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Tertiary Volcanic and Sedimentary Rocks

Box Canyon conglomerate - R e d  to re d d is h brown cliff-forming conglome rate  that is  matrix s upporte d  and  we ll ce m e nte d  within a coars e  to me d ium s and y matrix.
Cons is ts  of local upward -fining s e que nce s  be d d e d  on a s cale  of 1 to 60 cm. Clas ts  are  s ub-angular to angular poorly s orte d  pe bble s  to bould e rs . Clas ts  cons is t of 50%
Xgd , 40% T b to bas altic and e s ite  (T ba), 10% Kgd , and  <1% T r. Clas ts  can be  up to 30 cm in d iame te r. Bas alt clas ts  are  d ark gray to re d d is h gray ve s icular to
non-ve s icular with amygd ule s  fille d  with calcite . T he  unit is  locally cappe d  by e olian s and s tone  (T e ) and  T f. Be d d ing in all s e ctions  of the  conglome rate  lacks  cle ar
imbrication; may re pre s e nt grave lly channe l or d e bris -flow d e pos its  that are  locally d e rive d , s ourcing from volcanic and  me tamorphic s e ctions  ne ar the  pre s e nt-d ay Box
Canyon. Be d s  in the  unit d ip as  much as  35°, with d ips  d e cre as ing with highe r s tratigraphic pos ition (fanning d ips ).

Tco

Basaltic intrusions  - Dark gray to d ark brown and  d ark gre e nis h gray, nonre s is tant, aphanitic to fine -graine d  bas altic d ike s  containing plagioclas e  microphe nocrys ts ,
s ub-mm mica phe nocrys ts , and  vugs line d  with milky quartz. Dike  thickne s s e s  are  be twe e n 0.5 and  2 m. Dike s  typically intrud e  into mid -Ce nozoic low angle  S W
d ipping normal faults .

Tbi

Leucocratic granite - Light-gray, me d ium-graine d , e quigranular biotite  granitoid  that is  locally flow foliate d  and  contains  miarolitic cavitie s . Biotite  compos e s
approximate ly 10% to 15% of the  rock and  phe nocrys ts  includ e  plagioclas e , K-s par, and  quartz.Tg

Rhyolite - Ye llowis h-cre am to locally pink rhyolite  tuff that we athe rs  tan and  forms mas s ive  e xpos e d  outcrops . Compos e d  of ye llow flatte ne d  pumice  up to s e ve ral cm
that make s  up 30% to 40% of rock, 3% to 5% s anid ine , 3% to 5% alte re d  biotite , and  1% quartz. T he  rock is not be d d e d  or s orte d  and  has  ~5% accid e ntal lithics . T he
unit is  locally in an angular unconformity with unit Xm. T he  contact is  irre gular and  e xhibits  a s light d e gre e  of baking or hyd rothe rmal alte ration, which includ e s  calcite ,
barite , and  mangane s e  mine ralization. Inte rpre te d  as  a we ld e d  as h-flow tuff.

Tr

Rhyolite flows, domes and dikes - Light-gray, re s is tant, flow-foliate d , quartz and  s anid ine  phyric rhyolite  that is  inte rbe d d e d  with and  intrud e s  pyroclas tic rocks  (T ts ).
S phe rulite s , ge od e s , and  vugs line d  with quartz are  common. R hyolite  flows low in s e ction are  biotite  poor, whe re as  thos e  highe r in s e ction have  3% biotite . T he
rhyolite  contains  15% s anid ine  and  5% pe rce nt quartz. H yd rothe rmal alte ration like ly from fluid s  re late d  to mid -Ce nozoic faulting and  volcanis m. M ine ral as s e mblage
from S timac e t al. (1987).

Trs

Proterozoic Rocks

Xg

Xgd

Xgw

Xgk

Xgh

Xgm

Xs

Xam

Xq

Xm

Pyroclastic rocks - Ye llow, unwe ld e d , mas s ive  to thin-be d d e d  and  laminate d , locally cros s -be d d e d  tuff, lapilli tuff, and  lithic lapilli tuff of pyroclas tic flow-, fall-, and
s urge -re late d  origin.  Phe nocrys ts  cons is t of s anid ine  and  biotite .  Angular lithic fragme nts  of crys tal-poor rhyolite  (unit T rs ) are  locally 4 m acros s . De s cription from
S hipman and  Grube ns ky (2004).

Tts

Ash - T an, cre am-colore d , crumbly rock with as h matrix containing quartz, s coria, and  local mafic mine rals . Locally contains  re d  conglome rate  (T a), and  quartz ve ins
like ly from hyd rothe rmal alte ration.Tash

Tuff to welded tuff - W hite  to buff-colore d  aphyric to phe nocrys t-poor as h-flow and  air-fall tuffs . Contains  granule -s ize d  lapilli and  lithics  and  s ome  s mall angular pe bble s
of bas alt. Twt

Air-fall and pyroclastic flow tuffs - M as s ive  to lightly be d d e d , re d  and  gre e n airfall tuff and  pyroclas tic flows . Gre e n tuff contains  10% quartz and  fe ld s par, includ ing s ome
large r quartz that is  1 - 2 mm and  gre e nis h alte re d  pumice  up to 5 mm. R e d  tuff contains  ~5% grains  and  5 - 10% cre amy pumice . T he  re d  tuff d oe s  not contain a lot of
obvious  lithics  while  the  gre e n tuff has  a s lightly highe r pe rce ntage , with 10% volcanic lithics  that are  mos tly bas alt. T he re  is  a fuzzy contact be twe e n the  two tuffs ,
ind icating the y happe ne d  around  the  s ame  time . Contacts  tufface ous  s and s tone  and  is  within the  bas altic flow package  outcroppe d  in the  H as s ayampa Box Canyon.
U nit re pre s e nts  bimod al volcanis m in the  are a. 

Tpa

Mixed Volcanics - Inte rbe d d e d  T d b, T as h, T r, T rs , T ts , and  T ba.Tv

Dacite to rhyodacite - Gray to purplis h gray, fine ly crys talline  d acite  with biotite , hornble nd e , quartz, and  plagioclas e . In contact with and  inte rbe d d e d  with T b and  T r.
Locally contains  purple -gray aphanitic flow-band e d  flow bre ccia.Tdb

Basalt and basaltic andesite  - Dark gray to re d d is h gray, ve s icular and  aphanitic bas alt to bas altic and e s itic flows that are  mod e rate ly to we ll e xpos e d  and  he avily
fracture d . M afic flows contain up to 5 to 20% phe nocrys ts , includ ing up to 10% olivine  and  up to 10% plagioclas e . O livine  phe nocrys ts  and  irre gular mas s e s  can be
alte re d  to id d ings ite . M afic flows  can be  inte rbe d d e d  with rhyolitic flows (T r, T rs ), pyroclas tic rocks  (T ts ), and  clas tic s e d ime ntary rocks  (T a). M as s ive , we ll-cons olid ate d
flow bre ccia cons is ting of bould e rs  to pe bble s  of angular T ba, T bl, and  T d b clas ts  in a re d  s coria matrix are  als o pre s e nt in the  unit, along with local hyd rothe rmal
alte ration with calcite  ve ining and  quartz, calcite , and  chrys ocolla amygd ule s . U nit mine ral as s e mblage s  from S timac e t al. (1987). 

Tba

Lower basalt - Dark gray, fine -graine d , nonre s is tant bas altic lava and  s coria containing phe nocrys ts  and  microphe nocrys ts  of plagioclas e , clinopyroxe ne , and  olivine .
O livine  phe nocrys ts  are  re place d  by id d ings ite ; clinopyroxe ne  phe nocrys ts  are  alte re d  to gre e n clays.  Locally bas alt is  inte rbe d d e d  with arkos ic s e d ime ntary rocks .
M aximum e xpos e d  thickne s s  is  approximate ly 200 m.

Tbl

Volcanic conglomerate - M as s ive  and  poorly s orte d  s and y conglome rate  with angular bould e r to pe bble s  of angular ve s icular and  non-ve s icular T b in a s and y loos e ly
cons olid ate d  matrix. About 15 to 20 me te rs  thick.Tbs

Arkosic conglomerate and volcanics  - Inte rbe d d e d  T a, T ba, and  tufface ous  s and s tone . Arkos ic rock is coars e -graine d , re d d is h quartz in a s and y matrix with mod e rate ly
s orte d  pe bble s  to cobble s  of s coria, quartzo-fe ld s pathic re d  granite , e pid ote , and  Xgw in a we ll ind urate d  matrix. T ufface ous  s and s tone  is  re d  to white  and  contains
>50% grains , primarily quartz. De pos ition of unit T s c is  inte rpre te d  to be  conte mporane ous  with volcanis m. 

Tsc

Basal arkose - M e d ium to d ark re d d is h-brown, coars e -graine d  arkos ic conglome rate  and  conglome ratic s and s tone  with s ubangular to s ubround e d  pe bble s  to cobble s
of quartz- and  fe ld s par-be aring rocks , in part originating from Xgh. T he  unit contains  no volcanic or me tamorphic clas ts . Be d d ing is 10 to 60 cm thick, crud e  to mas s ive .
M atrix-s upporte d  conglome rate  cons is ts  of re d  quartz s and . U nit d ips  N E at 48 – 55° and  are  cut by s outhwe s t-d ipping normal faults . In the  northe as te rn part of the
map are a T a d ips  30 to 45 d e gre e s . 

Ta

Cretaceous Rocks

Laramide granodiorite - W hite  to gray, locally porphyritic, me d ium-graine d  granod iorite  with 10% to 25% plagioclas e , 10% to 25% quartz, 10% to 20% thick biotite
books , 5% to 20% hornble nd e , and  trace  s phe ne . Locally contains  angular inclus ions  of d iorite  and  amphibolite  that are  typically a fe w inche s  acros s . U nit is  re lative ly
und e forme d  and  intrud e s  Prote rozoic bas e me nt rocks . U nit mine ral as s e mblage s  from S timac e t al. (1987).

Kgd

Laramide granodiorite and mafic dikes - U nit Kgd  intrud e d  by mafic d ike s . M afic d ike s  are  d ark gray/brown to d ark gre e n and  are  aphanitic to fine -graine d  with s quare
plagioclas e  microphe nocrys ts . Dike s  are  like ly d iabas e  and  T b. Intrus ive  contacts  are  be s t re pre s e nte d  in the  mapping are a by zone s  of baking. Kgdm

Hassayampa River Deposits

High-intermediate terraces and alluvial fan deposits, older member - Qi2a d e pos its  clos e ly re s e mble  Qi2b d e pos its  in morphology but occupy s lightly highe r pos itions  in the
land s cape , 10 to 20 m.Qi2a

High-intermediate piedmont deposits - U ncons olid ate d  to we akly cons olid ate d  bould e rs , grave ls , s and  and  minor s ilt and  clay, forming we ll-round e d , line ar alluvial d e pos its
e le vate d  50 to 70 m above  mod e rn was he s . Qi1 d e pos its  are  e quivale nt to Qi1r d e pos its  and  e xhibit mod e rate  to s trong argillic and  calcic s oil d e ve lopme nt, s tage  III to IV. Qi1

Basin Fill Deposits

Basin-fill deposits, undifferentiated - T an to light gray brown, poorly cons olid ate d  to mod e rate ly cons olid ate d  grave l and  s and  with minor s ilt and  clay, found  ge ne rally in
valle ys  be twe e n be d rock mountain range s . U nit T bf includ e s  two facie s : coars e -graine d  fanglome rate  (T f) and  e olian fine -graine d  d e pos its  (T e ). Be d d ing is ge ne rally planar
and  d is continuous  with me d ium, thick to mas s ive  be d forms . Eolian be d s , le ns e s  and  horizons are  inte rbe d d e d  with s and  and  grave l be d s . Clas ts  cons is ts  of locally d e rive d
be d rock units  found  in the  mapping are a: plutonic, volcanic and  me tamorphic rocks . N orth of Black H ills  unit T bf d ips  ge ntly to the  we s t with cons is te nt we s tward
imbrication. S outh of Black H ills  this  unit d ips  ge ntly to the  s outhwe s t, with s outhward  imbrication of clas ts . O ld e r be d s  of this  unit are  locally faulte d , ge ne rally more
cons olid ate d , with ge ntle  to mod e rate  d ips  that d e cre as e  up-s e ction (fanning d ips ). U p s e ction be d s  are  horizontal and  ge ne rally poorly cons olid ate d . T hin to me d ium be d s
of te phra occur in s ome  e xpos ure s  and  are  typically re worke d . U nit T bf can be  s e ve ral hund re d  fe e t thick in the  map are a. 

Tbf

Fanglomerate - T an to gray, poorly cons olid ate d  to mod e rate ly cons olid ate d  grave l and  s and  with minor s ilt and  clay, found  ge ne rally ad jace nt to mountain range s , d e e ply
d is s e cte d  by mod e rn was he s . Clas ts  cons is t of poorly s orte d  pe bble s , cobble s  and  bould e rs  d e rive d  from Prote rozoic bas e me nt, primarily of granitic compos ition (Xg, Xgw,
Xgd , and  granitic gne is s ), and  als o includ e  Cre tace ous  igne ous  rocks  and  mid -Ce nozoic volcanic rocks . U nit T f is  matrix- and  clas t-s upporte d  and  has  be d d ing ranging
from thin, crud e  to mas s ive . Be d d ing in unit T f e xhibits  a wid e  range  of d e pos itional d ip, as much as  35° to as little  as  1°, with gre ate r d ip ad jace nt to be d rock, and
d e cre as ing d ip with highe r s tratigraphic pos ition (fanning d ips ). T he  unit e rod e s  into we ll-round e d  rid ge s  with an abund ant grave l lag, whe re  granitic bould e rs  can be
s e ve ral me te rs  acros s . 

Tf

Eolian deposits - Light gray to tan, Eolian deposits locate d  ad jace nt to be d rock-d ominate d  are as . Cons is ts  of ve ry we ll to we ll-s orte d , fine  and  me d ium quartz and  lithic
s and  as  s and  s he e ts , s and  d une s  (multi-d ire ctional) with fore s e t and  backs e t be d s , and  s and  ramps . Eolian deposits are  inte rbe d d e d  with coars e , proximal fan grave ls  and
fanglome rate  (unit T f), and  with more  d is tal alluvial d e pos its  (unit T bf). Light to mod e rate  ce me ntation, and  locally faulte d  up to a fe w me te rs  offs e t. Cons is ts  of
we ll-round e d  quartz and  fe ld s par grains  (0.5 to 1 mm). Clas ts  are  locally be d d e d  as  s and -s upporte d  grave l and  floating grave l in mas s ive  s and . Clas ts  cons is t of lithology
d e rive d  from ad jace nt be d rock. 

Te

Piedmont Deposits

Active channel deposits - T his  unit includ e s  active , ope n channe ls  and  tributary was he s  on the  pie d monts  that could  be  d e line ate d  at a s cale  of 1:24,000.  T his  unit is
compos e d  of mod e rate ly s orte d  s and , grave l, and  pe bble s  with s ome  cobble s  in the  lowe r pie d mont are as  to poorly s orte d  s and , grave l, pe bble s , and  cobble s  in the  uppe r
pie d mont are as .  Channe ls  are  ge ne rally incis e d  le s s  than 0.5 to 1 me te rs  be low ad jace nt H oloce ne  te rrace s .  Channe l morphologie s  cons is t of a s ingle  thre ad , d e e p,
high-flow channe l of multi-thre ad e d  s hallow low-flow channe ls  with ad jace nt grave l bars . T he  channe ls  are  flood  prone  and  are  s ubje ct to d e e p, high ve locity flow d uring
mod e rate  to large  flood  e ve nts . Channe ls  are  s ubje ct to s couring and  bar d e pos ition.  Banks are  s ubje ct to late ral e ros ion.  T he re  is  no s oil d e ve lopme nt in this  fluvially
active  unit, and  little  to no ve ge tation within the  channe ls .

Qyc

Active channel, bar and low terrace deposits - M od e rate  to poorly s orte d , uncons olid ate d  s ilt, s and  and  grave l d e pos its  of active  e phe me ral was he s  and  alluvial fans  on the
pie d monts  of the  W icke nburg M ountains . Characte rize d  by fluvial channe ls  and  bars  compos e d  of locally d e rive d  grave l e rod ing from re mnants  of aband one d  alluvial fans
and  ance s tral H as s ayampa rive r d e pos its . T e rrace  margins are  typically e le vate d  about 0.5 to 1 m above  active  was he s  and  mantle d  with fine  s and  and  s ilt, whe re  s oil
d e ve lopme nt is  abs e nt to lightly d e ve lope d . Lightly ve ge tate d  e xce pt along channe l margins, bar is land s , and  low te rrace s . Channe ls  are  prone  to flood ing d uring mod e rate
to large  pre cipitation e ve nts  with s couring and  bar d e pos ition and  late ral e ros ion of banks .

Qy3

Low terrace deposits along larger active washes  - Alluvial d e pos its  and  s urface s  re late d  to active  e phe m e ral was he s  that are  fre que ntly active  or re lative ly re ce ntly
aband one d  and  not late rally e xte ns ive . De pos its  are  compos e d  of poorly to mod e rate ly s orte d  and  be d d e d  coars e  s and  and  grave l and  commonly cappe d  by s ilt and  s and
e le vate d  1 to 2 m above  active  was he s  with paire d  and  unpaire d  te rrace s  common. W e ll-pre s e rve d  d e pos itional micro-topography and  fabric, with no varnis h, no clay
accumulation, and  we ak carbonate  accumulation in place s . Ve ge tation includ e s  cre os ote , palo ve rd e , ironwood  and  me s quite .

Qy2

Low terrace deposits along inactive portions of active channels  - T he  younge s t, like ly fully aband one d  alluvial d e pos its  and  s urface s  e le vate d  about 1 to 3 m above  active
was he s . U ncons olid ate d , poorly to mod e rate ly s orte d  s and  and  grave l. S urface s  have  re lict d e pos itional micro-topographic bars  and  channe ls  and  hos ts  we akly inte grate d
ne tworks  of ve ry s mall d is tributary channe ls  with thin s he e tflood  d e pos its . S oil d e ve lopme nt is  we ak with incipie nt carbonate  accumulation, ve ry minor clay accumulation
with pos s ible  light varnis h on large  grave l. O n uppe r pie d monts  ve ge tation cons is ts  of pre d ominantly cre os ote  with s ome  s aguaro, ironwood , cholla and  s mall palo ve rd e .
Along H as s ayampa R ive r Qy1 d e pos its  occupy re lative ly wid e  e mbayme nts  with thick riparian ve ge tation.

Qy1

Young piedmont deposits, undivided - As s e mblage  of Qyc, Qy3, Qy2, and  Qy1. Qy

Quaternary colluvium - U ncons olid ate d  to mod e rate ly cons olid ate d  colluvium and  talus  hills lope  d e pos its .Qc

Intermediate piedmont deposits, undivided - U ncons olid ate d  to we akly cons olid ate d  d e pos its  of s ilt, s and , and  grave l with rare  bould e rs . De pos its  compris e  aband one d
te rrace s  and  alluvial fan re mnants  forme d  on be d rock, bas in fill and  old e r rive r d e pos its . Qi

Low-intermediate piedmont deposits - U ncons olid ate d  to we akly cons olid ate d  grave l, s and  and  s ilt with minor clay, forming ge ne rally wid e  planar s urface s . Qi3 d e pos its  are
about 1 to 4 m thick and  e xhibit light to mod e rate , s tage  II to III- s oil d e ve lopm e nt. Ve ge tation includ e s  cholla, acacia, cre os ote , and  d warf me s quite . T his  unit includ e s
old e r, highe r-e le vate d  Qi3a and  younge r, lowe r-e le vate d  Qi3b units . 

Qi3

Lowest-intermediate terraces and alluvial fan deposits, younger member - Qi3b d e pos its  are  ge ne rally broad e r and  le s s  d is s e cte d  than Qi3a d e pos its  and  along the  rive r
conce als  Qi3r d e pos its . Qi3b

Low-intermediate terraces and alluvial fan deposits, older member - Qi3a d e pos its  clos e ly re s e mble  Qi3b d e pos its  in morphology but occupy s lightly highe r pos itions  in the
land s cape , about 3 to 5 m.Qi3a

Low to high intermediate piedmont deposits  - U ncons olid ate d  to we akly cons olid ate d  grave l, s and  and  s ilt found  40 to 70 m above  mod e rn was he s  as  broad , mod e rate ly
d is s e cte d  re mnant planar alluvial s urface s .  U ppe r Qi2a and  lowe r Qi2b d e pos its  are  s e parate d  by 15 to 20 m e le vation. Qi2 d e pos its  can be  up to 15 m thick in place s ,
which are  thought to re pre s e nt fill te rrace s , followe d  by Qi2 and  Qi3 d e pos its  ins e t into old e r Qi2 fill d e pos its . S oil d e ve lopme nt on s urface  re mnants  e xhibit mod e rate
argillic and  calcic accumulation. 

Qi2

Intermediate-low terraces and alluvial fan deposits, younger member  - Qi2b d e pos its  clos e ly re s e mble  Qi2a d e pos its  in morphology but occupy s lightly lowe r pos itions  in
the  land s cape , 10 to 20 m.Qi2b

Qo

Active river channel and bar deposits - Active  rive r channe l, s hallow bar flood plain d e pos its . U ncons olid ate d , mod e rate ly to poorly s orte d  s and  with s ome  grave l. Clas t
lithologie s  cons is ts  of various  granitoid s , volcanics , s chis t and  rare  quartzite . Clas t s ize  ge ne rally pe bble  and  cobble  with le s s  common clas ts  up to 1 m in long d im e ns ion.
Ve ge tation along banks  cons is ts  of me s quite , cottonwood , as h and  d e ns e  s hrubs . 

Qycr

Active river floodplain banks and terrace deposits - Includ e s  grave l, s and  and  s ilt d e pos ite d  as  bars  and  s wale s  typically le s s  than 1 m above  active  channe l. M ay includ e
coars e r s e d ime nt in proximity to junctions  with tributary was he s .Qy3r

Low floodplain river terraces - U ncons olid ate d  grave l, s and , s ilt and  s ome  clay found  ad jace nt to active  rive r channe l and  flood plain Qy3r and  Qycr d e pos its . S urface s  are
about 2 m above  the  active  channe l and  have  mod e rate  ve ge tation cons is ting of willow and  young me s quite . S oil abs e nt to we akly d e ve lope d .Qy2r

Low river terraces along modern floodplain margin - Low rive r te rrace  d e pos its  cons is ting of uncons olid ate d  grave l, s and , s ilt and  s ome  clay found  2 to 4 m above  mod e rn
flood plain, and  more  he avily ve ge tate d  than younge r d e pos its . Ve ge tation cons is ts  of cottonwood , me s quite , cre os ote , acacia, yucca, prickly pe ar, s hrub, and  gras s e s .Qy1r

Lowest-intermediate river terraces and alluvium  - Low-lying te rrace s  along mod e rn H as s ayampa R ive r cons is ting of uncons olid ate d  to lightly cons olid ate d  bould e rs , grave l,
s and  and  s ilt with minor clay. Qi3r d e pos its  are  und ivid e d  and  are  e quivale nt to tributary units  Qi3a and  Qi3b. U nit Qi3r te rrace  d e pos its  form broad , flat te rrace s  e le vate d
10 to 15 m above  the  mod e rn rive r, with minimal d is s e ction, and  are  commonly cappe d  by Qi3 d e pos its . Qi3r d e pos its  e xhibit light to mod e rate  argillic and  calcic s oil
d e ve lopme nt. 

Qi3r

Low to high intermediate river terraces and alluvium  - U ncons olid ate d  to we akly cons olid ate d  bould e rs , grave l, s and , s ilt and  minor clay found  in te rrace  d e pos its  e le vate d
30 to 50 m above  the  mod e rn rive r corrid or, with ge ne rally highe r e le vations  north of Black H ills . Qi2r d e pos its  und ivid e d , and  are  e quivale nt to Qi2a and  Qi2b, and  can be
up to 15 m thick along the  rive r, commonly cappe d  by Qi2 tributary d e pos its . S oil d e ve lopme nt is  mod e rate  to s trong s tage  III. N orth of Black H ills , s carps  are  pre s e nt that
appe ar to track incis ion and  e as tward  migration of the  rive r. 

Qi2r

High-intermediate river alluvium  - U ncons olid ate d  to we akly cons olid ate d  s ilt, s and , grave l and  bould e rs , with minor clay. De pos its  are  ge ne rally light tan, s and -s upporte d
to le s s  commonly clas t-s upporte d , crud e ly be d d e d  with locally abund ant cros s -laminate d  s and . Clas ts  are  ve ry poorly to mod e rate ly s orte d , s ubround e d  to round e d , with
mod e rate  s phe ricity. Qi1r d e pos its  occur as both fill and  s trath d e pos its  ove rlying be d rock and  bas in-fill pale o-topography and  are  ove rlain by Qi tributary d e pos its  in many
place s  along the  rive r corrid or. Qi1r d e pos its  e rod e d  into we ll-round e d  land forms with s ome  re mnant planar or grave l lag s urface . Clas t lithology cons is ts  of varie d  granite s ,
me tamorphic rocks , pe gmatitic and  ve in quartz, and  fe ls ic and  mafic volcanic rocks  d e rive d  locally and  ups tre am outs id e  the  W icke nburg quad rangle . S trath d e pos its  are
ge ne rally 1 to 4 m thick and  e xhibit s tage  III and  IV s oil d e ve lopme nt on uppe rmos t d e pos its , and  s tage  II to III on colluvial s lope s . Qi1r d e pos its  are  ge ne rally 90 to 100 m
above  the  mod e rn rive r ups tre am of Black H ills , and  60 m above  the  mod e rn rive r d owns tre am of Black H ills . Qi1r d e pos its  re pre s e nt the  e arlie s t rive r d e pos its  found  in
Box Canyon, whe re  the  rive r is  be lie ve d  to have  e ntre nche d  acros s  Black H ills  at this  tim e . 

Qi1r

Oldest river alluvium - Loos e  to mod e rate ly cons olid ate d , poorly s orte d , mod e rate ly round e d  alluvial d e pos its . Lithology of clas ts  is  ve ry d ive rs e  and  ge ne rally cons is t of
we ll-mixe d  granitoid s , me tamorphic and  volcanic rocks . Qor d e pos its  are  locate d  high in the  land s cape , unconformably ove rlying bas in-fill d e pos its  north and  we s t of Black
H ills  and  are  as  much as  70 to 90 m thick. R e mnant alluvial s urface s  of Qor are  cappe d  with mod e rate  to s trong s oil d e ve lopme nt, thick argillic and  calcic horizons mappe d
as  unit Qo. Qor d e pos its  e rod e  into we ll-round e d  rid ge s  and  nobs , d e e ply d is s e cte d  by mod e rn was he s  and  gullie s  grad e d  to the  mod e rn H as s ayampa R ive r e as t and
W e ave r and  Ante lope  was he s  we s t. T he  bas e  of unit Qor d ips  ge ntly to the  s outhwe s t. Imbrication of clas ts  ind icate s  cons is te nt trans port to the  s outhwe s t. Qor d e pos its
are  inte rpre te d  to re pre s e nt the  initial inte gration of the  H as s ayampa R ive r onto bas in fill d e pos its  (T bf) and  are  s ource d  from d ive rs e  rock type s  ups tre am of the  mapping
are a. H ighe s t fanglome rate  d e pos its  (unit T f) in the  e as te rn part of the  mapping are a are  cons id e re d  e quivale nt to the  highe s t Qor d e pos its . T he  we s te rn mappe d  bound ary
of Qor is not we ll d e fine d  and  includ e s  d e pos its  s ource d  from W e ave r and  Ante lope  was he s . 

Qor

Old pedogenic deposits associated with Qor  - H igh-s tand ing re mnant alluvial d e pos its  as s ociate d  with und e rlying ance s tral H as s ayampa R ive r d e pos its  (Qor), and  two
is olate d  e xpos ure s  e as t of the  rive r and  north of Black H ills  as  colluvial re mnants . Qo ove rlying Qor d e pos its  e xhibits  a re mnant planar s urface  that d ips  ge ntly to the
s outh-s outhwe s t and  has  s trong argillic s oil d e ve lopme nt and  mod e rate  calcic d e ve lopme nt. S oil thickne s s  is  e s timate d  be twe e n 1 to 2 me te rs . Ve ge tation cons is ts  of
cre os ote , ocotillo, s aguaro, palo ve rd e , cholla and  s mall s hrubs  and  gras s e s . 

Granitic rocks - Light-gray to white, tan, and orangish-brown medium-and fine-grained, foliated, leucocratic, biotite granite. The unit includes several granitic lithologies, 
the most common being a medium-and fine-grained, foliated light-gray biotite granite. Phenocrysts include 15 percent quartz, 50 percent plagioclase, 30 percent K-spar 
(which can be slightly porphyritic grains 5 mm to 1 cm across), and 2-3 percent biotite. Forms grus covered erosional surfaces. Unit mineral assemblages from Stimac et al. 
(1987). The next most abundant lithology is a medium to mostly fine-grained orangish-brown K-spar and quartz rich granite, which weathers golden red and gray. Fresh 
faces are golden pink.

Granodiorite - Light to medium gray to pinkish gray and greenish gray, medium-grained, weakly to moderately foliated granodiorite with 25-30% quartz, 5 to 20% biotite, 
3% epidote, 1% hornblende. Unit Xgd has light and dark coloring and subtle banding, with metamorphic screens and pendants of amphibolic banded gneiss, strongly 
foliated with occasional isoclinal folds, migmatite, and lit-par-lit injection gneiss. Crosscut by tourmaline-bearing pegmatitic veins with pinkish selvages that are 40% quartz, 
60% potassium feldspar non-deformed and lightly deformed. 

Graphic granite  -  White to pinkish-tan, pegmatitic granite to pegmatite with graphic texture and foliation. Contains magnetite up to 8 mm and biotite up to 2 cm. Dikes are 
relatively non-foliated and can be up to 2 m wide. Locally intrudes Xm, Xgm, and Xgh. 

Alkali feldspar granite - Pink to cream-colored, medium-grained potassium-feldspar-rich granite. Crystal assemblages estimates are 70% potassium feldspar, 30% 
quartz, and <1% biotite. 

Hassayampa granite - Gray to reddish-brown, foliated to strongly foliated, coarse-grained granite with aligned feldspar phenocrysts (5 – 8 cm) that are characterized as a 
boxcar texture. The unit forms red grus slopes. The rock has a 15% biotite matrix aggregate and commonly contains tourmaline either in granite or especially in pegmatitic 
phases. Intruded locally by Xgw and Tdr, and mafic dikes in the northeastern portion of the quadrangle.

Mixed granitoid and metamorphic rocks - Heterogeneous assemblage of crystalline rocks (gneissic granite, granitic gneiss, pegmatite, units Xg, Xgd) and dikes (Xgw 
and Kgd), and metamorphic rocks (Xam, Xs, and Xm). Gneissic granite and granitic gneiss are light gray, fine to medium grained and grained, and foliated with 70% quartz 
and feldspar, and 20% biotite. 

Schist - Dark- to medium-gray, quartzo-feldspathic biotite schists and quartzo-feldspathic schist.

Amphibolite - Dark gray, foliated to lineated, plagioclase-amphibolite schist.

Quartzite - Light red to pink and light gray fine- to medium-grained quartzite and orthoquartzite, massive to weak-bedded. Intrafoliated micaceous screens may represent 
relic bedding.  Quartz 85 to 98% with 0 to 15% mica. Generally non-foliated to very weakly foliated in structural contact with strongly foliated schist.  

Metamorphic rocks: dark banded gneiss, schist, amphibolite, and mylonitic rocks - Foliated and folded banded gneiss, whose dark component is composed of dark 
gray biotite schist and amphibolite schist. Rock contains parallel granite and quartz layers vertical to foliation with isoclinal folds. Gneiss includes a dark mafic rock 
composed of 70% amphibole, 30% quartz, and meter-sized granitic intrusions. Granitic intrusions within gneiss are coarse to medium grained and feldspar rich, with 
elongated feldspars parallel to foliation. Protoliths of the metamorphic rocks were likely shale (pelite) for the schist, mica -rich components for the gneiss, and basalt for the 
amphibolite. Protoliths of mylonitic rocks were gneiss and granitoid rocks. The foliation of the rock is N50W – N60W, 85° NE / 90° NE dip. Locally overlain unconformably 
by Tr (N35W, 65°NE). 

 Topographic ba se ma p d eriv ed from the  Wick enburg 7.5' U SGS topographic qua drangle map originall y
wit h NAD27 datum. R eproject ed t o U T M NAD83 datum (zone 12) u sing iGage All Top o Maps V9. U T M
 NAD 83 grid and lat-long mark ers pro duc ed u sing ES  RI Arc Map v. 10.4.
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This geologic map was funded in part by the USGS National Cooperative Geologic Mapping Program under StateMap award number 
G18AC00298, 2018 and by EdMap award number G18AC00230. The views and conclusions contained in this document are those of 
the authors and should not be interpreted as necessarily representing the official policies, either expressed or implied, of the U.S. 
Government. 
Introduction 
T his  ge ologic map is  one  of a s e rie s  of four 7 ½’ quad rangle  maps  (AZGS  DGM -131 through 134; W icke nburg, S am Powe ll Pe ak, 
F lore s , and  Vulture  Pe ak) in the  W icke nburg are a. N e w s urficial mapping was  cond ucte d  throughout the  4-quad rangle  mapping are a 
and  be d rock mapping was  compile d  from e xis ting ge ologic maps , with ne w be d rock mapping in S am Powe ll Pe ak. T oge the r, the s e  
maps  includ e  d e taile d  s urficial mapping of alluvium from the  Date  Cre e k, W e ave r, W icke nburg, and  Vulture  M ountains as  we ll as 
ance s tral d e pos its  of the  H as s ayampa R ive r. T he  re lations hips  be twe e n re lict and  mod e rn alluvial fan and  H as s ayampa R ive r d e pos its  
and  the ir pos itions  re lative  to pre -e xis ting be d rock topography pre s e nts  a glimps e  into the  arrival and  d e ve lopme nt of the  mod e rn 
H as s ayampa R ive r s ys te m.  
 
T he  S am Powe ll Pe ak 7 ½' Quad rangle  is  locate d  north of the  town of W icke nburg and  s outhe as t of the  town Congre s s  in Yavapai 
County, Arizona. A s ys te m of inte rconne cte d  d irt road s  conne cts  the  map are a to the  town of W icke nburg and  U S  H ighway 93 to the  
s outh, and  AZ H ighway 89 to the  we s t: S ce nic Loop road , S tanton H all road , and  Ange ls  R anch road . M os t of the  mapping are a is  
owne d  by S tate  T rus t land s  and  Bure au of Land  M anage me nt (BLM ) with minor private  land s . T he  H as s ayampa R ive r Canyon 
W ild e rne s s  are a along the  H as s ayampa and  S am Powe ll Pe ak are as  is  manage d  by BLM . Be d rock in the  s outhe rn half of S am Powe ll 
Pe ak quad rangle  was  mappe d  s e parate ly as  part of the  EDM AP grant (award  no. G18AC00230).  
 
T he  main focus  of s urficial mapping in the  S am Powe ll Pe ak quad rangle  was  N e oge ne  and  Quate rnary bas in-fill d e pos its , H as s ayampa 
R ive r d e pos its , and  tributary d e pos its . T he  H as s ayampa R ive r flows  be twe e n the  W e ave r M ountains  (and  its  name s ake  S am Powe ll 
Pe ak) to the  north and  northwe s t, the  W icke nburg M ountains  to the  e as t, acros s  the  Black H ills  to the  s outh, and  an unname d  
topographic rid ge  and  hyd rologic bound ary to the  we s t. T he  inte rve ning valle y be twe e n the s e  topographic highs  is  informally re fe rre d  to 
as  the  “S am Powe ll bas in”. Be d rock mapping focus e d  on highly e xte nd e d  mid -Ce nozoic volcanic and  s e d ime ntary rocks and  the ir 
und e rlying Prote rozoic and  Laramid e  crys talline  bas e me nt. 
 
Ge ologic mapping was  cond ucte d  und e r the  joint S tate -F e d e ral S T AT EM AP program, as s pe cifie d  in the  N ational Ge ologic M apping 
Act of 1992, and  was  jointly fund e d  by the  Arizona Ge ological S urve y and  the  U .S . Ge ological S urve y und e r S T AT EM AP as s is tance  
award  #G18AC00298. M apping in the  s outhe rn half of the  quad rangle  was  partially s upporte d  by the  U S GS  and  Arizona S tate  
U nive rs ity und e r Ed M ap award  G18AC00230. M apping was  compile d  d igitally us ing ES R I ArcGIS  s oftware . 
 
Surficial Geology 
T he  s urficial ge ologic units  in the  S am Powe ll Pe ak 7 ½’ Quad rangle  cons is t of ve ry high-s tand ing re lict alluvial fan d e pos its , e xte ns ive  
e xpos ure s  of mild ly d is s e cte d , we ll-round e d  fanglome rate , ins e t alluvial te rrace s , and  alluvium that re cord s  the  arrival of the  ance s tral 
H as s ayampa R ive r. In the  mid d le  and  d is tal pie d mont d e pos its  includ e  wid e s pre ad  e xpos ure s  of d is s e cte d  fanglome rate  and  ve ry old  
alluvial fan d e pos its  s ource d  from the  W e ave r M ountains  from the  north. Clas t compos ition and  e ros ional characte r vary with pare nt 
mate rial. S ome  of the s e  d e pos its  are  armore d  by ove rlying Ple is toce ne  alluvium. De e ply incis e d  are as  are  fille d  by thin, uncons olid ate d  
H oloce ne  to mod e rn te rrace  and  channe l d e pos its . Broad ly d is s e cte d , low-e ne rgy s wale s  and  valle y bottoms  are  d ominate d  by 
s he e tflow and  aggrad ational proce s s e s . S urficial ge ologic units  we re  mappe d  us ing fie ld  obs e rvations , inte rpre tation of d igital ae rial 
image ry, and  d igital e le vation mod e ls  (DEM s ). R e lative  age s  of alluvial d e pos its  we re  e s timate d  us ing characte ris tics  of clas t 
we athe ring, s oil d e ve lopme nt, carbonate  accumulation, and  pos ition in the  land s cape  (Gile  e t al., 1981; M ache tte , 1985; Bull, 1991; and  
Birkland , 1999). S oil d e ve lopme nt and  carbonate  accumulation be gin once  a d e pos it is is olate d  from active  alluvial proce s s e s . As a 
re s ult, the  d e gre e  of s oil d e ve lopme nt and  carbonate  accumulation are  one  of the  crite ria us e d  to id e ntify the  approximate  age s  of 
s urficial units . 
 
Younge r alluvial d e pos its  have  little  to no s oil d e ve lopme nt, re tain the  original gray or brown color of the  alluvial s e d ime nt, and  little  to 
no carbonate  accumulation. Clas ts  in the s e  d e pos its  have  no we athe ring rind s  or s urface  patinas  and  thus  appe ar brighte r and  fre s he r 
than old e r clas ts . Young alluvial s urface s  ofte n re tain original d e pos itional characte ris tics  s uch as  bar and  s wale  topography. 
Conve rs e ly, old e r alluvial d e pos its  have  be tte r-d e ve lope d  s oils  that appe ar orange  to re d  in color, with s oil horizons  re fle cting clay and  
carbonate  accumulation. Clas ts  on old e r alluvial d e pos its  ofte n e xhibit d arke ne d  we athe ring rind s  or rock varnis h, and  thus  appe ar 
d arke r on the  ground  and  in ae rial photographs. Pre s e rve d  alluvial s urface s  may be  s mooth and  flat (Qi3), be coming more  round e d  and  
coars e r with age  (Qi2). T he  old e s t alluvial s urface s  (Qi1 and  Qo) are  ofte n e rod e d , we ll-round e d  rid ge s  with d e grad e d  s oil pre s e rvation 
and  carbonate  horizon e xpos e d . T he s e  s urface s  appe ar white  on ae rial photos  and  ground  s urface s  d ue  to wid e s pre ad  e xpos ure  of the  
carbonate  horizon. Alluvial d e pos its  s ource d  from granitic pare nt mate rial e xhibit ve ry re d , clay-rich s urface s  with mature  accumulation 
horizons and  clay-coate d  clas ts . Expos ure s  of we ll-ce me nte d  old e r alluvium are  pre s e nt along active  channe ls  and  within younge r, 
uncons olid ate d  alluvium in the  mid d le  and  d is tal pie d mont. H oloce ne  alluvium along mod e rn was he s  and  arroyos  is  ofte n ins e t be low 
old e r d e pos its  by s e ve ral me te rs  and  confine d  to re lative ly narrow e xpans e s  within old e r alluvium. W ithin the  mod e rn incis e d  channe l 
bottom, young te rrace s  are  prone  to flood ing. 
T he  H as s ayampa R ive r forms  the  main axial d rainage  in the  quad rangle  and  originate s  from the  Brad s haw M ountains  jus t s outh of 
Pre s cott, AZ. T he  rive r the n flows  acros s  the  M ilk Cre e k bas in into the  be d rock-core d  W icke nburg and  W e ave r M ountains  and  e nte rs  
the  map are a into and  acros s  bas e me nt crys talline  be d rock, tilte d  mid-Ce nozoic s trata, and  bas in-fill d e pos its  within the  S am Powe ll 
bas in. Its  major tributarie s  in the  map are a are  W e ave r W as h, F ools  Canyon and  unname d  was he s  be twe e n the s e . Cate gorically the  
H as s ayampa R ive r is a trans ve rs e  d rainage  flowing acros s  be d rock d omains  (Douglas s  and  S chme e ckle , 2007), thus  the  rive r and  
many of its  tributarie s  form s lotte d  be d rock canyons  be twe e n valle ys  and  bas ins . In the  S am Powe ll bas in, a thick 60- to 70m-thick 
d e pos it of grave l, cobble s  and  bould e rs  forms  an unname d  rid ge  we s t of the  H as s ayampa and  s outh of W e ave r W as h (map unit Qor). 
T his  unit ove rlie s  bas in-fill coars e -graine d  fanglome rate  (T f), fine r-graine d  alluvium (T bf), and  e olian d e pos its  (T e ) locally s ource d  from 
ad jace nt be d rock are as . T he  Qor d e pos it is  s ource d  from be d rock lithologie s  within and  outs id e  the  S am Powe ll bas in, ups tre am of the  
mapping are a. Qor d e pos its  are  inte rpre te d  as  re pre s e nting an e pis od e  of aggrad ation in re s pons e  to bas e-le ve l change  be twe e n 
ups tre am and  d owns tre am are as . T ributary d e pos its  als o track this  aggrad ation and  locally are  as  thick as Qor. T he  ance s tral 
H as s ayampa d e pos its  and  the ir map patte rn are  thought to occupy the  forme r pos ition of the  ance s tral H as s ayampa R ive r ove r the  top 
and  we s te rn portion of Black H ills , and  can be  tracke d  to the  s outhwe s t into portions  of the  s outhe rn S am Powe ll Pe ak, F lore s, and  
W icke nburg quad rangle s . Qor d e pos its  like ly e xte nd e d  up to and  we re  thicke r at the  mouth of the  H as s ayampa R ive r be low S am 

Powe ll Pe ak, but have  s ubs e que ntly be e n d is s e cte d  by the  W e ave r and  ad jace nt was he s . T he  bas e  of Qor d e pos its  is  planar, s harply 
unconformable  with und e rlying bas in-fill d e pos its , and  its  grad ie nt s lightly s te e pe r than the  mod e rn rive r. T hickne s s  of Qor d e pos its  
be twe e n W e ave r W as h and  S ols  is  not we ll cons traine d . Qor d e pos its  lack any s ign of d e formation s uch as  faulting or tilting. Calcic and  
argillic s oil d e ve lopme nt on re mnant (?) planar s urface s  atop Qor are  mappe d  s e parate ly as  Qo d e pos its , ind icate d  a like ly e arly 
Ple is toce ne  age  of re mnant s oils ; howe ve r, the  age  of ance s tral H as s ayampa R ive r d e pos its  and  its  inte gration are  not known. 
F ollowing d e pos ition of Qor d e pos its , the  H as s ayampa R ive r be came  s upe rimpos e d  ne ar its  pre s e nt location ove r Black H ills . 
Ple is toce ne  and  H oloce ne  H as s ayampa d e pos its  Qi1r through Qy3r re cord  the  s ubs e que nt incis ion and  d e grad ation of the  rive r and  
are  re lative ly thin d e pos its  s trathe d  on old e r bas in-fill d e pos its . 
 
Bedrock Geology 
Be d rock e xpos ure s  in the  northe rn half of the  S am Powe ll Pe ak quad rangle  form the  e as te rn third  of the  map are a. Be d rock ge ne rally 
cons is ts  of Early Prote rozoic crys talline  igne ous and  me tamorphic rocks, and  mid -Ce nozoic volcanic and  s e d ime ntary rocks . T he  pre -
H as s ayampa R ive r d e pos its  are  inte rpre te d  to be  bas in-fill re late d  d e pos its  that are  mid d le  to late  M ioce ne  or Plioce ne . Bas in-fill 
d e pos its  north of Black H ills  are  s ource d  from Black H ills , W icke nburg M ountains  to the  e as t and  northe as t, and  W e ave r M ountains  
from the  north and  northwe s t. Coars e  alluvial fan d e pos its  flank the  be d rock bound ary, whe re  e olian s and  ramps  and  d une s  are  
inte rbe d d e d  with alluvial fan d e pos its . F urthe r d own-d ip, imbrication in bas in-fill alluvial d e pos its  ind icate  d e pos ition toward s  the  we s t 
and  s outhwe s t. Cros s  s e ction A-A’ and  B-B’, combine d  with mapping and  we ll d ata, ind icate  d e pth to be d rock in this  bas in is  ope n to 
the  we s t, and  is  ge ne rally le s s  than 1,000 ft d e e p.   
 
Be d rock e xpos ure s  in S am Powe ll Pe ak quad rangle  re cord  mid -Ce nozoic e xte ns ion (~30 to 15 M a) that was  as s ociate d  with low-angle  
d e tachme nt faulting, mod e rate  to low angle  normal faulting, and  mos tly bimod al magmatis m (S pe nce r and  R e ynold s , 1989). N orth-to 
northwe s t-tre nd ing normal faults  mos tly d ip 40° or le s s  to the  s outhwe s t and  cut and  tilt the  Prote rozoic to Pale oge ne  and  N e oge ne  
units  throughout the  quad rangle , prod ucing a d omino-s tyle  re pe tition of s e ctions  (s e e  cros s  s e ction B-B’). S ome  faults  are  s trongly 
curve d , with northe as t-tre nd ing s e gme nts  that functione d  as  late r ramps  bound ing tilte d  fault blocks . T he  Pale oge ne  and  N e oge ne  units  
ove rlying the  bas e me nt d ip s te e ply to the  northe as t (55°) and  s hallow ups e ction (<35°), ind icating that d e pos ition and  e mplace me nt of 
the  units  was  conte mporane ous  with tilting and  faulting. Evid e nce  for faulting d uring the  accumulation of Pale oge ne  and  N e oge ne  
s e que nce s  is  we ll e xpre s s e d  as  a buttre s s  unconformity be twe e n mod e rate ly to s te e ply tilte d  lowe r bas alt and  a le s s  tilte d  ove rlying 
s e d ime ntary d e pos its .  
 
Be d rock e xpos ure s  in the  s outhe rn half of S am Powe ll Pe ak quad rangle  are  mid -Ce nozoic volcanic and  s e d ime ntary rocks  that lie  
unconformably on top of me tamorphic-plutonic Prote rozoic (1.8-1.4 Ba) and  Laramid e  (~60 M a) crys talline  rocks . Bas al clas tic late  
Pale oge ne  and  e arly N e oge ne  d e pos its  includ e  a bas al arkos ic s and s tone  and  conglome rate  that re cord  e arly e ros ion of granitic 
bas e me nt and  d e pos ition of this  mate rial by local s tre ams . T he s e  bas al clas tic rocks  are  ove rlain by s e ve ral we ld e d  tuffs  and the n by 
highly alte re d  and  mangane s e -mine ralize d  bas alt (locally calle d  the  “lowe r bas alt”). T he  bas alt is  ove rlain by a s e que nce  of d e bris -flow 
bre ccias  and  locally-s ource d , s tre am-d e pos ite d  conglome rate s . T he  upturne d  Pale oge ne  to N e oge ne  s e que nce  was  e rod e d  and  
partially cove re d  by bas in fill and  s urficial d e pos its , includ ing thos e  of the  H as s ayampa R ive r. 
 
T he  s outh-ce ntral portion of s outhe rn S am Powe ll Pe ak quad rangle  contains  s e ve ral ne wly d is cove re d  normal faults  re s pons ible  for the  
d own-d ropping and  tilting of the  rocks  e xpos e d  in the  H as s ayampa Box Canyon (s e e  s e ction 20 on map and  cros s  s e ctions  C-C’ and  
D-D’). T he  main fault like ly has kilome te rs  of d is place me nt and  to the  s outhe as t te rminate s  an oblique -s lip re ve rs e  fault (340°, 70° S W ) 
that is  inte rpre te d  to be  an ove rturne d  normal fault. A third , major northe as t-tre nd ing fault to the  s outhwe s t is  inte rpre te d  to be  a le ft-
late ral te ar fault, or late ral ramp, with hund re d s  of me te rs  of d is place me nt. T his  fault appare ntly te rminate s  agains t the  oblique  d ip-s lip 
re ve rs e  fault.  
 
Ad jace nt re gions  we re  mappe d  in W icke nburg, s outhe rn Buckhorn, and  N orthwe s te rn H ie roglyphic M ountains  (S timac e t al. 1987, 
Grube ns ky e t al. 1989). S imilar be d rock units  mappe d  in S am Powe ll Pe ak and  ad jace nt re gions  cons is t of me tamorphic-plutonic 
Prote rozoic rocks , Laramid e  crys talline  rocks , and  mid -Ce nozoic S an Domingo Volcanics , lowe r bas alt, s e d ime ntary conglome rate , and  
bas in-fill s e que nce s . Ad jace nt re gions  have  e xpos ure s  of e arly N e oge ne  H e lls  Gate  volcanics  and  uppe r bas alt flows , units  that are  not 
e xpos e d  in S am Powe ll Pe ak quad rangle , although are  e xpos e d  imme d iate ly s outh and  s outhwe s t of the  quad rangle  in the  F lore s , 
Vulture  Pe ak and  W icke nburg quad rangle s . U nits  that are  local to S am Powe ll Pe ak quad rangle  are  the  Box Canyon conglome rate  
(unit T co).  
 
M ine ralization is  common in the  re gion. Pre cious -me tal and  bas e -me tal pros pe cts  occur in the  mid -Ce nozoic and  Prote rozoic units , 
mainly localize d  in ve ins and  fault zone s  with inte ns e  bre cciation (S timac e t al., 1987). T he  mapping are a has  be e n his torically mine d  
for coppe r, gold , s ilve r, le ad  and  zinc with or without lithium, be ryllium, tungs te n and  othe r pre cious me tals . M ining in the  R ich H ills, 
Congre s s , O ctave , Be e hive  and  Bis hop Dis tricts  lie  imme d iate ly north of the  mapping are a within the  W e ave r Cre e k wate rs he d , 
his torically and  principally mine d  for gold  and  s ilve r (ADM M R , 2011). M ining in the  M organ Butte  are a, W icke nburg M ountains , was  
principally for coppe r. H os t be d rock has  be e n clas s ifie d  as  granite , gne is s , d iorite  and  porphyry d ike s , ve ins  and  pe gmatite s, with 
mine ralization of late  Prote rozoic, Laramid e , and  mid -Ce nozoic age , re s pe ctive ly (ADM M R , 2011, Ke ith e t al., 1983). M ine ralization in 
the  Pale oge ne  and  mid -Ce nozoic rocks  is  a re s ult of hyd rothe rmal alte ration d uring the  e xte ns ional and  magmatic pe riod  in the  re gion 
around  25 to 15 M a.  Inte rmitte nt and  active  s mall-s cale  in-s itu and  place r mining is  pre s e nt locally in the  mapping are a. Exploration of 
porphyry coppe r mine ralization as s ociate d  with the  large  Late  Cre tace ous  (Laramid e ) granod iorite  pluton and  s tratiform mangane s e  
d e pos its  (Grube ns ky e t al., 1989; M cAlpin, 2008; F e rgus on and  Johns on, 2014) is  als o ongoing. Pre -Ce nozoic d e pos its  have  be e n 
tilte d  by mid -Ce nozoic e xte ns ion. 
 
Acknowledgments 
M apping of the  s outhe rn S am Powe ll Pe ak quad rangle  was  s upporte d  by Arizona S tate  U nive rs ity (AS U ) and  U S GS  EDM AP Program, 
which he lpe d  id e ntify re lations hips  be twe e n be d rock and  alluvial units . W e ’d  like  to thank land owne rs  in the  northe rn mapping are a for 
acce s s  to private  prope rty and  acce s s  along the  H as s ayampa R ive r.  
 
References cited 
ADM M R , 2011. Bis hop Dis trict, 2011-01-0372, ADM M R  mining colle ction, Arizona Ge ological S urve y. 
Birkland , P.R ., 1999, S oils  and  ge omorphology (third  e d ition): N e w York, O xford  U nive rs ity Pre s s , 430 p. 
Bull, W .B., 1991, Ge omorphic R e s pons e  to Climate  Change : N e w York, O xford  U nive rs ity Pre s s . 
Douglas s , J. and  S chme e ckle , M ., 2007. Analogue  mod e ling of trans ve rs e  d rainage  me chanis ms . Ge omorphology, 84(1-2), pp.22-43. 
F e rgus on, C.A. and  Johns on, B.J., 2014, Ge ologic map of the  we s te rn half of the  Columbia 7 ½' Quad rangle  and  the  e as te rn half of the  

Coppe ropolis  7 ½' Quad rangle , Yavapai County, Arizona. Arizona Ge ological S urve y Digital Ge ologic M ap DGM -109, s cale : 
1:24,000. 

Gile , L.H ., H awle y, J.W ., and  Gros s man, R .B., 1981, S oils  and  ge omorphology in the bas in and  range  are a of s outhe rn N e w M e xico - 
guid e book to the  De s e rt Proje ct: N e w M e xico Bure au of M ine s  and  M ine ral R e s ource s , 222 p. 

Grube ns ky, M .J., 1989, Ge ologic map of the  Vulture  M ountains , we s t-ce ntral Arizona [W icke nburg S W , Vulture  M ine , W ild cat W e ll, 
W icke nburg, Vulture  Pe ak, O utlaw H ill, Black Butte , and  F ore paugh Pe ak 7.5 min. Arizona Ge ological S urve y, M ap-27, 3 map 
s he e t, map s cale  1:24,000. 

Grube ns ky, M .J., S timac, A.J., R e ynold s , S . J. and  R ichard , M .S ., 1987, Ge ologic M ap of the  N orthe aste rn Vulture  M ountains  and  
Vicinity, Ce ntral Arizona. Arizona Ge ological S urve y O pe n F ile  R e port, O F R -87-10, 1 map s he e t, map s cale  1:24,000, 9 p. 

Ke ith, S .B., De W itt, R .H ., T roll, W . and  Eve rs on, A.B., 1983, M e tallic M ine ral Dis tricts  and  Prod uction in Arizona. Arizona Ge ological 
S urve y Bulle tin 194. 

M ache tte , M .N ., 1985, Calcic s oils of the  s outhwe s te rn U nite d  S tate s , in W e id e , D.L., e d ., S oils and  Quate rnary ge ology of the  
s outhwe s te rn U nite d  S tate s : Ge ological S ocie ty of Ame rica S pe cial Pape r 203, p. 1-21. 

M cAlpin, D., 2008, Mid Cenozoic Geology of the Hassayampa River Canyon, Central Arizona. M S    T he s is . Arizona S tate  U nive rs ity. 
R e ynold s , S .J., S pe nce r, J.E., De W itt, E., W hite , D.C. and  Grube ns ky, M .J., 1988, Ge ologic map of the  Vulture  M ine  Are a, Vulture  

M ountains , we s t-ce ntral Arizona. Arizona Ge ological S urve y O pe n F ile  R e port, O F R -88-10, 1 map plate , map s cale  1:24,000, 5 p. 
S pe nce r, J.E., and  R e ynold s , S .J., 1989, M id d le  Ce nozoic te ctonics  of Arizona and  ad jace nt are as , in Je nne y, J.P., and  R e ynold s , S .J., 

e d s ., Ge ologic e volution of Arizona:  Arizona Ge ological S ocie ty Dige s t 17, p. 539-573. 
S timac, J.A., F ryxe ll, J.E., R e ynold s , S .J., R ichard , S .M ., Grube ns ky, M .J. and  S cott, E.A., 1987, Ge ologic map of the  W icke nburg, 

S outhe rn Buckhorn, and  N orthwe s te rn H ie roglyphic M ountains , ce ntral Arizona. Arizona Ge ological S urve y O pe n F ile  R e port, 
O F R -87-09, 2 map s he e t, map s cale  1:24,000, 21 p. 

Map Unit Descriptions

Symbols and Lines

Incline d  me tamorphic or te ctonic foliation paralle l
 to be d d ing— S howing s trike  and  d ip
Incline d  me tamorphic or te ctonic foliation— S howing 
s trike  and  d ip

Ve rtical be d d ing - S howing s trike

Approximate  orie ntation of incline d  be d d ing 
- S howing approximate  s trike  and  d ip

Incline d  e utaxitic foliation - S howing s trike  and  d ip
Incline d  gne is s ic laye ring— S howing s trike  and  d ip

H orizontal be d d ing

Incline d  s licke nline , groove , or s triation on fault s urface
— S howing be aring and  plunge
S e d im e nt trans port d ire ction d e te rmine d  from d une  forms
T rue  d ip d ire ction and  amount of fault

Incline d  be d d ing - S howing s trike  and  d ip

R e ve rs e  fault— Id e ntity or e xis te nce  que s tionable , location 
approximate . R e ctangle s  on upthrown block

T e phra as h be d

S trike -s lip fault, right-late ral offs e t— Id e ntity and  e xis te nce  ce rtain, 
location approximate . Arrows  s how re lative  motion

M afic d ike  - Id e ntity and  e xis te nce  ce rtain, 
location accurate

F e ls ic d ike  - Id e ntity and  e xis te nce  ce rtain,
location accurate

R e ve rs e  fault— Id e ntity and  e xis te nce  ce rtain, location accurate . 
R e ctangle s  on upthrown block

Inte rnal contact - Id e ntity and  e xis te nce  ce rtain, location 
approximate

Contact - Id e ntity and  e xis te nce  ce rtain, location accurate
Contact - Id e ntity and  e xis te nce  ce rtain, location approximate

Grad ational contact - Id e ntity and  e xis te nce  ce rtain, location 
accurate

F ault - Id e ntity and  e xis te nce  ce rtain, location accurate
F ault - Id e ntity and  e xis te nce  ce rtain, location approximate

Contact— Id e ntity and  e xis te nce  ce rtain, location conce ale d

Ke y be d — Id e ntity and  e xis te nce  ce rtain, location conce ale d

F ault (ge ne ric; ve rtical, s ubve rtical, or high-angle ; or
unknown or uns pe cifie d  orie ntation or s e ns e  of s lip)— Id e ntity
and  e xis te nce  ce rtain, location conce ale d

Incis e d -s carp s e d im e ntary contact— Id e ntity and  e xis te nce
ce rtain, location accurate . H achure s  point d owns carp

O blique -s lip fault, right-late ral offs e t— Id e ntity and  e xis te nce  ce rtain,
location accurate . Arrows  s how re lative  motion; ball and  bar on 
d ownthrown block

N ormal fault— Id e ntity or e xis te nce  que s tionable , location conce ale d .
Ball and  bar on d ownthrown block

N ormal fault— Id e ntity and  e xis te nce  ce rtain, location conce ale d . 
Ball and  bar on d ownthrown block

N ormal fault— Id e ntity and  e xis te nce  ce rtain, location approximate .
Ball and  bar on d ownthrown block

N ormal fault— Id e ntity and  e xis te nce  ce rtain, location accurate .
Ball and  bar on d ownthrown block

Correlation of Map Units


