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Unit thicknesses may change over short distances because of 
original lateral thickness changes in volcanic rocks and because 
of horizontal (strike-slip) displacements on separating faults.

Cross-section unit Tab is equivalent to 
adjacent map units Ttr, Tts, Tb, Tcs, 
and Ta, (see map unit description for Tab) 

Stratigraphic repetition of volcanic 
rock units is common

Quaternary units are not shown execpt for landslides (map unit Qls)
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By
Charle s A. Fe rguson and Bradford J. Johnson

Citation for this m ap:
Fe rguson, C.A., and Johnson, B.J., 2013, G e ologic m ap of the  w e ste rn half of the  Colum bia 7 ½ ' Q uadrangle  and the  
e aste rn half of the  Coppe ropolis 7 ½ ' Q uadrangle , Yavapai County, Arizona: Arizona G e ological S urve y Digital 
G e ologic M ap DG M -109, scale  1:24,000.
R e se arch supporte d by the  U . S . G e ological S urve y, N ational Coope rative  G e ologic M apping Program , unde r U S G S  
aw ard num be r G 12AC20464.  T he  vie w s and conclusions containe d in this docum e nt are  those  of the  authors and should 
not be  inte rpre te d as ne ce ssarily re pre se nting the  official policie s, e ithe r e xpre sse d or im plie d, of the  U . S . G ove rnm e nt.

Introd uc tion
T he  Colum bia and Coppe ropolis 7 ½ ' Q uadrangle s are  locate d approxim ate ly 80 km  northw e st of dow ntow n Phoe nix in 
ce ntral Arizona. T he  Q uadrangle s e ncom pass part of the  southe rn Bradshaw  M ountains and include  the  S he e p M ountain 
porphyry prospe ct. G e ologic m apping w as done  unde r the  joint S tate -Fe de ral S T AT E M AP program , as spe cifie d in the  
N ational G e ologic M apping Act of 1992, and w as jointly funde d by the  Arizona G e ological S urve y and the  U .S . G e ological 
S urve y unde r S T AT E M AP assistance  aw ard #G 12AC20464. M apping w as com pile d digitally using E S R I ArcG IS  softw are .  

Bed roc k Geolog y 
T he  m ap are a consists of faulte d and tilte d blocks of low e r Prote rozoic m e tam orphic and plutonic rocks and ove rlying Oligo-M ioce ne  
volcanic rocks. N orm al faults ge ne rally strike  to the  northw e st and dip to the  southw e st. T he  m ap are a approxim ate ly straddle s the  
boundary be tw e e n tilte d and e xte nde d fault blocks of the  Basin and R ange  Province  to the  southw e st and large ly intact Prote rozoic 
be drock of the  T ransition Zone  to the  northe ast. M apping to the  southw e st ide ntifie d highly tilte d and e xte nde d rocks, including 
are as w he re  m ultiple  ge ne rations of norm al faulting and tilting had locally ove rturne d be ds and tilte d norm al faults be yond horizontal 
to m ake  the m  appe ar as re ve rse  faults (Capps e t al., 1986; S tim ac e t al., 1987; W ahl e t al., 1988).  S urficial de posits are  of ve ry 
lim ite d e xte nt in the  m ap are a. 

A large , low -grade  m ine ral de posit in the  southe rn part of the  m ap are a, know n as the  “S he e p M ountain coppe r-m olybde num  
de posit” and the  “Castle  Coppe r prope rty,” is inte rpre te d as a L aram ide  porphyry coppe r de posit sim ilar to num e rous othe rs in 
Arizona. E xploration, including drilling, in the  are a of porphyry sulfide  m ine ralization has le d to e stim ate s of “infe rre d re source s” of 
40 m illion m e tric tons of ore  w ith an ave rage  grade  of 1.4% coppe r and an ave rage  grade  of m olybde num  of 0.035% w he re  coppe r 
grade  is >0.8%. S upe rge ne  coppe r m ine ralization pre -date d Oligo-M ioce ne  volcanism , and has be e n ide ntifie d from  drilling into the  
pale ow e athe ring zone  be ne ath the  volcanic rocks (T anaka, 2009).  

Be drock m ap units are  divide d into four groups, from  olde st to younge st: 1) Prote rozoic plutonic and m e tam orphic rocks, 2) 
L aram ide  and younge r intrusive  rocks, including quartz and fe ldspar porphyrie s and m ine ral ve ins, 3) a low e r se que nce  of T e rtiary 
volcanic and se dim e ntary rocks w hich are  unconform ably ove rlain w ith strong angular discordance  by 4) an uppe r se que nce  of 
T e rtiary volcanic and se dim e ntary rocks. 

T he  Prote rozoic rocks consist of a varie ty of supracrustal m e tam orphic rocks including pe litic and se m ipe litic m e tase dim e ntary 
schist, quartzofe ldspathic schist of probable  volcanic and/or hypabyssal origin, and am phibolite .  M inor calc-schist, m arble , and 
quartzite  are  also pre se nt.  T he  supracrustal units have  be e n intrude d by biotite  granodiorite  plutons, and all of the se  rocks have  
be e n intrude d by e xte nsive  sw arm s of tourm aline -m uscovite  pe gm atite  and le ucogranite  dike s.  T he  supracrustal rocks and 
granodiorite  have  be e n de form e d by pe ne trative  foliation that ge ne rally dips ste e ply to the  northw e st.  Pe gm atite  and le ucogranite  
are  foliate d only locally, sugge sting that the y m ay have  be e n e m place d during final stage s of Prote rozoic te ctonism . 

Prote rozoic crystalline  rocks are  intrude d by a sw arm  of northe ast-striking, L aram ide  quartz porphyry and fe ldspar porphyry dike s 
w ith a fe w  sm all stocks.  A suite  of m ostly north-striking m afic dike s are  also pre se nt, but the ir age  re lationship w ith the  T e rtiary 
volcanic pile  is unkow n. 

T e rtiary strata are  dom inate d by volcanic rocks ranging from  basalt to rhyolite  w ith a m assive , cliff-form ing se que nce  of dacitic lava 
in the  m iddle  of the  pile .  T he  base  of the  pile  is m arke d by an arkosic sandstone  and conglom e rate  containing pe bble s, cobble s, 
and locally boulde rs de rive d chie fly from  the  Prote rozoic base m e nt; locally abundant clasts of quartz and fe ldspar porphyry are  also 
pre se nt.  T he  basal arkosic unit also contains sparse  basaltic clasts.  In the  volcanic rocks, tw o profound northe ast-tre nding 
transitions occur across the  m iddle  of the  m ap are a.  T he  olde st is m arke d by a change  from  a thick pyroxe ne  ande site  unit ne ar the  
base  of the  pile  that abruptly pinche s out to the  northw e st into a se que nce s of inte rbe dde d m afic lavas, fe lsic pyroclastic rocks and a 
suite  of phe nocryst-poor trachyitic lavas.  A younge r transition w ith the  sam e  tre nd is locate d a bit farthe r to the  south, and is de fine d 
by a profound angular unconform ity be tw e e n rocks of the  low e r se que nce  and a younge r m ode rate ly to ste e ply e ast-tilte d pile  of 
pyroxe ne  ande site  lava virtually ide ntical to the  pyroxe ne  ande site  that occurs ne ar the  base  of the  low e r se que nce .    

S tructurally, the  T e rtiary volcanic pile  in the  hangingw all of the  Castle  Cre e k fault is ste e ply tilte d to the  northe ast m uch like  rocks in 
southw e ste rly adjace nt are as (S tim ac e t al., 1987).  T he  rocks in the  low e r part of this pile  be ar strong sim ilarity to those  in the  low e r 
volcanic se que nce  to the  northe ast.  R ocks in the  footw all of the  Castle  Cre e k fault are  broadly folde d into an asym m e tric northw e st- 
to north-striking syncline .  T he  southw e st lim b is ge ntly tilte d to the  northe ast.  T he  northe aste rn lim b is de fine d by the  Prote rozoic – 
T e rtiary contact along the  southw e st flank of S ilve r M ountain w hich is a fairly ste e ply southw e st-dipping unconform ity.  T he  
unconform ity turns to the  e ast across the  m iddle  of the  m ap are a w he re  it is e ve ntually truncate d by a m ajor w e st-side -dow n fault 
that is ove rlappe d by the  strata of the  younge r se que nce .  T he  younge r se que nce  is m ore  tightly folde d than the  olde r rocks.  S trata 
of the  basal unit of this se que nce , the  ande site  of Cow  Cre e k (T au), de fine  a syncline  w hose  w e ste rn lim b appe ars to conform ably 
ove rlie  rocks of the  low e r se que nce  along low e r Fre nch Cre e k, but to the  north progre ssive ly cuts into m ore  ge ntly dipping low e r 
se que nce  strata until a profound angular unconform ity be tw e e n the  tw o se que nce s occurs north of Cham pie  R anch. 

 Note on volc anic  roc k nam es 
Volcanic rock nam e s use d on this m ap are  fie ld te rm s base d on phe nocryst asse m blage s pre se nt in the  rocks and follow  the  
re com m e ndations of M cPhie  e t al., 1993.  In this sche m e , rhyolitic rocks contain K-fe ldspar +/- plagioclase  and quartz w he re as 
dacitic rocks contain plagioclase  +/- K-fe ldspar and rare ly quartz. M afic phe nocrysts in rhyolitic and dacitic rocks are  ge ne rally 
dom inate d by hydrous phase s such as biotite  and hornble nde  w ith le sse r am ounts of pyroxe ne .  Ande sitic rocks contain plagioclase  
> m afic m ine rals that are  ge ne rally dom inate d by anhydrous phase s (pyroxe ne  and olivine ), and basaltic rocks contain olivine  and/or 
pyroxe ne  that typically are  m ore  abundant than plagioclase .  T he  te rm  trachyte  is use d for phe nocryst-poor silicic rocks w ithout 
quartz phe nocrysts.  T he y typically contain a fe w  pe rce nt phe nocrysts of plagioclase  w ith m afics dom inate d by biotite  and/or 
hornble nde . 
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Desc ription of m ap units

Upper Tertiary sequenc e

Pyroxene and esite of Cow Creek  (Mioc ene) - Ande sitic lava, lava bre ccia, m onom ict ande sitic se dim e ntary
    bre ccia, conglom e rate , and basaltic lavas.  T he  ande site  contains up to 7% <2.5m m  pyroxe ne  phe nocrysts along w ith
    2-15% ge ne rally <2m m  plagioclase  phe nocrysts in a vitric to fine ly crystalline  m atrix.  

Tau

Sed im entary m eg ab rec c ia and  c ong lom erate (Mioc ene) - A unit dom inate d by are as of e ithe r disrupte d volcanic be drock or
   ve ry large  (>10 m e te rs) blocks of trachyte  lava, basaltic lava, dacitic lava, and fe lsic nonw e lde d tuff.  T he  boundarie s be tw e e n
   the  blocks are  rare ly e xpose d.

Tcx

Cong lom erate and  and esite  (Mioc ene) - Conglom e rate , pe bbly sandstone , and sandstone  w ith locally
    abundant le nse s of pyroxe ne  ande site  lava (sim ilar to the  pyroxe ne  ande site ) and lava bre ccia.  S e dim e ntary rocks are
    chie fly volcaniclastic, but locally contain up to 30% Prote rozoic granitoid, schist, and am phibolite  clasts.  M ost of the
    volcanic clasts are  pyroxe ne  ande site  w ith le sse r am ounts of phe nocryst-poor trachytic lava, basaltic lava, and dacitic
    lava.  T he  sandy m atrix is typically pum ice ous.  M inor am ounts of pyroclasitc rocks m ay also be  pre se nt. 

Tc

Upperm ost b asaltic  lava (Mioc ene) - Basaltic lava containing 0-10% <3m m  olivine  (m ostly alte re d to iddingsite ) and pyroxe ne  
   phe nocrysts w ith le sse r plagioclase  typically <1m m .  T e xture  range s from  ve sicular w ith vitric 
   m atrix to m assive  w ith crystalline  m atrix.

Tbuu

Cong lom erate of Eag le R oc k (Mioc ene) - Boulde r-cobble -pe bble  volcaniclastic conglom e rate , pe bble -cobbly
    conglom e ratic sandstone , and pe bbly sandstone .  T ypically light colore d and ge ntly dipping, this unit occurs in low -lying
    are as along Cow  Cre e k, Fre nch Cre e k, and Castle  Cre e k.

Tcu

Surfic ial d eposits

Land slid es (Quaternary) - L andslide  m asse s are  de fine d by large  are as of partially intact be drock, and/or
    m e gablocks and boulde rs. T he  uppe r surface s of the se  de posits are  irre gular w ith m ultiple  pluvial de pre ssions.  Qls

Allluvial fans, c olluvium , and  talus (Quaternary) - Allluvial fans, colluvium , and talus.  T his unit is dom inate d by
    alluvial fans w hich m e rge  upslope  in ste e p are as w ith colluvium  and talus aprons w hich are  not diffe re ntiate d.Qc

    Ac tive alluvium   (Quaternary) - Active  alluvium  (incise d le ss than 2m )Qy 

    Areas of h um an d isturb anc e (Holoc ene) - E arthe n dam s and disturbe d are as.d

    Terrac ed  alluvium   (Quaternary) - T e rrace d alluvium  incise d gre ate r than 2m  and up to 50m  above  local base  le ve l.Qt

Intrusive R oc ks

Proterozoic  Metam orph ic  and  Plutonic  R oc ks

Ph enoc ryst-ric h  rh yolite porph yry (Mioc ene) - Dike s and intrusions of light gray, fine -graine d m atrix, typically
    flow -foliate d rhyolite  porphyry.  T he  porphyry typically contains 10-25% <3m m  quartz, fe ldspar (sanidine  and
    plagioclase ), and biotite  phe nocrysts.  T he  porphyry intrude s the  arkosic sandstone  and conglom e rate  (T cs) and appe ars
    to intrude  the  phe nocryst-poor rhyolite  porphyry (T rp).  T he  southe rnm ost e xposure s of this unit are  m ore
    phe nocryst-rich, containing 30-40% <5m m  fe ldspar, <4m m  quartz, and <3m m  biotite .  T he  m ore  phe nocryst-rich
    porphyry appe ars to intrude  the  arkosic sandstone  and conglom e rate  unit (T cs) along the  low e r re ache s of the  w e st fork
    of W alke r G ulch, but, conside ring the  close  proxim ity to the  Castle  Cre e k fault zone , it is possible  that all of the  contacts
    are  faults, and the  porphyry m ight be  akin to the  T Kq quartz porphyry w hich is olde r than T cs.   

Trx

Ph enoc ryst-poor rh yolite porph yry (Mioc ene) - Dike s and intrusions of phe nocryst-poor, w hite  to light gray
    fine -graine d m atrix, typically flow -foliate d rhyolite  porphyry.  T he  rock range s from  aphyric to ve ry phe nocryst-poor w he re
    it typically  contains <1% <1m m  fe ldspar. T he  stock that holds up the  3660’ pe ak along W alke r G ulch in the  ce nte r of
    se ction 36 contains up to 2% sanidine  w ith sparse  quartz phe nocrysts.

Trp

Pyroc lastic  d ikes (Mioc ene) - Dike s up to 10m  thick of w e lde d, variably vitric, dacite  w ith 10-30% phe nocrysts of
    <3m m  fe ldspar (plagioclase  m ostly), <2m m  biotite , and hornble nde .  T he  dike s contain up to 15% obsidian fiam m e ,
    and the y are  probably akin to a vitric, strongly w e lde d dacitic ignim brite  at the  base  of the  low e rm ost dacite  lava that
    holds up S he e p M ountain.

Tdi

Calc ite veins (Cretac eous or Tertiary) - Coarse -graine d crystalline , typically dark gray and/or brow n calcite
    ve ins.TKc

    Quartz veins  (Cretac eous or Tertiary) - W hite , m ostly fine ly crystalline  quartz ve ins.
TKqv

Quartz porph yry  (Cretac eous or early Tertiary) - Dike s and intrusions of quartz and fe ldspar porphyry
    containing 5-15% <4m m  quartz phe nocrysts, 10-35% <6m m  fe ldspar and up to 5% biotite  <4m m .  T he  fe ldspar
    phe nocrysts are  com m only chalky alte re d.

TKq

Feld spar porph yry (Cretac eous or early Tertiary) - Dike s and intrusions of porphyry containing 20-55% <4m m
    fe ldspar and up to 5% <4m m  biotite .  T he  fe ldspar phe nocrysts are  com m only chalky alte re d.TKf

Mafic  d ikes  (Cretac eous or early Tertiary) - M afic dike s containing up to 10% <3m m  m afic phe nocrysts
    (chie fly pyroxe ne , w ith le sse r am ounts of iddingsite ).TKm

Diatrem e b rec c ia (Tertiary – Cretac eous) - Fragm e ntal rock containing subangular to rounde d pe bble s, cobble s,
    and boulde rs of foliate d biotite  granitoid rocks, pe gm atite , le ucogranite , fine -graine d diorite , and gre e n to gray fe ldspar
    and quartz-fe ldspar porphyrie s; supporte d in fine -graine d, tan to gre e n, alte re d m atrix that contains sparse  sand-size d
    grains of quartz, fe ldspar, lithics, and m ica.  Zone s of strong quartz-se ricite -iron oxide  alte ration are  com m on.

TKx

Granod iorite (Paleoproterozoic ) - M e dium - to fine -graine d e quigranular granodiorite  containing 5-12% biotite . 
    T ypically this rock is w e akly to m ode rate ly foliate d e xce pt ne ar scre e ns of olde r schist w he re  it is strongly foliate d.  De W itt
    (1989) inform ally nam e d this unit the  granodiorite  of L ane  M ountain.  Younge r dike s of tourm aline -m uscovite  pe gm atite
    and fine - to m e dium -graine d le ucogranite  are  locally abundant, e spe cially ne ar contacts w ith adjace nt m e tam orphic units.
    T he  pe gm atite  and le ucogranite  dike s, w hich are  ge ne tically re late d to the  Crazy Basin Q uartz M onzonite  (Blace t, 1968;
    Ande rson and Blace t, 1972), are  typically m assive  and discordant w ith re spe ct to the  foliation in the  granodiorite , but are
    foliate d and concordant in the  zone s of strongly foliate d granodiorite .  R e late d pe gm atite  and le ucogranite  dike s have
    intrude d all of the  Pale oprote rozoic units in this m ap are a.

Xg

Heterog eneous m etam orph ic  and  plutonic  roc ks (Paleoproterozoic ) - S chist and am phibolite  of units Xs and Xa
    intrude d by, and inte rfoliate d w ith, granodiorite  of unit Xg.  All of the se  rocks have  be e n intrude d by le ucogranite  and
    pe gm atite .  T he  distribution and proportions of the  diffe re nt rock type s varie s substantially across and along strike  w ithin
    this unit.

Xgs

Metased im entary sc h ist (Paleoproterozoic ) - U nit dom inate d by m e tase dim e ntary rocks, e spe cially fine -graine d,
    se m ipe litic, biotite -quartz-fe ldspar schist inte rlaye re d w ith fine - to m e dium -graine d, pe litic,
    m uscovite -biotite -quartz-fe ldspar schist.  M any laye rs contain 1-3-m m  garne t, and the  pe litc laye rs com m only contain
    andalusite (?) porphyroblasts up to 1 cm  long (e ntire ly or partly re place d by m uscovite  and quartz).  R are
    garne t-staurolite -m uscovite -quartz-fe ldspar schist contains staurolite  porphyroblasts up to 2 cm  long.  Q uartzofe ldspathic
    psam m ite  is com m on in som e  inte rvals.  Am phibolite  and foliate d granitoid rocks are  pre se nt locally.  Pe gm atite  and
    le ucogranite  dike s are  com m on and are  locally pre dom inant.

Xs

Am ph ib olite (Paleoproterozoic ) - M e dium - to fine -graine d am phibolite  com pose d m ainly of hornble nde  and
    plagioclase .  In addition, som e  laye rs contain e pidote  and som e  contain abundant light-brow n carbonate .  T he  unit
    contains m inor quartzofe ldspathic laye rs.

Xa

Quartzofeld spath ic  sc h ist (Paleoproterozoic ) - Fine -graine d schists, including biotite -quartz-fe ldspar schist and
    silice ous schist of e ithe r se dim e ntary or volcanic protolith.Xf

Und ivid ed  m etam orph ic  roc ks (Paleoproterozoic ) - U ndivide d Pale oprote rozoic rocks including schist,
    am phibolite , m inor quartzite , and local granitoid rocks, intrude d by pe gm atite  and le ucogranite  dike s.  In the  S ilve r
    M ountain are a the se  rocks have  all be e n intrude d by sw arm s of quartz m onzonite  and porphyry dike s (units T Kf and
    T Kq).

Xu

Und ivid ed  m etam orph ic  and  plutonic  roc ks (Paleoproterozoic ) - Pale oprote rozoic rocks e ast of H um bug Cre e k
    have  not be e n subdivide d.Xuu

Lower Tertiary sequenc e

Arkosic  sand stone and  c ong lom erate (Mioc ene) - R e d, arkosic sandstone , pe bbly sandstone , and
    pe bble -cobble -boulde r conglom e rate .  Clasts in the  conglom e rate  are  rounde d to sub-rounde d and consist chie fly of
    Prote rozoic granitoid w ith le sse r am ounts of schist, am phibolite , and ve in quartz, plus up to 10% quartz and fe ldspar
    porphyry, and locally, up to 5% basalt .  T he  unit is typically m e dium - to thick-be dde d in plane -be dde d to trough
    cross-stratifie d se ts.  M inor am ounts of fe lsic nonw e lde d tuff and volcaniclastic sandstone  occur w ithin this unit in som e
    are as.

Tcs

Hornb lend e and esite of Walker Gulc h  (Mioc ene) - A distinctive  hornble nde -phyric ande sitic lava pre se nt at or
    ne ar the  base  of the  volcanic se ction along the  low e r re ache s of W alke r Cre e k.  H ornble nde  phe nocrysts up to 7m m
    constitute  up to 10% of this lava along w ith 5-10% <3m m  plagioclase .

Twg

Pyroxene and esite of Ch am pie R anc h  (Mioc ene) - Ande sitic lava, lava bre ccia,  m onom ict ande sitic
    se dim e ntary bre ccia.  T he  ande site  contains up to 7% <2.5m m  pyroxe ne  phe nocrysts along w ith 2-15% ge ne rally
    <2m m  plagioclase  phe nocrysts in a vitric to fine ly crystalline  m atrix.  T he  ande site  of this unit is virtually ide ntical to the
    pyroxe ne  ande site  of Cow  Cre e k, and can only be  distinguishe d from  that younge r unit by continuity w ith strata of the
    olde r volcanic se que nce .  T he  pyroxe ne  ande site  of Cham pie  R anch is abundant in the  south and southw e ste rn parts of
    the  m ap are a w he re  it is inte rbe dde d w ith basaltic lavas (T hin-be dde d), tuffs and volcaniclastic se dim e ntary rocks (T ts),
    and trachytic lava (T tr).  T o the  north, the  ande site  pinche s out rapidly into a se que nce  of basalt (T b), ande site  (T a), and
    pyroxe ne  basalt (T bp). In som e  are as flow s of ande sitic and basaltic lavas are  inte rbe dde d w ith the  pyroxe ne  ande site s
    typical of this unit.

Tcr

Tuff of Elston Mountain (Mioc ene) - A single  flow  of w e lde d phe nocryst-poor fe lsic ignim brite  inte rbe dde d w ith
    basaltic lava ne ar the  he adw ate rs of Fre nch Cre e k.  T he  ignim brite  contains about 5% sanidine  phe nocrysts.Ttw

Basalt (Mioc ene) - Basaltic lava containing 0-10% <3m m  olivine  (m ostly alte re d to iddingsite ) and pyroxe ne
    phe nocrysts w ith le sse r plagioclase  typically <1m m .  T e xture  range s from  ve sicular w ith vitric m atrix to m assive  w ith
    crystalline  m atrix.  T his m ap unit is inte rbe dde d w ith m ode rate ly to ste e ply tilte d volcanics of the  low e r volcanic se que nce
    that unde rlie  the  dacitic lava unit (T d).  T his unit also probablty contains flow s of pyroxe ne -rich basalt sim ilar to the
    pyroxe ne  basalt (T bp).

Tb

And esite (Mioc ene) - M afic lava containing 10-25% <2.5m m  plagioclase  and le sse r m afic phe nocrysts
    <2m m  (0-7%).Ta

Trac h ytic  lava  (Mioc ene) - Phe nocryst-poor, ve ry fine -graine d typically dark gray m atrix lava of probable
    trachyitc com position.  Phe nocrysts (0-7%) consist of ubiquitous <2m m  fe ldspar (plagioclase ) w ith e ithe r/or biotite
    (<2m m ) and/or hornble nde  (<4m m ).  S om e  of the  lavas are  ne arly aphyric, and othe rs are  dom inantly biotite  or
    hornble nde -be aring.

Ttr

Tuff and  volc anic lastic  roc ks  (Mioc ene) - T his unit is dom inate d in m ost are as by thin-, m e dium -, and
    thick-be dde d, m ostly tabular, fe lsic, nonw e lde d tuffs.  M ost of the  tuffs are  ignim brite s, but ash-fall tuffs are  also locally
    abundant.  T uffs associate d w ith dacitic lavas contain abundant biotite , w he re as tuffs associate d w ith rhyolite s are
    ge ne rally phe nocryst-poor w ith little  or no biotite .  T uffs are  undiffe re ntiate d from  volcaniclastic se dim e ntary rocks, w hich
    are  typically intim ate ly inte rbe dde d w ith the  pyroclastic rocks and in m any are as ove rw he lm  the m  in abundance .  T he
    se dim e ntary rocks range  from  thin- to thick-be dde d, and from  silty ashstone s to boulde r conglom e rate  and bre ccia. 
    S om e  of the  bre ccias are  ve ry thick-be dde d and m ay grade  locally into dacitic and rhyolitic autobre ccia.  Clasts are
    chie fly volcanic; dacite , ande site , basalt, and rhyolite , but Prote rozoic granitoid, schist, am phibolite  and ve in quartz clasts
    are  also locally pre se nt.

Tts

Dac itic  lava (Mioc ene) - Dacitic lava containing 10-30% <6m m  plagioclase  and up to 5% <3m m  biotite
    and/or <5m m  hornble nde .  M ap unit also include s som e  am ount of volcaniclastic and pyroclastic dacitic rocks ne ar the
    base  of lava flow s.  In m ost are as the  associate d pyroclastic rocks are  nonw e lde d, but at the  base  of the  low e r flow  that
    holds up S he e p M ountain, a basal, strongly w e lde d, m e dium - to thick-be dde d, up to 20m -thick ignim brite  is pre se nt that
    contains up to 30% obsidian fiam m e .  Intrusive  dacite  in the  throat of ve nts or in dike s is not diffe re ntiate d.  Pyroclastic
    dacitic dike s (T di) are  probably re late d to this unit.

Td

Upper b asalt (Mioc ene) - Basaltic lava containing 0-10% <3m m  olivine  (m ostly alte re d to iddingsite ) and
    pyroxe ne  phe nocrysts w ith le sse r plagioclase  typically <1m m .  T e xture  range s from  ve sicular w ith vitric m atrix to
    m assive  w ith crystalline  m atrix.  T his m ap unit include s basaltic lavas inte rbe dde d w ith m ode rate ly to ste e ply tilte d
    volcanics of the  low e r volcanic se que nce  that ove rlie  the  dacitic lava unit (T d).

Tbu

Upper Dac ite (Mioc ene) - Dark w e athe ring m ode rate ly phe nocryst-rich dacite  lava and intrusive  rock containing
    10-20% <4m m  plagioclase  and <2m m  biotite .  T his dacite  occurs in the  im m e diate  hangingw all of the  Castle  Cre e k
    fault in the  southw e st corne r of the  m ap are a.  M uch of this unit is intrusive  in this are a.  T he  dacite  is diffe re ntiate d from
    the  m ain dacite  (T d) be cause  it occurs highe r in the  se ction and appe ars to be  slightly le ss phe nocryst-rich.

Tdu

R h yolitic  tuff (Mioc ene) - N onw e lde d, m ostly thick-be dde d rhyolitic tuff associate d w ith the  rhyolite  lava (T r) in
    the  southw e st corne r of the  m ap are a.Trt

R h yolitic  lava  (Mioc ene) - R hyolitic lava containing ~5% 1-2m m  quartz and fe ldspar (sanidine  and plagioclase )
    phe nocrysts w ith sparse  <1m m  biotite .Tr

And esite and  b asalt (Mioc ene) - U ndiffe re ntiate d lavas, tuffs, and volcaniclastic rocks at the  base  of the  volcanic se ction 
   (show n only on the  cross se ction).Tab

Pyroxene b asalt  (Mioc ene) - M afic lava containing 2-10% 3-6m m  gre e n pyroxe ne  (probably clinopyroxe ne )
    w ith le sse r am ounts of <2m m  iddingsite  (<5%), and <2m m  plagioclase  (<<5%) phe nocrysts.Tbp
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