipp ing  normal fau lt brings portions of the  R ipsey W ash sequence
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in jux taposition  w ith O racle G ran ite . This structure  is probably part of 

the  main Ripsey fau lt sy s te m . The w riter su sp ec ts  th a t th is  fau lt con

tin u es into the C rozier Peak quadrangle to  the  sou th , but Krieger (1969) 

does not show any north-trending  faulting  in th is  p a rticu la r area  on her 

prelim inary geo log ic  m ap.

To the  no rth , the R ipsey fau lt is  concealed  by ta lu s  in  the  

v ic in ity  of the  eas t-tren d in g  A-Diamond fau lt. Several iso la ted  rock 

exposures in th is  general area  show h ig h - and low -ang le  fau lting , but 

th e ir  e rra tic  d istribu tion  prohib its an accu ra te  trac ing  of the  fau lt zone .

The w estw ard-dipping  Dry W ash fau lt en te rs the  mapped area  

in the  north and may very w ell rep resen t the  northern ex tension  of the 

Ripsey fau lt. According to  C reasey  (personal com m un., 1969), the  Dry 

W ash fau lt forms a m ajor low -ang le  struc tu re  in the  Teapot M ountain 

quadrangle bringing M iocene W hite ta il Conglom erate in fau lt con tac t 

w ith G ranite M ountain porphyry and Pinal S c h is t. The cum ulative s trik e  

length  of the Dry W ash fau lt is over 6 m ile s . If the R ipsey and H ack - 

berry fau lts are added to th is  figure, the to ta l length  of the  low -ang le  

w estw ard-d ipp ing  fau lt zone in th is  area is  a t le a s t  15 m ile s .

In the study a re a , the  Dry W ash fau lt sep a ra te s  O racle G ranite 

from Sonora d io rite  and cu ts the eas t-tren d in g  Laramide d ike sw arm . The 

m ost strik ing  e ffec t is  the  apparen t le f t- la te ra l  o ffse t of the d ike swarm 

by the fa u l t . The w riter made a sp e c ia l attem pt to  co rre la te  indiv idual 

d ikes on e ith e r s id e  of the  fault to  determ ine the  amount of p o ss ib le  

s tr ik e -s lip  sep a ra tio n . The re su lts  are  inconclusive  b ecau se  the com

p o sitio n a l varia tions betw een d ikes are not g rea t enough to  perm it a 

d irec t co rre la tion  betw een groups of d ikes a c ro ss  the  fau lt. The



arrangem ent of the en tire  d ike pa ttern  su g g ests  th a t the w estern  block 

has moved h a lf a mile southward which is  in accord w ith le f t- la te ra l  

o ffse ts  suggested  along the Ripsey fau lt in the southern  map portion .

On the  other hand, the uniform eas t-n o rth ea s t- tre n d in g  Sonora d io rite -  

O racle G ranite con tac t in the e as te rn  block should have a lso  been d is 

p laced  southward if  the movement were tru ly  le f t l a te r a l . A con tac t 

d isp lacem en t to  the  south  is  not ind ica ted  on the  w est s ide  of the fa u l t .

If any th ing , the con tac t seem s to  have been d isp laced  sev era l hundred 

fee t to  the  n o rth .

A broad north-trending  fau lt zone is  exposed ju s t  e a s t  of Kelvin 

W ash along the  b a se  of the  ap lite  porphyry rid g e . The zone s trik es  north 

to  n o rth -n o rth eas t and generally  d ips 55° to 75° W . , a lthough many 

eastw ard-d ipp ing  fau lt su rfaces are p resen t w ithin  th e  sam e sy stem .

The structu re  cu ts O racle G ran ite , ap lite  porphyry, d ia b a se , and L ara- 

mide d ike ro c k s , and it can be traced  in term itten tly  along s trik e  for about 

1 .5  m ile s . In p la c e s , the fau lt zone is over 200 fee t w ide . The O racle 

G ranite is  sheared  to  such  exten t th a t the  o rig inal tex tu re  is  com pletely 

d e s tro y e d . This fault zone may rep resen t a portion of the  hinge line  

along which the eastw ard  ro ta tional movement took p la c e . H eavy ta lu s  

cover in the v ic in ity  of the A-Diamond fau lt m asks the  con tinuation  of 

th is  m ajor shear z o n e . H ow ever, there  is  an ind ica tion  th a t the  fau lt 

follow s Kelvin W ash northward un til it m erges w ith the  Sonora f a u l t .

The Sonora fau lt is a 50 -100-foo t w ide sh ear zone dipping 

generally  50o-7 5 °  W . Several eastw ard  dips have been  observed . The 

fau lt zone trends northward in to  the  ad jacen t Sonora quadrangle and 

toward the  Ray ore body. It sep a ra te s  for th e  m ost part Sonora d io rite

221
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to  the  e a s t  from O racle G ra n ite , d ia b a se , and d io rite  to  the  w e s t. The 

amount of shearing and gouge is  very sim ilar to  th a t of the fau lt zone 

ju s t  d e sc rib e d , and the two struc tu res may ac tu a lly  be the  sa m e .

A se r ie s  of northw est-trend ing  fau lts is  exposed e a s t of Kelvin 

betw een the G ila River and S ta te  Highway 177. The struc tu res cu t O racle 

G ranite and s lig h tly  o ffse t sev era l e as t-tren d in g  Laramide d ik e s . One 

s teep ly  w estw ard dipping normal fau lt brings a sec tio n  of m id-Tertiary 

conglom erates in co n tac t w ith O racle G ranite and d ia b a se . This con

glom erate exposure rep resen ts  the northernm ost occurrence of the tilted  

m id-T ertiary sequence  in the study  area  and s ig n ifie s  th a t eastw ard  

ro ta tion  of the T ortilla  block has proceeded a t le a s t  to  th is  p o in t. The 

Kelvin fau lt is  part of the sam e sy stem . The fau lt d ips s teep ly  to  the  

e a s t  and cu ts the m ineralized  a lloch thonous ap lite  porphyry p la te s .

Several north-trending  sh ear zones are  exposed w est of Ripsey 

W ash where they  cu t and term inate a ll  of the  e as t-tren d in g  Laramide 

d ik e s . The s tru c tu re s , how ever, a re  poorly exposed and d ifficu lt to  

fo llow . The w estern  se t of th e se  fau lts  may com prise ano ther hinge line  

th a t borders the  w estern  tilted  b lock . U nfortunately , no sedim entary 

rocks are  exposed in  th is  part of the  map area  to  in d ica te  the  exac t 

amount of ro ta tio n . The numerous north-trending  d iab a se  basem ent s i l l s , 

how ever, s t i l l  m aintain a nearly  v e rtica l a ttitu d e  and su g g est th a t th is  

block has a lso  been ro tated  a t le a s t  90°E.

A zone of n o rth -tren d in g , m ainly eastw ard-d ipp ing  fau lts  oc

curs in G ila Conglom erate in the n o rth east corner of the map a re a . The 

amount of d isp lacem en t along ind iv idual fau lts is d ifficu lt to  estim ate  

b ecau se  of lack  of m arker h o rizo n s . L ocally  5 to  10 fee t of d ip -s lip
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separa tion  w as observed . T hese northw est-trend ing  fau lts are re la ted  to  

the  la te s t  tec to n ic  ad justm ents in th is  area and m ust be of P lio -P le is to -

cene a g e .



GEOLOGIC SYNTHESIS

The com plex arrangem ent of the struc tu ra l elem ents in the  study 

area  is ev iden t from the  d e ta iled  d escrip tio n s in  the foregoing c h a p te rs . 

All observed s tru c tu ra l fea tu res are  the  re su lt of regional tec to n ic  

s t re s s e s  th a t operated in d ifferen t d irec tions a t d ifferen t tim es through

out geolog ic  h is to ry .

The older Precam brian fo lia tion  in the  O racle G ranite trends 

no rtheast to e a s t-w e s t  in the  map a re a . In the v ic in ity  of Ray, the  Pinal 

S ch ist fo lia tion  trends nearly  e a s t -w e s t .  This fo lia tion  is  the  fundam en

ta l s truc tu ra l grain  in the area  and appears to  have been reac tiv a ted  

during the Laramide orogenic p e rio d . This o lder Precam brian fo lia tion , 

how ever, exerted  no observed influence on the em placem ent pa tte rn  of 

the  ex tensive  younger Precam brian d iab a se  s i l l s .  The s i l ls  c learly  c ro s s 

cu t the b io tite -q u a rtz  fo lia tion  of the O racle G ranite  in the  Kelvin a r e a . 

The em placem ent of the d iab ase  magma was contro lled  firs t by the flat 

sheeting  d irec tions in the upper portions of the  O racle G ranite  below the 

Apache unconform ity, and second by the bedding p lane o rien ta tions in 

the  Apache Group i ts e l f .  T hese two se ts  of struc tu ra l su rfaces apparen tly  

provided d irec tions of le a s t  p ressu re  to the  advancing wedge of d iab a se  

magma. The p resen t s teep ly  d ipp ing , northw ard-trending d iab a se  s i l ls  

are  the re su lt of eastw ard  tiltin g  of the  en tire  T ortilla  M ountain range 

during early  and m id-Tertiary tim e.

The Laramide m agm atic even t occurred in th ree  d is tin c t p u lses  

a s  shown by iso top ic  age determ inations and c ro sscu ttin g  re la tio n sh ip s
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(Fig. 93). F irst the  in trusion  of indiv idual d iorite  s tocks dated  a t 69 

m .y . occurred . This event is  w ell represen ted  by the  Sonora d io rite  and 

the  H ackberry quartz d io rite  in the imm ediate study a r e a . The Troy 

granodiorite  (71 m .y .)  in the Dripping Spring M ountains and the Copper 

H ill granodiorite  (68 m .y .)  sou thw est of W inkelm an fa ll w ithin  the  sam e 

age ran g e . The second m agm atic pu lse  occurred a t 63 m .y . and is  m ani

fes ted  by the  G rayback granodiorite  p lu ton , the  G ranite M ountain por

phyry a t Ray, and the  granodiorite  stock  (62 m .y .)  a t  C hristm as. The 

third even t is  c lo se ly  re la ted  in  tim e with the in trusion  of the G rayback 

granodiorite  and is m anifested by the  em placem ent of the  prom inent e a s t -  

w est-trend ing  dike swarms which are  a lso  dated  a t 63 m .y . The d ikes 

c learly  cu t the  Grayback granodiorite  pluton and the G ranite  M ountain 

porphyry. H ow ever, the  iden tica l iso top ic  ages of the  stocks and the  

d ikes su g g est th a t the  d ikes are  g en e tica lly  re la ted  to  the  larger in tru 

sive  m a s se s . D eep-reach ing  reg ional fractures probably tapped the 

reservo ir th a t e a rlie r  supplied  the m aterial for the s tocks and p lu to n s .

The w ell-developed  e a s t-w e s t- tre n d in g  fissu re  vein and min

era lized  fracture system  is  younger than  the dike ro c k s . The conform able 

nature of d ik e s , f is s u re s , and m ineralized frac tu res in d ica te s  th a t the  

formation of the la tte r  two w as influenced by the  sam e regional s tre s s  

pa ttern  th a t contro lled  the  dike em placem ent.

This c h a ra c te ris tic  e a s t-n o rth e a s t to  e a s t-w e s t  trending zone 

of Laramide in trusive  m asses  and m ineralized s truc tu res  is  not only p re s 

ent in the  study area  but has a lso  been recognized in sev era l o ther moun

ta in  ranges of so u th eas t Arizona (Fig. 4, in pocket), e sp ec ia lly  in the 

Dripping Spring M ounta ins, Sacaton M ounta ins, S ilver Bell M ountains,
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and near Red H ills  and M ineral Butte. The Laramide s truc tu res  invariably  

cut a c ro ss  the northw est-trending  mountain ran g e s . A sim ila r re la tio n 

ship  has been  described  by Stokes (1968) in  the eas te rn  G reat Basin of 

U tah . The recognition  of th is  re la tionsh ip  is , in  the w rite r 's  op in io n , of 

g rea t econom ic s ig n if ic an c e . The m argins of the covered b asin s  betw een 

the northw est-trend ing  m ountain ranges co n stitu te  ex ce llen t exploration 

ta rg e ts  for po ten tia l base  m etal d ep o sits  w herever they  c ro ss  the  pro

jec te d  trends of the Laramide in tru sive  b e l t s .

Post-Laram ide deform ation is  charac te rized  by ex ten siv e  block 

fau lting , ro ta tion , and de lin ea tio n  of the  p resen t m ountain ran g e s . The 

sedim entary s tra ta  in the nearby m ountains show very l i t t le  fo ld ing . In 

the  report a rea , the  fau lt pa ttern  resem bles a chao tic  assem b lage  of 

breakage d irec tions on c a su a l observation  (Fig. 113). A carefu l study , 

how ever, rev ea ls  a t le a s t  two periods of post-L aram ide fau lting , each 

one rep resen ted  by a c h a rac te ris tic  tre n d . One is  m ainly e a s te r ly , and 

the  o ther trends predom inantly n o rth w esterly . Even though the  e a s t-w e s t  

fau lts  cu t the Laramide d ik e s , th e ir  conform able a ttitu d e  with the  L ara

mide d irec tion  in th is  area sug g ests  th a t the e a s t-w e s t  fau lts rep resen t 

the  waning stag e  of the Laramide orogeny. T hese fau lts  are defin ite ly  

o lder than  the m id-T ertiary Ripsey W ash and H ackberry conglom erate 

se q u e n c e s . Some of th e se  e a s t-w e s t  faults could have served  as  hinge 

lin e s  along which the in itia l eastw ard  tilting  of individual b locks has 

taken  p la c e .

The north- to  northw est-trend ing  fault pa ttern  formed in re 

sponse  to  the post-M iocene  deform ation and is  g en e tica lly  a sso c ia te d  

w ith the ex tensive  eastw ard tiltin g  of the  T ortilla  block as w ell as with
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th e  d ifferen tia l sub sid en ce  of the  Dripping Spring M o u n ta in s . The p re s 

ent study has shown th a t the  tiltin g  of the  northern T ortilla  M ountains 

w as accom plished  by two major b locks now separa ted  by Ripsey W ash 

th a t ro tated  indiv idually  but sim ultaneously  eastw ard  during the breakup 

of th is  reg ion .

Evidence for eastw ard tiltin g  occurs a t many lo c a lit ie s  along 

the  w est side  of the  San Pedro-G ila River lineam ent (Fig. 4). Krieger 

(1969) has mapped severa l s teep ly  dipping Apache Group exposures in 

the  C rozier Peak and Putnam W ash q u ad ran g les . In the  Ray area to  the 

north , eastw ard  ro tation  becom es le s s  ev ident b ecau se  of ex tensive  la te  

T ertiary vo lcan ic  cover and the general ab sen ce  of tilted  sedim entary 

un its on the  w est side  of M ineral C reek . Recent developm ents in the 

Ray open p it m ine, how ever, have d isc lo se d  a sec tion  of the Apache 

Group unconform ably resting  on Pinal S ch ist and dipping 45°E . toward 

the  Ray fau lt (Ph illips, personal com m un., 1970). This exposure is  

overla in  by the  Emperor th ru st sh ee t which c o n s is ts  en tire ly  of P inal 

S c h is t. The em placem ent of th is  th rust p la te  probably occurred in re 

sponse  to  the eastw ard  ro tation  of the northernm ost T ortilla  M ou n ta in s.

The M iocene W hite ta il Conglom erate beneath  Teapot M ountain 

northw est of Ray d ips 30° to  65° E. and is  unconform ably overlain  by the 

Superior d a c ite  ex trusive  com plex. The eastw ard  tiltin g  of the  W hite ta il 

C onglom erate, therefo re , had to  be m ostly com pleted by the  tim e the  20 

m .y . old d a c ite  w as ex truded . Thus, there  is  now su ffic ien t ev idence 

to  ind ica te  th a t the  Ray area  w est of M ineral Creek experienced up to  

60° E. ro ta tio n . B ecause the  tiltin g  is  of post-L aram ide a g e , the p re s 

ent outcrop pattern  of the G ranite M ountain porphyry stock  and
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a sso c ia te d  in tru s ives (porphyry break) should reveal th is  deform ation.

The w riter su sp ec ts  th a t a c ritic a l exam ination of the con tac t re la tio n 

sh ips betw een the in tervening P inal S ch ist and the porphyry bodies w ill 

reveal gently  dipping con tac t zones very sim ilar to  the  re la tio n sh ip s ob

served northw est of H ackberry W ash betw een the  e longate  quartz d io rite  

m asses arid O racle G ran ite .

The northernm ost exposure ind icating  eastw ard  tiltin g  is  in the  

M ineral M ountain area  where a narrow b e lt of s teep ly  eastw ard  dipping 

Apache Group and M artin (?) L im estone re s ts  unconformably on Pinal 

S c h is t. The tilted  sedim entary  s tra ta  are  in turn unconform ably overlain  

by the rhyolite  ex trusive  complex w hich is  younger than  the  Superior 

d a c ite  erup tion . The tilted  sedim entary  s tra ta  are  term inated to  the  

south by a gently  eastw ard  dipping p la te  of Pinal S ch ist (Schmidt, 1967) 

which resem bles c lo se ly  the Emperor th ru st p la te  a t Ray.

Peterson  (1968) p o stu la te s  a northw est-trend ing  structu ra l hinge 

line  m easuring about 3 m iles in w idth to  explain  the  various tilte d  se d i

mentary exposures m entioned above. This d isturbed zone p a s se s  w est of 

Superior and con tinues sou thw est into the  p resen t study a re a . The w riter 

concurs w ith P e te rso n 's  id ea , and he sug g ests  th a t the  San Pedro l in e a 

ment c o n s titu te s  the  major elem ent of th is  struc tu ra l h inge l in e . All rock 

un its  of p re -d a c ite  age loca ted  w est and sou thw est of the  San Pedro Val

ley  and its  northern ex tension  have been  tilted  sig n ifican tly  to  the  e a s t .  

This w estern  block must have been a p o sitiv e  area  for a long tim e span 

and sub jec ted  to  considerab le  erosion  b ecau se  very few or no Paleozo ic  

and younger Precam brian sedim entary  stra ta  are  found . In many lo c a litie s  

d a c ite  l ie s  d irec tly  on older Precam brian basem ent com plex.
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The Dripping Spring M ountains e a s t of the G ila-S an  Pedro Val

ley  expose th ick  se c tio n s  of gently  dipping but profusely  b lock -fau lted  

Paleozoic  and younger Precam brian s t r a ta . Farther to  the n o rth east, the  

gently  w estw ard-dipping  s tra ta  in the M escal M ountains re s ts  uncon- 

formably on the  older Precam brian Pinal M ountain block and form a s tru c 

tu ra lly  undisturbed d ip -s lo p e  sequence  (Fig. 115).

T hese four m ountain ranges then  appear to  be part of or involved 

in a la rg e -sc a le  u p lif t-c o lla p se  struc tu re  th a t cen ters  around the D rip

ping Spring-G aliuro  mountain c h a in . The Tortilla M ountain block forms 

the w estern  portion and the M e sca l-P in a l M ountain block the  easte rn  

portion of th is  s tru c tu re . It is inconce ivab le , how ever, th a t one is  d e a l

ing here with a sim ple dome which s tre tc h es  from the  T ortilla  M ountains 

in the  w est to  the  Pinal M ountains in the e a s t . I t is  much more like ly  

th a t the  T ortilla  M ountain block tilte d  independently  of but sim u ltaneous

ly with and opposite  to  the  Pinal M ountain block and th a t the cen tra lly  

loca ted  D ripping Spring M ountains experienced in tim ate block faulting 

w ith severa l thousand fee t v e rtica l d isp lacem en t but v irtua lly  no ro ta tio n . 

The observed fea tu res c learly  developed in a ten s io n a l s tre s s  field ch ar

ac te rized  by e a s t-n o rth e a s t to  w est-so u th w est d irec ted  d is te n tio n .

M ost investiga to rs on the  problem of Basin and Range tec to n ic s  

ag ree  th a t the  w estern  United S ta tes w as sub jected  to  la rg e -sc a le  ex

ten s io n  during m id-Tertiary tim e . However, the various exp lanations 

given to  bring about d is ten tio n  and co llap se  differ co n sid erab ly .

Cook (1965, 1969) p o s tu la te s  a rising  convection  c e ll  beneath  

the  Basin and Range province along the  landward p ro jec tion  of the East 

P acific  Rise into the  G ulf of C a lifo rn ia . The model involves one large
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Figure 115. G enera lized  C ross Section  through T o rtilla , Dripping Spring, and P inal M o u n ta in s, 
A rizona, Looking N orthw est

The T ortilla  and P inal M ountains rep resen t deep ly  eroded Precam brian blocks th a t were uplifted  
and tilte d  in m id-T ertiary  tim e . The c en tra lly  located  D ripping Spring M ountains experienced in tim ate  
d iffe ren tia l b lock  faulting  but v irtu a lly  no t i l t in g . Arrows in d ica te  d irec tions of re la tiv e  m ovem ent. This 
s ty le  of deform ation is  outlined by the  a ttitu d e s  of the  younger Precam brian Apache Group (pCa) and 
d ia b a se  s i l ls  (pC db), the  Paleozo ic  lim estone  sequence  (Ps), and the  various Tertiary conglom erate s e 
quences (T s).
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w estw ard-flow ing m antle convention current which is the  driving m ech

anism  for rifting and block faulting in the  re la tiv e ly  th in  lithosphere  

(25-30 km ). Sufficient h ea t energy is supplied  to  c au se  p artia l m elting 

in the low er c ru st (m an tle-crust mix) and to  enab le  ex tensive  s i l ic ic  

volcanism  in the  overlying d is se c te d  c ru st (Fig. 116). The high heat 

flow could a lso  be a ready source for the therm al energy n ecessa ry  to  

re se t com pletely  the  Ar clock  in the  C a ta lina -T o rto lita  g n e iss  c o re s .

Basin and Range 
Province

^ i S E A
MANTLt-CRUST  /  LEVEL

M X  /

5 0  KM
TensionTranslation

High
Heat Flow

2 0 0  KM

100 2 0 0  5 0 0

Figure 116. S tructural M odel for the W estern  United S ta te s . — 
M odified from Cook (Figure 10 B ,C; 1969)

From a d e ta iled  s tru c tu a l study in the Yerington area of N ev ad a , 

Proffett (1971) concluded th a t C enozoic  normal faulting  resu lted  from 

about 35 percen t e a s t-w e s t  ex tension  in the G reat B asin . This ex ten sio n , 

according to  Proffett, can only be explained through the p resence  of the  

E ast P acific  R ise and the phenomenon of c ru s ta l th inning under the  

G reat B asin.
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Thompson (1965) su g g ests  lo ca l convection as  a re su lt of ex

pansion  in the  low er c ru s t in connection  with phase  changes and ig 

neous in trusions (Fig. 117). The su b cru sta l expansion  would cau se  

regional ex tension  in the upper c ru st and concom ittant graben and ho rst 

form ation. H ow ever, Thom pson's model env isions very l it t le  t i l t in g , if  

any , of the  involved c ru s ta l b lo ck s .

Figure 117. M odel of Basin and Range Structure a fte r Thompson
(1965)

H am ilton and M eyers (1966) re la te  the  Basin and Range tec to n ic  

ac tiv ity  to  oblique ten s io n a l rifting a s  a re su lt of r ig h t- la te ra l s tr ik e -s lip  

separa tion  in the  con tinen ta l p la te  of w estern  United S ta te s . Slemmons 

(1971) a lso  considers s tr ik e -s lip  and some o b liq u e -s lip  faulting a m ajor 

fac to r operating in the Basin and Range prov ince. He u ltim ately  re la te s  

s tr ik e -s lip  faulting to rifting in the basem ent sim ila r to  the  tec to n ic  

pa ttern s along the  San Andreas fault z o n e . Very l i t t le  ev idence  for th is  

kind of deform ation, how ever, e x is ts  in the T ortilla  M ountains and 

v ic in ity . Noble (1971) re je c ts  e a s t-w e s t  ten s io n  a s  the controlling fac 

to r for b a s in -an d -ran g e  type s tru c tu res  and re la te s  the  a rcu a te  form of
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the en tire  Basin and Range province to  lam inar flow in the  upper m an tle .

A c lo se  c a u sa l re la tio n sh ip  betw een C enozoic volcanism  and 

Basin and Range tec ton ism  has been proposed by M ackin (1960) and 

Damon and M auger (1966). G illu ly  (1965), on the other hand , argues 

th a t a cau sa l re la tionsh ip  betw een vo lcan ism , tec ton ism , and plutonism  

does not e x is t in the  w estern  United S ta te s . Damon and M auger (1966) 

a ttrib u te  Basin and Range tecton ism  to  up lift of the E ast Pacific  Rise 

and subcrusta l volume in c rease  as a resu lt of so lid -liq u id  phase  t r a n s i

tions . P artia l m elting of the low er c ru s t is aided  by high convective  

h e a t flow and rad ioactive  d e ca y . The resu lting  volume in c re ase  w ill 

u ltim ately  rupture the  upper c ru s t causing  e x c e ss iv e  volcanism  on the 

su rface .

M ackin (1960) re la te s  c ru s ta l co llap se  d irec tly  to  the ex trusion  

of large volum es of vo lcan ic  rocks in the  G reat Basin area  w hereby in 

d iv idual fau lt b locks t i l t  upward and ro ta te  away from the  cen ters of 

volcanism  to  form an in trica te  an tith e tic  fault pa ttern  (Fig. 118). Ac

cording to  th is  model the  c ru s ta l breakup occurs mainly a fte r the  erup

tion  of vo lcan ic  rocks so th a t th e se  vo lcan ic  rocks are  a lso  involved in 

the tiltin g  p ro c e ss .

Large volum es of s i l ic ic  vo lcan ic  m aterial cover the  Ray- 

Superior a r e a , but the  ex trusive  event took p lace  largely  a fte r th e  main 

phase  of struc tu ra l d is tu rb an c e . The d ac ite  a sh  flow sh e e ts  overlie  the  

tilte d  sedim entary  s tra ta  w ith a marked unconform ity. H ow ever, ev i

dence for some e a rlie r  s i l ic ic  vo lcan ic  ac tiv ity  is  ind ica ted  by sev era l 

th in  rhyolite  bands in the til te d  H ackberry and Ripsey W ash conglom 

era te  sequences and by the m assive  tu ffaceous san d sto n e  un its in the
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Figure 118. M odel of Basin and Range S tructure a fte r  J. H . 
M ackin— From Roberts (1968)

cen tra l part of the Ripsey W ash seq u en ce . As far as the  study area  is 

concerned , it seem s unlikely  th a t c ru s ta l breakup resu lted  d irec tly  from 

vo lcan ic  ex trusive  a c tiv ity . It is more like ly  th a t s i l ic ic  volcanism  in 

th is  area formed in response  to  the c ru s ta l b reakup .

W ilson and Moore (1959) proposed the  concept of b ro ad , open 

folding in the Arizona portion o f the Basin and Range p rov ince . They 

su g g est th ree  m ajor northw est-trend ing  a n tic lin a l s tru c tu res  betw een 

Tucson and Yuma to  accoun t for periodic dip rev e rsa ls  in  the m ountain 

ran g e s . W ilson  and Moore in d ica te  th a t the e as te rly  d ips of the  moun

ta in  b locks are generally  s te ep e r than  the  w esterly  d ip s; a fac t w ell
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borne out in the  p resen t study (Fig. 113). W ilson  and Moore re la te  th is  

asym m etrical pa ttern  to  faulted  folds sim ilar to  the large fold struc tu res 

on the  Colorado P la teau .

The w riter b e liev es th a t an tith e tic  ro tation  as a re su lt of doming 

is  an a ttrac tiv e  concep t to  exp la in  the  struc tu ra l configuration observed 

in the  investiga ted  reg ion . According to  C loos (1939), a rising  and ex

panding dome w ill co llap se  in the  cen ter w hereby the indiv idual b locks 

t i l t  upward and ro ta te  away from the  dome cen ter along curving fau lt 

p lanes (Fig. 119).

Ter tit to Moun loin s

DENUOATEO PR [CAMBRIAN BASEMENT COMPLEX

Gilo River

Rising ond Expending 
Dome! Uplift 3 MILES

Figure 119 . Sketch of A ntithetic  Rotation as  Applied to  the  
T ortilla  M ountains

Figure not drawn to  s c a l e .

Applying th is  concep t to  the  study a re a , the  cen te r of the  rising  

dome or e longate  w elt is  not loca ted  betw een the  T ortilla  and Pinal 

M ountains but w est of the  T ortilla  M ountains in an area  now largely  

covered by H olocene gravel d e p o s its .  The cen te r of th is  s truc tu re  would
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lie  on the  northw estw ard p ro jec tion  of the  Santa C a ta lina -T o rto lita  

g n e iss  block which y ields up lift-coo ling  ages of 25-30 m .y . (M auger, 

Damon, and L iv ingston , 1968). This therm al w elt could p o ss ib ly  extend 

farther to  the  northw est p a s t the  P icacho M ountains to  South M ountain 

near Phoenix and could co n s titu te  a m ajor northw est-trend ing  b e lt of 

m id-Tertiary c ru s ta l h ea tin g , dom ing, and subsequen t t i l t in g .

G ravity da ta  (Peterson, 1968) in th is  part of Arizona outline 

numerous north - to northw est-trend ing  anom alies bordered by steep  

g rad ien ts th a t probably re flec t f irs t-o rd e r  d isc o n tin u itie s  in the  b a se 

m ent.

The c lo se  tim e corre la tion  betw een c ru s ta l heating  and ex ten 

sive  block faulting i s ,  in the  w rite r 's  opin ion , not fo rtu ito u s. S tra ti

graphic ev idence  in the  study area  in d ica te s  th a t eastw ard ro tation  con

tinued up to  21 m .y .  ago . Cooling of the  reheated  c ru s ta l portions in 

the C a ta lina -T o rto lita  g n e iss  b e lt was su ffic ien tly  advanced betw een 

25 and 30 m .y .  ago to  re se t com pletely  the argon c lo ck . T hus, there  is 

a 5 to  10 m illion year in terval during which continued up lift and con

com ittan t ro tation  took p la c e .

A second b e lt of m id-Tertiary c ru s ta l heating  and up lift could 

include the  P inaleno M ountains and severa l g rave l-covered  a reas to  

the  no rthw est. The w estw ard tiltin g  of the  P in a l-M esca l M ountain 

block would then  be g en e tica lly  re la ted  to  the r ise  of the  Pinaleno w e lt.

A consequence  of the  foregoing concept is th a t the Dripping 

Spring-G aliuro  M ountains co n stitu te  a downdropped block bordered on 

both s id e s  by Precam brian uplifted  c o re s . Further d e ta iled  s truc tu ra l
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in v es tig a tio n s in conjunction  w ith iso top ic  age dating  have to  be carried  

out in th is  c ritic a l part of Arizona to  te s t  th is  h y p o th e s is .

The w riter is  w ell aw are th a t the  study  area  rep re sen ts  only a 

sm all portion of a complex struc tu ra l region in Arizona where the ind i

cated  deform ations may u ltim ately  re la te  to  tec to n ic  forces operating 

over ten s  if  not hundreds of m iles . N e v e rth e le ss , the  w riter is  confi

den t th a t the  p resen t study has ca lled  a tten tio n  to  a struc tu ra lly  and 

econom ically  im portant area of Arizona and th a t the  study  has contributed 

g rea tly  to  the understanding  of the tec to n ic  framework in  th is  part of the  

Basin and Range prov ince.
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FIGURE 4 , GENERALIZED GEOLOGIC MAP OF THE TORTILLA MOUNTAINS 
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FIG. 105 KELVIN BRECCIA COLUMN, PINAL COUNTY, ARIZONA
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