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Miscellaneous Units

Quaternary Piedmont Deposits

Colorado River-Sourced Deposits

Miocene and Pliocene map units

McCoy Mountains Formation (Jurassic to Cretaceous)

Dome Rock Sequence (Jurassic)

Massive metatuff or shallow intrusion - G ray weathering, massive metavolc anic roc k or porphyritic  hypab yssal intrusion. Unit
c ontains up to 15% tab ular and b loc ky K -feldspar up to 25 mm diameter.  K -feldspar phenoc rysts vary in size and ab undanc e,
with some outc rops c ontaining very few and with maximum size <10 mm. Q uartz is generally <1mm b ut loc ally the unit
c ontains up to 15% q uartz phenoc rysts up to 5 mm diameter. M atrix c onsists of fine (generally <0.05 mm) q uartz, feldspar, and
b iotite. M atrix is foliated with foliation defined b y b iotite orientation, c ommonly with elongate c lots of sub parallel b iotite. Unit is
massive, with no evidenc e identified of fragm ental or b edded c harac ter. In some areas roc ks of this unit have b een c onverted to
b iotite-musc ovite q uartzofeldspathic gneiss with loc al garnet. Unit is texturally homogeneous and has dac itic  whole-roc k
c ompositions. Unit has U-P b  age of 170.7 ± 1.1 M a (Tosdal and W ooden, 2015, sample from just east of the q uadrangle
b oundary along the northern edge of Ehrenb erg W ash).

Jvi

Disturbed ground  - M ine dumps and other areas modified b y human ac tivity so that original geologic  c harac teristic s are ob sc ure.d

aggregate pit - D isturb ed areas assoc iated with ac tive or inac tive aggregate operations.da

Eolian sand dune deposits - Q uartz-ric h sand deposits forming relatively small dunes and assoc iated sand sheets. L esser
amounts of silt and c lay are assoc iated with more stab le parts of dunes. D unes that generally S E and NW , and have up to 6 m
relief.

Qe

Sand sheet deposits - L aterally extensive sand deposits, with minor gravel, silt and c lay. Inc ludes small and low dunes. P erc ent
c overage of sand is variab le, b ut typic ally is >50 perc ent, Inc ludes areas of gravel lag, and eroded alluvial fan deposits.Qsi

Colluvium and talus - Unc onsolidated, very poorly sorted, angular to sub angular c ob b le, peb b le, sand, silt and c lay derived from
adjac ent b edroc k, on moderate to steep hillslopes. M apped only where underlying b edroc k is ob sc ured.Qtc

Young debris flow deposits - Bouldery very poorly sorted, angular to sub angular deposits assoc iated with small, relatively steep
watersheds. D eposits typic ally form lateral, curvilinear levees along ac tive drainages, or more amorphous snouts. R oc k varnish
on gravel is weak to moderate, indic ative of relatively rec ent deposition.

Qyd

Deposits in active channels, low terraces and bars - P iedmont gravel, sand and silt deposits loc ated along ac tive drainages,
inc luding channels, adjac ent gravel b ars and low terrac es, and b roader distrib utary multi-c hannel expansion reac hes. Q y3
deposits are poorly sorted and unc onsolidated. G ravel c lasts are not varnished unless reworked from older deposits, and soil
development is minimal. Vegetation inc ludes desert riparian trees inc luding palo verde, ironwood, and mesq uite.

Qy3

Deposits forming low terraces and active fans - G ravel, sand, and silt deposits forming low terrac es and small alluvial fans,
loc ated primarily along the flanks of ac tive washes inset into P leistoc ene and P lioc ene age fan and river deposits. S ome Q y2
deposits c omprise extensive low relief alluvial fans in b road valley reac hes. These deposits are unc onsolidated to very weakly
c onsolidated sediments, poorly sorted with sub -rounded to sub -angular peb b le to c ob b le b ars on the surfac e and b eds and
lenses in c ross sec tion. Topographic ally low areas c ommonly are c overed b y thin mantles of silt and c lay. S oil development is
minimal. Vegetation inc ludes desert riparian trees and shrub s.

Qy2

Deposits forming low terraces and young relict alluvial fans - G ravel, sand, silt and c lay deposits forming relic t alluvial fans and
terrac es along larger piedmont drainages. Q y1 deposits are c omposed of silt to peb b les in swales, and  lightly to moderately
varnished peb b les to small b oulders in b ars. These deposits are generally loc ated on the margins of inc ised valleys away from
the more ac tive parts of the drainage systems, and typic ally are 1-2m ab ove adjac ent ac tive washes, and partially overlie
P leistoc ene deposits in some areas. Vegetation inc ludes sparse, relatively small desert riparian trees, shrub s inc luding c reosote,
and c ac ti.  

Qy1

Young alluvial deposits, undifferentiated - P oorly sorted deposits inc luding peb b les, c ob b les, sand, minor silt and c lay, and loc ally
b oulders. Assoc iated with ac tive and rec ently ac tive washes, and slightly higher terrac es with modest roc k varnish, minimal soil
development.

Qy

Youngest intermediate alluvial fan and terrace deposits - G ravelly deposits in low terrac es and relic t alluvial fans. D eposits
c onsist of peb b les, c ob b les, small b oulders, sand, silt and c lay. M oderate varnish on c lasts, weak to moderate undulating desert
pavements, b ut not as tight as Q i3. S oil development inc ludes very slight reddening, visib le c arb onate ac c umulations. Vegetation
is sparse and c onc entrated along slightly inc ised small drainageways.

Qi4

Intermediate alluvial fan and terrace deposits - Very poorly sorted deposits inc luding peb b les, c ob b les, sand, minor silt and c lay,
loc ally b oulders forming laterally extensive relic t alluvial fans and terrac es. S urfac es are typic ally 1-5m ab ove adjac ent Holoc ene
deposits and vary from undulating to very smooth. D esert pavements are moderately to strongly developed and roc k varnish is
q uite dark. L oc ally, multiple levels of surfac es are grouped together, and some latest P leistoc ene (Q i4) deposits are inc luded in
this unit. S oil development is moderate, with slight reddening, minor c lay ac c umulation, c alc ic  horizon development II-III. Q i3
surfac es are graded to the highest level of late P leistoc ene Chemehuevi F ormation deposits or younger inset river terrac es.

Qi3

Older intermediate alluvial fan and terrace deposits - P oorly sorted peb b les, c ob b les, sand, some b oulders, and minor silt and
c lay assoc iated with moderately dissec ted remnant terrac es ~5-20 m ab ove ac tive washes. R oc k varnish and pavement
development is variab le, q uite strong on well-preserved surfac es and moderate to weak on more eroded surfac es. S oils are
ob viously reddened b eneath pavements, and c arb onate rinds are moderately thic k.Vegetation is sparse; b ushes and small trees
are c onc entrated along small drainages.

Qi2

Intermediate alluvial fan and terrace deposits - Undivided deposits with darkly varnished surfac es, variab le pavements, primarily
eq uivalent to Q i3 and Q i4, and may inc lude some Q i2 deposits.Qi

Oldest intermediate alluvial fan deposits - P oorly sorted c ob b le, peb b le, sand deposits, with minor silt, c lay, and b oulders.
D eposits are found c apping moderately high ridges, and typic ally are 15 to 25 m ab ove ac tive washes. P lanar surfac es are
generally fairly narrow and margins are sub stantially rounded. D eposits typic ally are a few meters thic k over underlying fan
deposits or Bullhead alluvium. S oil development ranges from strong on well-preserved surfac es to weak to moderate on eroded
slopes. 

Qi1

Old, very high alluvial fan deposits - G enerally c oarse, poorly sorted gravel and sand deposits preserved as narrow remnants
high in the landsc ape, typic ally as fairly planar to b roadly rounded remnants c apping high ridges of M ioc ene and P lioc ene (Tfg or
Tc g) deposits.

Qo

Chemehuevi Formation - Q uartz-ric h sand, silt, c lay and minor exotic  gravel deposits draped over eroded Bullhead Alluvium and
loc ally over older piedmont deposits. These deposits rec ord a period of major aggradation b y the Colorado R iver in the late
P leistoc ene (M almon et al., 2011). Northeast-southwest trending sc arps represent a series of rec essional terrac es strathed on
older deposits. The earliest Q c h deposits are c oeval with post-Q i2 and pre-Q i3 trib utary allluvial deposits .

Qch

Bullhead Alluvium - Unc onsolidated to moderately c onsolidated well-rounded to sub angular c ob b les and peb b les, q uartz-rich
sand, and lesser amounts of silt and c lay. These deposits are c ommonly mantled b y gravel, and gravel b eds are c ommon, b ut
sand is the dominant partic le size. R ounded peb b les and c ob b les of primarily q uartzite, chert, and other resistant exotic roc k
types. Interfingers with loc ally-derived fanglomerate unit Tfg in in middle to upper piedmont areas. Tentatively c orrelated with the
early P lioc ene Bullhead F orm ation (Howard et al., 2015), b ut loc ally may inc lude Q uaternary Colorado R iver deposits.

Tcb

Older silt, clay and sand deposits - Alternating b eds of c lay and silt, with minor thin q uartz-ric h sand b eds. L oc ally interfingers
with loc ally-sourc ed trib utary fan deposits, inc luding reworked tufa and b ioc lastic  partic les derived from b asal Bouse c arb onate
deposits. This unit may b e a silic ic lastic  phase of Bouse deposition (younger than c arb onate deposition) or fine-grained Bullhead
alluvium.

Tcs

Bouse Formation carbonate deposits - Carb onate-rich deposits inc luding algal limestone, b ioc lastic  limestone hash, massive tufa
drapes on paleohillslopes, thin-b edded b ioc lastic -rich marl, and c alc areous sandstone. Tephra layers have b een found in this unit
at several loc alities, however none have yielded datab le material. Antelope trac ks found on gently-dipping marl were identified at
one loc ality. 

Tbc

Younger Fanglomerate - P oorly sorted, weakly to moderately lithified sandstone, c onglomeratic  sandstone, and c onglomerate.
Clasts c onsist largely of sub angular to angular loc ally derived Tertiary volc anic  roc ks, granite and diorite. L oc ally may pre-date
Bouse deposition, b ut more c ommonly post-dates Bouse deposition and is generally c oeval with Bullhead Alluvium and in a few
plac es inc ludes rounded q uartzite eroded from c oeval Bullhead Alluvium deposits. This unit thus represents mostly loc ally
derived fan material interfingered with minor amounts of Colorado R iver derived sediments.

Tfg

Older Fanglomerate - M assive to b edded c onglomerate, roc k-avalanc he b rec c ia, and minor peb b ly sandstone interpreted as
alluvial-fan deposits. Clasts are dominantly angular to sub angular and less c ommonly sub rounded, and are c omposed
dominantly  of loc ally derived roc k types as seen in the D ome R oc k M ountains. S trata typic ally dip moderately to steeply (30° to
50°) eastward or northeastward. This unit forms the hanging wall of a moderately to gently west-dipping normal fault at the
western b ase of the D ome R oc k M ountains.

Tcg

Rock-avalanche breccia - D isordered masses of c rushed and highly frac tured roc k derived largely or entirely from M esozoic
metamorphic  roc ks. All three areas mapped as roc k-avalanc he b rec c ia are adjac ent to the low-angle norm al fault at the western
foot of the D ome R oc k M ountains. 

Tx

Rhyolitic lava - Bric k-red rhyolitic autob rec c ia c ontaining 5-8%, <1mm sanidine, 1-3%, <1mm q uartz, and 2-4%, <<1mm
hornb lende(?). This unit is suspec ted to b e strongly affec ted b y potassium metasomatism.Tr

Volcanic rocks, undivided - P ale gray, dark b rown weathering, lava flows and flow b rec c ias c ontaining <3%, <1mm sanidine,
<2%, <1mm q uartz, and <3%,  <2mm oxidized hornb lende(?). Q uartz and sanidine are ab sent in some exposures. S ome
lavas are slightly vitric. S ilic a c ontent is variab le b ut in general lavas are likely andesitic  to dac itic  in c omposition. This unit is
mapped as inc luding the Tuff of F elipe P ass b y S herrod and Tosdal (1991, JG R ), b ut the tuff was not identified in this study.

Tvu

Sandstone Member, McCoy Mountains Formation - Interlayered b rown-weathering psammite and purple to grey weathering
phyllite to argillite. M em b er b ec omes finer grained up sec tion.Kms

Conglomerate Member, McCoy Mountains Formation - Brown-weathering peb b le to c ob b le metac onglomerate, semisc hist, and
grey phyllite. R oc ks near the b ase of the mem b er are ric h in metamorphic musc ovite. Clasts are dominantly q uartz-phyric
volc anic  roc ks derived from underlying Jurassic  igneous units, and lesser amounts of granitic roc ks, q uartzite, and limestone.

Kmc

Basal Member 2, McCoy Mountains Formation - Interlayered green-grey weathering c hlorite-ric h phyllite, c alc silic ate sc hist, and
q uartz-musc ovite phyllite.KJm2

Basal Member 1, McCoy Mountains Formation - Interlayered greenish gray musc ovitic q uartzite, musc ovitic  q uartzose sc hist,
phyllite, q uartzose marb le, and c alc silic ate hornfels. Cut b y milky q uartz ± c arb onate ± F e oxide after pyrite veins.KJm1

Felsic metavolcanic rocks - P ale-grey weathering, metamorphosed, felsic volc anic  roc ks that are prob ab ly derived from rhyolitic
tuff. Unit is now c omposed of musc ovite sc hist and gneiss with loc al garnet.  Horizons are loc ally charac terized b y q uartz
b lastophenoc rysts up to 8 mm in diameter and c onspic uous ob late musc ovite-ric h c lots up to 3 c m ac ross that represent relic t
pumic e lapilli reflec ting the primary pyroc lastic  protolith. Other b lastophenoc ryst-poor q uartz-musc ovite sc hist likely represents
minor reworked tuff and volc anic lastic  roc ks.

Jv

D esc ription of map units
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Introduction 

The D ome R oc k M ountains S W  7 ½' Q uadrangle is loc ated just east of the Colorado R iver, east of Blythe, California 
and southwest of Q uartzsite, in western Arizona. The map enc ompasses the western flank of the c entral D ome R oc k 
M ountains and most of the piedmont that extends westward from the foot of the range toward the Colorado R iver. 
G eologic  mapping was done under the joint S tate-F ederal S TATEM AP  program, as spec ified in the National G eologic 
M apping Ac t of 1992, and was jointly funded b y the Arizona G eologic al S urvey and the U.S . G eologic al S urvey under 
S TATEM AP  assistanc e award #G14AC00424. M apping was c ompiled digitally using ES R I Arc G IS  software. 
P reviously unpub lished b edroc k mapping b y R ic hard Tosdal (former U S G S  employee) was inc orporated into the map 
with minor revisions. 

Surficial and Basin Deposits 

Tributary Deposits.  S urfic ial geologic  units inc luding trib utary and river deposits were mapped using field 
ob servations, georeferenc ed digital orthophotographs and satellite imagery, and digital elevation models (D EM s). 
M ost of the piedmont is c overed b y a veneer of Q uaternary alluvial fan, terrac e, and channel deposits transported b y 
alluvial systems that originate from the D ome R oc k M ountains. These deposits are predominantly loc ally-derived 
gravel with variab le amounts of reworked Colorado R iver gravel c lasts, and loc al and Colorado R iver sand. 
Q uaternary deposits are thin, and only partially c over underlying late M ioc ene to P lioc ene trib utary fan deposits in the 
upper and middle piedmont areas, and P lioc ene Colorado R iver sand and gravel in middle and lower piedmont areas. 
M ost of the trib utary deposits c overing the piedmont are middle P leistoc ene or younger in age. The lateral extent of 
Holoc ene deposition is c onfined to valleys inc ised 5-15m b elow older relic t alluvial fan and terrac e surfac es. Valley 
b ottoms c overed b y Holoc ene deposits are c ommonly q uite wide and distrib ution of deposits of different ages is q uite 
c omplex, rec ording shifting patterns of erosion and deposition during the past 10 kyr.  

Colorado River Deposits.  D eposits prob ab ly or definitely assoc iated with the Colorado R iver inc lude the latest 
M ioc ene to early P lioc ene Bouse F ormation (M etzger, 1968), the early to middle P lioc ene Bullhead F ormation 
(Howard et al., 2015), and the late P leistoc ene Chemehuevi F ormation (M almon et al., 2011).  

Bouse deposits in the map area c onsist of one to several meter-thic k tufa or travertine, b ioc lastic  limestone, and less 
c ommonly, marl. Bouse c arb onate outc rops in a fairly narrow b and along the b oundary b etween late Cenozoic  b asin 
deposits and b edroc k and older c onglomerate, b etween 185m and 260m ab ove sea level (asl). The b asal c arb onate 
c ertainly exists in the sub surfac e in the valley, and the upper limit c arb onate outc rops are always erosional. Thus, the 
c urrent distrib ution of Bouse outc rops is very much a func tion of what has b een unc overed b y sub seq uent erosion, 
and what has not b een removed b y erosion and denudation. The tufa and b ioc lastic  limestone were c ertainly 
deposited in shallow water; they rec ord a water surfac e gradually rising relative to the pre-existing landsc ape. The 
b asal c arb onate deposits were draped over a c omplex erosional paleo-topographic  landsc ape of hillslopes and 
valleys formed on c rystalline b edroc k and eroded Oligo-M ioc ene c onglomerate (see c ross-sec tion AA’). F or example, 
along L imekiln W ash in the c entral part of the map area b asal c arb onate deposits were draped on S - and N-fac ing 
slopes formed on older c onglomerate (unit Tc g) on either side of the modern valley. Thus, a paleovalley much like the 
modern valley existed ~5 M a. The valley was sub seq uently filled b y river and trib utary deposition, perhaps more than 
onc e, b ut has b een re-exc avated in the late Q uaternary. In a few areas we found fine silic ic lastic  deposits 
interb edded with loc al fan deposits, inc luding reworked c lasts of Bouse c arb onate, b etween ~175m and 200m asl. 
These deposits may b e the uppermost part of the Bouse F ormation rec ording a regression of the water surfac e 
(Gootee et al., 2016), or a fine-grained fac ies high in the Bullhead seq uenc e.  

Exposures b eneath Q uaternary deposits in middle and lower piedmont areas are primarily Bullhead F ormation sand, 
with c ommon b eds of rounded exotic  gravel and some silt and c lay b eds. These deposits are exposed from ~100m 
asl in the NW  c orner of the map area to as high as ~245m asl as isolated remnants near the mountain front. They are 
interb edded with and likely grade laterally into P lioc ene trib utary fan gravel deposits (Tfg). Thus, Bullhead Alluvium 
rec ords massive aggradation b y the early Colorado R iver in the early to middle P lioc ene, with lesser c ontrib utions of 
sediment from trib utary drainages. Based on age c onstraints farther north along the river, this aggradation c ulminated 
3.5-4.0 M a (House et al., 2008). 

The late P leistoc ene Chemehuevi deposits are c onfined to areas fairly c lose to the valley axis in the northwest c orner 
of the map area b elow ab out 140m asl. They c onsist of silt, c lay, sand, and gravel, and they typic ally are b anked up 
against and draped over erosional topography formed on Bullhead deposits or older Q uaternary trib utary deposits. 
L oc ally, fairly prominent fluvial sc arps assoc iated with Chemehuevi deposition are preserved roughly parallel to the 
Colorado R iver and rec ord a series of suc c essively younger rec essional sc arps and strath deposits. Age c onstraints 
developed for the Chemehuevi F ormation in other areas indic ate that maximum aggradation oc c urred 70-100 ka 
(M almon et al., 2011). 

Bedrock Geology and Mineralization 

Bedroc k in the map area c onsists of Jurassic  igneous roc ks overlain b y metasedimentary roc ks of the Jurassic  to 
Cretac eous M c Coy M ountains F ormation (Tosdal and S tone, 1994; S penc er et al., 2011; Tosdal and W ooden, 2015). 
A west-dipping low-angle normal fault at the western foot of the D ome R oc k M ountains displac es moderately tilted, 
upper Oligoc ene to middle(?) M ioc ene, dominantly c onglomeratic  strata. This fault c ontinues southward where it has 
b een mapped in the North Trigo P eaks area (S herrod and Tosdal, 1991). 

Mineral deposits.  M anganese-oxide deposits are present in two settings: (1) At the foot of the D ome R oc k 
M ountains manganese oxides fill frac tures in b edroc k, fill pore-spac es in sand and gravel, and form replac ements in 
Bouse c arb onates. These deposits are loc ated at the b ase of the Bouse F ormation where it overlies Jurassic  
b edroc k, or within c oarse c lastic  sediments direc tly b eneath the Bouse F ormation and near b edroc k. (2) M anganese 
oxides fill pore spac es in P lioc ene alluvial deposits within a zone one to several meters thic k that extends 
disc ontinuously over ab out two kilometers on the north flank of L imekiln W ash. These deposits are P lioc ene to 
Q uaternary in age and form the M etate manganese distric t. 

Q uartz veins and assoc iated minor minerals inc luding sec ondary c opper-b earing minerals and prob ab ly tourmaline 
are present in the M c Coy M ountains F ormation and are suspec ted to b e related to regional metamorphism. P rospec t 
pits and minor mine shafts and tunnels indic ate widely sc attered historic  exploration and mining ac tivity. No evidenc e 
of merc ury mining or proc essing, as at the main Cinnab ar deposits east of the map area, was identified. 

Structural geology.  The D ome R oc k M ountains are a north-south trending range that is prob ab ly b ounded b y 
b uried normal faults that are responsib le for uplift of the range. These inferred faults are not visib le exc ept for a 
moderately to gently west -dipping normal fault along the west side of the c entral and southern part of the range that 
is exposed in the map area. Hanging-wall roc ks c onsist largely of Oligoc ene to M ioc ene c onglomerate that is tilted 
moderately to steeply to the east or northeast, c onsistent with westward displac ement and fault-b loc k tilting ab ove a 
west-dipping normal fault. This fault is not mapped as an extensional detac hment b ec ause of the c omplete ab senc e 
of chloritic alteration in the fault footwall (e.g., S herrod and Tosdal, 1991). 

The northeastern part of the map area c onsists of a single Jurassic  roc k unit, which is a shallow intrusion or massive 
ash-flow tuff that is now affec ted b y metamorphism and a foliation charac terized b y b iotite c rystallization along 
foliation planes. Charac teristic c lots of c rudely aligned b iotite are possib ly derived from retrograde metamorphism of 
hornb lende during regional deformation that produc ed the foliation. This foliation, which is loc ally represented b y 
joints without signific ant visib le sec ondary mic a, is c onsistently north dipping, with an average azimuth of 265° and 
inc lination of 39° north (stereonet A; stereonet plots and c alc ulations from S tereonet 8 software as desc rib ed in 
Allmendinger et aI. [2013], and Cardozo and Allmendinger [2013]). 

The M c Coy M ountains F ormation was deposited on top of the Jurassic igneous roc ks (Tosdal and S tone, 1994). 
F oliation and b edding are oriented differently than in underlying igneous roc ks. Both dip moderately to the southeast 
(stereonets B and C), and are assoc iated with a southeast plunging tec tonic lineation (stereonet D ). The geometric  
disc ordanc e b etween foliation orientations in Jurassic  igneous roc ks and overlying metasedimentary roc ks is not 
understood. 
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L egend
Structure symbols

Joint, inc lined
Tec tonic  lineation
D ip of inc lined 
fault plane

Bedding, ac c urate, inc lined
Bedding, approximate, inc lined

F oliation defined b y preferred 
mineral orientation, inc lined

Transposed b edding, inc lined

M ylonitic  foliation, inc lined

Apparent dip of b edding (apparent 
dip where strike is unc ertain)

Contacts and faults
Contac t, ac c urately loc ated
Contac t, approximately loc ated
Contac t, inferred, loc ation unc ertain
F ault, ac c urately loc ated
F ault, approximately loc ated

F ault, gently to moderately dipping 
fault plane, tic s on hanging wall

F ault, c onc ealed and inferred

Tuffs, dikes, and marker units
Volc anic  ash b ed
M afic  dike
Zone of manganese-oxide 
mineralization


