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Introduction 
 
T h e map area is located north w est of th e tow n of Quartzsite, w est of S tate R oute 95 in La Paz County, 
w estern Arizona. T h is map cov ers all of th e M oon M ountain S E 7 ½‘ Quadrang le except th e 
w esternmost edg e, w h ich  is on th e Colorado R iv er Indian T ribes R eserv ation, and it cov ers th e part of 
th e S outh  of Bouse 7 ½‘ Quadrang le w est of S R  95. It encompasses th e north ernmost extent of Dome 
R ock M ountains, its flanking  eastern piedmonts, a major reg ional w ash , T yson W ash , and a substantial 
portion of La Posa Plain. T h us, th e g eolog y in th e map area is quite div erse and interesting . 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 #G15AC00519. M apping  w as compiled dig itally 
using  ES R I ArcGIS  softw are. 
 
 
Late Cenozoic Geology 
 
S urficial g eolog ic units cov er th e eastern flanks of th e north ern Dome R ock M ountains, th e v alley axis, 
and w estern La Posa Plain. T h e oldest late Cenozoic deposits in th e map area are nondeformed alluv ial 
fan deposits composed primarily of metamorph ic, plutonic and v olcanic clasts, deriv ed primarily from 
Dome R ock M ountains. T h ese deposits are ov erlain by, and locally may interfing er w ith , w ell-rounded, 
lith olog ically div erse g rav el and sand deposits th at w e correlate w ith  th e early Pliocene Bullh ead 
Alluv ium, unit T cb. Ev idence of th is major riv er ag g radation sequence is found all along  th e low er 
Colorado R iv er corridor betw een th e mouth  of th e Grand Canyon and th e Gulf of California (H ow ard et 
al., 2015). M uch  more extensiv e areas are cov ered by poorly exposed fine-g rained deposits (unit T cs) 
w h ose upper, eroded surface is cov ered by Quaternary fan deposits, or minor sand and open g rav el 
lag . T h ese deposits may be a fine facies of th e Bullh ead Alluv ium th at filled th e v alley south  of T yson 
W ash  – essentially a larg e back-w ater area, as topog raph ic constraints farth er south  w ould h av e 
precluded th e early Colorado R iv er from continuing  in th at direction. Alternativ ely, th ey may be part of 
th e siliciclastic Bouse F ormation, but w e h av e not found any deposits ch aracteristic of th e basal Bouse 
carbonate th at w ould make th is relationsh ip clearer.  
 
Excav ation of th e Copperstone M ine at th e north ern end of th e Dome R ock M ountains exposed a th ick 
sequence of cross-bedded fluv ial sandstone and cong lomerate ov er mineralized bedrock, w h ich  w e 
observ ed from a safe distance. W e interpret th is siliciclastic sequence to be primarily early Pliocene 
Bullh ead Alluv ium. It is approximately 25-35 m th ick, sub-h orizontally bedded, is not obv iously 
deformed, and unconformably ov erlies bedrock w ith  up to 15-30 m of paleo-topog raph ic relief. Paleo-
current cross-bedding  in th e coarse sandstone indicates consistent flow to th e south -south east. A 
second, th inner, tan-colored sequence of sedimentary deposits is bound by unconformities betw een th e 
Bullh ead coarse sandstone and underlying  bedrock. Locally, boulders of th e same tan-colored 
sequence up to 2 meters in th e long  dimension are included in th e ov erlying  Bullh ead deposits. T h e 
fine-g rained unit underlying  th e Bullh ead Alluv ium probably represents an older basin-fill deposit or th e 
Bouse F ormation.  
 
Poorly exposed but distinctiv e deposits of Bullh ead Alluv ium are v ery extensiv e on th e east side of th e 
Dome R ock M ountains from th e Copperstone M ine to just south  of T yson W ash . T h e base of Bullh ead 
Alluv ium in th e Copperstone M ine is estimated to be 230-240 m abov e sea lev el (asl). F urth er south  
along  T yson W ash , th e base of unit T cb rests unconformably on bedrock w ith  buried paleo-topog raph ic 
relief, and may lie unconformably on older pre-Bullh ead fang lomerate near th e piedmont.  N orth  of 
T yson W ash  th e base of unit T cb rests at 170-200 m asl. T h us, early Colorado R iv er ag g radation buried 
substantial paleotopog raph y. 
 
Quaternary deposits cov er most of th e eastern piedmont south  of T yson W ash  and some of th e 
piedmont adjacent to th e Dome R ock M ountains north  of T yson W ash . T h ese deposits rang e in 
estimated ag e from middle Pleistocene to late H olocene, and record periods of piedmont ag g radation 
and incision. T h ese alternating  modes w ere probably primarily driv en by climate ch ang e (Bull, 1991), 
alth oug h  ag g radation and incision of th e Colorado R iv er during  th e Quaternary may h av e impacted th is 
area less directly. Deposits of th e La Posa Plain in th e north eastern part of th e map area are a mix of 
eolian and alluv ial deposits. M uch  of th e substrate is likely alluv ium deriv ed from th e Plomosa 
M ountains to th e east, but most of th e surface is cov ered by low-relief sandy deposits, sand dunes, and 
sand and fine g rav el rew orked by local drainag es. 
 

 
 
Bedrock Geology 
 
T h e bedrock g eolog y of th is map w as compiled from prev ious detailed maps by Yeats (1985), Knapp 
(1989), and Boettch er (1996).  R ocks rang ing  in ag e from Proterozoic to M iocene crop out in th e 
w estern part of th e map area along  th e north ernmost Dome R ock M ountains.  M esoproterozoic 
meg acrystic aug en g neiss exposed in th e south w est corner of th e map is unconformably ov erlain 
(stratig raph ically) by Paleozoic metasedimentary rocks, w h ich  are ov erturned at th e south ern edg e of 
th e map.  T riassic metasedimentary rocks intruded by Jurassic plutons are exposed in th e footw all of 
th e north east-dipping  T yson th rust.  Late Cretaceous g ranite intrudes th e Jurassic rocks and th e th rust.  
Paleoproterozoic crystalline rocks, T riassic metasedimentary rocks, Jurassic metav olcanic rocks, and 
Jurassic and T ertiary (Paleog ene) g ranitic intrusions are exposed north  of T yson W ash  along  th e w est 
edg e of th e map area.  O lig ocene-M iocene basalt and cong lomerate are exposed in th e h ang ing  w all of 
th e Copper Peak detach ment, at th e north  end of th e Dome R ock M ountains. 
 
T h e structure of th e north ern Dome R ock M ountains is dominated by folds, sh ear zones, and fabrics of 
th e M aria fold-and-th rust belt, an east-w est belt ch aracterized by basement-inv olv ed M esozoic 
deformation th at extends from w est-central Arizona into th e eastern M ojav e Desert of California 
(R eynolds et al., 1986; Laubach  et al., 1989; S pencer and R eynolds, 1990).  Jurassic and older rocks in 
th e M oon M ountains S E quadrang le h av e been imbricated by th rust-sense sh ear zones.  T h e T yson 
th rust is a north east-dipping  sh ear zone exposed at th e south ern edg e of th e map area, along  w h ich  
Proterozoic aug en g neiss h as been juxtaposed ov er T riassic metasedimentary rocks (Yeats, 1985; 
Boettch er, 1996).  T h e Valenzuela th rust, correlativ e w ith  th e T yson th rust, h as a nearly identical 
succession of recumbently folded T riassic rocks in its footw all and Jurassic plutonic rocks in th e 
h ang ing  w all (Knapp, 1989).  T h e T ung  H ill sh ear zone, anoth er north east-dipping  zone along  th e south  
edg e of th e map area, h as prog rade upper g reensch ist- to low er amph ibolite-facies mylonitic fabrics th at 
indicate th rust-sense (south w est-v erg ing ) sh ear, ov erprinted by retrog rade fabrics indicating  north east-
v erg ing  reactiv ation (Boettch er and M osh er, 1998).  S ubstantial extensional reactiv ation of th e T ung  H ill 
sh ear zone is ev ident in th e south erly adjoining  M iddle Camp M ountain quadrang le, w h ere young er 
T riassic rocks h av e been juxtaposed ov er older Proterozoic g ranitoid g neiss.  M ylonite associated w ith  
th e Valenzuela th rust also indicates north east-v erg ing  reactiv ation (Knapp, 1989), w h ich  h as been 
interpreted as reflecting  Late Cretaceous g rav ity-driv en extension of rocks th ickened by th rusting  
(Boettch er and M osh er, 1998).  T h e T yson th rust is intruded by th e T yson W ash  g ranite, w h ich  h as 
locally been affected by late north east-v erg ing  sh ear and h as g iv en a U -Pb sph ene date of 86 +/- 1 M a 
(Boettch er et al., 2002).  Peg matite emplaced in th e h ang ing  w all of th e Valenzuela th rust during  late 
stag es of north east-v erg ing  reactiv ation h as yielded a U -Pb zircon low er-intercept ag e of 71 .1 +/- 6.7 
M a (Knapp, 1989).   
 
At th e north ern end of th e Dome R ock M ountains, a small remnant of Paleozoic sandstone and 
limestone, tog eth er w ith  ov erlying  O lig ocene-M iocene basalt, are exposed in th e h ang ing  w all of th e 
M oon M ountain - Copper Peak detach ment.  T h e detach ment is a reg ional north east-dipping  low-ang le 
normal fault th at projects beneath  th e W h ipple-Buckskin-R aw h ide detach ment system and is somew h at 
older (S pencer and R eynolds, 1990).  In th e footw all, mylonitic Copper Peak g ranite (unit T Kg ) exh ibits 
S -C fabric indicating  top-to-north east sh ear sense, and w est of th e map area th is g ranite is intruded by 
a young er g ranite th at h as g iv en a low er-intercept U -Pb zircon date of 20.8 +/- 3.2 M a (Knapp, 1989); 
ductile extensional sh earing  of th e footw all th erefore ceased by th e earliest M iocene.  40Ar/39Ar data 
from th e north ern Dome R ock M ountains and nearby rang es indicate h eating  associated w ith  crustal 
th ickening  in Late Cretaceous (approximately 80-90 M a) and rapid cooling  related to extensional 
denudation in O lig ocene and M iocene time (Knapp and H eizler, 1990). 
 
T h e Copperstone g old deposit, located at th e edg e of th e map 1.5 km beyond th e north  end of th e 
mountains, contains g old mineralization associated w ith  quartz, h ematite, and ch rysocolla h osted in 
M iocene sedimentary breccias in th e h ang ing  w all of th e Copper Peak detach ment (S pencer et al., 
1988).  T h e Copperstone mine produced almost 500,000 ounces of g old betw een 1987 and 1993 
th roug h  open-pit meth ods and h as become a focus of renew ed exploration 
(h ttp://kerrmines.com/copperstone/). 
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Map Unit Descriptions

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

T h rust fault, concealed
Low-ang le normal fault

Contacts and faults

T h rust fault

Pliocene alluvial fan deposits

Bedrock map units

Old 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.

QTa

Hornblende-biotite granite - M edium- to coarse-g rained g ranite composed of 40-50% K-feldspar,
25-30% quartz, 10-15% plag ioclase, 8-10% biotite, and 4-5% h ornblende.  Equig ranular to porph yritic
w ith  up to 25% K-feldspar ph enocrysts up to 1 cm.  M edium g ray, w eath ered dark brow nish -g ray.

Tgh

Biotite granite - M edium-g rained porph yritic g ranite, typically containing  ph enocrysts of feldspar
(40%), quartz (30%), and biotite (~5%).  R ang es to equig ranular, w eath ered orang e-brow n.Tg

Copper Peak granite - Biotite g ranite exh ibiting  w eak to strong  tectonite foliation ch aracterized by
flattened and elong ate quartz and crush ed K-feldspar g rains, w ith  biotite in part replaced by
secondary muscov ite and ch lorite.  W eath ered orang e-brow n.  Contacts w ith  oth er rocks are faulted
or not exposed.

TKg

Tyson Wash granite - M edium- to fine-g rained equig ranular monzog ranite composed of 25-30%
K-feldspar, 30-35% plag ioclase, 30% quartz, and 5-8% ag g reg ates of recrystallized biotite.  Lig h t
g ray to w h ite, w eath ered tan to g ray, v ariably foliated.

Kg

Megacrystic quartz syenite - Quartz syenite containing  3-50% g ray to purple K-feldspar meg acrysts
rang ing  from <1 cm to >15 cm in a medium- to fine-g rained g roundmass of quartz, K-feldspar,
biotite, and plag ioclase w ith  secondary epidote, ch lorite, and minor muscov ite.

Jgs

Mojave Paint Basin volcanic rocks - H ig h ly deformed, medium- to fine-g rained, g reen- to
g ray-w eath ered metav olcanic rocks.Jv

Kaibab Limestone - Brecciated ch erty limestone, exposed in a small outcrop in th e h ang ing  w all of
th e Copper Peak detach ment fault.  W ith in breccia blocks, th e medium- to fine-g rained limestone is
laminated, is w eath ered g ray-brow n, and contains dark-brow n resistant nodules of ch ert.

Pk

Coconino Sandstone - Brecciated unit composed of red-brow n-w eath ered ang ular pebbles and
cobbles of w h ite quartzite in a crush ed matrix of subang ular to subrounded fine-g rained quartz. 
S ome of th e cobbles display primary sedimentary features, including  silty laminations and
w ell-rounded, medium- to fine-g rained quartz sand g rains in quartz cement.

Pc

Supai Group - Calcsilicate, calcareous quartzite, and marble.  T h e basal part is lig h t-g reen- to
oliv e-brow n-w eath ered calcareous sch ist and quartzite.  T h is is ov erlain by dark-brow n-w eath ered
quartzite interlayered w ith  lig h t-brow n-w eath ered marble composed almost entirely of w ollastonite;
marble becomes more abundant h ig h er in th e stratig raph ic section.  T h e upper part of th e S upai
Group is not exposed in th e map area.

P*s

Bright Angel schist - Dark g reenish -g ray, medium-g rained quartz-muscov ite-biotite sch ist w ith  minor
th in layers of quartzite.  Becomes calcareous up-section w ith  discontinuous meter-th ick
epidote-bearing  layers.

_ba

Tapeats quartzite - M edium- to fine-g rained quartzite, micaceous quartzite, and muscov ite-quartz
sch ist.  T h e low er part is th ick- to medium-layered and exh ibits h eav y-mineral laminations and local
crossbedding .  T h e upper part is fine-g rained laminated quartzite w ith  interlayered quartz-muscov ite
sch ist.  T h e rocks are g ray and are w eath ered dark brow n.

_t

Granitic augen gneiss - M eg acrystic g ranitic aug en g neiss containing  10-40% K-feldspar
porph yroclasts (relict meg acrysts) 1-5 cm long  in a medium- to fine-g rained sch istose matrix of
plag ioclase, quartz, 15-25% fine-g rained biotite, and K-feldspar. Generally of monzog ranite
composition.

Yg

Fanglomerate - Poorly sorted, lig h t brow n to medium g ray cong lomerate and cong lomeratic sandstone 
w ith  ang ular to subrounded clasts of local metamorph ic rocks, g ranitoids, and oth er siliceous rocks. In 
th e south eastern portion of th e M iddle Camp quadrang le, th is unit is sand-supported w ith  locally 
abundant subrounded pebble size g rains of fine-g rained carbonate. Locally th is unit is moderately 
consolidated. S and g rains consist of medium to fine g rained quartz and lith ic sand g rains, subang ular to 
subrounded. T h is unit is interpreted as representing  sandy and g rav elly proximal to mid-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 and
Bullh ead deposits is uncertain, h ow ev er, in th e south eastern portion of th e M iddle Camp quadrang le
unit T fg  is ov erlying  unit T cs unconformably w ith  low relief. U nit T fg  in th is area is g enerally nondeformed
alth oug h  fractures and minor faults and folding  are ev ident. 

Tfg

Valenzuela - Tung Hill metasedimentary assemblage - A succession of sch ist,
marble, quartzite, and calcsilicate th at are exposed along  th e w est edg e of th e map area in th e
footw all of th e Valenzuela th rust (Knapp, 1989) and along  th e south ern edg e of th e map in th e
footw all of th e T yson th rust (Yeats, 1985).  As noted by Knapp (1989), th e rocks in both  areas are
nearly identical, and th ey are correlated w ith  th e Buckskin F ormation (R eynolds et al., 1987) exposed
in nearby rang es. 
     Knapp (1989) subdiv ided th e Valenzuela rocks into four units th at are repeated across a
recumbent, south w ard-opening , isoclinal synform.  F rom th e structural base to th e core of th e fold
th ey consist of (1) g ray-g reen, fine- to medium-g rained calcsilicate sch ist containing  quartzite lenses
interpreted as deformed pebbles and cobbles; (2) th in-bedded, medium- to fine-g rained, lig h t- to
medium-g ray micaceous quartzite; (3) quartz-muscov ite sch ist w ith  interlayered th in quartzite,
w eath ered g ray to brow n and locally containing  prog rade sillimanite and relict kyanite; (4) orang e- to
brow n-w eath ered, coarse-g rained, micaceous marble.

^s

Leucogranite - M edium- to fine-g rained, equig ranular to slig h tly porph yritic leucog ranite, forms
sh eet-like intrusions th at mostly dip north east to north .Jlg

Middle Camp quartz monzonite and monzogranite - M edium-g rained porph yritic quartz monzonite,
monzog ranite, g ranodiorite, and minor quartz monzodiorite, ch aracterized by purple-g ray K-feldspar
th at commonly forms ph enocrysts 1-2 cm across, medium- to fine-g rained plag ioclase th at commonly
is a g reenish  color from partial replacement by sericite and epidote, and 15-35% fine-g rained
ag g reg ates of mafic minerals.  T h e mafic ag g reg ates are typically ~1 cm across, locally define a
h eterog eneous foliation, and consist of conspicuous biotite, subordinate h ornblende, and traces of
titanite.  T h e rock is lig h t g reen to g reen-g ray and is w eath ered dark g reen-g ray to dark brow n. 
Despite th e rang e in composition, th is unit is texturally and compositionally h omog eneous ov er larg e
areas, w ith  compositional v ariation mainly betw een different intrusions w ith in th e unit and near
contacts betw een intrusions.  U -Pb zircon ag es for th is suite rang e from 167-163 M a reg ionally
(T osdal and W ooden, 2015), and samples from south  of th e map area indicate a preferred ag e of
164 +/- 1 M a (Boettch er et al., 2002).

Jg

Quartz porphyry - Gray-g reen rock containing  ph enocrysts of quartz, plag ioclase, and K-feldspar, 
lith ic frag ments, and relict h ornblende and biotite, in a v ery fine-g rained g roundmass of quartz and 
feldspar.  Quartz g rains are commonly embayed and many of th e feldspar ph enocrysts are ang ular 
or broken, sug g esting  a v olcanic (pyroclastic) orig in.  T h e rock is w eath ered orang e to dark brow n 
and forms resistant outcrops.

Jqp

Marble and calcsilicate - Carbonate-dominated succession th at includes equiv alents of th e Cambrian
M uav  Limestone, Dev onian dolostone (T emple Butte), and M ississippian R edw all Limestone.  T h e
low er part of th e M uav  marble consists of coarse-g rained, g ray-w eath ered marble, interlayered w ith
lig h t-brow n-w eath ered micaceous marble.  T h e upper part of th e M uav  is fine- to medium-g rained,
foliated, tan-w eath ered marble w ith  discontinuous layers of fine-g rained, massiv e, w h ite-w eath ered,
calcitic and minor dolomitic marble.  T h e M uav  is capped by a h eterog eneous succession of dark-g reen- 
to lig h t-brow n-w eath ered calcsilicate g neiss, quartzite, sch ist, and marble, and is stratig raph ically ov erlain 
(structurally underlain) by massiv e, lig h t-tan-w eath ered, dolomitic marble of probable Dev onian ag e.
T h is is stratig raph ically ov erlain (structurally underlain) by w h ite calcitic marble correlated w ith  
R edw all Limestone.

M_m

Valen crystalline assemblage - M eg acrystic aug en g neiss, banded g neiss, quartzofeldspath ic 
sch ist, and amph ibolite.Xm

Basalt - Dark brow n- to black-w eath ering , mafic oliv ine-bearing  v olcanic rocks in association w ith
coarse-g rained sandstones north  of Copper Peak. Contacts w ith  sedimentary rocks are not w ell
exposed, so th e possibility th at th ese are h ypabyssal dike rocks cannot be ruled out. M apped partially
by Knapp, 1989. A sample from a v olcanic plug  or cinder cone collected 0.5 mile south w est of
Copperstone M ine yield a K/Ar ag e of 11.4 +/- 0.3 M a (S pencer and oth ers, 1988). 

Tb

Monolithic conglomerate, Moon Mountain area - M onolith ic cong lomerate consists exclusiv ely of
poorly-sorted, pebble- to boulder-size, ang ular to sub-ang ular, clasts of g reenish  g ray-w eath ering ,
quartz porph yry in a clast-supported cong lomerate. T h is unit rests in fault contact ag ainst crystalline
g neisses of th e M oon M ountain crystalline assemblag e on th e M oon M ountain detach ment fault.
F rom Knapp, 1989. 
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Qe

Qsi Qys

Qgi

Basic dike rocks - Basic to intermediate dike rocks in th e Copper Peak and north ern Dome R ock map
area. Compositions rang e from diabase to biotite-porph yry dacite.  In th e Copper Peak area, a series
of w est-north w est-trending  dikes intrudes th e Copper Peak g ranite in th e footw all of th e Copper Peak
detach ment fault. T h ese dikes are in turn cut by a h ig h -ang le fault w h ich  offsets th e detach ment, and
may th erefore place an upper ag e limit on mov ement of th e Copper Peak/M oon M ountain
detach ment system (Knapp, 1989). 

Td

Tc TdTb

Tgh

Tg

TKg

Other Units

Tyson Wash deposits

Piedmont alluvial units

Colorado River deposits

Disturbed - H eav ily disturbed or altered g round associated w ith  mine dumps, h ig h w ays, excav ation,
and municipal dev elopment. O rig inal g eolog ic features are concealed or obscured.d

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

Active channel deposits of Tyson Wash - Deposits consist of unconsolidated g rav el rang ing  from
pebbles to small boulders, and sand w ith  minor silt and clay. T opog raph y is undulating  betw een
g rav el bars and modestly incised ch annels. M inimal v eg etation due to relativ ely frequent flow ev ents,
and no soil dev elopment.

Qyc

Tyson Wash deposits in low terraces and small channels - Deposits adjacent to larg er activ e
ch annels, includes g rav el, sand and minor silt and clay deposits in smaller ch annels, bars, low
terraces, or floodplain areas.Deposits are  unconsolidated, relativ ely w ell-v eg etated, and h av e
minimal soil dev elopment. 

Qy3t

Tyson Wash deposits in low terraces and overbank areas - Low terrace and floodplain deposits
located primarily along  th e flanks of larg er ch annels. T h ese deposits consist of unconsolidated sand,
silt, and minor clay w ith  sub-rounded to sub-ang ular pebble to cobble bars on th e surface and beds
and lenses in cross section. Veg etation is relativ ely dense and soil dev elopment is minimal.

Qy2t

Tyson Wash deposits in slightly higher terraces - Grav el and sand deposits in slig h tly to moderately
v arnish ed terraces along  T yson W ash . Q y1t deposits are sandy to pebbly in sw ales, w ith  coarser
lig h tly v arnish ed pebble to cobble bars. T errace surfaces typically are 2m or less abov e activ e
w ash es. S oil dev elopment is w eak, and v eg etation in typically sparse.

Qy1t

Youngest intermediate terrace deposits associated with Tyson Wash - Poorly sorted cobble, pebble,
sand deposits, w ith  minor silt, clay, and boulders preserv ed in a few low-intermediate terraces. Clasts
consist of a mixture of siliciclastic rock types, including  intermediate to mafic v olcanic rocks similar to
assemblag es in th e modern T yson W ash . Deposits are found along  th e marg ins of T yson W ash , w ith
moderately v arnish ed terrace surface remnants about 3-5 m abov e adjacent H olocene terrace
deposits.

Qi4t

Younger intermediate terrace deposits associated with Tyson Wash - Poorly sorted cobble, pebble,
sand deposits, w ith  minor silt, clay, and boulders preserv ed in intermediate remnant terraces. Clasts
consist of a mixture of siliciclastic rock types, including  intermediate to mafic v olcanic rocks. Deposits
are extensiv e along  th e marg ins of T yson W ash , and are typically 5 to 10 m abov e activ e ch annels.
T errace surfaces are quite planar and darkly v arnish ed. 

Qi3t

Old intermediate terrace deposits associated with Tyson Wash - Poorly sorted cobble, pebble, sand
deposits, w ith  minor silt, clay, and boulders deposited by ancestral T yson W ash . Clasts consist of a
mixture of siliciclastic rock types, including  intermediate to mafic v olcanic rocks similar to
assemblag es in th e modern T yson W ash . Deposits are found along  th e marg ins of T yson W ash ,
typically 5 to 8 m th ick, and ov erlie older piedmont deposits and Bullh ead alluv ium unit T cb.  R are
planar remnants associated w ith  th ese deposits are associated w ith  older Q i2 piedmont deposits
found at similar elev ations and are th oug h t to be similar in ag e. Q i2t deposits are 10 to 20 m abov e
T yson W ash . S carps roug h ly colinear w ith  th e modern-day T yson W ash  are present near th e
elev ation of th ese deposits and are interpreted to be associated w ith  incision into older deposits
during  th is time.  

Qi2t

Oldest intermediate terrace deposits associated with Tyson Wash - Poorly sorted cobble, pebble,
sand deposits, w ith  minor silt, clay, and boulders deposited by ancestral T yson W ash . Clasts consist
of a mixture of siliciclastic rock types, including  intermediate to mafic v olcanic rocks similar to
assemblag es in th e modern T yson W ash . Deposits are found along  th e marg ins of T yson W ash , are
typically 5 to 8 m th ick, and ov erlie older piedmont deposits and Bullh ead alluv ium unit T cb. R are
planar remnants associated w ith  th ese deposits are associated w ith  older Q i1 piedmont deposits
found at similar elev ations and are th oug h t to be similar in ag e. Q i1t deposits are 15 to 25 m abov e
T yson W ash . S carps roug h ly colinear w ith  th e modern-day T yson W ash  are present near th e
elev ation of th ese deposits and are interpreted to be associated w ith  incision into older deposits
during  th is time.  

Qi1t

Undivided deposits associated with Tyson Wash - U ndiv ided older deposits of T yson W ash . Poorly
sorted cobble, pebble, and sand deposits, w ith  minor silt, clay, and boulders. Clasts consist of a
mixture of siliciclastic rock types, including  intermediate to mafic v olcanic rocks similar to
assemblag es in th e modern T yson W ash , and less common g rav el lith olog ies know n to orig inate from
Bullh ead unit T cb. Deposits of th is unit are found along  th e marg ins of T yson W ash  and are up to 10
m th ick, and ov erlie older piedmont deposits, Bullh ead alluv ium, and bedrock. U nit Q it may consist of
multiple inset-fill terraces along  T yson W ash  specifically in th e bedrock pass across Dome R ock
mountains. Planar remnants are mapped separately, w h ere preserv ed, and appear to coincide w ith
scarps roug h ly colinear to th e modern-day T yson W ash  representing  incision associated w ith
dow ncutting  by T yson W ash  into older deposits. 

Qit

Active dune sand - Quartz-rich  dune sand deposits, w ith  lesser amounts of silt and clay associated
w ith  more stable parts of dunes. Predominantly curv ilinear dunes th at trend g enerally N E, but v ary
from ES E to N N E.

Qe

Young sand and minor gravel along active drainages - R ew orked sand and fine g rav el in and along
activ e drainag es w h ere source deposits are predominantly sand. Locally includes coarser g rav el
deposits in proximity to bedrock or older fan deposits.

Qys

Young sheet sand and minor gravel - Interdune and laterally extensiv e sh eet sand and small dunes.
Areas cov ered primarily by sand, w ith  absent to minor g rav el, silt and clay; not spatially associated
w ith  drainag es. Percent cov erag e of sand is v ariable, but typically is >50 percent, Includes small
areas of g rav el lag , and eroded fine-g rained deposits.

Qsi

Fine-grained to gravel-mantled erosion surfaces - Discontinuous g rav el lag  deposits on much  finer
substrate. M ost erosion surfaces are formed on older fine-g rained deposits in interdune areas. Grav el
lith olog ies v ary w ith  location, and include locally deriv ed crystalline and v olcanic rocks, and  rounded,
far-trav elled clasts from old Colorado R iv er deposits.

Qgi

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. Q y3 deposits are
composed of unconsolidated, unv arnish ed sand, g rav el, and silt deposits. 

Qy3

Young terrace deposits - Low terrace deposits located primarily along  th e flanks of incised drainag es
and low -relief terraces inset into Pleistocene ag e fan deposits. T h ese deposits consist of
unconsolidated sand, silt, and minor clay w ith  sub-rounded to sub-ang ular pebble to cobble bars on
th e surface and beds and lenses in cross section. S oil dev elopment is w eak to absent, and v ery lig h t
rock v arnish  is found locally on g rav el bars. 

Qy2

Slightly higher terrace and alluvial fan deposits - Deposits form slig h tly to moderately v arnish ed
planar terraces along  larg er piedmont drainag es and young  relict alluv ial fan deposits on low er
piedmont areas. Q y1 deposits are composed of sandy to pebbly sw ales w ith  coarser unv arnish ed to
v ery lig h tly v arnish ed pebble to cobble bars, and partially ov erlie Pleistocene deposits in some areas.

Qy1

Young alluvium, undifferentiated - Poorly sorted deposits including  pebbles, cobbles, sand, minor silt
and clay, and locally boulders. Associated w ith  activ e and recently activ e w ash es, and slig h tly h ig h er
terraces w ith  modest rock v arnish , minimal soil dev elopment.

Qy

Youngest intermediate alluvium - Pebble, cobble, and sand deposits in low terraces and alluv ial fans.
M oderate v arnish  on clasts, moderate g rav el lag s to w eak pav ements, but pav ements not as w ell
dev eloped as Q i3. S oil dev elopment is w eak to moderate. S urfaces are moderately undulating , but
may be smooth  if deposits consist of fine g rav el and sand. 

Qi4

Intermediate alluvial fan and terrace deposits - Grav el and sand deposits w ith  moderate to lig h t
desert pav ements, 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. 

Qi3

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 Q i2 surfaces rang es from 1 to 10 m, and Q i2 surfaces are typically 1-10 m h ig h er in th e
landscape th an adjacent Q i3 surfaces. U nit th icknesses up to 7 m w ere observ ed, but th icknesses of
2 to 3 m are typical.

Qi2

Older Intermediate alluvial deposits - Poorly sorted cobble, pebble, sand deposits, w ith  minor silt,
clay, and boulders. Deposits are found capping  moderately h ig h  ridg es, and typically are 15 to 25 m
abov e activ e w ash es. Planar surfaces are g enerally fairly narrow  and marg ins are substantially
rounded. Deposits typically are a few meters th ick ov er underlying  fan deposits or Bullh ead alluv ium.
S oil dev elopment rang es from strong  on w ell-preserv ed surfaces to w eak to moderate on eroded
slopes. 

Qi1

Intermediate alluvial deposits - S tream terrace and relict alluv ial-fan deposits w ith  w eak to strong  soil
dev elopmentQi

Old silt, clay and sand - Quartz-rich  sand, silt and mud deposits capped by young er Pleistocene units
mapped south  of T yson W ash . U nit T cs exh ibits th in to medium bedding  and is occasionally massiv e.
Quartz-rich  sand beds th in, laminated, and occasionally massiv e. S and g rains are typically v ery w ell
sorted and w ell-rounded to sub-rounded and commonly exh ibit cross-laminations. U nit T cs
interfing ers w ith  locally-sourced tributary fan deposits. T h is unit is probably fine-g rained Bullh ead
Alluv ium or siliciclastic deposits of th e Bouse F ormation, but may be young er fine-g rained deposits.
In th e south eastern part of th e M iddle Camp quadrang le th is unit is capped by unit T fg . 

Tcs

Bullhead Alluvium - U nconsolidated to moderately consolidated w ell-rounded to subang ular cobbles
and pebbles, including  a substantial portion th at are exotic, quartz-rich  sand, and lesser amounts of
silt and clay. R ounded pebbles and cobbles of primarily quartzite, ch ert, and oth er resistant rock
types. S urfaces of th ese deposits are commonly mantled by g rav el, and g rav el beds are common,
but sand may be dominant particle size. Deposits are exposed from about 170 m asl along  T yson
W ash  to 260 m asl in th e Copperstone M ine. Areas in th e north ern part of th e M oon M ountain S E
quadrang le are mapped as Bullh ead Alluv ium if th ere is an obv ious rounded, exotic g rav el
component in th e surface lag .

Tcb

O th er features

! W ell used in g eolog ic cross-section
Cross-section location

S tructure symbols
S trike and dip of main synmetamorph ic tectonic foliation
S trike and dip of post-peak-metamorph ic cleav ag e
T rend and plung e of elong ation lineation

Dip of contact

T rend and plung e of elong ation lineation, top-dow n-plung e sh ear sense
T rend and plung e of intersection of bedding  on sch istosity


