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Arizona G e ological S urve y Digital G e ologic M ap DG M -111
G e ologic map of the  Cross R oads 7 ½' Q uadrangle  and the  
southe rn part of the  G e ne  W ash 7 ½' Q uadrangle  
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T opographic base  map de rive d from Cross R oads 7.5' U S G S  topographic quadrangle  map originally 
with N AD27 datum. R e proje cte d to U T M  N AD83 datum (zone  11) using iG age  All T opo M aps V7. 
U T M  N AD 83 grid and lat-lon marke rs produce d using E S R I ArcM ap v. 10.2. 
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Tty

Tcb

De scription of map units
Wate r - Are as subm e rge d by the  Colorado R ive r.w

Disturbe d  ground  - H e avily disturbe d or alte re d ground associate d with mine  dumps, e xcavation, and municipal de ve lopm e nt. Original
ge ologic fe ature s are  conce ale d or obscure d.d

Hillslope  De posits

Colluvium  a nd  ta lus - Ve ry poorly sorte d, angular to subangular, locally de rive d grave l, sand, silt and clay de posits on hillslope s. De posits
are  de rive d from unde rlying or adjace nt be drock outcrops, or olde r alluvial de posits capping e rode d ridge s. L ocally include s boulde ry
talus de posits with minimal fine  matrix.

Qtc

Debris-flow d e posits a nd  chute s - Boulde r and cobble  le ve e s lining channe ls and forming snouts; include s e rosional scars cause d by
de bris-flow activity high on hillslope s.Qyd

P ie d m ont De posits

Y ounge st cha nne l, low te rrace, a nd  a lluvia l fa n d e posits - De posits locate d along active  drainage s including small channe ls, adjace nt low
te rrace s, and floodplain are as. De posits are  compose d of unconsolidate d, unvarnishe d sand, pe bble s, cobble s, and locally small
boulde rs, with silt and minor clay.

Qy2

Y oung sa nd y d e posits a long active d ra ina ge s - R e worke d sand and fine  grave l in and along active  drainage s whe re  source  de posits are
pre dominantly sand. L ocally include s coarse r grave l de posits in proximity to be drock or olde r fan de posits.Qys

Y oung a lluvia l fa n d e posits - Y oung a lluvia l fa n d e posits that are  late rally e xte nsive  and compose d of grave l, sand, and silt. T he se
de posits are  associate d with distributary drainage  syste ms and broad she e tflood are as on the  low e r pie dmont around Black Pe ak ne ar
the  southw e ste rn corne r of the  map are a.

Qya

Y oung te rrace  a nd  a lluvia l d e posits - De posits form planar te rrace s along pie dmont drainage s and young re lict alluvial-fan de posits on
low e r pie dmont are as. De posits form sandy to pe bbly sw ale s with coarse r unvarnishe d to lightly varnishe d pe bble  to cobble  bars. Qy1

Y oung d e posits, und iffe re ntiate d  - Primarily alluvial de posits in small channe ls and forming te rrace s and small alluvial fans. Unit locally
include s small e olian sand dune s.Qy

Y oung inte rm e d ia te  a lluvia l-fa n a nd  te rra ce  d e posits - G rave l and sand de posits with mode rate  to tight de se rt pave m e nts and dark rock
varnish, forming re lict alluvial fans and inte rm e diate  te rrace s. Unit consists of w e akly cohe sive  to loose  silt, sand, pe bble s, cobble s,
locally small boulde rs. S oil de ve lopm e nt is w e ak to mode rate , with slight re dde ning and minor clay accum ulation; calcic horizon
de ve lopm e nt II-III.

Qi3

Y ounge st d ivision of m a p unit Qi3 -  Qi3c

Inte rm e d ia te  d ivison of m a p unit Qi3 -  Qi3b

Old e st d ivision of m a p unit Qi3 -  Qi3a

Inte rm e d ia te  a lluvia l-fa n a nd  te rra ce d e posits - G rave l and sand de posits, w ith minor silt and clay, associate d with mode rate ly disse cte d
re lict alluvial fans and inte rm e diate  te rrace s. R ock varnish and pave m e nt de ve lopm e nt is variable . Unit is quite  dark with tight pave m e nts
on w e ll-pre se rve d surface s and much lighte r colore d on more  e rode d surface s. Incision of mode rn washe s be low Q i2 surface s range s
from 1-3 m.

Qi2

Old e r inte rm e d ia te  a lluvia l-fa n d e posits - High disse cte d, grave lly, alluvial-fan de posits and disse cte d te rrace  de posits. Alluvial-fan
re mnants are  de e ply e rode d, with limite d pre se rve d fan-surface  re mnants. S oil de ve lopm e nt range s from strong on w e ll-pre se rve d
surface s to w e ak to mode rate  on e rode d slope s. Q i1 surface s range  from a fe w m e te rs to up to 15 m above  active  w ashe s.

Qi1

Inte rm e d ia te  a lluvia l d e posits, und ivid e d  - S tre am te rrace  and re lict alluvial-fan de posits with w e ak to strong soil de ve lopm e nt.Qi

Ve ry old  a lluvia l-fa n d e posits - Coarse , grave lly, high, re mnant, alluvial fans with strong pe trocalcic soil de ve lopm e nt. Cobble s and
boulde rs commonly form surface  lag and are  commonly ve ry darkly varnishe d. S urface s are  cove re d with abundant pe trocalcic litte r in
som e  are as. Planar surface s are  typically supporte d by carbonate  ce m e ntation and coarse  grain size , but are  also de e ply e rode d and
high above  active  washe s. Q o surface s are  commonly 10-20 m above  active  washe s.

Qo

Colora d o Rive r De posits

Y oung rive r d e posits - S and, silt and clay de posits of the  historical floodplain and low te rrace s of the  Colorado R ive r. L ocally quite  rich in
salts.Qcy

Y oung rive r d e posits in low-lying, vege tate d  ripa ria n a re a s - Colorado R ive r marshe s and side  channe ls that are a commonly associate d
w ith fre que ntly inundate d bars that host rich riparian ve ge tation.Qycr

P ost-Che m e hue vi te rrace d e posits - Primarily fine  to me dium quartz-rich rounde d sand grains, with e xotic rounde d grave l and subangular
local grave l. M inor silt and clay may be  part of this unit or e rode d Che m e hue vi Formation de posits unde rlying Q ctsQcts

Che m e huevi Form ation - S and, silt, clay and minor grave l de posits drape d ove r be drock and olde r de posits. T he se  de posits re cord a
pe riod of major aggradation by the  Colorado R ive r in the  late  Ple istoce ne  (M almon e t al., 2011, U S G S  PP 1786). Qch

Bullhe a d  Alluvium  - Unconsolidate d to mode rate ly consolidate d w e ll-rounde d to subangular cobble s and pe bble s, quartz-rich sand, and
le sse r amounts of silt and clay. S urface s of the se  de posits are  commonly mantle d by grave l, and grave l be ds are  common, but sand may
be  dominant particle  size . In pale ovalle y southe ast of the  mode rn rive r, de posits range  from coarse  grave l to mainly silt and clay.
R ounde d pe bble s and cobble s of primarily quartzite , che rt, and othe r re sistant rock type s. T e ntative ly corre late d with the  Bullhe ad
Alluvium (Howard e t al, 2015), but locally may include  Q uate rnary Colorado R ive r de posits.

De posits of Osborne  Wa sh

De posits in active cha nne ls, flood  cha nne ls, a nd  low te rra ce s a long Osborne  Wa sh - G rave l, sand, and silt de posits in channe ls, bars and
low te rrace s that are  inundate d commonly to rare ly. G rave l clasts are  primarily crystalline  lithologie s, but volcanic clasts are  common.
G rave l is primarily subangular pe bble s and cobble s. S oil de ve lopm e nt is minim al to abse nt.

Qy2n

Y oung te rrace  d e posits - G rave l and sand de posits in low te rrace s that are  1-2 m above  active  channe ls, and ge ne rally are  not subje ct to
inundation. G rave l clasts are  primarily crystalline  lithologie s, but volcanic clasts are  common. G rave l is primarily subangular pe bble s and
cobble s. W e ak rock varnish and minim al soil de ve lopm e nt are  characte ristic.

Qy1n

Old e r d e posits of Osborne  Wa sh - T hick grave l and sand de posits associate d with high, promine nt te rrace s along Osborne  W ash.
L ithologie s are  fairly dive rse , but are  primarily crystalline  granitic and m e tamorphic rocks, with basalt and fe lsic volcanic clasts. De posits
include  minor silt and clay, abundant sand and pe bble s, common cobble s, and minor boulde rs. Poorly e xpose d sand and grave l de posits
south of Osborne  W ash, labe le d "Q ir?", are  e xpose d on the  margins of an e xte nsive  surface  mostly cove re d by wind-blown sand. T he se
de posits are  inte rbe dde d with fine -graine d de posits of Che m e hue vi Formation and also e rosionally ove rlie  the  Che m e hue vi Formation.
T he y e vide ntly re cord alluvial fan de position by Osborne  W ash that was coe val with and slightly post-date s Che m e hue vi de position in the
late  Ple istoce ne .

Qin

Eolia n De posits

Active  d une  sa nd  - Q uartz-rich dune  sand de posits, with le sse r amounts of silt and clay associate d with more  stable  parts of dune s.
Pre dominantly curviline ar dune s that tre nd ge ne rally N E , but vary from E S E  to N N E ; dune s are  up to 6 m high.Qe

Y oung sa nd  she e t - Inte rdune  and late rally e xte nsive  she e t sand and small dune s. Are as cove re d primarily by sand, with minor grave l, silt
and clay; not spatially associate d with drainage s. Pe rce nt cove rage  of sand is variable , but typically is >50 pe rce nt, Include s small are as
of grave l lag, and e rode d fine -graine d de posits.

Qsi

Uppe r Mioce ne  to lowe r Quate rna ry se d im e nta ry units

Ve ry old  a lluvia l-fa n d e posits - G rave lly and sandy alluvial fan de posits, undivide d. High-standing re mnants pre se nt on olde r
fanglom e rate  of map unit T f are  compose d almost e ntire ly of low e r plate  crystalline  rocks. QTa

Y ounge r fa nglom e ra te - Poorly sorte d, poorly consolidate d, tan to light brown fanglom e rate . L ocal lithologie s, dominantly volcanic or
crystalline  rocks. M ostly coe val with Bullhe ad Alluvium, and younge r than Bouse  FormationTfy

Bouse  Form a tion - fine silicicla stic d e posits - T an, gray, and gre e nish gray, fine ly be dde d silt and clay de posits with pinkish to ye llow
quartz-rich sand be ds <1 m thick. Fine  pinkish quartz-rich sand bodie s also fill substantial e rosional topography cut into fine r-graine d
de posits. All de posits appe ar to be  subaque ous.

Tbs

Bouse  Form a tion - ca rbona te - Calcium carbonate -dominate d basal de posits of the  Bouse  Formation. Include s gray, thin-be dde d
lim e stone  and calcare ous sandstone  that locally w e athe rs to form thin plate s, massive  to thick-be dde d, blocky to platy-w e athe ring
trave rtine  or tufa, coarse , ve ry poorly sorte d carbonate -ce m e nte d pale ohillslope  de posits, white  to cre am-colore d fine ly be dde d micritic
lim e stone , and soft white  to gray, fine  powde ry marl.

Tbc

Y ounge r tuff(s) - S m all outcrops of white  to gray, low-de nsity volcanic tuff, typically re worke d, in or close ly associate d with the  basal
carbonate  unit of the  Bouse  Formation.

Fa nglom e ra te - Poorly sorte d, poorly consolidate d, tan to light brown fanglom e rate  that unde rlie s, and may locally be  inte rbe dde d with,
carbonate  de posits of the  Bouse  Formation. Unit is not tilte d by faulting e xce pt in a fe w e xposure s whe re  it appe ars to be  slightly tilte d.
G e ne rally e quivale nt to the  Osborne  W ash Formation of Buising (1990).

Tf

Fla t lying to ge ntly tilte d  uppe r Mioce ne volca nic units

Ba sa lt, uppe r unit - Basaltic volcanic rocks that commonly contain fine  plagioclase , clinopyroxe ne , and olivine . T his unit forms "T he
M e sa" on the  e aste rn side  of the  map are a and many hills in the  southe rn part of the  map are a. N e ar uppe r Osborne  W ash this unit w as
inte rpre te d by G rube nsky (1989, AZG S  Bulle tin 198) to ove rlie  trachytic volcanic rocks date d at 10.5 M a, which in turn ove rlie  basaltic
volcanic rocks corre late d with map unit T b. Four K-Ar date s from this unit (T bu) ne ar the  Colorado R ive r in the  w e ste rn part of the  map
are a are  all be tw e e n 8 and 17 M a, but only one  has unce rtainty le ss than one  million ye ars (8.5 +/- 0.2 M a, from M arvin and Dobson,
1979, Isochron/W e st no. 26; se e  re vie w of K-Ar date s in S pe nce r e t al., 1989, AZG S  Bullle tin 198, p. 184). 

Tbu

Tra chyte la va flow, uppe r unit - Uppe r trachyte  lava flow with phe nocrysts of coarse -graine d anorthoclase  and fine  graine d clinopyroxe ne
and olivine  in an inte rgranular-te xture d groundmass of sanidine  microlite s, apatite , zircon, and opaque  mine rals (de scription from
G rube nsky, 1989, for map unit T f3). 

Ttru

Uppe r tuffs a ssociate d  with trachyte la va - M assive  to be dde d, fragm e ntal volcanic-lithic tuff (map unit T tl3 of G rube nsky, 1989). Ttu

Tra chyte la va flow - T rachyte  lava flow with 10-15% phe nocrysts of ande sine  plagioclase  (up to 5mm), clinopyroxe ne , and olivine
(de scription from G rube nsky, 1989, for map unit T f2).Ttr

Tra chyte la va d om e - G rube nsky (1989) de scribe d this trachyte  as holocrystalline , with a trachytic te xture  that is de fine d by fine
phe nocrysts of sanidine  and subordinate  (<3%, <0.5 mm) clinopyroxe ne  and olivine . T he  e xoge nous dom e  is characte rize d by a
cryptic, subhorizontal laye ring on a scale  of se ve ral m e te rs.

Ttrd

Ba sa lt - Basaltic volcanic rocks at Black Pe ak and along the  north side  of Cactus Plain. T he  basaltic volcanic rocks are  ge ne rally flat-lying
to ge ntly dipping, and ove rlie  tilte d middle  M ioce ne  strata at Black Pe ak (G rube nsky, 1989, AZG S  Bulle tin 198). T wo K-Ar date s of this
unit at Black Pe ak are  16.1 +/- 0.8 M a (S hafiqullah e t al., 1980, AG S  Dige st 12) and 14.1 +/- 0.7 M a (re porte d by S pe nce r e t al., 1989,
AZG S  Bulle tin 198). 

Tb

Tilte d  uppe r Oligoce ne  to Mid d le  Mioce ne rock units

Tuff - Ash-fall tuff be d <~1m thick.

Sa nd stone - R e d to re ddish tan, poorly to mode rate ly be dde d, poorly sorte d, coarse -graine d sandstone  and conglom e ratic sandstone .Tss

Sa nd stone, conglom e ra tic sa nd stone, a nd  conglom e ra te - Unit varie s from massive , unsorte d, boulde r conglom e rate , with clasts up to 2
m, to w e akly to mode rate ly be dde d cobble  to pe bble  conglom e rate , to tan to re d sandstone . Clasts are  typically subrounde d to
subangular, and dominate d by granitic and gne issic rocks, but locally include  a substantial compone nt of m e tase dim e ntary rocks and
M e sozoic m e tavolcanic rocks. Unit is typically re ddish brown and thick be dde d to massive , locally with channe ls inte rpre te d to re pre se nt
proximal to m e dial alluvial-fan de positional e nvironm e nts. L ocal pale  gray conglom e rate  include s angular volcanic-lithic clasts. Unit is
ge ne rally tilte d 20-70 de gre e s. 

Tsc

Conglom e rate - Unit varie s from massive , unsorte d, boulde r conglom e rate , with clasts up to 2m, to w e akly to mode rate ly be dde d pe bble
to cobble  conglom e rate . Unit is ge ne rally re ddish brown to brown. Clasts are  ge ne rally subrounde d to subangular. Tcg

Rock a va la nche  breccia - M assive  bre ccia compose d of angular fragm e nts de rive d from dive rse  rock type s. M ost bre ccias are
monolithologic, and are  de rive d from granitoids, quartzite , or carbonate . M ap labe l with pare nthe tical te rm afte r “T x” indicate s protolith
composition of bre ccia, as follows: T x(gr) – granitic protolith; T x(M zv) – M e sozoic m e tavolcanic protolith; T x(Pzc) – Pale ozoic carbonate
protolith; T x(q) – quartzite  protolith, undivide d.

Tx

Se d im e nta ry a nd  volca nic rocks, und ivid e d  - Conglom e rate , sandstone , mafic lava flows, and rock avalanche  bre ccia, undivide d.Tsv

Ma fic volca nic rocks - Ve sicular, phe nocryst-poor to phe nocryst-rich mafic lava flows and flow bre ccias. Pyroxe ne  and olivine  are  typically
oxidize d, but black pyroxe ne  phe nocrysts, <1mm, locally comprise  up to 3%of the  unit. Tmv

P a le ozoic m eta se d im e nta ry a nd  Me sozoic m eta se d im e nta ry a nd  m e ta volca nic rocks, und ivid e d

Schist - S ilve ry schist, purplish phyllite , quartz-fe ldspar-lithic sandstone , variably calcare ous quartzose  sandstone , and sparse , thin be ds
of carbonate .Jsh

P la ne t Volca nics - W e akly schistose  rocks de rive d from fe lsic Plane t Volcanics. Inlcude s quartz porphyry and quartzo-fe ldspathic
low-grade  schist.Jp

Qua rtzite of the Va m pire  Form a tion - S lightly micace ous quartzite  and slightly micace ous quartzose  sandstone  with calcare ous ce m e nt.Jq

Buckskin Form ation - Fine  sandstone , phyllite  and calc-silicate  of the  T riassic Buckskin Formation.^b

Meta se d im e nta ry a nd  m e tavolca nic rocks, und ivid e d  - Calc-silicate , phyllite , quartzite , and m e tavolcanic rocks, undivide d. T he se  are
m e tamorphic e quivale nts of the  T riassic Buckskin Formation, Jurassic Vampire  Q uartzite , and Jurassic volcanic rocks.}sv

Qua rtzite, und ivid e d  - Include s quartzite  of the  Cambrian Bolsa Q uartzite , quartzite  units within the  Pe nnsylvanian to Pe rmian S upai
G roup, quartzite  de rive d from the  Pe rmian Coconino S andstone , and Jurassic Vampire  Q uartzite .}|q

Ca lcite  a nd  d olom ite  m a rble , und ivid e d  - Calcite  and dolomite  marble , including silice ous and che rty varie tie s, de rive d from the  De vonian
M artin Formation, M ississippian R e dw all L im e stone , and Pe rmian Kaibab L im e stone .|c

Meta se d im e nta ry rocks, und ivid e d  - Calcite  and dolomite  marble , silice ous and che rty marble , calc-silicate , m e tasiltstone , and fine ,
quartzose  m e tasandstone . T he se  rocks are  m e tamorphose d e quivale nts of Bolsa Q uartzite , Abrigo S hale , M artin Formation, R e dw all
L im e stone , S upai G roup, Coconino S andstone , and Kaibab L im e stone .

|s

Intrusions a nd  m eta m orphic rocks

Light-colore d  gra nitic rocks - L e ucocratic biotite  and biotite -m uscovite  adam e llite  of Davis e t al. (1980, G S A M e moir 153, p. 91).Kgr

Ma fic d ike - Fine -graine d mafic dike s of basaltic to ve ry fine -graine d dioritic composition. Original mine ralogy is obscure d by chloritic and
oxidative  alte ration and shatte ring. 

Mylonitic gra nitic a nd  gne issic rocks, und ivid e d  - Variably mylonitic gne issic and granitic rocks be low the  re gional Buckskin de tachm e nt
fault.TXgm

Leucogra nite - M e dium to fine  graine d, light gray le ucogranite  w ith <3%, <1mm biotite , grading to w e akly laye re d le ucogne iss.
T ypically the  rock unit is strongly shatte re d. A sample  of this unit (760464 U T M E , 3788171 U T M N , N AD83) yie lde d a Jurassic U-Pb
zircon date  (M ark M artin, U Kansas, writte n comm. to Jon S pe nce r, ~1997).
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Gne iss a nd  foliate d  m e ta gra nitoid s - L ithologically laye re d, pale  gray to dark gre e nish gray to ne arly black, fine -graine d
quartzo-fe ldspathic gne iss and foliate d m e tagranitoids. G ne iss protolith may include  partially m e lte d m e tase dim e ntary rocks. G ne iss
include s ve ry fine  graine d, dark brown to dark gre e nish gray mafic intrusions. R ocks of this unit are  typically affe cte d by pe rvasive
crushing and disruption of foliation and by pe rvasive  chloritization. Oxidative  alte ration, re pre se nte d by de struction of mafic mine rals and
iron staining, is locally pe rvasive . Original characte r of the  rock unit is commonly obscure . R ocks northw e st of the  G ie rs M ountain fault (in
the  hanging-wall block) are  mostly granitioids and foliate d granitoids, w ith le ss common gne iss. It consists primarily of foliate d,
m e dium-graine d, porphyritic granitoid, with 8-15% mafics and the ir oxidize d, shatte re d, and flatte ne d re mains, with fracture -coating
he matite , and with common mafic dike s and othe r fine  graine d intrusions that are  also foliate d and alte re d. Foliation is de fine d by
microphyllosilicate  pre fe rre d orie ntation and flatte ne d K-fe ldspar auge n.
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Introd uction 

T he  Cross R oads 7 ½' Q uadrangle  is locate d e ast and northe ast of the  town of Parke r in L a Paz County, w e ste rn Arizona. T he  
Q uadrangle  e ncompasse s the  w e ste rnmost Buckskin M ountains in Arizona, a se gm e nt of the  low e r Colorado R ive r corridor, and part of 
the  southe ast flank of the  W hipple  M ountains in California. G e ologic mapping in Arizona was 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 was 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  award # G 13AC00374. M apping was compile d digitally using 
E S R I ArcG IS  software .   

Surficia l ge ology 

S urficial ge ologic units w e re  mappe d using fie ld obse rvations, ste re o ae rial photographs, digital orthophotographs and/or 
ge ore fe re nce d sate llite  image ry, and digital e le vation mode ls (DE M s). R e lative  age s of alluvial de posits w e re  e stim ate d using 
characte ristics of clast w e athe ring, soil de ve lopm e nt, carbonate  accum ulation, and position in the  landscape  (G ile  and othe rs, 1981; 
M ache tte , 1985; Bull, 1991; Birkland, 1999). S oil de ve lopm e nt and carbonate  accumulation be gin once  a de posit is isolate d from active  
alluvial proce sse s. As a re sult, the  de gre e  of soil de ve lopm e nt and carbonate  accumulation are  one  of the  crite ria use d to ide ntify the  
approximate  age s of surficial units.  

Younge r alluvial de posits have  little  to no soil de ve lopm e nt, re taining the  original gre y or brown color of the  alluvial se dim e nts, and no 
carbonate  accum ulation. Clasts in the se  de posits have  no w e athe ring rinds or surface  patinas and thus appe ar brighte r and fre she r 
than olde r clasts. Young alluvial surface s ofte n re tain original de positional characte ristics such as bars and swale s. Conve rse ly, olde r 
alluvial de posits have  be tte r de ve lope d soils that appe ar orange  or re d in color, with soil horizons re fle cting clay and carbonate  
accum ulations. Clasts in olde r alluvial de posits ofte n e xhibit darke ne d w e athe ring rinds or som e  de gre e  of oxidation (orange  surface  
patina), and thus appe ar darke r on the  ground and in ae rial photographs. Pre se rve d alluvial surface s may be  smooth and flat (Q i3), 
be coming more  rounde d and coarse r with age  (Q i2). T he  olde st alluvial surface s (Q i1) are  ofte n e rode d, rounde d ridge s with no soils 
pre se rve d and the  carbonate  horizon e xpose d.  

Strata re la te d  to the Colora d o Rive r 

T he  Plioce ne  Bouse  Formation in the  map are a consists of se ve ral m e te rs of lim e stone  and marl ove rlain by siltstone . T he  de posits are  
thought to be  lacustrine  (de posite d in lake s) base d on strontium isotope s (S pe nce r and Patche tt, 1997; R oskowski e t al., 2010) and on 
the  re lationship be tw e e n Bouse  strata and first arriving Colorado R ive r de posits in the  Bullhe ad City are a in northw e ste rn Arizona 
(House  e t al., 2008). Aggradation of Colorado R ive r se dim e nts following de position of the  Bouse  Formation le d to Plioce ne  aggradation 
of sandy and silty rive r se dim e nts of the  Bullhe ad alluvium. 
Be d rock ge ology 

Be drock in the  Cross R oads 7 ½’ Q uadrangle  consists of uppe r M ioce ne  basalt that ove rlie s a se que nce  of (1) Prote rozoic to Jurassic 
granitic and gne issic rocks, (2) m e tamorphose d and highly de form e d Pale ozoic m e tase dim e ntary rocks and M e sozoic m e tase dim e ntary 
and m e tavolcanic rocks, and (3) uppe r Oligoce ne  to middle  M ioce ne  sandstone , conglom e rate , rock avalanche  bre ccia, and basalt lava 
flows. T he se  be drock units form two major fault blocks se parate d by the  northe ast striking, northw e st dipping, G ie rs M ountain fault. T his 
fault is a te ar fault, also known as an accommodation zone  (Faulds and Varga, 1998), that se parate s normal-fault tilt blocks in the  
W hipple  M ountains from those  in the  w e ste rn Buckskin M ountains (Davis e t al., 1980; S pe nce r and R e ynolds, 1989). T ilte d Oligoce ne  
to middle  M ioce ne  se dim e ntary and volcanic rocks w e re  de posite d during normal faulting and re late d tilting above  the  re gional W hipple -
Buckskin-R awhide  e xte nsional de tachm e nt fault (Davis e t al., 1980; S pe nce r and R e ynolds, 1991). R ock avalanche  de posits are  
inte rpre te d to have  originate d primarily from ove rste e pe ne d normal-fault footwalls. Highly de form e d Pale ozoic and M e sozoic 
m e tase dim e ntary and m e tavolcanic rocks are  juxtapose d with granitic and gne issic rocks along a fault that is infe rre d to be  the  
structurally highe st, ge ne rally south-ve rge nt, thrust fault at the  northe rn margin of the  late  Cre tace ous M aria fold and thrust be lt 
(S pe nce r and R e ynolds, 1990).  
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