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Introduction
T h e Black Peak and Bobs W ell 7 ½ ' Q uadrang les are located approximately 20 km south east of th e tow n 
of Parker in La Paz County, w estern Arizona. T h e Q uadrang les encompass Cactus Plain, as w ell as part 
of O sborn W ash  and th e basaltic Black Peak massif. 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 #G12AC20464. M apping  w as compiled dig itally using  ES R I ArcGIS  softw are.  

AllT opo V7 Pro T opog raph ic Basemap w ith  N AD83 g rid. T opog raph ic base map deriv ed from 
Black Peak and Bobs W ell 7.5' U S GS  topog raph ic quadrang le maps orig inally w ith  N AD27 datum.

Surficial Geology
M ost of th e map area is cov ered by sand dunes and related features of Cactus Plain. T h e dune field 
of Cactus Plain is on a low  plateau formed primarily on older eroded sediments, w ith  minor bedrock 
h ills protruding  from th e plain locally. T h e oldest late Cenozoic deposits in Cactus Plain are undeformed 
fan deposits composed primarily of crystalline metamorph ic clasts, obv iously deriv ed from th e east and 
north east. T h ese deposits are ov erlain by, and locally may interfing er w ith , fine-g rained clay, silt, sand and 
minor limestone deposits th at w e consider to be part of th e Bouse F ormation. Bouse carbonate deposits 
are also extensiv ely exposed on th e flanks of Black Peak and related h ills near th e north ern marg in of th e 
map area. O n th e w estern, north eastern, and south ern marg ins of Cactus Plain, th ere are extensiv e 
w ell-rounded, lith olog ically div erse g rav el and sand deposits th at w e tentativ e correlate w ith  th e early 
Pliocene Bullh ead alluv ium. T h is major riv er ag g radation sequence is found all along  th e Colorado R iv er 
below  th e mouth  of th e Grand Canyon (H ouse et al., 2008; H ow ard et al., in prep.). M uch  more 
extensiv e areas are cov ered by poorly exposed fine-g rained deposits w h ose upper, eroded surface is 
cov ered by minor sand and open g rav el lag . M any of th ese deposits may be part of th e Bouse F ormation 
as w ell, but oth ers are almost certainly young er and are associated w ith  th e Bullh ead alluv ium and th e 
Q uaternary dune field. M ost of th e dune field consists primarily of sinuous, N E-trending  medium to larg e 
dunes, and interdune areas cov ered by sand sh eets, small dune features, and eroded surfaces on finer-
g rained underlying  deposits. In th e eastern part of th e map area, th e dominant dune morph olog y is much  
low er crescent dunes, w ith  v ery complex dune patterns. Q uaternary fluv ial deposits are limited to an 
extensiv e area associated w ith  O sborne W ash  and tributaries in th e north , a small portion of Bouse W ash  
in th e south w estern corner of th e map, and an unnamed w ash  system on th e south  flank of th e Black Peak 
h ill complex. In addition, minor local fluv ial systems drain to th e south  and w est across parts of th e dune 
field and h av e eroded th e south ern flank of th e field.
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Bedrock Geology
M iocene basalt and underlying  tilted red sandstone make up Black Peak at th e north w estern edg e of th e 
map area, w h ereas farth er east, primarily felsic to intermediate v olcanic rocks are exposed at th e north ern 
edg e of th e map area (Grubensky, 1989). T h e mylonitic footw all of th e Buckskin-R aw h ide extensional 
detach ment fault (S pencer and R eynolds, 1991) is exposed at th e north eastern edg e of th e map area. 
M etamorph osed and deformed Paleozoic and M esozoic strata are exposed in sev eral small h ills in th e 
w estern part of th e map area. T h e basaltic and felsic v olcanic rocks are not cut and displaced by th e 
detach ment fault, but underlying  sandstone and older metamorph ic rocks are tilted or affected by 
h ydroth ermal alteration, as is ch aracteristic of rocks th at w ere displaced by detach ment faulting  
(S pencer and R eynolds, 1989).
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Description of Map Units

Miocene to Quaternary units

Regolith, undivided - Deeply w eath ered and disag g reg ated debris deriv ed from unspecified older units.QTr

Silt, clay, minor sand deposits - S ilt, clay, and sand deposits underlying  much  of th e eolian dunes of th e Cactus Plain. S ome Q T f deposits
are probably poorly exposed Bouse F ormation, oth ers are more likely old eolian deposits th at post-date Bouse deposition.QTf

Deeply dissected alluvial fan deposits - Locally deriv ed g rav el deposits forming  deeply eroded ridg es. O rig inal fan surfaces are h ig h ly
eroded.QTa

Bullhead alluvium - quartz-rich  sand and rounded pebbles and cobbles of Bullhead alluvium; some finer-g rained deposits locally; in a few
outcrops, rests ov er erosional unconformity on Bouse depositsTcb

Bullhead alluvium? - Q ueried - quartz-rich  sand and rounded pebbles and cobbles of Bullh ead alluv ium; some finer-g rained deposits locally;
in a few  outcrops, rests ov er erosional unconformity on Bouse depositsTcb?

Bouse Formation fine siliciclastic deposits - T an, g ray, g reenish  g ray silt and clay deposits w ith  minor g ray limestone bedsTbs

Bouse Formation carbonate - w h ite to g ray limestone, th in to th ick platy pale g ray tufa deposits, less indurated w h ite to cream-colored marl,
and minor calcareous sandstone Tbc

Upper Miocene volcanic units of north Cactus Plain

Basalt, upper unit - Basaltic v olcanic rocks along  th e north  side of Cactus Plain th at w ere interpreted by Grubensky (1989) to ov erlie
trach ytic v olcanic rocks, w h ich  in turn ov erlie basaltic v olcanic rocks of map unit T b.Tbu

Trachyte lava, upper unit - T rach yte flow  (60 m to 100 m th ick) w ith  ph enocrysts of coarse-g rained anorth oclase and fine-g rained
clinopyroxene and oliv ine in a  g roundmass of sanidine microlites, apatite, zircon, and an opaque mineral (map unit T f3 of Grubensky, 1989).
Anorth oclase ph enocrysts are clear to w h ite-colored in h and specimen, subh edral, and locally form 2- to 3-g rain ag g reg ates up to 1 cm
across. M esoscopic, sph erical inclusions of coarse-g rained, darker, v esicular trach yte are present in some exposures. Inclusions rang e from
less th an 1 cm to about 25 cm across and contain ph enocrysts of coarse-g rained plag ioclase and anorth oclase and fine-g rained, colorless
clinopyroxene and oliv ine. T ridymite(?) is interstitial to sanidine microlites in th e g roundmass and also coats v esicle w alls. Coronas of
radially oriented microlites of sanidine and an opaque mineral are present on plag ioclase and anorth oclase g rains. Vesicles are usually 1 to
2 mm across and sph erical to elliptic.

Ttlu

Tuff associated with trachyte lava - T h ick bedded ash -flow  tuff and th in bedded ash -fall and surg e-related tuffs (map unit T lt1 of Grubensky,
1989, AZGS  Bulletin 198). T otal th ickness is up to about 75m. Ttt

Basalt - Basaltic v olcanic rocks at Black Peak, along  th e north  side of Cactus Plain, and locally exposed w ith in Cactus Plain. T h e basaltic
v olcanic rocks are g enerally flat-lying  to g ently dipping , and ov erlie tilted middle M iocene strata at Black Peak (Grubensky, 1989, AZGS
Bulletin 198).  

Tb

Deposits of Bouse and Osborne Washes

Sand and gravel deposits in active channels - S and, pebbles, minor cobbles, minor silt and clay in activ e or recently activ e ch annels.
Crystalline rocks are th e dominant lith olog ies, but v olcanic rocks are also common and metasedimentary rocks are rare.

Young deposits in terraces and bars - S and, g rav el, silt and clay deposits associated w ith  low  terraces and bars and islands betw een
ch annels. Grav el clasts are primarily crystalline lith olog ies, but v olcanic clasts are common. Grav el is primarily subang ular pebbles and
cobbles. N o to minimal soil dev elopment.

Young terrace deposits - S and, g rav el, silt and clay deposits associated w ith  low  terracess. Grav el clasts are primarily crystalline lith olog ies,
but v olcanic clasts are common. Grav el is primarily subang ular pebbles and cobbles. W eak rock v arnish , minimal soil dev elopment.

Young intermediate terrace deposits - Grav el, sand, silt and clay deposits forming  low  intermediate terraces flanking  O sborne W ash . Grav el
clasts are primarily crystalline lith olog ies, but v olcanic clasts are common. Grav el is primarily subang ular pebbles and cobbles, w ith  few
boulders. S oil dev elopment is w eak to moderate.

Intermediate terrace deposits - Grav el, sand, silt and clay deposits forming  intermediate terraces flanking  O sborne W ash . Grav el clasts are
primarily crystalline lith olog ies, but v olcanic clasts are common. Grav el is primarily subang ular pebbles and cobbles, w ith  few  boulders. S oil
dev elopment is  moderate, w ith  S tag e II to III calcic h orizon dev elopment.

Older terrace deposits - Grav el, sand, silt and clay deposits forming  th e h ig h est, oldest terraces preserv ed along  O sborne W ash . Grav el
clasts are primarily crystalline lith olog ies, but v olcanic clasts are common. Grav el is primarily subang ular pebbles and cobbles, w ith  few
boulders. S oil dev elopment is moderate, w ith  S tag e III calcic h orizons.

Older terrace deposits, undifferentiated - Grav el, sand, silt and clay deposits associated w ith  older, dissected terraces along  Bouse W ash .
Grav el is primarily crystalline w ith  v olcanic lith olog ies common, but locally contains substantial rounded g rav el rew orked from older Colorado
R iv er deposits.

Deposits of Cactus Plain

Sandy deposits in 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.

Dune sand deposits - Q uartz-rich  dune sand deposits, w ith  lesser amounts of silt and clay associated w ith  more stable parts of dunes. M ost
areas in th e w estern Cactus Plain are dominated by linear dunes th at trend g enerally N E; th ese dunes are up to 40 ft h ig h . S ome portions of
th e Cactus Plain are dominated by much  smaller crescent dunes.

Sand sheet deposits - Interdune and near dune areas cov ered primarily by sand, w ith  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.

Gravel-mantled surfaces - O pen g rav el lag  deposits on erosion surfaces. M ost erosion surfaces are formed on older fine-g rained deposits in
interdune areas. In central and eastern parts of th e map area, g rav el is deriv ed primarily from tributary deposits th at w ere interbedded w ith
th e fine-g rained deposit, but areas of intact g rav el beds are rare and not consistently mappable. Grav el lith olog ies are predominantly
crystalline rocks, w ith  local v olcanic clasts and meta-sedimentary rocks. In th e w estern part of th e map area, th e lith olog ic mix v aries
w idely,and locally is dominated by rounded, far-trav elled clasts from older Colorado R iv er deposits.

Gravel and sand surface lag - Erosion surfaces w ith  open g rav el lag  and common, small-scale sandy eolian deposits. Complex spatial
relationsh ips betw een g rav el and sand-dominated patch es.

Qycr

Qy2r

Qy1r

Qi3r

Qi2r

Qi1r

Qir

Qys

Qe

Qsi

Qgi

Qgs

Disturbed ground - H eav ily disturbed or altered g round due to extensiv e excav ation th at h as obscured or concealed orig inal g eolog ic features.d

Piedmont units

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  - Q y2 deposits consist of 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. 

Qy2

Young alluvial fan deposits - Young alluvial fan deposits th at are laterally extensiv e and composed of g rav el, sand, silt. T h ese deposits are
associated w ith  distributary drainag e systems and broad sh eetflood areas.Qya

Slightly higher terrace and alluvial fan deposits - Q y1 deposits form 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 deposits, undifferentiated - Primarily young  fluv ial sand and g rav el deposits, undifferentiated.Qy

Youngest intermediate alluvial fan and terrace deposits - 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 w as w ell dev eloped as Q i3. S oil dev elopment is g enerally
w eak.

Qi4

Young intermediate fan and terrace deposits - Grav el and sand deposits w ith  moderate to tig h t desert pav ements, dark rock v arnish , forming
relict alluv ial fans and intermediate terraces. S oil dev elopment is w eak to moderate, w ith  slig h t reddening , minor clay accumulation, calcic
h orizon dev elopment II-III.

Qi3

Older intermediate 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  and pav ement dev elopment is v ariable, quite strong  on w ell-preserv ed surfaces and
moderate to w eak on more eroded surfaces. Incision of modern w ash es below  Q i2 surfaces rang es from 1-3 m.

Qi2

Intermediate alluvial fan and terrace deposits, undifferentiated - M iddle and late Pleistocene alluv ial fan and terrace deposits,
undifferentiated.Qi

Higher dissected alluvial fan and terrace deposits - H ig h  dissected g rav elly alluv ial fan deposits and dissected terrace deposits. Alluv ial fans
are deeply eroded, w ith  limited preserv ed fan surface remnants. S oil dev elopment rang es from strong  on w ell-preserv ed surfaces to w eak to
moderate on eroded slopes. Q i1 terrace deposits are up to 15 m abov e O sborne W ash .

Qi1

Very high old alluvial fan deposits - Coarse g rav elly h ig h  rremnant alluv ial fans w ith  v ery strong  calcic soil dev elopment w h ere surfaces are
reasonably w ell preserv ed. Cobbles and boulders are common. Planar surfaces are typically supported by carbonate cementation and
coarse g rain size, but are also deeply eroded and h ig h  abov e activ e w ash es.

Qo

Debris-flow deposits and chutes - Bouldery and cobbly debris-flow  lev ees and snouts, and erosional scars associated w ith  debris flow  activ ity
h ig h er on h illslopes.Qyd

Hillslope talus and colluvium - Coarse, v ery poorly sorted, ang ular to subang ular, locally deriv ed g rav el, sand, silt and clay deposits on h illslopes.
Deposits are deriv ed from underlying  or adjacent bedrock outcrops. Locally include bouldery talus deposits w ith  minimal fine matrix.Qtc

High, very old carbonate-cemented surfaces - Deposits cemented by extensiv e, th ick (2-4 m),  pedog enic carbonate h orizons. S urfaces are
cov ered w ith  plates and frag ments from th e underlying  cemented soil, w ith  scattered darkly v arnish ed cobbles and boulders common. T h ese
surfaces are found on h ig h  planar surfaces on bedrock, on mountain h illslopes, and on v ery old alluv ial deposits. O n h illslopes th ese units are
formed on h illslope colluv ium or h ig h  alluv ial remnants.  

QToc
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Miocene sedimentary and volcanic units

Tuff - A sing le small exposure of lith ic tuff east of Black Peak. T h is is possibly tuff th at contains sanidine dated by Buising  and Beratan (1993,
U S GS  Bulletin 2053) at 9.2 +/- 0.3 M a. Tt

Sandstone - R ocks of th is unit w ere described by Grubensky (1989, AZGS  Bulletin 198) as tan, poorly bedded, coarse-g rained arkosic
sandstone and cong lomeratic arkosic sandstone.Tss

Conglomerate, undivided - T h is unit consists of a sing le, v ery small exposure in north w estern Cactus Plain th at is associated w ith  small h ills
of older metasedimentary rocks (from AZGS  Bulletin 198).Tcg

Paleozoic and Mesozoic sedimentary units

Metasedimentary rocks, undivided - M etasedimentary rocks consist at least partly of metasandstone and metasiltstone, possibly slig h tly
calcareous.Mzsu

Kaibab Limestone - U nit is exposed at a sing le small h ill in north w estern Cactus Plain, and consists of medium g ray, probably ch erty
limestone (from AZGS  Bulletin 198, 1989).Pk

Bolsa Quartzite - Q uartz-rich  metasandstone is exposed at a sing le small h ill in north w estern Cactus Plain (from AZGS  Bulletin 198, 1989).

Carbonate rocks, undivided - R ecrystallized carbonate and siliceous carbonate deriv ed from Paleozoic carbonate units (Kaibab Limestone,
R edw all Limestone, M artin Limestone). U nit is exposed at a sing le small h ill in north w estern Cactus Plain (from AZGS  Bulletin 198, 1989).Pzc

Sedimentary rocks, undivided - W eakly metamorph osed and deformed carbonate, probably w ith  less common calcareous siltstone, fine
calcareous sandstone, and sandstone. U nit is exposed at a sing le small h ill in north w estern Cactus Plain (from AZGS  Bulletin 198, 1989).Pzs

Paleoproterozoic to Tertiary granitic and gneissic rocks

Quartzo-felspathic gneiss, undivided - Generally consists of fine g rained, v ariably banded, quartzo-feldspath ic biotite g neiss, w ith  likely
some h ornblende and mag netite. At one locality (estermost location of plotted mylonitic lineation measurement), g neiss contains an ~5m
w ide sliv er of tan dolomite(?) marble. Layering  is commonly w eak, and is associated w ith  preferred orientation of fine biotite. M ylonitic fabric
is sparse and w eak, but w ith  distinctiv e lineation ch aracteristic of extensional mylonite, and is inferred to be related to O lig o-M iocene
tectonic extension th at exh umed th ese rocks from beneath  th e Buckskin-R aw h ide extensional detach ment fault (S pencer and R eynolds,
eds., AZGS  Bulletin 198, 1989).
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