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FIGURE 44 .  G ene ralized  g eologic map of the E a s t  Sie r rita area,  

Arizona, showing part of  r oute of Field T rip I and loc ation of 

( fig s .  4 1 A, B ;  4 2B ) .  

2 0 6  

E X P L A N A T I O N  

G] �:� �  ��:: 
Andesite, etc . ,  dikes, 

sills, plugs 

rn + T+9 + 
Granite, quartz -

monzonite, syenite 

G : � Tit d" : "  >< '" '" 
Diorite , granOdiorite ;:: 

� '" 
oC Thf c: " ,.. 
ooco °0 

" Helmet fanglomerate" 

Breccias 

Agglomerate, tuff 

m j "'-,, �  
Andesite flows ( ? )  0 -,, " k�T�i�' u ;;; "' -"' f-" '"  

Sedimentary and volcanic 
"' ''  " f-

rocks, undifferentiated 

� 
Sl 

Limeston�rentiated ) j 
"B01�:,��:i:;:ite } I 

) � "Sierrita" granite, diorite � 
schist, gneiss, etc. � 

� Field Trip Stop 

Pima C ounty, 
c ro s s  s ections 

'" 0. 

l 

l 



STRUC T URE AND ORE DEPOSITS OF THE 
EAST SIDE OF THE SIERRITA MOUNTAINS 

T RIP I, ROAD LOG 

Thur s day, April 2, 1 9 59 

Leade r s :  W. C .  Lacy and S. R. T illey 

East Sier rita Area- T rip I 

D r iving distanc e :  9 0 . 3 Inil e s .  Logged distanc e :  5 6 . 6 Inil e s . 

G ene ral StateInent 

T he east s ide of the Sierrita Mountains ( Lacy, 2 8 ) ,  her e afte r  refe rred to as the E a st Sierrita area, 
has been the subj ect of intense inter e s t  and o rganize d  s tudy on the part of Inining cOInpanie s  for the past 
e ig ht year s and a s  a cons"equence ,  it has yielded thr e e  new Inaj o r  coppe r  ore  bodi e s  - the PiIna Inine,  
the M i s s ion developInent and E speranza Inine . The s e  properti e s  all depart s OInewhat fr.oIn the usual 
characte r of " porphyry copp e r" deposits and open the p o s s ibilitie s for additional di scoverie s .  

T h e  structural environInent o f  the s e  ore  bodi e s  i s  exce e dingly cOInplex and the r e  i s  n o  g eneral 
ag r eeInent a s  to eithe r the characte r of the structural eleInents o r  the chronology of event s .  All fea
tur e s  appear to r eflect c ontinue d  l eft-late ral InoveInent along a west-northwe st  direction. 

The field trip route l e ads s outh £rOIn Tuc son to the e a s te rn slope of the Sier rita Mountains whe r e  
isolated hill s rise  abov"e the bQ.jada to reveal a kaleido s copic ver s ion o f  the underlying g e ology. 

The starting point of the road log is  the Third Str e et entrance to the University of Arizona at Park 
Avenue.  T he caravan will disband after the E speranza Inine stop and individual parti e s  Inay return to 
Tuc son iInIne diately, o r ,  if they prefer ,  r eInain to vis it additional points of inter e st along the route . 
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Inter s ection of Park Avenue with T hird Stre et at entranc e to the Univer s ity of 
Arizona. F ollow Park Avenue s outhward. 

TURN RIGH T ,  follow Valenc ia Road. 

4 -way STOP SIGN. At 2 : 00 ,  the southern Tuc son Inountains,  c OInpo s e d  e s s en
tially of strongly defo rIned C r etace ou s  arko s e  and shale and T ertiary intru s ive 
and volcanic rock s .  Enter area shown on figure 2 9 .  

T U R N  LEF T ,  follow south on Mis sion Road. Enter  San Xavier Indian Re s e rva
tion. 

STRAIGHT AHEAD, follow T win Butte s Road. Mis s ion Road turns off to the left 
to M i s s ion San Xavier del Bac.  At 2 : 00 ,  Black Mountain, a lava c apped Ine sa 
which rises  1 , 0 0 0  feet  above its b a s e  to  an altitude of 3, 7 0 3  f e et ( fig . 4 0 B ) .  In 
a sc ending o rde r it i s  cOInpo s e d  of speckled rhyolite, " San Xavi e r  congloIne rate 
beds, " ande s ite porphyry and thin basalt and ande site flows ,  all of Iniddle ( ? )  
T e r tiary ag e .  

Most  of the San Xavie r  Indian R e s ervation is c ove red b y  alluvial depo sits which 
rang e in age froIn T ertiary through Quaternary. The olde r alluviuIn is encoun
te r e d  widely in well boring s .  South of Black Mountain, the older alluviuIn ave r 
ag e s  about 200 feet thick and app e a r s  to have been deposited on a Inoderately 
rolling surfac e with shallow northeast-trending valleys s eparated by ridg e s .  
Southeast and northwe st of the r e s e rvation, well log s indicate that the alluviuIn 
is at least 7 0 0  fe et thick. 

At 1 2 : 0 0 ,  the Sier rita Mountains and their no rtheast- sloping pediInent with occa
s ional peaks rising above its  s urfac e .  C retac eous a rkos e  and T ertiary volcanic 
rocks are  found west  of the road just  north of the southern r e s ervation boundary. 
Heindl ( 25 )  p ropo s e s  a N  600 W fault b etween the s e  rocks and the P r e c aInbrian 
g ranite sto the s outh ( fig . 29 ) .  

Leave San Xavie r  Indian R e s ervation and a r e a  shown o n  figure 29 . Enter area 
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shown on figure 44. TURN LEFT on Pima Mine Road. Y ou pas s  ove r the Mis sion 
development (Richard and C ourtright, 32)  which is unde r exploration by The 
Ame rican Smelting and Refining C ompany. ( Thi s country has all been s olidly 
staked -- lode and place r  -- so put tho s e  location notice s  back in your pocket. ) 

ASARC O Mis sion development shaft at 3 : 0 0 .  Exploratory drilling began in 1 9 5 6  
and mine ralized bedrock was penetrated about 200 feet below the surface ( fig . 43) . 
Sulphide s ,  predominantly pyrite and chalc opyrite are distributed erratically as 
dis s eminated g rains and veinlets through badly fractured, metamorpho sed and 
alter e d  s e dimentary rocks,  which include c alcareous rocks,  tactite and hornfels ,  
with small amounts o f  argillite and quartzite.  A monzonite intrusion into the 
sedimentary series  is only weakly mineralized and its distribution appears to be 
unr elated to the distribution of tactite.  Faulting has occur r e d  both befo r e  and 
after mineralization. Sulphide-bearing beds are bottomed by a flat fault between 
an upper block of Paleozoic ( ? )  limestone and a lower block of Precambrian g ran
ite .  Leaching and enrichm ent of c oppe r  are c onfined to a thin layer at the top of 
the bedrock. 

TURN RIGHT on Red Hill Road. 

STOP 1. Entranc e to Pima mine ( J ourneay, 2..!.) .  Follow directions of flagmen. 
WATCH FOR ORE TRUCKS. 

The Pima ore body was discove r e d  by geophysical methods in 1 9 50 (Heinrichs, 
Thurman, and Spaulding , 19 54) . Production began in Decembe r  1 9 56 and the 
mine is p r e s ently operating at a rate of about 4, 000 tons p e r  day. The ore  body 
lies  beneath about 200 feet of alluvium, at the base of which is up to 25 feet of 
c emented conglomerate ( fig . 42B ) .  Ore occurs in metamorpho sed carbonate 
rocks of probable Paleozoic age and in clastic rocks of que stionable C retac e ous 
age.  The s e  rocks have been intruded by rhyolite , syenite and quartz-monzonite 
porphyry bodie s.  The main o r e  zone trends g enerally eastward with an average 
dip of 4 50 to the south. The zone ave rag e s  about 200 feet in thickne s s ,  and has 
been develope d  late rally for 1 , 600 feet. Ore has been inte r s ected in drill hol e s  
to a depth o f  800 f e e t  below the surfac e .  High-g rade o r e  is  c onfined to a wedge 
of carbonate rock which c ar rie s pyrite, chalcopyrite , and minor bornite in the 
primary o r e .  Oxidation extends e rratically to 50 fe et below the top of be dro ck. 

Low-g rade dis seminated pyrite and chalcopyrite mineralization which makes 
open-pit mining operations feasible occurs in the clastic s in the hanging wall of 
the main body and within a breccia along the footwall. 

Leave entrance to Pima mine and return to inte r section of Pima Mine Road and 
Twin B utte s Road. 

TURN LEFT on Twin Butte s Road. 

At 9 : 0 0 ,  the north end of Mineral Hill compo s e d  of C ambrian Bolsa quartzite 
r e sting unconformably upon Precambrian g ranite. Klippen of Paleozoic lim e 
stone r e st o n  Precambrian g r anite a t  3 : 0 0 .  

At 9 : 0 0 ,  B ann e r  Mining C ompany' s Mineral Hill mine ( MacKenzie,  29 ) .  The 
Mineral Hill mine has been worked inte rmittently since 1 8 8 2 .  Its pre sent activ
ity dates from 1 9 5 1  and it has capacity to produce and treat 400 tons p e r  day of 
high-g rade copp e r  o r e s .  

O r e  bodie s occur a t  or  near contacts o f  T e rtiary ( ? )  granite intrusive s with 
Pal eozoic lim e stone and quartzite . The deposits are  pyrometasomatic type with 
contact zoning of the tactite and ore  minerals ( fig . 4 1C ) .  The principal o r e  
bodi e s  are aligned along a n  e ast-we st r eve r s e  fault which dip s 350- 500 t o  the 
south. Thi s  fault has been offset by north-trending ve rtical tear s .  Three hun
dred feet below the surfac e ,  g ranite forms the footwall of the reve r s e  fault. Ore 
bo di e s  are localize d  whe r e  fault int e r sections occur adj ac ent to  intrusive s .  A 
hydrated garnetite, locally calle d  " clay-garnet, " is the most favored ho s! rock. 
Ore shoots are  irregular in size and di stribution and they g enerally dip at a 
flatter angle than the localizing reve r s e  fault. 

Principal c oppe r  mine ralization is as chalcopyrite , with minor bornite and 

208 

l 



O .  I 36. 7 

0 . 6 3 7 . 3 

O .  5 3 7 . 8 

O .  1 3 7 . 9 

1 . 9 39 . 8 

1 . 3 4 1 .  1 

l 

chalcocite a s sociated with local magnetite ,  pyrrhotite ,  molybdenite and s chee
lite . 

STOP 2. At 1 0 : 00 ,  Helmet Peak r i s e s  beyond East San Xavier Hill (fig. 42A) . 
Helme t Peak i s  compo s e d  of Paleozoic lime stone folded into a sharp anticlinal 
fold that plung e s  steeply to the south- southeast. It i s  bounded by faults and, at 
least in part, has been thrust to the s outh and east over C retaceous ( ? )  rock s .  
This i s  shown by klippen o f  lim e stone who s e  nature has been demonstrated by 
drilling s outh and east of Helmet Peak. The axi s  of the Helmet Peak fold has 
b e en swung out of alignment with the other folds  of the area during a pe riod of 
we stwar d  thrusting. 

At 2 : 00 ,  on W e st San Xavier Hill, Paleozoic lime stone has been thrust over P r e 
cambrian g r anite . A klippe of lim e s tone caps the northwa r d-trending ridg e and 
a syenite intrusion has come in along the thrust with accompanying metamor 
phism and coppe r  mine ralization. Thi s is the northwe st e dg e  of the large San 
Xavi e r  thrust which can be trac ed for three  mil e s  to the south whe r e  it is cut off 
by a left-late ral fault. To the north it di sappea r s  under alluvial cover at the 
edge of the San Xavie r  Indian R e s ervation. 

At 9 : 0 0 ,  San Xavier  mine ( Irvin, 3 0 ) ,  among the earliest  of Arizona' s lead- zinc 
produc e r s ,  wa s worked by J e s uits and Spaniards prior to 1 8 7 5 .  

O r e s  are e s sentially o f  lead and zinc with value s in coppe r  and silver.  They a r e  
typical pyrometa somatic depo sit s ,  although they cannot b e  related directly t o  any 
intru s ive.  Ore bodi e s  occur in a wedg e  of Paleozoic lime stone bounded by east
we st  rever s e  faults dipping at about 5 50 to  the south. Whe r e  the s e  r eve r s e  faults 
are inter s ected by vertical north- to east-tr ending tear faults , steeply dipping 
o r e  s hoots are formed. Inte r sections of the reve r s e  faults with flat thrusts  have 
formed flat-lying ore  shoots .  Ore mine ralization ha s r eplac e d  the s e  brecciated 
zone s within the lime stone s ,  particularly wher e  earlie r metamorphism had c on
ve rted the lime stone to  a hedenbergite tactite . The principal ore mine ral s are 
galena, sphale rite and chalcopyrite ;  the s e  r eplace the silicate mine ral s  in the 
tactite . Ore bodi e s  have been develope d  to a depth of 9 0 0  feet below the surfac e .  
Oxidation extends e r ratically t o  a depth o f  4 0 0  feet. 

Outc ropping s adjac ent to the road indicate the complexity of structure and show 
the typical lead-zinc g o s san in the alter e d  tactite . 

STOP 3. A part of the Lower ( ? )  C retac eous section cons isting of arko s e  and 
shale i s  expo s e d  in the wa sh. To the east, up the wash, plug -like bodie s of in
trus ive ande site and breccia are expo s e d  cutting the s edimentary rocks .  

TURN RIGHT on Dogtown Mine s Road. Y ou pas s by dump s of many old lead
silve r mine s of the Olivette g roup of claim s .  B etwe en 1886 and 1 8 9 3  about 
$740 , 0 0 0  value in silve r  was removed from the s e  claim s from nar row fis su r e  
veins striking from north to e a s t  and dipping a t  about 400 to the e a s t  and north. 
O r e s  c ontained chalcopyrite, bornite, freibergite , sphalerite and g alena along 
with pyrite and c rustiform quartz. Ore shipments are reported to have carried 
20 perc ent lead and 100 to  300 ounc e s  of  s ilve r .  

Road inte r s ection, KEEP ST RAIGHT AHEAD. 

STOP 4 - LUNCH STOP. This is  the site of the Payma ster mine, which lie s 
along the we stern edg e  of the San Xavier  thrust sheet. B recciated intru sive 
ande site and C r etac eous ( ? )  arko sic quartzite are thrust over Precambrian ( ? )  
g ranite along this fault zone. The breccias and thrust zone have been strongly 
s ilic ified. Klippen of brecciate d ande s ite and quartzite form low hill s to the 
we st of the thrust sheet. F rom a vantage point on the top of the small hill imme 
diately northwest of the Paymaster mine,  the San Xavie r thrust can b e  trac e d  by 
color differenc e s  and diffe rent topog raphic exp r e s sion of the Precambrian ( ? )  
g ranite and the C retaceous cla stic s and intrusive s on either s ide of the fault. 

The Paymaster mine is e stimated to have produc e d  about $ 220 ,  000 in silver and 
lead from 1 887  to 1 9 0 8 .  The o r e  occur s in narrow fi s sure s  striking north
northea s t  and dipping ste eply to the we st. It is reported that at 2 50 fe et in depth 
below the surfac e the veins dip to the east and follow down the and e s ite brec cia-
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g ranite contact. Two veins  we r e  developed :  the Lead vein which contained prin
cipaEy g alena; and the Iron vein which carried pyrite with a little chalcopyrite 
and tetrahedrite . The veins were gougey and had suffered from vigorous po st
mine ralization faulting in the g eneral plane of the veins . Turn cars  around in 
the cleared loop as dir ected by flagmen and r eturn along the s ame road. 

Dogtown Road inte r s e c tion, KEEP TO RIGH T .  You are pa s sing b y  a n  ande s ite 
intrusive cut by many small vein s .  

Inter s ection . KEEP LEFT .  

STOP 5 .  B re c c ia Hill. The origin of the s ilica- c emente d  quartzite breccia i s  
unknown. It may be ( l ) of s edimentary origin;  ( 2) as intru s ive breccia-pipe 
structu r e ;  ( 3) a breccia related to the San Xavier  thru st;  (4)  a klippe of a second 
ove rlying thrust  sheet ;  or  ( 5) a frontal pha s e  adjac ent to an intru s ive plug . 

At 9 : 0 0 ,  on a little hill about 50 yards  north of the road ther e  i s  a thin lime stone 
bed in the C retac eous ( ? )  clastic s carrying abundant fo s sil algae and oyste r s .  

TURN RIGHT on Twin Butt e s  Road. 

STOP 6. Follow down wash to the east for 50 yards .  The " Helmet fanglome rate ,  " 
of po s sible middle T e rtiary age,  i s  s eparated from T e rtiary tuff to the north by 
a fault - - · or  is it a s edimentary contact ?  The fanglome rate and tuff appear to be 
e s s entially po st-mine ral. 

Amyg daloidal ande site po rphyry flow or a shallow sill in " Helmet fanglome rate . " 

About 600 yards to the we st  of the road is an ande site dike cutting the " Helmet 
fanglome rate . " 

STRAIGHT AHEAD. Sahuarita Road turns off to l eft. 

The road follows along a T e rtiary biotite g ranite or quartz -monzonite stock which 
has metamorpho s e d  the Paleozoic limestone and is g enerally a s s oc iated with 
areas with c opp e r  mine ralization. It appears to follow fracture s  r elated to an 
early s tag e of left-late ral and thrust faulting . 

STRAIGHT AHEAD. McG e e  Road turns off to right. 

C opp e r  Glance mine at 1 1 : 0 0 ;  Queen (C ontention) mine at 5 : 0 0 .  During the 
nineti e s  various gophe ring operations were carried on in the oxide c oppe r  s how
ing s in this area south of Twin Butte s .  In 1 9 0 5  the Twin B utte s Mining C ompany 
was formed and a railroad was built from Tuc s on. Remains of an old engine 
can still be s een just north of the C opp e r  Glanc e mine.  Operations were carried 
out until 1 9 1 3  with the g reate s t  attention conc entrated on the Morgan g roup, a 
mile southwest  of the Queen mine. Sinc e that time,  the s e  properti e s  have been 
profitably exploited by a s e rie s of lea s o r s  and companie s .  A total of over eight 
million dollars  in copp e r  has been removed from ore bodi e s  in tactite . 

The C oppe r  Glanc e,  unde r manag ement by the B anne r  Mining C ompany, i s  the 
only p roperty active at p r e s ent. 

T U RN RIGHT on Duval Mine Road. 

ST OP 7 .  Gate to Duval Sulphur C ompany' s E spe ranza mine ( Schmitt and othe r s ,  
3 3 ) .  F ollow dir ections o f  flagmen. WATCH OUT FOR ORE TRUCKS. 

T he E spe ranza ore body was outlined by g eological mapping of brecciation, 
alteration and l eached capping in 19 5 5, and has been prepared fo r operations to 
begin this spring . This prope rty is more typical of a porphyry copper dep o s it 
than the Pima mine and Mis s ion p r o spect. Ore occurs in an enriched blanket 
about 3 , 0 0 0  fe et in diameter and 1 30 feet thick. The oxidiz e d  capping aver ag e s  
about 9 5  feet  i n  thickne s s .  

The o r e  body lie s in thre e  typ e s  of rock s :  A clastic s e rie s c ompo s e d  larg ely of 
g r eywacke , arko s e ,  and conglomerate-breccia ;  an intrusive ande s ite ; and a 
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quartz monzonite po rphyry. The r e  are  two marked lineations - - southea s t, 
which i s  followe d by apophys e s  of the quartz monzonite intru sive , and a south
southwe st direction of prominent faulting . A p r e - o r e  east-west fault, dipping 
250- 300 to the south marks the north boundary of the ore  body. 

Alte ration of the ho st rocks is intens e with the development of s econdary quartz, 
biotite,  clay mine ral s ,  s e r icite, chlorite and epidote .  Primary sulphide min
e ral s include chalcopyrite , pyrite and molybdenite, and secondary ore mine ral s  
include chalcoc ite developed in the enriched zone,  and malachite , azurite ,  cu
prite and turquoi s e  in the oxide zone . 

Exit, from E spe ranza mine property. Y ou may return to Tuc son along the same 
route by which you carne, or  you may follow east on the Duval Mine Road to  its 
inte r s ection with U.  S .  Highway 8 9 ,  turn left, and follow it into Tuc son. 

Back to Z e ro Point. 
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