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Arizona G eolog ica S u rvey Dig ital G eolog ic M ap DG M -110
G eolog ic m ap of the G ene W ash 7 1/2' Q u adrang le

Introduction 

T he G ene W ash 7 ½' Q u adrang le is located sou th of L ake H avasu  City, and inclu des parts of M ohave and L a Paz Cou nties, western 
Arizona, and S an Bernardino Cou nty, California. Only the Arizona part of the Q u adrang le was m apped for this stu dy. T he Q u adrang le 
encom passes part of the Au brey H ills in Arizona, a seg m ent of the lower Colorado R iver corridor inclu ding  Parker Dam  and sou thern 
L ake H avasu , and the northeast flank of the W hipple M ou ntains in California. G eolog ic m apping  in Arizona was done u nder the joint 
S tate-Federal S T AT E M AP prog ram , as specified in the N ational G eolog ic M apping  Act of 1992, and was jointly fu nded by the Arizona 
G eolog ical S u rvey and the U .S . G eolog ical S u rvey u nder S T AT E M AP assistance award # G 13AC00374. M apping  was com piled 
dig itally u sing  E S R I ArcG IS  software.   
Surficial geology 

S u rficial g eolog ic u nits were m apped u sing  field observations, stereo aerial photog raphs, dig ital orthophotog raphs and/or 
g eoreferenced satellite im ag ery, and dig ital elevation m odels (DE M s). R elative ag es of allu vial deposits were estim ated u sing  
characteristics of clast weathering , soil developm ent, carbonate accu m u lation, and position in the landscape (G ile and others, 1981; 
M achette, 1985; Bu ll, 1991; Birkland, 1999). S oil developm ent and carbonate accu m u lation beg in once a deposit is isolated from  active 
allu vial processes. As a resu lt, the deg ree of soil developm ent and carbonate accu m u lation are one of the criteria u sed to identify the 
approxim ate ag es of su rficial u nits.  

You ng er allu vial deposits have little to no soil developm ent, retaining  the orig inal g rey or brown color of the allu vial sedim ents, and no 
carbonate accu m u lation. Clasts in these deposits have no weathering  rinds or su rface patinas and thu s appear brig hter and fresher 
than older clasts. You ng  allu vial su rfaces often retain orig inal depositional characteristics su ch as bars and swales. Conversely, older 
allu vial deposits have better developed soils that appear orang e or red in color, with soil horizons reflecting  clay and carbonate 
accu m u lations. Clasts in older allu vial deposits often exhibit darkened weathering  rinds or som e deg ree of oxidation (orang e su rface 
patina), and thu s appear darker on the g rou nd and in aerial photog raphs. Preserved allu vial su rfaces m ay be sm ooth and flat (Q i3), 
becom ing  m ore rou nded and coarser with ag e (Q i2). T he oldest allu vial su rfaces (Q i1) are often eroded, rou nded ridg es with no soils 
preserved and the carbonate horizon exposed.  

Strata related to the Colorado River 

Ag g radation of Colorado R iver sedim ents following  deposition of the Bou se Form ation led to Pliocene ag g radation of sandy and silty 
river sedim ents of the Bu llhead allu viu m . T hese deposits have been larg ely rem oved bu t are present at scattered locations u p to 
several hu ndred feet above the m odern river. 
Bedrock geology 

Bedrock in the G ene W ash 7 ½’ Q u adrang le consists of u pper Olig ocene to lower M iocene basalt, cong lom erate, and sandstone that 
overlie Proterozoic g ranitic and g neissic rocks, as in su rrou nding  areas (Davis et al., 1980; S herrod, 1988; S pencer and R eynolds, 
1991; H oward et al., 1999). T hese rocks are all tilted to the sou thwest. T he stratig raphically lowest T ertiary sedim ents are tilted u p to 
vertical, with g enerally prog ressively g entler dips u p-section. T he sedim entary and volcanic rocks were deposited du ring  norm al fau lting  
and related tilting  above the reg ional W hipple-Bu ckskin-R awhide extensional detachm ent fau lt.  
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Description of m ap u nits
Water - L akes and riversw

Disturbed ground - Areas where hu m an activity has covered or disu pted rock u nits and contacts. Inclu des areas covered by asphalt, fill, and
bu ilding s.d

Colluvium and talus - Very poorly sorted, ang u lar to su bang u lar, locally derived g ravel, sand, silt and clay deposits on hillslopes. Deposits are
derived from  u nderlying  or adjacent bedrock ou tcrops, or older allu vial deposits capping  eroded ridg es. L ocally bou ldery talu s deposits with
m inim al fine m atrix.

Q tc

Piedmont Deposits

Young alluvium - Very poorly sorted g ravel, sand and silt deposits in sm all channels, low terraces, and lake-m arg in allu vial fans. S oil
developm ent is weak to none, with m inim al or no rock varnish on su rface clasts.Q y

Younger intermediate alluvial fan and terrace deposits - G ravel and sand deposits with m oderate to tig ht desert pavem ents, dark rock
varnish, form ing  relict allu vial fans and interm ediate terraces. W eakly cohesive to loose silt, sand, pebbles, cobbles, locally sm all
bou lders, S oil developm ent is weak to m oderate.

Q i3

Intermediate alluvial fan and terrace deposits - G ravel and sand deposits, with m inor silt and clay, associated with m oderately dissected
relict allu vial fans and interm ediate terraces. R ock varnish and pavem ent developm ent is variable, qu ite dark with tig ht pavem ents on
well-preserved su rfaces and m u ch lig hter-colored on m ore eroded su rfaces.

Q i2

Older intermediate alluvial fan deposits - H ig h dissected g ravelly allu vial fan deposits and dissected terrace deposits. Allu vial fan
rem nants are deeply eroded, with lim ited preserved fan su rface rem nants. S oil developm ent rang es from  strong  on well-preserved
su rfaces to weak to m oderate on eroded slopes. N ear the Colorado R iver, this u nit inclu des som e rou nded river g ravel and qu artz-rich
sand.

Q i1

Intermediate alluvial deposits undivided - S tream  terrace and relict allu vial fan deposits with weak to strong  soil developm ent.Q i

Old remnant alluvial fan deposits - H ig h g ravelly allu vial fan deposits capping  ridg es. Deeply dissected, no orig inal fan su rface
preserved. Q T a deposits are a few m eters thick in m ost areas, bu t locally are u p to 10 m  thick. Deposits overlie a variety of older u nits,
inclu ding  bedrock and tilted sedim entary deposits.

Q T a

Colorado River Deposits
Chemehuevi Formation - Q u artz-rich sand, silt and clay deposits draped over bedrock and older deposits. L ocally inclu des well-rou nded,
litholog ically diverse pebbles and cobbles in a qu artz-rich sand m atrix. T hese deposits record a period of m ajor ag g radation by the
Colorado R iver in the late Pleistocene (M alm on et al., 2011). One area of coarse rou nded pebble and cobble cong lom erate in the far 
sou theastern corner of the m ap area is possibly Chem ehu evi Form ation.

Q ch

Very fine grained sand - U nlithified sand and silt. L ikely deposited by the Colorado R iver. H ig h above L ake H avasu , so probably Pliocene
to Q u aternary in ag e, and associated with either the Bou se Form ation or Bu llhead Form ation. U nit is well sorted with little silt at one
location (U T M  763143E  3802515N , N AD 83, elevation 600 ft) and poorly sorted and silty at another location (U T M  764466E  3805681N , 
N AD 83, elevation 950 ft).

Q T ss

Basin fill - G enerally consists of tan fang lom erate that is you ng er than u nderlying  tilted u nits and older than overlying  basalt. T bf

Tilted upper Oligocene to Middle Miocene rock units

Sandstone and pebbly sandstone - L ig ht orang e-brown feldspathic sandstone (probably m ostly arkosic arenite), m ediu m -bedded, fine- to
coarse-g rained (typically m ediu m -g rained m ode), m oderately sorted, containing  local pebbly beds and cong lom erate. T he u nit contains
two or m ore intervals of white tephra and pu m iceou s sandstone, locally u p to 6 m  thick. One of the intervals consists of several layers
interbedded with pebbly sandstone (U T M  758183E  3806970N , N AD83). Another contains ~10% <1-m m  frag m ents of biotite (U T M
757261E  3806829E , N AD83). T he u nit g radationally overlies cong lom erate of u nit T c.

T s

Conglomerate and conglomeratic sandstone - G enerally consists of pale tan, poorly sorted, poorly lithified cong lom erate and
cong lom eratic sandstone. Clasts are typically su brou nded to su bang u lar, 1-30 cm  diam eter (locally u p to 1 m ), and consist of probably
locally derived crystalline (especially u nit YXg p) and volcanic rocks (especially u nit T m v). Bedding  inclu des channelized cong lom erate
lenses that reflect proxim al allu vial fan depositional environm ents. U nit is g enerally tilted 5-30 deg rees.

T c

Talus breccia - U nstratified, u nsorted, fram ework-su pported, m onom ict  breccia com posed of su bang u lar pebbles, cobbles, and local
bou lders apparently derived from  im m ediately adjacent Proterozoic rocks, in sandy to pebbly m atrix of sim ilar com position.T xt

Sandstone and conglomerate - R ed to reddish tan to tan sandstone and cong lom erate, poorly to m oderately lithified, with clasts u p to 50
cm  diam eter. Clasts com m only consist of g ranitic and g neissic rocks, and m atrix appears arkosic in hand sam ples. U nit is g enerally tilted
20-70 deg rees. 

T sc

Volcanic rocks - M ainly m afic to interm ediate vesicu lar lava flows and flow breccias, typically crystal poor bu t locally containing  u p to
15%, <12-m m  feldspar. Pyroxene and olivine are typically oxidized, bu t black pyroxene phenocrysts, <3 m m , locally com pose u p to
3% of the rock. S anidine was identified at one location (U T M  762459E  3805030N , N AD83), su g g esting  diversity of volcanic rock
com positions within the u nit. S andstone and cong lom erate beds, som e containing  g ranitic and m etam orphic clasts, are present locally.

T m v

Rock avalanche breccia - M assive shattered bedrock form ing  sheets and lenses within sedim entary strata. T x(g r) indicates breccia
derived from  g ranitic rocks; T x(M zs) indicates breccia derived from  calc-silicate m etasedim entary rocks of the T riassic Bu ckskin
Form ation (R eynolds and S pencer, 1989); T x(q) indicates breccia derived from  qu artzite.

T x

Conglomerate and conglomeratic sandstone, lower unit - T an to orang ish tan to red, g enerally weakly lithified cong lom erate with less
com m on cong lom eratic sandstone and sandstone. Clasts are u p to 20 cm , locally to 50 cm , are su brou nded and consist prim arily of
g ranitic and hig h-g rade m etam orphic rocks. U nit is associated with m afic volcanic rocks of m ap u nit T m v.

T cg

Plutonic and metamorphic rocks

Felsic dikes - In m ost exposu res this u nit consist of crystal poor to alm ost aphyric dikes with u p to 3%, <5m m  qu artz, and <<1%,
<<1m m  biotite.  L ocally, felsic dikes inclu ded in this u nit contain u p to 10% biotite and 30%, <2m m  feldspar. T he northwest
orientation and hypabyssal character of this u nit is interpreted to indicate an Olig ocene to M iocene ag e.

Mafic dikes - M afic dikes of variable com position, inclu ding  fine g rained diorite with ~75%, <3 m m  hornblende, ~25%, <2 m m
plag ioclase, and diabase to pyroxenite(?) dikes with 50% to 100%, <3 m m  pyroxene(?). M ineralog ical variations are su bstantial bu t
were not exam ined in detail. S om e of the dikes display weakly g neissic to recrystallized m ylonitic textu re like the host Paleoproterozoic
g neiss and g ranite.

T Xm d

Quartz monzodiorite - Porphyritic qu artz m onzodiorite, qu artz m onzonite, g ranodiorite, or m onzog ranite. Fine-g rained with 10-20%
K-feldspar >3 m m  inclu ding  sparse (<1%) K-feldspar m eg acrysts u p to 2 cm , 10% or m ore fine-g rained qu artz, 25-30% fine-g rained
biotite +/- other m afic m inerals. Fine-g rained g rou ndm ass is com posed of feldspar (looks like both plag ioclase and K-feldspar), qu artz,
and biotite.

YXqm

Megacrystic granite - T extu rally variable, m ediu m  to fine g rained, porphyritic to equ ig ranu lar biotite g ranite. U nit contains 5-15% m afic
m ineral ag g reg ates with m ostly biotite. K-feldspar form s 3-20 m m  (locally to 30 m m ), tabu lar m eg acrysts, with 1:2 to 1:3 aspect ratios.
K-feldspar m eg acrysts are locally cru dely alig ned, and local textu ral variations im part a weakly layered character su g g estive of m u ltiple
intru sions. T he u nit is locally affected by recrystallized m ylonitic foliation, which is widespread west of H ig hway 95 bu t is m ainly in
discrete shear zones a few m eters to 20 m  thick east of the hig hway..

YXg p

Granitic and gneissic rocks, undivided - T his u nit consists of g ranitoid rocks, m afic dikes and hypabyssal intru sions, and weakly to
m oderately banded g neiss. L ocally inclu des peg m atites and sm all felsic intru sions. S ou theast of L ake H avasu  rocks of this u nit are
pervasively shattered and oxidized so that m afic phenocrysts are typically altered to iron oxides.

YXg u

Gneiss - Felsic to interm ediate, lig ht g ray, heterog eneou s, fine-g rained g neiss, locally with intrafolial isoclinal folds and cross-cu tting
peg m atites. G neiss locally contains m eg acrystic g ranite of m ap u nit YX g p that is weakly to strong ly foliated concordant to g neissic
layering , and both are thou g ht to be of sim ilar Paleoproterozoic ag e. A recrystallized m ylonitic foliation locally affects this u nit and m afic
dikes su spected to be of M esoproterozoic ag e, so the m ylonitic fabric is su spected to be M esozoic.

Xg n

Tuff - Approxim ately 1-m -thick, friable, white tu ff, with <2%, <<1m m  biotite.T t
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Cross sections

T opog raphic base m ap derived from  Cibola 7.5' U S G S  topog raphic qu adrang le m ap orig inally 
with N AD27 datu m . R eprojected to U T M  N AD83 datu m  (zone 11) u sing  iG ag e All T opo M aps V7. 
U T M  N AD 83 g rid and lat-lon m arkers produ ced u sing  E S R I ArcM ap v. 10.2. 
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