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Introduction 
T h e Cibola and Cibola S E 7 ½' Quadrang les are located south  of Blyth e, California, in La Paz County, Arizona, 
and Imperial County, California. Geolog ic mapping  w as done on th e Arizona part of th e map area primarily by 
Arizona Geolog ical S urv ey (AZGS ) personnel, and mapping  in California w as done primarily by our cooperator 
w ith  U S GS . Geolog ic mapping  w as done under th e joint S tate-F ederal S T AT EM AP prog ram, as specified in th e 
N ational Geolog ic M apping  Act of 1992, and w as jointly funded by th e Arizona Geolog ical S urv ey and th e U .S . 
Geolog ical S urv ey under S T AT EM AP assistance aw ard # G13AC00374. M apping  w as compiled dig itally using  
ES R I ArcGIS  softw are.   

Piedmont Geology 
S urficial g eolog ic units w ere mapped using  field observ ations, stereo aerial ph otog raph s, dig ital 
orth oph otog raph s, topog raph ic maps, and dig ital elev ation models (DEM s). R elativ e ag es of alluv ial deposits 
w ere estimated using  position in th e landscape, ch aracteristics of surface clast rock v arnish  and w eath ering , 
surface morph olog y, and soil color and carbonate accumulation (M ach ette, 1985; Bull, 1991; Birkland, 1999). 
S oil dev elopment, rock v arnish  accumulation, and ch ang es in surface morph olog y beg in once a deposit is 
isolated from activ e alluv ial processes. T h us, w e use th ese criteria to correlate surficial deposits th roug h out th e 
map area, and to estimate th e approximate ag es of surficial units.  

Young er alluv ial deposits h av e little to no soil dev elopment, retaining  th e orig inal g rey or brow n color of th e 
alluv ial sediments, and no carbonate accumulation. Clasts in th ese deposits h av e no w eath ering  rinds or surface 
patinas and th us appear brig h ter and fresh er th an older clasts. Young  alluv ial surfaces often retain orig inal 
depositional ch aracteristics such  as bars and sw ales. Conv ersely, older alluv ial deposits h av e better dev eloped 
soils th at appear orang e in color, w ith  soil h orizons reflecting  carbonate accumulation. Clasts in older alluv ial 
deposits often exh ibit darkened rock v arnish  on surface clasts, w ith  some deg ree of oxidation (orang e surface 
patina) on th e undersides of clasts; th us, th ese surfaces appear darker on th e g round and in aerial ph otog raph s. 
Preserv ed alluv ial surfaces may be g ently undulating  (Qi3) to smooth  and flat (Qi2), becoming  more rounded and 
coarser w ith  ag e (Qi1, Qo).  

Strata Related to the Colorado River 
T h e Latest M iocene or earliest Pliocene Bouse F ormation in th e map area consists of sev eral meters of 
limestone and marl ov erlain by siltstone (M etzg er et al., 1973; H oman, 2014). Analyses of strontium isotope 
ratios (S pencer and Patch ett, 1997; R oskow ski et al., 2010) and on th e relationsh ip betw een Bouse strata and 
first arriv ing  Colorado R iv er deposits in th e Bullh ead City area in north w estern Arizona (H ouse et al., 2008; 
Pearth ree and H ouse, 2014) are consistent w ith  deposition of th e Bouse F ormation in a series of dow nstream-
spilling  lakes fed by th e dev eloping  Colorado R iv er. Ag g radation of Colorado R iv er sediments follow ing  
deposition of th e Bouse F ormation led to deposition of th e sand, rounded exotic g rav el, and lesser amounts of 
silt and clay of th e Bullh ead Alluv ium (H ow ard et al., 2015). 

Bedrock Geology 
Bedrock in th e eastern Cibola and north w estern Cibola S E 7 ½’ Quadrang les consists of compositionally v ariable 
mafic and leucocratic g ranitic rocks th at are probably part of th e reg ional Jurassic Kitt Peak – T rig o Peaks 
superunit of T osdal et al. (1989). Bedrock mapping , w h ere not mapped by S pencer, is extracted from S h errod 
and T osdal (unpublish ed mapping ). 

References cited are listed in the accompanying text document. 

Description of map units continued

Description of map units

Unit descriptions are prim arily from  Sh errod and Tosdal, unpub lish ed data

Bedrock map units

Breccia and tuffaceous sandstone - Locally deriv ed breccia and th in-bedded, w ell-bedded, flag g y w h ite tuff
and sandstone, some of w h ich  is arkosic. Dev itrification and zeolitization h av e destroyed most sedimentary
structure w ith in beds. F orms nonconformable but slig h tly faulted cov er abov e Jurassic g ranodiorite.

Ts

Volcanic rocks, undifferientated - U ndifferentiated felsic to mafic extrusiv e rocks w ith  v olcaniclastic layers.Tv

Quechan Formation Tuff - Pyroclastic-flow  and debris-flow deposits (lith ic lapilli tuff), breccia, and
v olcaniclastic sandstone. Lapilli tuff is bedded 2-5 m th ick, w ith  parting s defined by 5-10 cm-th ick sandstone
layers, and contains 10-20 percent frag ments 1-2 cm across of aph anitic v olcanic and, locally, crystalline
clasts. Generally unw elded to only partially w elded, but densely w elded tuff is exposed locally.

Tqt

Quechan Formation - Ch iefly th ick flow s and domes of oliv e-brow n to reddish -brow n slig h tly porph yritic
andesite, dacite, and rh yodacite. Includes minor interbedded tuff, lapilli tuff, tuff breccia and breccia, and
intrusions.

Tq

Tuff of Crazy Woman Wash - Partially to moderately w elded rh yolitic ash -flow tuff. F orms compound
emplacement and cooling  unit in east part of map area. T h ickness and deg ree of w elding  increase tow ards
north  of outcrop band.

Tcw

Rhyolite dikes - felsic dikes intruding  M iocene tuffs.Tri

Leucogranite - F ine g rained leucog ranite w ith  2-4% mafics th at include biotite. T h is unit intrudes mafic
g ranitoids of map unit Jg m.JTl

GranodioriteJgd

Mafic granitic rocks - Compositionally v ariable mafic diorite to g ranodiorite. U nit v aries from (1) porph yritic
medium g rained g ranodiorite w ith  up to 10%, <2cm, pale reddish  g ray K-feldspar, w ith  ~10-15% mafics,
including  biotite, in ag g reg ates th at are deformed and locally felted (interg row n and fine g rained, possibly
because of secondary processes). M afics probably include h ornblende and mag netite, but th ese are
obscure. U nit includes locally abundant, fine g rained, flattened mafic inclusions, 1-10cm th ick, 10-30 cm
long . (2) Dark h ornblende diorite w ith  40-60% (locally up to 90%), ~5mm h ornblende(?). (3) M edium-g rained
h ornblende diorite w ith  ~5mm, ~30-40% h ornblende w ith  v ery sparse, pale g ray k-feldspar up to 15 mm.
W eak lith olog ic layering  th at affects mafic g ranitoids does not affect leucog ranite th at forms dikes in th e
mafic g ranitoids. M afic g ranitoids are part of th e Jurassic Kitt Peak – T rig o Peaks superunit of T osdal et al.
(1989).

Jgm

Mafic intrusion - M afic intrusion w ith  5-7% g reen pyroxene(?) in aph anitic g roundmass.Tmi
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Bouse Formation

Bouse Formation, undivided unit - F ine siliciclastic and carbonate deposits. T h is g eneralized unit is used for
a few  areas in th e California part of th e map area th at h av e not been v isited in th e field.Tbo

Bouse Formation, undivided siliciclastic deposits - Generally pale reddish  tan to pale g rayish  g reen, friable
siltstone and mudstone and fine-g rained sand. U nit T bs locally is div ided into tw o siliciclastic units,
sand-dominated (T bss) and mud-dominated (T bsm) facies.

Tbs

Bouse Formation, sand facies - S and-rich  facies interbedded w ith  and g rading  laterally into reddish
brow n silt and clay. S and is ov erall lig h t yellow-brow n to pale reddish  tan, fine to medium-g rained, v ery
w ell-sorted, quartz-rich , th inly laminated to massiv e-bedded, and typically th ese deposits contain little silt
and clay. S and g rains are g enerally subrounded and sourced from Colorado R iv er and local tributaries.
U -Pb g eoch ronolog ic analysis of 94 zircon sand g rains (Arizona Laserch ron Center, U niv ersity of
Arizona) indicates th at th ese sands resemble oth er Colorado R iv er sands (Kimbroug h  et al., 2015).
S ands are locally Interbedded w ith  th in bioclastic calcarenite beds and ov erlain by th icker bioclastic
limestone beds. S lumping  and mass-w asting  structures are common, and include components of
underlying  g reen and brow n clay beds.

Tbss

Bouse Formation, mud facies - Clay- and silt-rich  deposits, v arying  in color from g reen to yellow to
red-brow n. T ypically, th e low est deposits are a pale g reen claystone, and th ese are sh arply ov erlain by
reddish  brow n mudstone (H oman, 2014). In th e California portion of th is map, mud colors are more
complex and less predictable, and intense internal deformation is common. T h ese deposits are
conformable and g radational w ith  underlying  marl, and locally g rade upw ard into brow n mudstone
interbedded w ith  bioclastic-rich  deposits of th e upper bioclastic unit.

Tbsm

Intermixed alluvial fans and river sediments - Poorly exposed sediments composed of interbedded locally
deriv ed alluv ial fans and Colorado R iv er deposits. F ew to no exposures; most slopes are cov ered w ith
colluv ium. Colorado R iv er deposits may include Bullh ead Alluv ium (T cb), Ch emeh uev i F ormation (Qch ) and
young er terrace deposits.

Qac

Chemehuevi Formation - Colorado R iv er sand, silt, clay and minor g rav el deposits associated w ith  a major
late Pleistocene period of riv er ag g radation. Deposits consist primarily of beds of sand, clay and silt, but
locally include beds of rounded exotic riv er g rav el and interbeds of locally-deriv ed tributary g rav el. O S L data
farth er upstream along  th e Colorado R iv er indicate th at th ey w ere deposited approximately 70 to 100 ka
(M almon et al., 2011).

Qch

Miocene and Pliocene alluvial fan deposits

Bouse Formation, undivided carbonate deposits - Bouse F ormation, undiv ided tufa, bioclastic limestone,
marl, and limestone.Tbc

Bouse Formation, tufa - M assiv e tufa deposits and scabrous encrustations, typically fossiliferous, alg al
forms, h emisph erical sh apes, commonly draped on moderately-sloping  paleo-h illslopes formed on
bedrock and older, eroded fang lomerate. Also found as ag g reg ations in marl and bioclastic limestone
deposits. Color of tufa rang es from lig h t to dark g ray. T h is unit rang es from a few cm th ick up to 1-2 m
th ick.

Tbct

Older fanglomerate - Poorly sorted, lig h t brow n cong lomerate and cong lomeratic sandstone w ith  ang ular
to rounded clasts of local v olcanic rocks, g ranitoids including  locally deriv ed leucog ranite, and siliceous
rocks of uncertain orig in. Locally th is unit is represented by poorly consolidated medium to fine g rained
sand w ith  subrounded to rounded sand g rains. T h is unit is interpreted as representing  sandy alluv ial fan
deposits. Just off th e south w est corner of th e quadrang le, th is unit w as found to interfing er w ith  8 Bouse
tufa beds (unit T bct) th us th e uppermost part of th is unit is coev al w ith  Bouse deposition. T h e top of th is
unit typically g rades conformably into Bouse unit (T bg ) but may be locally erosionally unconformable.

Tfg1

Fanglomerate undivided - Poorly sorted, lig h t brow n cong lomerate and cong lomeratic sandstone w ith
ang ular to rounded clasts of local v olcanic rocks, g ranitoids including  locally deriv ed leucog ranite, and
siliceous rocks of uncertain orig in. Locally th is unit is poorly consolidated medium to fine g rained sand w ith
subrounded to rounded sand g rains, w ith  some local g rav el beds. T h is unit is interpreted as representing
sandy alluv ial fan deposits. T h is g eneralized unit is used for fang lomerate deposits w h ere th eir relationsh ip
to Bouse deposits is uncertain. W h ere queried, T fg  is suspected of underlying  h illslope colluv ium in old fan
deposits eith er abov e (T fg 2) or below (T fg 1) th e Bouse F ormation.

Tfg

Deeply dissected alluvial fan deposits - Locally deriv ed alluv ial fan deposits forming  deeply eroded ridg es.
O rig inal fan surfaces are eroded, leav ing  rounded ridg e crests. Clasts on th e surface are coarse, often
cobbles and small boulders, w h ich  are strong ly v arnish ed. T h ese deposits are difficult to disting uish  from
T fg 2 deposits described below.

QTa

Bouse Formation, basal gravels - Greenish  to oliv e yellow to orang e, locally deriv ed, subang ular to
w ell-rounded, w ell-sorted g rav els and cobbles w ith  calcareous sand lenses at th e base of th e Bouse
F ormation. Includes coarse g rav el beds w ith  1- 5 cm clasts forming  cross-beds up to 2 m th ick. T h is unit is
exposed primarily in th e south eastern corner of th e map area, and locally farth er north . T h ese sediments are
primarily rew orked from underlying  fan deposits. T h e deposits rang e from coarse fang lomerate cobbles and
pebbles to sand-dominated facies and include moderate to w ell-sorted, w ell-rounded beach  and nearsh ore
g rav el deposits. Beds from th is unit are ov erlain by, and locally interbedded w ith , Bouse marl and calcareous
siltstone (unit T bcm) and bioclastic limestone (unit T bcb).

Tbg

Intermediate Colorado River terraces - Intermediate riv er terraces and associated th in deposits composed of
sand, silt and clay w ith  w ell-rounded clasts of pea g rav el, pebbles, and cobbles. W h ere coarser clasts are
present, th ey are moderately v arnish ed. In most areas th ese deposits are probably quite th in, and are in
erosional contact w ith  underlying  Ch emeh uev i deposits. Indiv idual map polyg ons may contain sev eral lev els
of terraces and minor to moderate amounts of mixed, locally deriv ed alluv ium from piedmont ch annels. Because 
th ese deposits are inset below th e lev el of maximum Ch emeh uev i v intag e ag g radation, th ey are less th an 
about 70-100 ka (M almon et al., 2011).

Qcts

Bullhead Alluvium - Deposits of quartz-rich  sand, minor silt and clay, and subang ular to w ell-rounded pebbles
and cobbles, a substantial portion of w h ich  are exotic. Interbedded w ith  locally-deriv ed fang lomerate (unit
T fg 2) in places aw ay from th e v alley axis; found as distinct beds of quartz-rich  sand and rounded g rav el
interbedded w ith  tributary fan g rav el as h ig h  as ~255-260 m in th e north eastern part of th e map area. In a
few outcrops, T cb deposits rest ov er an erosional unconformity on Bouse deposits. W e correlate th ese
deposits w ith  th e Bullh ead Alluv ium, w h ich  h as been found all along  th e low er Colorado R iv er and
represents a period of major early Pliocene riv er ag g radation (H ow ard et al., 2015).

Tcb

Bouse Formation, upper bioclastic unit - Grav el-rich , matrix- and clast-supported sand and cong lomerate
w ith  a w ide rang e of bioclastic content in matrix. Bioclastic material includes barnacles, biv alv es, H alimeda
g reen alg ae, and mollusks. Interbedded reddish  brow n mud, sand, and g rav el beds w ith  abundant sh ell h ash
and some rew orked tufa are common near th e base in some exposures. T ypically, th e upper boundary is
erosional w ith  Quaternary piedmont deposits abov e. W h ere th ick sections of T bz are preserv ed, deposits
g rade upw ard from pebbly carbonate sand to a calcarenite matrix cong lomerate, to a w eakly calcareous,
poorly indurated, Colorado R iv er supplied mudstone-silty sandstone w ith  calcarenite matrix cong lomerate
ch annels, to a locally-deriv ed cong lomerate w ith  minor bioclastic component, decreasing  up-section. Locally
bioclastic-rich  beds are interbedded w ith , and g rade upw ard from, reddish  brow n mud deposits w ith
w ell-dev eloped mud cracks on th eir upper surfaces. M ore commonly, th e contact w ith  underlying  Bouse
carbonate or siliciclastic deposits is erosional.

Tbz

Bouse Formation, bioclastic limestone - Pale g ray to tan, g enerally th in-bedded, moderately to
w ell-sorted bioclastic limestone, typically containing  abundant skeletal-barnacle frag ments and, locally,
subrounded pebbles and cobbles primarily of T ertiary v olcanic rocks and leucog ranite. Internal
sedimentary structures are often w ell-preserv ed and include parallel lamination, both  w av e ripple and
unidirectional cross-lamination, and troug h  and tabular crossbed sets. Bioclastic limestone beds are
g enerally interbedded w ith in more abundant marl and calcareous siltstone. T bg  pebble beds and lenses
are common w ith in bioclastic limestone facies. T h is unit is g enerally 1-5 m th ick and is typically present
at one or tw o stratig raph ic zones w ith in th e ~10-30 m th ick Bouse carbonate sequence. Locally includes
up to ~5-m h ig h , w est-facing , planar cross beds th at are interpreted as beach  and nearsh ore deposits,
and ripple cross beds in sets 3 to 8 cm th ick. Limestone is typically much  more resistant th an associated
w h ite marl (silty limestone) and calcareous siltstone and forms flat, resistant surfaces th at disag g reg ate
to form limestone plates th at mantle dow nslope areas. At tw o localities upper bioclastic limestone beds
ov erlie sandstone th at contains branch ing , cylindrical limestone structures 5- to 10 mm across, some of
w h ich  are h ollow. T h ese may be T h alassinoides burrow s (w ritten comm., S tev e H asiotis, U niv ersity of
Kansas) or tufa structures w h ere g roundw ater seeped into bottom-w ater and carbonate precipitation
occurred in th e zone of w ater mixing .

Tbcb

Bouse Formation, marl and calcareous siltstone - W h ite to pale yellow ish  tan, friable calcareous siltstone
and resistant w h ite marl (silty limestone) th at forms protruding  beds g enerally 5 to 30 cm th ick. In detail,
th ere are at least 3 marl subunits. (1) W h ite, tan/pink silty clay marl is dominated by alterations of silty
resistant marl w ith  clay recessiv e marl. T ypically th e more silty beds are 1-3 cm th ick, w ith  interbedded
more clay rich  1 mm - 3 cm th ick. Bedding  surfaces are often w av y and irreg ular, w ith  some pinch  and
sw ell. (2) W h ite clay to silty-clay ch alky marl contains both  paper sh ale th in beds (3-10 cm) of v ery th inly
laminated (1-3 mm) clay, to th ick massiv e beds of w h ite marl w ith  no internal structure or lamination. (3)
Lig h t g reen - yellow marl w ith  interbeds of recessiv e ~20-50 cm th ick fissile marl beds coupled w ith  3-30
cm beds of more massiv e resistant marl. T h is unit is interbedded upw ard into g reen claystone (T bsm). 
Calcareous siltstone locally contains g ypsum beds up to 5 cm th ick w ith  crystals oriented perpendicular 
to bed marg ins, and rare g ypsum forms v eins th at cut across bedding , but most are parallel to bedding  
and are possibly primary. Deformation is fairly common w ith in th is unit, presumably before sediments 
w ere consolidated. 

Tbcm

Younger fanglomerate - Poorly sorted, w eakly to moderately lith ified sandstone, cong lomeratic
sandstone, and cong lomerate. Clasts consist larg ely of subang ular to ang ular locally deriv ed T ertiary
v olcanic rocks and g ranitoids, but includes trace to sev eral percent clasts of bioclastic calcarenite,
rounded local clasts rew orked from T bg  deposits, and rounded black ch ert and quartzite presumably
supplied by th e Colorado R iv er. T h is unit th us represents mostly locally deriv ed fan material interfing ered
w ith  minor amounts of Colorado R iv er deriv ed sediments. U nit T fg 2 g rades laterally into unit T cb tow ards
th e basin, and locally is unconformably ov erlain by unit T cb. U nit T fg 2 is g radational to unconformable
w ith  underlying  T bz deposits, and erosionally ov erlies bedrock and low er Bouse strata.

Tfg2

Colorado River deposits

Intermediate deposits, highest level - H ig h est Qi3 surfaces in th e north ern part of th e quadrang le, w h ich
are g raded close to th e h ig h est lev el of Ch emeh uev i deposits. W ell-dev eloped, darkly v arnish ed
pav ements are inset approximately 5 to10 m below Qi2 surfaces. T h e surfaces of Qi3a are smooth er
w ith  slig h tly more rounded marg ines th an th e young er Qi3 surfaces, w ith  more carbonate dev elopment
on clasts w ith  mm-th ick rinds.

Qi3a

Intermediate deposits, middle level  - Qi3b deposits form th e middle lev el of th e Qi3 fans and terraces.
T h ey are g raded to a riv er lev el below  th e maximum lev el of Ch emeh uev i deposition; th us slig h tly
post-dating  th e Ch emeh uev i F ormation. Qi3b surfaces are broad and flat, strong ly v arnish ed w ith
w ell-dev eloped pav ements, and exh ibit subtle bar and sw ale micro-topog raph y. T h e v esicular (Av)
h orizon is up to 10 cm th ick on th is surface. Qi3b surfaces are typically 2 to 3 m below Qi3a.

Qi3b

Intermediate deposits, lowest level - Qi3c surfaces are th e low est and young est of th e Qi3 fans. Qi3c
surfaces g rade a riv er lev el at or below th e low est preserv ed fluv ial scarps associated w ith
post-Ch emeh uev i riv er incision. Qi3c h av e w ell-dev eloped pav ements w ith  moderately to strong ly
v arnish ed clasts. Bar and sw ale micro-topog raph y is more pronounced on th ese surfaces th an on th e
older Qi3 surfaces.

Qi3c

Older intermediate alluvial fan and terrace deposits - Grav el and sand deposits, w ith  minor silt and clay,
associated w ith  moderately eroded relict alluv ial fans and intermediate terraces. R ock v arnish  is typically
dark, w ith  orang e v arnish  on th e undersides of surface clasts. Desert pav ement dev elopment is v ariable,
quite strong  on w ell-preserv ed surfaces and moderate to w eak on more eroded surfaces. N ear-surface soil
h orizons are distinctly reddened. Incision of modern w ash es below Qi2 surfaces rang es from 1 to 10 m, and
Qi2 surfaces are typically 1-10 m h ig h er in th e landscape th an adjacent Qi3 surfaces. Qi2 surfaces are
truncated by th e h ig h est fluv ial scarps associated w ith  deposition of th e Ch emeh uev i F ormation by th e
Colorado R iv er, and th us are older th an th e Ch emeh uev i F ormation. U nit th icknesses up to 5 m w ere
observ ed, but th icknesses of 2 to 3 m are typical. Qi2 surfaces are subdiv ided only on Crazy W oman W ash
alluv ial fan in th e north ern part of th e map area.

Qi2

Older intermediate fan and terrace deposits - higher level - H ig h est lev el of unit Qi2.Qi2a

Older intermediate fan and terrace deposits - lower level - Low est lev el of unit Qi2.Qi2b

Intermediate alluvial deposits, undivided - M iddle and late Pleistocene terrace and alluv ial fan deposits,
g enerally correlativ e w ith  Qi2 and/or Qi3 deposits.Qi

Oldest intermediate alluvial fan and terrace deposits - H ig h -standing , dissected, th in (less th an 4 m) g rav elly
alluv ial fan and terrace deposits consisting  of pebbles, cobbles, small boulders, sand, silt and minor clay. Qi1
deposits form fairly th in caps ov er underlying  fan or riv er deposits and are deeply eroded, w ith  limited
preserv ed planar fan surface remnants. S oil dev elopment is strong  on w ell-preserv ed surfaces, w ith  stag e III
calcic h orizons and obv ious soil reddening , but more commonly is w eak to moderate on more eroded
remnants. R ock v arnish  on surface g rav el is v ariable, but typically is v ery dark on w ell-preserv ed surface
remnants.

Qi1

Historical (pre-regulation) Colorado River channel deposits - R ecently abandoned Colorado R iv er ch annel
deposits composed mainly of sand, silt and clay, w ith  minor g rav el. Includes oxbow ch annels and small,
isolated lakes. T h ese areas w ere mapped using  1938 and 1979 aerial ph otog raph s, Goog le Earth  and
N ational Ag ricultural Imag ery Prog ram (N AIP) imag ery from 2010 and 2013.

Qyar

Colorado River meander-belt deposits  - M eander deposits consisting  of mixtures of fine sand, silt and clay
w ith  coarser sands and g rav els. T h e riv er floodplain h as been substantially altered and modified, mainly
th roug h  ag ricultural practices, but in some areas conspicuous meander-scroll patterns are discernible in
aerial and satellite imag ery. M apped using  1938 and 1979 aerial ph otog raph s, Goog le Earth  and N AIP
imag ery from 2010 and 2013.

Qymr

Colorado River splay deposits - S play deposits consisting  of clay, silt and sand from ov erbank flooding .Qysr

Younger Colorado River terrace deposits - S lig h tly h ig h er terrace deposits typically about 1 to 2 m abov e th e
h istorical floodplain. M ost are disturbed by ag ricultural practices or dev elopment. Includes sand, silt and clay
w ith  rounded g rav els and pebbles. T h ese deposits are a combination of Colorado R iv er deposits
interfing ered w ith  locally deriv ed fan deposits.

Qy2r

Young Colorado River terraces - H ig h est young  terrace deposits approximately 2 to 4 m abov e th e h istorical
floodplain. Deposits consist mainly of sand w ith  w ell-rounded g rav el, pebbles and cobbles interfing ered w ith
locally deriv ed fan deposits. Clasts h av e little to no v arnish . S oil dev elopment is w eak.

Qy1r

Th e h istorical Colorado River floodplain h as been sig nificantly altered and m odified, m ainly th roug h  ag ric ultural
prac tices, so Holocene River deposits outside th e active c h annels w ere m apped using 1938 and 1979 aerial
ph otog raph s, Goog le Earth  im agery, and NAIP  im agery from  2010 and 2013.

Piedmont alluvial units

Disturbed ground - M ine dumps, h ig h w ays, and oth er areas of excav ation and burial w h ere orig inal g eolog ic
ch aracteristics are obscure or inv isible.d

Deposits in active channels, low terraces and bars - Piedmont alluv ial deposits located along  activ e
drainag es including  small ch annels, adjacent low terraces, or floodplain areas. T h ese deposits are
composed of unconsolidated sand, g rav el, and silt deposits. S oil dev elopment is minimal to none, and no
rock v arnish  is found on surface clasts unless th ey are partially buried or rew orked from older alluv ial
surfaces.

Qy3

Young alluvial fan deposits - Deposits forming  laterally extensiv e activ e alluv ial fans near th e interface of
piedmont tributary drainag es and th e marg in of th e Colorado R iv er floodplain.  Deposits are composed of
pebbles, cobbles, sand, and silt. T h e ch annel pattern is distributary, w ith  broad sh eetflood areas betw een
ch annels. R ock v arnish  is minimal to none, w ith  no sig nificant desert pav ement dev elopment. Grav el bars
and finer-g rained sw ales are common, but w h ere deposits are g enerally fine-g rained surfaces may be fairly
planar.

Qya

Young tributary deposits, undifferientated - Young  tributary ch annel, terrace and alluv ial fan deposits,
undifferentiated. Includes poorly to v ery poorly sorted, predominantly locally-sources pebbles, cobbles, and
boulders, sand, silt and clay. S oil dev elopment  rang es from w eak to minimal. R ock v arnish  is lig h t to
moderate, desert pav ement formation is w eak, and orig inal depositional topog raph y is w ell preserv ed.

Qy

Youngest intermediate alluvial fan and terrace deposits - Pebble, cobble, and sand deposits in low  terraces
and alluv ial fans. M oderate to dark v arnish  on surface g rav el clasts, w eak to moderate desert pav ements,
but g enerally not as strong ly dev eloped as Qi3. S urfaces commonly are moderately undulating , but may be
quite smooth  if deposits consist of fine g rav el. S oil dev elopment is w eak to moderate, commonly w ith  stag e II
calcic h orizons and slig h t reddening . Qi4 deposits and surfaces may be partially correlativ e in ag e w ith  Qi3c
deposits mapped closer to th e Colorado R iv er.

Qi4

Other units

Active Colorado River channel deposits - S and, g rav el, silt and clay deposits under or immediately adjacent
to activ e or recently activ e Colorado R iv er ch annel(s). T h e locations and extents of th ese ch annels are now
mostly confined by rip-rap and artificial lev ee.

Qycr

Deposits associated with broad valley floors, low terraces, and gravel bars and swales adjacent to active
channels - Alluv ial deposits forming  terraces and bars located primarily along  th e flanks of th e most activ e
parts of piedmont fluv ial systems drainag es, and low -relief terraces inset into Pleistocene ag e fan deposits.
S ome Qy2 deposits comprise extensiv e low relief alluv ial fans w h ere young  deposits are less confined by
older piedmont alluv ium. Qy2 deposits consist of predominantly sand and silt, w ith  common to dominant
sub-rounded to sub-ang ular pebbles and cobbles, and are unconsolidated to w eakly consolidated sediments w ith
pebble and cobbles. T h ese deposits exh ibit bar and sw ale micro-topog raph y, w ith  beds and lenses in cross
section. S oil dev elopment is w eak to none, and v ery lig h t rock v arnish  is found locally on g rav el bars.

Qy2

Colluvium and talus - Poorly sorted, ang ular to subang ular, w eakly to massiv ely bedded, locally deriv ed
h illslope deposits.Qtc

Debris flow channels and deposits - Young  scoured debris flow ch annels and adjacent deposits are mapped
on steep mountain drainag es. Deposits are v ery coarse, extremely poorly sorted, and form lateral lev ees
paralleling  drainag es, and more amorph ous snouts near th eir termini. Ch annels associated w ith  th ese
deposits are commonly scoured to bedrock.

Qyd

Intermediate alluvial fan and terrace deposits - Grav el and sand deposits w ith  moderate to lig h t desert
pav ements, and dark rock v arnish , forming  relict alluv ial fans and intermediate terraces. U nit th ickness is less
th an 5 m. S oil dev elopment is moderate w ith  slig h t reddening , minor clay accumulation, and calcic h orizon
dev elopment stag e II-III. In th e north ern part of th e quadrang le, Qi3 surfaces can be div ided into th ree lev els
based on th eir relationsh ips to th e fluv ial scarps associated w ith  deposition of th e Ch emeh uev i F ormation by
th e Colorado R iv er. Elsew h ere on th e map Qi3 is undiv ided.

Qi3

Youngest Colorado River terrace deposits - Low terrace deposits are composed of a mixture of sediment
sizes rang ing  from cobbles to clay, but sand and finer deposits dominate. Qy3r terraces are typically
found near th e edg es of th e floodplain, and th ese deposits are a combination of Colorado R iv er deposits
interfing ered w ith  locally deriv ed young  alluv ial fan deposits.

Qy3r

Piedmont terraces and isolated alluvial fan deposits adjacent to active fluvial systems - Qy1 deposits 
typically form undulating  terraces and broad ch annel fans along  larg er piedmont drainag es, and remnant alluv ial 
fan deposits on low er piedmont areas. Qy1 surfaces are composed of sandy to pebbly sw ales w ith  w eak to
moderate desert pav ement formation, and coarser lig h tly to moderately v arnish ed pebble to cobble bars. S oil
dev elopment consists of stag e I to w eak stag e II calcic h orizons. Locally, Qy1 sediment partially buries or
is deposited around remnant late Pleistocene deposits.

Qy1

Old alluvial fan deposits - Coarse g rav elly v ery h ig h  alluv ial fan remnants. Exposures are poor, but
deposits are probably less th an 3 m th ick in most areas, and erosionally ov erlie older fan deposits or
bedrock. Cobbles and boulders are common, but deposits include pebbles, sand, silt, and clay. Planar,
reasonably w ell-preserv ed surfaces are supported by stag e III, and locally, stag e IV carbonate cementation
and coarse g rain size, but in many areas surface preserv ation is poor and soil dev elopment is quite v ariable.

Qo

Contacts and faults

F ault, concealed
F ault, approximate
F ault, accurate
Contact, g radational

Low-ang le normal fault, 
approximate
N ormal fault, 
accurate
N ormal fault, 
approximate

Contact, accurate

Low ang le normal fault, 
accurate

Contact, concealed
Contact, approximate

Structure symbols

Bedding , inclined
Bedding , approximate
Apparent dip (dip and dip 
direction, g enerally v isible
on slope or cliff, strike 
uncertain)
Dip of fault

Lith olog ic layering
T race of anticline 
axial plane

R iv er incision scarp, accurate

R iv er incision scarp, approximate

R iv er incision scarp, queried?


