
A. Unc onfo rmity between uppe r  and lower tuff b r e c c ia s  on no rth side of main col
lap se  depre s s ion, C e r r o  C olo rado (fig s .  38  and 39 ) .  Both s ection s dip outward 
( away from ob s e rver ) beyond rim of  the depre s sion, but the upper s ection r e 
ve r s e s  dip whe r e  it i s  c ontinuou s ove r the rim, appearing within the depr e s s ion 
as a mode rately to steeply inclined cover pla ste r e d  ac r o s s  the trunc ated beds  
of  the lowe r s ection. Photo by W illiam C .  Mill e r .  

Xav i e r H i l l 8aboqu i va r i p e a k� 

B .  Aerial view southwe st ac ro s s  the Del B ac Hill s to the Sie r rita Mountains ,  show
ing Black Mountain ( fig . 29 ) in right fo r eg round and, in the middle di s tanc e ,  the 
no rth end of the East Sie r rita area ( fig . 44) .  Mi s s ion San Xavier  del B ac in left 
fo r e g round. Photo by T ad Nichol s .  

FIG URE 40 . North wall of C e r ro C olorado ,  Sono ra, Mexico,  and aer ial view of Del 
B ac Hill s ,  Pima C ounty, Arizona. 
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East  Sie r r ita Area - Lacy- 28  

STRUC T URE AND ORE DEP OSIT S OF THE EAST SIERRITA AREA 

W illar d C .  Lacy 
Unive r s ity of Arizona 

INT RODUC TION 

The lowe r slop e s  of the east  s ide of the Sie rrita Mountain s ,  he r e  refe r red to a s  
the East  Sie r r ita a r e a  ( fig . 44) , a r e  locate d about 2 5  mil e s  s outh o f  T uc son, Arizona . 
The East  Sie r r ita area include s the P ima mining di strict at its no rth end and the 
E spe ranza mine at its  south end. The g eneral g eology of the Sie r r ita Mountain s and 
s ome detailed obse rvations on mining p ropertie s in the area we re de s c ribed b riefly 
by Ran s ome ( 1 9 2 2 ) . Detailed g eolo g ic al mapping of many i s olated units  ha s been 
car ried out in the area ( Mayug a, 1 94 2 ;  Hou s e r ,  1 949 ; Whitcomb, 1 94 8 ; Lutton, 19 58 ;  
B u rrough s ,  written communication, 1 9 5 9 ;  Studebaker,  written c ommunication, 1 9 59 ;  
Thacpaw, written c ommunication, 1 9 59 )  and thi s info rmation ha s been util ized, or  
modifie d, to confo rm with the write r ' s ob s e rvation s .  

The Sie r r ita Mountains r i s e  to more than 6 ,  0 0 0  feet above s ea level and from the 
toe of the rang e ,  at an altitude of about 4 ,  5 0 0  feet,  the bajada drop s g radually to the 
floo r  of the Santa C ruz Valley, at an altitude of about 2 , 7 0 0  fe et .  Isolated peaks , such 
as Mine ral Hill, Helmet P eak, the San Xavi e r  Hill s ,  and Twin Butte s ,  stand about 5 0 0  
fe et above the level o f  the baj ada. The s e  hill s c on s i st of Pal e o zo ic lime stone and 
quartzite , but the pediment surface below the poo rly consolidate d alluvium unde rlying 
the bajada i s  carved on P r e cambr ian g ranite ,  and C r etac eou s - T e rtiary s e dimentary, 
volcanic and intru s ive rock s ,  and T e rtiary alluvial conglomerate and b r e c c ia .  

Rocks  of  the area have been c omplexly folded and faulted.  Geological mapping i s  
c omplicated b y  not enough outc ropping s t o  pe rmit accurate detailing o f  the struc tu r e ,  
yet too many appar ently in significant outc ropping s to permit confident g eneralization . 
Thi s  pre s entation g ive s only a g eneral outline of the geology of the area . 

STRAT IG RAPHY 

The Paleozoic s tratig raphy of the East  Sie rr ita a r ea clos ely approximate s that of 
the Tuc son Mountains ( Stoyanow, 1 9 3 6 ;  B rown, 1 9 39 ;  B ryant, 1 9 5 2 ) .  Howeve r ,  the 
units  appear to have be en locally thinne d  o r  thickene d by be dding faults ,  and both s e 
quenc e and continuity are inte r rupte d by faulting . Most  of the Paleozoic  unit s are 
r epr e s ented in the Mineral Hill and Twin Butte s section s ,  which are compared in 
table 8 with the s ec tion at Pic acho de C al e ra in the Tuc s on Mountain s .  In all thr ee  
area s ,  the B ol s a  quartzite overli e s  P r e c ambrian g ranite o r  Pinal s chi st .  

Ins uffic i ent work has b e en done to pe rmit c o r r elation of the C retac eou s - T e r tiary 
rocks in the East  Sier r ita area with the Tuc son Mountain s ec tion, althoug h some of 
them are litholog ically s imilar . The C r etac eou s - T e rtiary rocks include arko s ic 
sand stone and volcanic rock s ,  and red shal e ,  s iltstone and sands tone which may be 
equivalent s ,  re spectively, to the Arnole arko s e  and the R e c r eation red beds ( B rown, 
1 9 39 ) .  Agglome rate and tuff c ontaining fragments of the intrus ive s which cut arko se  
and r e d  beds are found c ropping out in  the area s outh of  Helmet Peak. Poo rly 
c emented, faulte d and tilte d c onglome rate ,  fanglome rate and b r e c c ia are well ex 
po s e d  in wa she s between Helmet Peak and T win Butte s .  J .  R.  C oope r ( o ral commu
nic ation, 1 9 58 )  r efe r s  to the s e  as the " Helmet fanglomerate . " Similar c onglomerate 
on the San Xavi e r  Re s e rvation to the no rth i s  call e d  the " San Xavie r c onglome rate 
beds"  and i s  tentatively a s s igned to middl e  T e rtiary (Heindl ,  2 5) .  
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2 8 - Lacy-East  Sie r rita Area 

T able 8.  C omparison of thickne s s e s  of Paleozoic s e c tions at 
Picacho de C ale ra, Mine ral Hill and Twin B utte s 

T hickne s s in feet 
Ag e Unit Picacho de Mme ral Hill Twin B utte s 

C al e ra Hill s ( Mayuga, 1 94 2 )  
( B ryant, 1 9 52 )  

P ennsylvanian- Naco 1 , 0 0 0 + 7 50 +  600+ 
P e rmian g roup 

Low e r  E sc abro s a  6 0 0  3 5 0  5 50 
M i s s i s s ippian lime stone 

Upp e r  Martin 27 5 2 2 5  440 
D e vonian lim e s tone 

C ambrian Rincon 40 - -

lim e s tone 

Abrig o 3 0 0  3 50 2 0 0  
formation 

C ochi s e  3 0 0  - -
fo rmation 

B ol s a  7 0 0  6 0 0  5 0 0  
quartzite 

IGNEOU S INT RU SIONS 

T wo g ene ral pe riods  of intru sive activity have b e en r e c ognized in the East  Sie r r ita 
area:  ( 1 ) P r e c ambr ian Sie r r ita g ranite , and ( 2) Late C re tac eous to Quate rnary( ? )  
plutons of varie d c ompo s ition and characte r .  

Sie r rita G ranite 

C oa r s e - g raine d oligocla s e  g ranite,  commonly r efe r r e d  to a s  the " Si e r r ita g ran
ite" , fo rm s the bas ement rock and much of the c o r e  of the Sie r rita Mountains .  It i s  
expo s e d  in a long strip in the weste rn part o f  the a r e a  shown in figu r e  44 . The g ranite 
has b e en encounte r e d  beneath the s ediments in drill hole s as far east  as the Mi s sion 
pro spect. 

The Sier rita g ranite may be a s  s igned a minimum ag e by its unconformable po si
tion below the C amb rian B ol s a  quartzite , although the unc onfo rmity fo rms a zone of 
v-'eakne s s  which i s  g ene rally di sgui s e d  by faulting and alte ration. 

R elic s o r  xenoliths of dio r ite , schist and gne i s s  are di s tr ibuted throughout the 
g ranite and have both sharp and g radational contacts with it. Pegmatite dike s ,  quartz 
mas s e s  and vein s ,  and aplite dike s of unc e rtain ag e s  cut the g r anite . 
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Late C r etac eou s -Quate rnary( ? )  Intru s ive s 

Dike s and plug s rang ing in c OInpo s ition from ba salt to rhyolite cut the C retac eou s 
T e rtiary s e diment s .  F ragm ents of the s e  intrus ive s appear in young e r  agglomer ate 
and a s  pebbl e s  in the ! ! Helmet fanglome rate! ! .  The s e  units are in turn cut by othe r 
intrus ive s .  

In the Twin Butte s area a biotite g r anite stock with a no rth- south elongation cuts 
the Paleo zoic formations .  A se rie s of intru s ive s r ang ing from diorite to g r anite 
appear s to intrude the C retac eou s - T e rtiary beds and to heal a fault betwe en the 
Sie r rita g ranite and the C r etac e ou s - T e rtiary s edimentary and volcanic rocks just  
north of  the E spe ranza mine . Tongue s of  the s e  intr u s ive s are involved in  the E spe r 
anza mine ralization . 

A small syenite pluton invaded along the e a st-tr ending part of the San Xavie r  
thrust no rth o f  W e st San Xavier Hill and a similar intru s ive i s  reporte d from the 
Pima mine working s .  Syenite and nepheline syenite we re identifi e d  in drill hole 
c o r e s  at the E spe ranza mine and a monzonite plug wa s delimite d by drilling in the 
Mi s sion pro spect.  

A multitude of fine - g raine d porphyr itic intru s iv e s  follow east- to east-no rthea st
trending zone s c..f s truc tural weakne ss in the C r etac eou s - T e rtiary beds .  The s e  in
clude and e s ite , dac ite , rhyolite and l atite porphyry dike s ,  s ill s and small elongated 
plug s. In g eneral ,  the late r intrus ive s appear to be more acidic than the earlie r 
one s ,  although detailed structural and petrog raphic data are  lacking . An exc eption 
to thi s c ompo s itional tr end is a late basalt - ande s ite po rphyry dike which cuts the 
! ! Helmet fanglome rate! ! and b r e c c ia.  

ST RUC T URE 

The East  Sie r r ita area  ha s been te ctonic ally active s inc e the end of Paleozoic 
time.  Following the depo s ition of  the Paleozoic s e diment s the rocks record a hi s 
tory of continued folding and faulting which wa s culminate d in a g r eat ove rthru st 
during the po st-middle( ? )  T e rtiary. The overthrust  appar ently wa s offset  by north
s outh no rmal br eak s  and we st-northwe st left-late ral movement s .  The left-lateral 
moveme nt s repre s ent the late st  structural defo rmation fo r which the r e  i s  evidenc e 
within the East  Sie r rita area.  

Left- Late r al Faulting 

The entir e  struc tural hi story of the East  Sie r r ita area appear s to have b e en domi 
nate d by movement along steep left-late ral faults that tr end we st-northwe st to we st.  
The fold patte rn is c o n s i stent with such a fault system and may be  r elate d to it. At the 
Mo rgan mine the maj o r  br eak that separate s the Sie r r ita g ranite and Paleozoic rocks 
from the C reta c e ou s  - T e rtiary rocks appear s to be a left-late ral fault. Ande s ite plug s 
in the area  between Helmet Peak and the Paymaster mine are  located along g ene rally 
ea st-we st faults .  Left-late ral movement may have offset  the klippe from the Helm et 
Peak anticline ,  and may be re spon s ible fo r the abrupt termination of the San Xavier 
thrust she et to the s outh. B a salt- ande s ite dike s s imilar to tho se  which cut the ! ! Hel 
met fanglome rate! ! have been offset  b y  left-late r al movement in the Foy Ridg e  area .  
Renewe d movement along the se  faults appea r s  to have fo rme d the fracture s c a r rying 
lead- s ilve r mine ralization in the Payma ste r ,  Helm et Peak and Olivette g roup s  of 
mine s .  
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Folding 

Pal eozoic beds  have been c rumple d  into asymmetric al ,  broken fold s  with axial 
plane s trending no rth-no rthwe st and g enerally ove rturne d to the no rtheast .  Many 
mino r fol d s  follow similar trend s .  The b rittle lim e s tone beds a r e  g enerally shatte r e d  
and the folding may have occurred under shallow c ove r .  The C r etac eou s - T e rtiary 
rocks appa rently are folded more g ently, but due to the ma s s ive characte r of the se  
rocks and the lack of goo d  marke r ho rizons , attitude s are diffic ult  to determine and 
c omplexitie s of struc tu r e  may pas s unnotic ed .  

The thr ee  princ ipal folds mapp e d  are ( 1 ) the Helmet Peak anticline , ( 2 ) the San 
Xavie r  syncline , and ( 3) the McG e e  Road anticline ( fig . 44) . 

Helme t  Peak Anticline 

The Paleozoic lime stone of the Helmet P eak anticline fo rm s the peak prope r .  
The anticline i s  tightly folded, ove rturned to the east  and plung e s  ste eply ( 60 0 )  to the 
s outh. The anticline appear s to have been thru st  southeastwar d over the C r e tac eou s 
T e rtiary beds and the axi s  wa s swung to the south. The trends of folding in the 
Paleozoic and C r etac eous - T e rtiary rocks are di s c o r dant. Klippen of Paleozoic lim e 
stone l ie o n  C retaceou s - T e rtiary b e d s  south and east  of Helmet P eak. 

San Xavi e r  Syncline 

The San Xavi e r  syncline i s  c o r r elative to and l i e s  northea s t  of the Helmet  P e ak 
anticline . C r etac eous - T e rtiary r e d  beds  are pre s e rved in it s trough. The syncline 
may be r elated to the broad synclinal structure formed in the C retaceou s - T e rtiary 
s e diments that appear to have b e en p i e r c e d  or ove r ridden by the Helm et Peak anti 
clin e .  

McG e e  Road Anticline 

The McG ee Road anticline lie s we st and southwe st of Twin Butte s. It is a broad 
northwe st-tr ending structure ove rturned to the no rtheast  expo s ing the Sier rita g ranite 
along its axi s .  The Paleozoic s e diment s along its  flanks have been badly shatte r e d  but 
g enerally r etain their  r elative stratig raphic po s itions .  

Faulting Related to Folding 

B e dding plane faults probably r elate d to the folding are abundant and have s e rved 
to channel alteration and mine ralization. They are difficult  to identify although they 
are r eflected in the thinning of the s tratig raphic section. 

Ea st-we st no rmal faul t s ,  which g enerally dip ste eply to the south, s e em to have 
developed shortly after  the p e r iod of folding . The s e  fractu r e s  have influenc ed the 
localization of intru sions and areas  of s ilic ation in the lime stone , and the di stribution 
of sulphide mine ralization. The mine ralized fault structu r e s  at Mineral Hill and the 
San Xavi e r  mine s are typical of the se  structu r e s  ( MacKenzi e ,  29 ; Irvin, 30 ) .  Mov e 
ment along the no rmal faults  i s  e stimated to be s eve ral hundr e d  feet,  although late 
r eve r s e  movem ent ha s ob scured the magnitude of the o r ig inal movement .  

Thru sting and Reve r s e  Faulting 

At l e a st two pe riods of thru sting occurred in the East  Sie r rita area.  The earlier 
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thrusting i s  p r e - ore  and the fault s are g enerally s te ep e r  than tho s e  of the later  p e riod 
of faulting . The young e r  faulting i s  g enerally p o s t - o re . 

T he earlier  thrus t s ,  such a s  the Foy Ridg e ( fig . 4 1A) and the north part of the 
San Xavi e r  ( fig . 4 1B )  thrus ts ,  g ene rally trend east-we st and dip to the south. Move 
ment along the Foy Ridg e thrust i s  e stimate d to be  on the order of a few thousand 
feet .  T e rtiary dio rite ,  g ranite and syenite have invaded and healed the se  thrus t s  and 
c opp e r  mine ralization may be localized along them .  No rmal faults  r elated to the 
initial folding we r e  g iven reve r s e  movement during thi s  period of thrus ting . The 
r eve r se movement along the normal faults develope d  no rth- to no rtheast-trending 
tear fault offsets  and the flat thrust offsets  at the San Xavie r  mine ( Irvin, 3 0 ) . The 
ea stward-trending po rtion of the San Xavie r  thrust  north of W e st San Xavi e rHill may 
r ep r e s ent thi s early pe r io d  of thrusting a s  indic ate d by the syenite intru s ion along the 
fault ( fig .  44) .  

The second pe r io d  of thrus ting occurred po s s ibly in post-middle T e rtiary time 
and may have involved the " Helmet fanglomerate" - - - although thi s is not firmly e s 
tablishe d. The thrust  i s  late r than the g ranite and the ande s ite intrus ive s which c ut 
the C retac eou s - T e rtiary s erie s .  It i s  generally unrnine ralized, although s om e  late 
hydrothe rmal activity may have acc ompanied o r  followed the faulting . Lead- s ilve r 
mine ralization extending down the thrust-fault zone at the Payma ste r  mine ha s b e en 
reported ( Mayuga,  1 9 4 2) , but Mayug a wa s unable to ob s e rve thi s part of the mine 
working s .  The strongly s il icified characte r of the fault zone in the Payma ster mine 
area al so s ug g e s t s  late hydrothe rmal activity . No o r e  ha s b e en found in the " H elmet  
fanglomerate, "  but thi s  may be due to  a lack of  localizing struc ture s .  

It i s  s ug g e  sted that the Helmet Peak anticline wa s mo difie d  during the s e c ond 
p e riod of thrusting . The c o r e  of Paleozoic lime stone s in the San Xavier and Mine r al 
Hill areas may have r e s i sted the thru s ting , r e sulting in its r e alinement and a backward 
thru sting of  the anticlinal structu r e  to  the southe a s t .  Thi s thru s ting is  sugg e sted by 
the Paleo zoic lim e s tone klippen lying on the C retac eou s - T e rtiary s e diments south and 
e a st of the peak, and by the di sco rdant relations of the Helmet Peak anticline with the 
s tructure of the C retac eous - T e rtiary rock s .  

C oinc ident with the thru s ting the r e  wa s r enewed movement along earli e r  struc 
tur e s '  particula rly the northward-trending tear faults . 

Late Normal Faulting 

Normal faulting mar:Y.:.s one of the last  pha s e s  of tectonic activity. E a s t  of the 
Payma ster mine,  the " Helmet fanglome rate" and b r e c c ia a r e  in fault c ontact  with 
Sie r rita g r anite along a no rth-trending no rmal fault ( J . R .  C oope r ,  oral c ommunic a 
tion, 1 9 58 ) .  Thi s  fault cuts the San Xavier thrust  sheet .  The ba salt-ande s ite dike s 
which cut the c onglom e rate parallel thi s fault structure and may follow b r e ak s  r e 
lated to the s ame tensional for c e  s .  

ORE DEPOSIT S 

O r e  depo sits  of the Ea s t  Sie r rita area may be  divide d into thr ee  g eneral c ate
g o r i e s ,  which may overlap in part:  

1 .  Small, shallow- s e ated, low- temperatu r e  fi s sure veins which c a r ry app r e 
c iable gol d  and s ilve r value s and a spotty distribution of lead, zinc and c oppe r .  Ex 
ample s a r e  the veins exploite d in the Paymaste r  and Olivette g r oups . The fi s sure 
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A. G ene ralized  no rth- s outh g e ologic c ro s s  s ection through the Foy R idg e thrust 
fault ( fig . 44) . P r e c ambrian ( ? )  " Si e r r ite" g r anite ( pf::g r) ;  C ambrian " Bol sa" 
qua rtzite (£ b) ; Pal eozoic lime stone, undiff e rentiated ( PAL) ; T e rtiary ( ? )  
g ranite , quartz monzonite and syenite ( Tg ) ;  T e rtiary-Quate rnary alluvium 
( Q T al ) .  
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B .  G en e r alized no rth- south g e ologic c r o s s  s ection through the San X avi e r  thru st  
fault ( fig . 44) . P r e c ambrian ( ? )  " Si e r rita" g ranite (pf::g r ) ;  Pal e o zoic lim e 
s tone,  undiffe r entiate d  ( PAL) ; C retac eous ( ? ) - T e rtiary ( ? ) s e dimentary and 
vol c an ic rocks ,  undiffe rentiate d (KT sv) ; T e rtiary-Quaternary alluvium ( QT al ) .  

H a n g  i n g  wa l l  

F o a l  "' a l l  

G R A N I T I C  

I N T R U S I O N  

�-7----f--- O R E  BODY ---i--------,==� 
I. S e quence of M inera l i z a t i on 

C .  Sc hematic sketch showing zonal a r r angement and s e quence o f  mine ralization of 
o r e  in the Mine ral Hill and Dai sy mine s area .  

FIGURE 4 1 .  G ene ral i z e d  c r o s s  s ections in  the E a st Sie r rita a r e a  and s chematic 
sketch showing zonal a r r ang ement of o r e  at Mineral Hill and Dai s y  mine s "  
E a st Sie rrita a r e a  ( fig . 44) ,  Arizona.  
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v e in depo s its in the East  Sie r rita area are conc entrated we st and southwe st of HelITl et 
P e ak within the San Xavie r thru st  she et. The se  have b e en de s c ribed in detail by 
RansoITle ( 1 9 2 2) and Mayuga ( 1 9 4 2 )  and little c an be added to the ir  acc ount s .  W ith 
ITlinor exc eption s ,  they have not been ITline d sinc e Ran soITl e '  s exaITlination. Mine r 
ali zation appear s to occupy ea st- tr ending , left-late r al faults and r elate d no rth to 
nor the a st tens ion fracture s that oc cur within the C retac eou s - T e rtiary se diITl ent s and 
ande s ite intru s ive s .  The ve in depo s its are  not recognized south of the San Xavier 
thrust she et .  East of the P aYITla ster ITline they are  cut off by a late , no rITlal fault. 
M ineralization ITlay have o c c ur r e d  during the developITlent of the San Xavie r  thrust 
she et. Mo re detailed data on the s e  dep o s its ar e difficult to obtain bec au s e  the ITline 
wo rking s are now inac c e s s ibl e .  

2 .  PyroITleta soITlatic depo s it s  car rying coppe r  and/ or lead- zinc ITline r alization 
occur  in s ilic ifie d liITl e s tone , with or without ob s e rvable contac ts with intrusive rock s .  
At the Mine ral Hill and Daisy ITline s ,  MacKenzie ( 29 )  r ec ognize s a zonal di stribution for 
the iron, c opp e r ,  z inc and lead ITlineral s  outward, in that order ,  froITl the intrus ive 
c ontact or heat channelway ( fig . 4 1 C ) .  Els ewhe r e ,  one or two of the s e  zone s ITlay 
dOITlinate the patte rn. At the San Xavier ITline , the lead- zinc pha s e  predoITlinate s 
with S OITle iron- coppe r ITlineralization in the we s te rn part of the ITline wo rking s .  
T he PiITla ITline , the Mi s s ion prospect  and the Twin Butte s g r oup of ITline s r ep r e 
s ent the i ron- c oppe r  zone . 

3 .  D i s  s eITlinated c oppe r  o r e  s in se diITlentary, volc anic and intrus ive roc ks  occur 
in areas  of  inten s e  fracturing of  rocks othe r than liITle stone . The c oppe r depo s it at 
the E spe ranza ITline and the low-g rade o r e s  at the PiITla ITline are exaITlple s  of thi s 
typ e .  Syenite ,  quartz ITlonzonite and ITlonzonite intr u s ive s appear to be  clo s ely re 
late d to thi s ITline ralization in spac e and tiITle at the PiITla ITline ,  the Mis s ion pro spect  
and at  theE spe ranza ITline . Richa r d  and C ourtright ( 32 )  eITlpha size  the clo s e  g enetic 
relationship between c e r tain type s of pyroITleta soITlatrc-ITline r alization and the no rITlal 
po rphyry coppe r  depo s it .  Alteration and c apping characte ri stic s of the di s s eITlinated 
depo sits  are s iITlilar to tho s e found in no rITlal po rphyry coppe r dep o s its  of  the south
we st.  

The pyroITletas oITlatic and di s s eITlinated depo sits  ar e furthe r di s c u s s e d  by Mac 
Kenzie ( 2 9 ) ,  Irvin ( 3 0 ) , Journeay ( 3 1 ) ,  Richa r d  and C ourtright ( 32 )  and Schrrlitt, and 
othe r s  ( 3 3 ) . 

- - -

SUMMARY 

The struc tu ral feature s in the Ea st Sie r r ita area  a r e  believed to be c apable of 
b e ing explaine d as the re sults of recur rent di splac eITlent s ince C re tac eou s ,  and po s 
s ibly sinc e Paleo zoic tiITle , along a left-late ral break in the ba s eITlent rock s .  The 
following sequenc e of po s t - C r etac eou s  events i s  sug g e sted.  

1 .  F olding of Paleozoic and M e s ozoic rocks along we st-northwe st axe s  with ove r 
turning to the no rth and the developITlent of bedding plane fault s .  The folding wa s 
followe d clo s ely be east-tr ending no rITlal faulting . 

2 .  DevelopITlent of east-tr ending southward- dipping low - angl e thrust  faults ;  de 
velopITlent of reve r s e  ITloveITlent along the earlie r  norITlal faults ; and developITlent of 
steep no rth- to no rthe a s t - tr ending tear faults . 

3 .  Intru s ion of dio rite , ande site ,  biotite g ranite ( rhyolite ) ,  syenite, quartz ITlon
zonite and ITlonzonite plutons along the fault struc ture s ;  clo s ely a s soc iate d ITletaITlo r -
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phi sm, alte ration and c oppe r ,  lead, z inc and molybdenum mine ralization. 

4 .  Development of ste ep e a s t - tr ending left -late ral shear s with co rrelative no rth
e a s t  ten sion fracture s ;  intru sion of dike s ,  s ill s and plug s along the se  breaks . Follow
ed by reopening of the se struc ture s and po s s ible lead- silve r mine ralization. 

5 .  Depo sition of the T e rtiary vol c anic agglome rate and the " Helmet fanglom
e r ate" and bre c c ias with po s s ible volcanic flow s .  

6 .  Thru sting of the San Xavier thrust she et with realinement and pos s ible back
wa rd thrus ting of the Helmet Peak anticline , ac companied by some hydrothe rmal 
ac tivity effec ting s ilic ific ation of the fault zone and po s sible c ontinuation of the lead
s ilver mine ralization o r  r edi stribution of earli e r  metal value s .  

7 .  Renewe d left -late ral movement offsetting the San Xavie r  thrust on the south 
and di splac ing Helmet Peak klipp e .  

8 .  Development o f  north-tr ending east- dipping no rmal faults and ten sion frac 
tur e s  with ac c ompanying intru sions of ba salt -ande site po rphyry dike s .  

9 .  Renewed left -lateral movement off s etting the basalt- ande s ite porphyry dike s .  
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