
Has s ayam pa Rive r Alluvium  
 
Q u aternary and late T ertiary piedm ont deposits associated with the H assayam pa cover the eastern 
m arg in of the W intersbu rg  qu adrang le. Clast litholog ies are qu ite diverse, bu t are principally m ixed fine-
g rained volcanic rocks and g ranite. Clasts rang e from  well-rou nded to su bang u lar in shape. Deposits 
rang e in ag e from  m odern to Pliocene. 
 

Qyc r - Ac tive  rive r c hanne l d e pos its . M oderately to poorly sorted sand, g ravel and m inor silt in 
recently active channels and lig htly veg etated bars of the H assayam pa R iver. G ravel consists 
m ainly of pebbles with som e cobbles; clasts rang e from  su bang u lar to well-rou nded. 
 
Qy2r - Late  Holoc e ne  flood plain d e pos its . S and, silt, and g ravel deposits associated with the 
floodplain and low terraces along  the H assayam pa R iver. Q y2r su rfaces typically are sm ooth and 
are less than 2 m  above the active channel. T errace su rfaces typically are covered with fine-
g rained floodplain deposits, bu t relict g ravel bars and lenses are com m on. 
 
Qy1r - Old e r Holoc e ne  rive r te rrac e  d e pos its . S and, silt, and g ravel deposits associated with 
slig htly hig her terraces along  the H assayam pa R iver. T errace su rfaces typically are flat bu t 
rou nded arou nd their m arg ins and are less than 3 m  above the active channel. T errace su rfaces 
typically are covered with a fine g ravel lag  where well-preserved bu t are qu ite fine-g rained where 
eroded. 
 
Qi3r - Late  Ple is toc e ne  rive r te rrac e  d e pos its . Deposits associated with low interm ediate 
terraces inset abou t 3 m  above the H olocene floodplain of the H assayam pa R iver. Deposits 
consist of sand, silt, and g ravel, with weak to m oderate soil carbonate (S tag e I-II) accu m u lation. 
T errace su rfaces typically are sm ooth and are covered with fine-g rained floodplain deposits, bu t 
relict g ravel bars and lenses are fou nd locally. 
 
Qi2r – Mid d le  Ple is toc e ne  rive r te rrac e  d e pos its . H ig h interm ediate terraces abou t 5 m  above 
the H olocene floodplain of the H assayam pa R iver. T errace su rfaces typically are dissected by 
sm all tribu tary drainag es bu t are sm ooth away from  the drainag es. T errace deposits are a m ix of 
river sand, g ravel, and silt and clay, bu t su rfaces typically are covered with relict g ravel deposits. 
S oil developm ent is m oderately strong , consisting  prim arily of stag e II to III calcic horizons. 
 
Qor - Early to m id d le  Ple is toc e ne  rive r d e pos its . Deposits associated with the hig hest 
terraces along  the H assayam pa R iver that record the m axim u m  ag g radation of the river. T errace 
su rfaces are broadly rou nded, and the deposits are m oderately to deeply dissected by tribu tary 
drainag es and the river and have been su bstantially m odified by erosion. E xposu res are poor, 
bu t su bang u lar to well-rou nded g ravel is evident at the su rface. T errace su rfaces are also 
typically covered with litter from  u nderlying  indu rated stag e IV petrocalcic soil horizons. Q orh 
terrace su rfaces are m ore extensive than any of the you ng er Pleistocene terraces. T errace 
su rfaces rang e from  abou t 10 to 15 m  above the active river channel, and rise slig htly to the 
north across the m ap area. T hey are at approxim ately the sam e topog raphic level as adjacent 
Q i1 tribu tary fan su rfaces, and thu s m u st be of sim ilar ag e 
 

Othe r U nits  
 

Qe  - Quartz-ric h d une  s and  and  s and  s he e t d e pos its . M inim al g ravel pavem ents between 
du nes, which rang e in heig ht u p to abou t 5 ft, bu t are com m only less than 3 ft hig h. Du ne areas 
typically have sparse to m oderately dense veg etation, with sm all desert shru bs and g rasses. 

 
Qtc  - Quate rnary hills lope  talus  and  c olluvium . T hin, steeply to m oderately sloping , weakly 
bedded hillslope deposits m antling  the m iddle and lower slopes of basalt hills. Deposits are 
locally derived and very poorly sorted, consisting  of ang u lar to su bang u lar basalt cobbles and 
bou lders with a m atrix of sand, silt and clay. Older hillslope deposits have darkly varnished 
cobble and bou lder m antles and relatively clay-rich soils. 

d  - Dis turbe d  are as . M u ch of the qu adrang le has been distu rbed by hu m an activities, 
particu larly ag ricu ltu ral activities. T his u nit desig nation is u sed only in areas of su bstantial 
excavation or anthropog enic deposition, for exam ple, m ajor flood-control levees. 

 
Be d roc k U nits  
 

Tbu - uppe r bas alt. Basalt lava containing  3-7% -2m m  m afic phenocrysts (pyroxene and/or 
idding site altered olivine), and 5-10% 1-4m m  plag ioclase phenocrysts (sam ples: CAF-2-10637, 
10638, 10639, 10643, 10649, 10650, 11343, 11344, 11345, 11346, and 11348) 
 
Tbl - lowe r bas alt. Basalt lava containing  3-7%, 1-3m m  m afic phenocrysts (pyroxene and/or 
idding site altered olivine), and sparse 1-2m m  plag ioclase phenocrysts (sam ples: CAF-2-10640, 
10644, 10646, 10648) 
 
Tb - bas alt lava, und iffe re ntiate d . Basalt lava containing  2-7%, 0.5-3m m  m afic phenocrysts 
(pyroxene and/or idding site altered olivine) with sparse plag ioclase phenocrysts <2m m  
(sam ples: CAF-2-10622, 10626, 10631, and 10635). S hafiqu llah et al. (1980) report a whole 
rock, K/Ar ag e of 20.7 + 0.6 M a for this u nit, m aking  it the oldest known lava from  the Palo Verde 
lava field. 
 
Tba – bas alt, bas altic  and e s ite , tuff, and  volc anic las tic  s e d im e nts .  
 

 

Surfic ial Map U nits  - Pie d m ont Alluvium   
 
Q u aternary and late T ertiary piedm ont deposits from  the Belm ont M ou ntains to the north and the Palo Verde 
H ills to the west cover the western 90 percent of the m ap area. T his allu viu m  was deposited prim arily by 
larg er tribu tary stream s that head to the north of the qu adrang le and sm aller tribu taries that drain the Palo 
Verde H ills; these larg er stream s and sm aller stream s that head in this qu adrang le have eroded and 
reworked som e of these deposits. Clast litholog ies inclu de basalt and felsic volcanic rocks and m ixed g ranitic 
and m etam orphic rocks. Deposits rang e in ag e from  m odern to early Pleistocene or late Pliocene. 
Abbreviations u sed are ka, thou sands of years before present, and M a, m illions of years before present.  
 

Qyc  – Mod e rn s tre am  c hanne l d e pos its .  Active channel deposits com posed of very poorly-sorted 
sand, pebbles, and cobbles with som e bou lders to m oderately-sorted sand and pebbles. Channels 
are g enerally incised 0.5 to 4 m  below adjacent H olocene terraces and allu vial fans, bu t m ay be 
incised as m u ch as 8 m  below adjacent Pleistocene deposits. Channel m orpholog ies g enerally 
consist of a sing le thread, relatively deep channel or m u lti-threaded sm aller, shallower channels with 
g ravel bars. Channels are extrem ely flood prone and are su bject to deep, hig h velocity flow in 
m oderate to larg e flow events. Areas adjacent to Q yc deposits m ay be prone to lateral bank erosion. 
 
Qy2 - Late  Holoc e ne  alluvium .  You ng , typically fine-g rained deposits in floodplains, low terraces 
and sm all channels. Along  the larg er drainag es, u nit Q y2 sedim ent is g enerally poorly to very poorly 
sorted silt, sand, pebbles, and sm all cobbles; floodplain and terrace su rfaces typically are m antled 
with sand and finer sedim ent. On lower piedm ont areas and in sm aller tribu tary washes you ng  
deposits consist predom inantly of m oderately sorted sand and silt, with som e pebbles and cobbles in 
channels. S oils are pale brown in color (10 YR ), and soil developm ent is m inim al to very weak, 
consisting  at m ost of slig ht carbonate accu m u lation. Channels g enerally are incised less than 1 m  
below adjacent you ng  su rfaces, bu t locally incision m ay be as m u ch as 2 m . Channel m orpholog ies 
g enerally consist of a sing le- or m u lti-threaded channels with g ravel bars adjacent to low flow 
channels. Channels are flood prone and m ay be su bject to deep, hig h velocity flows in larg e flow 
events. S u bstantial lateral bank erosion m ay occu r in these deposits, and flood flows m ay 
sig nificantly chang e channel m orpholog y and flow paths. L ocal relief varies from  fairly sm ooth 
channel bottom s to u ndu lating  bar-and-swale topog raphy that is characteristic of coarser deposits. 
T erraces have planar su rfaces, bu t sm all channels are com m on.  
 
Qy1 - Holoc e ne  alluvium .  Older H olocene terrace deposits fou nd m ostly along  the m arg ins of 
incised drainag es throu g hou t the m ap area, and are qu ite extensive along  som e of the larg er 
washes. Q y1 su rfaces are hig her than adjacent Q y2 su rfaces and g enerally are not su bject to 
flooding . Q y1 terraces are g enerally planar bu t local su rface relief m ay be u p to 1 m  where g ravel 
bars are present. Q y1 su rfaces are 1-4 m  above adjacent active channels. S u rfaces typically are 
sandy bu t locally have u nvarnished open fine g ravel lag s or pebble and cobble deposits. Q y1 soils 
typically are brown in color (7.5 to 10 YR ) with weakly developed stag e I calciu m  carbonate 
accu m u lation (see M achette, 1985, for description of stag es of calciu m  carbonate accu m u lation in 
soils).   
 
Qyf - Fine -graine d  Holoc e ne  alluvium .  T hin, fine-g rain H olocene allu vial deposits form ed in 
swales on ridg es of m id-Pleistocene fan deposits. T hese deposits are very thin, typically less than 
0.5 m  thick, bu t locally m ay be 1 m  or m ore thick. S edim ent typically is brown (7.5YR ) m ainly silt and 
sand, with occasional deposits of open, u nvarnished, fine g ravel lag . S oil developm ent is m inim al, 
with su bstantial dissem inated carbonate bu t little visible carbonate accu m u lation.   
 
Qye  - Mixe d  young e olian d e pos its  and  alluvium . W eak, lim ited g ravel lag  deposits with sm all 
coppice du nes and discontinu ou s sm all channels; the extent of g ravel su rface lag s and the 
abu ndance of sm all channels varies su bstantially, som e areas are com posed m ostly of sm all du nes 
with lim ited pavem ents and few channels. Veg etation is very sparse and sm all on flat areas; desert 
shru bs, m ainly creosote bu sh, are com m on on coppice du nes. S u rfaces are g enerally brown to tan 
on aerial photos, and they com m only have striped appearance. 
 
Qy - Holoc e ne  alluvial d e pos its , und iffe re ntiate d . 
 

Qi3 - Late  Ple is toc e ne  alluvium .  U nit Q i3 is com posed of slig htly to m oderately dissected relict 
allu vial fans and terraces. Active channels are incised u p to abou t 1-2 m  into Q i3 su rfaces, and Q i3 
fans and terraces are lower in elevation than adjacent older su rfaces. Q i3 deposits consist of 
pebbles, cobbles, and finer-g rained sedim ent. Q i3 su rfaces com m only are fairly sm ooth with weak 
bar and swale topog raphy and open to m oderately tig ht pebble and cobble pavem ents. L ocally, 
pavem ents are tig ht. S u rface g ravel clasts typically exhibit weak to m oderate brown rock varnish bu t 
som e su rfaces in the northern part of the qu adrang le that are m ainly com posed of fine-g rained 
volcanics are m ore darkly varnished. Q i3 soils are m oderately developed, with brown loam y (7.5 YR ) 
near-su rface horizons with m inor clay and stag e II calciu m  carbonate accu m u lation.   
 
Qi2 – Mid d le  to late  Ple is toc e ne  alluvium .  U nit Q i2 is com posed of m oderately dissected relict 
allu vial fans and terraces with m oderate soil developm ent. Q i2 su rfaces are drained by broad swales 
and well-developed, m oderately incised tribu tary channel networks; channels are typically 1-2 
m eters below adjacent Q i2 su rfaces. W ell-preserved, planar Q i2 su rfaces are fairly sm ooth with 
pebble and cobble pavem ents; where the su rface g ravel is cobbly, su rfaces typically retain som e 
evidence of depositional bars. S u rface color is reddish brown; su rface g ravel clasts are m oderately 
to strong ly varnished. M ore eroded, rou nded Q i2 su rfaces are characterized by strong ly varnished, 
scattered, cobble to pebble lag s. S oils associated with planar su rface rem nants typically contain 
reddened (5 to 7.5 YR ), clay loam  arg illic horizons, with clay coating s and su bang u lar blocky 
stru ctu re. U nderlying  soil carbonate developm ent is typically stag e III with areas as strong  as stag e 
IV. Carbonate is abu ndant throu g h at least 1 m  of the soil profile. In m ore eroded locations, arg illic 
horizons have been rem oved and soils are calcic throu g hou t. 
 
Qi1 – Mid d le  Ple is toc e ne  alluvium .  U nit Q i1 is com posed of m oderately dissected, g enerally 
rou nded relict allu vial fan su rfaces. Q i1 su rfaces form  planar rem nants and broadly rou nded ridg es 
that are 1-2 m  hig her than adjacent Q i2 su rfaces. Drainag e networks inclu de broad swales on the 
ridg e tops and tribu tary channels incised 3 to 4 m . U nderlying  eroded Q T s deposits are occasionally 
exposed along  som e ridg e slopes and wash banks. W ell-preserved Q i1 su rfaces are lim ited in 
extent, bu t have m oderately to tig htly packed cobble, bou lder, and pebble lag . S u rface clasts are 
variably varnished and com m only have carbonate rinds u p to 2 m m  thick, and ru bble from  u nderlying  
petrocalcic horizons are fairly com m on on Q i1 su rfaces. M ore eroded, rou nded Q i1 su rfaces are 
characterized by variably varnished, scattered, cobble and bou lder lag s with locally exposed lam inar 
carbonate horizons. W here well preserved, Q i1 soils calcic throu g hou t, with u nderlying  stag e IV to 
weak stag e V petrocalcic horizons.  
 
Qi – Mid d le  and  late  Ple is toc e ne  alluvial d e pos its , und iffe re ntiate d . 
 
Qo – Early Ple is toc e ne  alluvium .  U nit Q o is com posed of m oderately to deeply dissected, planar 
relict allu vial fan su rfaces with broadly rou nded m arg ins. Q o su rfaces form  planar rem nants and 
broadly rou nded ridg es that are 2-10 m  hig her than adjacent washes. Drainag e networks on broad 
Q o su rfaces typically are weakly developed and m inim ally incised, bu t locally washes draining  the 
m arg ins of these su rfaces are incised 5-10 m . W ell-preserved Q o su rfaces have abu ndant calciu m  
carbonate cem ented petrocalcic ru bble. S u rface clasts are variably varnished, bu t basalt and 
basaltic andesite clasts com m only are very darkly varnished. R ou nded m arg ins of Q o su rfaces are 
characterized by variably varnished cobble and bou lder lag s with exposed lam inar carbonate 
horizons. W here well preserved, Q o soils calcic throu g hou t, with m oderate to strong  stag e V 
petrocalcic horizons. 
 
QTs  - Early Ple is toc e ne  to Plioc e ne  alluvium .  U nit Q T s is com posed of eroded g enerally 
fine-g rained basin deposits, locally overlain by you ng er Q u aternary u nits. Q T s deposits typically 
are poorly exposed on ridg e slopes, in wash banks, and in channels as strath terraces. T he 
thickness of Q T s deposits is variable, bu t certainly is at least tens of m eters (S hou stra et al., 
1976). In the shallow su bsu rface, u nit Q T s inclu des an extensive clay-rich u nit (the Palo Verde 
clay) that is older than 2 M a (S hou stra et al., 1976). S u rface exposu res of Q T s inclu de weakly to 
m oderately indu rated, cross-bedded, red, pebbly sandstones, silt and clay deposits, and bu ried 
paleosols. 
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Introd uc tion 
T he area covered by this g eolog ic m ap inclu des all of the W intersbu rg  7 ½' qu adrang le and 
parts of the adjacent Arling ton, G illespie and T onopah qu adrang les su rrou nding  the Palo 
Verde N u clear G enerating  S tation (PVN G S ). T he m ap area is located 40 to 55 m iles (70-90 
km ) west of downtown Phoenix. T he m ap area covers the piedm ont between the Palo Verde 
H ills and the H assayam pa R iver and a 7 m ile (11 km ) reach of the H assayam pa R iver. T he 
qu adrang le inclu des the PVN G S , Interstate H ig hway 10, and nu m erou s M aricopa Cou nty 
roads. It has experienced som e su bu rban developm ent associated with the PVN G S  and is 
cu rrently on the ou ter fring e of the g reater Phoenix m etropolitan area, so m ore developm ent is 
likely in the fu tu re. T he sm all bedrock hills in the sou thwestern qu arter of the qu adrang le were 
m apped by Charles Ferg u son in the spring  of 2005. S u rficial deposits that cover m ost of the 
qu adrang le were m apped by Philip Pearthree u sing  color aerial photos from  1979, hig h-
resolu tion dig ital color orthophotos provided by the Flood Control District of M aricopa Cou nty, 
N ational Ag ricu ltu ral Inventory Prog ram  (N AIP) photos from  2010 and 2013, and topog raphic 
inform ation from  U .S . G eolog ical S u rvey m aps and G oog le E arth. Field checking  was done in 
the spring , su m m er and fall of 2005, with additional fieldwork in the fall of 2013 and the winter 
and spring  of 2014. T he m apping  in 2005 was done in conju nction with g eolog ic m apping  of 
the Flatiron M ou ntain 7 ½' qu adrang le (S pencer et al, 2005) to the north, and this qu adrang le 
m ap is one of eig ht 1:24,000 scale g eolog ic m aps covering  m ost of the H assayam pa Valley 
that have been produ ced in 2004 - 2006. T his m apping  was com pleted u nder the joint S tate-
Federal S T AT E M AP prog ram , as specified in the N ational G eolog ic M apping  Act of 1992. T he 
additional m apping  com pleted in 2014 was done in cooperation with L ettis Consu ltants 
International (L CI) as part of an investig ation of seism ic hazards for the PVN G S . Fu nding  for 
this m apping  was provided by Arizona Pu blic S ervice.   

 
Surfic ial Ge ology 
T he m ap area is predom inantly covered with su rficial deposits laid down by the H assayam pa 
R iver and nu m erou s sm aller tribu tary stream  system s. T hese su rficial deposits were m apped 
prim arily u sing  stereo pairs of color aerial photos taken in 1979 for the Bu reau  of L and 
M anag em ent, hig h-resolu tion dig ital orthophotos from  the FDCM C and the N AIP, and 
topog raphic inform ation obtained from  the 7 ½' U .S . G eolog ical S u rvey qu adrang le m aps. 
M apping  interpretations were verified by field observations du ring  the spring , su m m er and fall 
of 2005; additional field observations were m ade in 2013-14. U nit characteristics were 
described and u nit bou ndaries were spot-checked in the field. T he physical characteristics of 
Q u aternary allu vial su rfaces (channels, allu vial fans, floodplains, stream  terraces) evident on 
aerial photog raphs and in the field were u sed to differentiate their associated deposits by ag e 
and sou rce. T his m apping  was com piled over N AIP dig ital orthophoto bases. M apping  was 
done in a G IS  form at and the final linework was g enerated from  the dig ital data.  
 
S everal characteristics evident on aerial photog raphs and on the g rou nd were u sed to 
differentiate variou s allu vial su rfaces and deposits associated with them  by ag e and sou rce. 
T he color of allu vial su rfaces is prim arily controlled by soil color, desert pavem ent developm ent 
and rock varnish, and veg etation type and density. S ig nificant soil developm ent beg ins 
beneath an allu vial su rface after it becom es isolated from  active flooding  and deposition (G ile 
et al., 1981, Birkeland, 1999). H olocene soils typically have relatively su btle horizons and 
g enerally are brown or g ray in the field and on aerial photog raphs. M ore distinct, relatively 
obviou s soil horizons develop over thou sands to tens of thou sands of years. T ypical soil 
horizons in Pleistocene allu vial sedim ents of Arizona are reddish brown arg illic horizons (zones 
of clay accu m u lation) and white calcic horizons (zones of calciu m  carbonate and silica 
accu m u lation). In arid areas su ch as the lower H assayam pa Valley, clay accu m u lation and 
reddening  associated with arg illic horizon developm ent tend to be relatively weak even on old 
allu vial su rfaces. On color aerial photog raphs and on the g rou nd, older allu vial su rfaces 
characteristically appear slig htly redder or distinctly whiter (on m ore eroded su rfaces) than 
you ng er su rfaces. Dark rock varnish and g ravel pavem ents also develop with tim e on stable 
allu vial su rfaces, so well-preserved older su rfaces typically have a dark brown color. 
Differences in the drainag e patterns between su rfaces also provide clu es to su rface ag e. 
You ng  allu vial su rfaces com m only display distribu tary (branching  downstream ) or 
anastom osing  (branching  and rejoining ) channel patterns. Areas adjacent to active channels 
com m only have little channel developm ent becau se u nconfined shallow flooding  
predom inates. Dendritic tribu tary (joining  downstream ) drainag e patterns are characteristic 
where m odern drainag es are incised into older su rfaces. T opog raphic relief between adjacent 
allu vial su rfaces and the depth of entrenchm ent of channels can be determ ined u sing  stereo-
paired aerial photog raphs and topog raphic m aps. You ng  su rfaces are m inim ally dissected and 
are less than 1 m  above channel bottom s. Active channels are entrenched 1 to 5 m  below 
Pleistocene allu vial su rfaces, and the older su rfaces typically have been m oderately to 
severely rou nded by erosion. Ag es of variou s su rficial deposits of the m ap area were rou g hly 
estim ated based on reg ional correlations to sim ilar su rficial deposits in sou thern Arizona.   
 
Variations in the distribu tion of su rfaces of different ag es and sou rces and concom itant 
variations in dissection across the qu adrang le provide evidence reg arding  the recent g eolog ic 
evolu tion of this area. G enerally, areas adjacent to the H assayam pa R iver are m oderately to 
deeply dissected. T he hig hest terrace rem nants of the H assayam pa R iver (u nit Q orh) record 
the level of the river bed in the early to m iddle Q u aternary. Q orh terraces rest atop a several 
hu ndred m eter thick ag g radational sequ ence that was deposited du ring  late T ertiary to early 
Q u aternary (u nits Q T s) (S hou stra et al., 1976). Adjacent piedm ont areas to the west and north 
were ag g rading  in the late Pliocene and early Q u aternary as well (u nit Q T s). At that tim e the 
river was probably was depositing  sedim ent across a fairly broad floodplain in the eastern part 
of the qu adrang le, and distal allu vial fans on both sides of the river were interfing ering  with the 
river floodplain. S ince then the H assayam pa R iver has downcu t 10 to 15 m , with incision 
increasing  slig htly to the north. Preservation of Pleistocene river terraces recording  
interm ediate levels of the H assayam pa R iver is poor. T he valley bottom  along  the 
H assayam pa R iver consists alm ost entirely of m odern channel deposits (u nit Q ycr) and late 
H olocene floodplain deposits (Q y2r). T ribu tary washes im m ediately west and east of the 
H assayam pa R iver have downcu t in response to incision of the river, and late Q u aternary 
deposits are qu ite lim ited in extent along  these drainag es.   
 
In the western 90% of the m ap area, piedm ont washes drain to the sou th to the G ila R iver or 
Centennial W ash, a sizable tribu tary of the G ila R iver. M u ch of this piedm ont is m antled by 
Pleistocene tribu tary deposits (u nits Q i1, Q i2, or Q i3). Older Pleistocene deposits (Q i1) have 
been eroded into broadly rou nded. T he relatively sm all tribu tary washes that drain this area are 
incised a few m eters or less below adjacent Pleistocene allu vial su rfaces. E ven thou g h the 
am ou nt of net incision is m odest, there is enou g h topog raphic confinem ent of active flu vial 
system s that late Pleistocene deposits typically are fou nd on the fring es of the eroded m iddle 
Pleistocene ridg es, and H olocene deposits are fou nd on valley bottom s. Ag ricu ltu ral activity, 
m ore recent residential developm ent, ag g reg ate pits and the PVN G S  have m odified the 
landscape to g reater or lesser deg rees. Areas are m apped as “distu rbed” where the su rficial 
deposits are profou ndly altered (g ravel pits, nu clear plant, interstate hig hway); su rficial 
deposits other areas with less profou nd distu rbance are depicted as m ore g eneral u nits with 
approxim ate contacts. 
 
Ge ologic  Hazard s  and  Aggre gate  Re s ourc e s  
T he g eom orpholog y and su rficial g eolog y of the qu adrang le provide clu es to the extent and 
character of flood hazards and the availability of ag g reg ate resou rces. G eolog ically you ng  
flu vial deposits (u nits Q yc, Q y2, and locally Q y1 along  tribu tary washes and u nits Q ycr, Q y2r 
along  the H assayam pa R iver) record recent flu vial activity. T he H assayam pa R iver is incised 
and flooding  is restricted to the valley bottom . T he fact that the valley bottom  is covered alm ost 
entirely by late H olocene deposits strong ly su g g ests that the valley bottom  is the floodplain, 
and all portions of it have been su bjected to recent inu ndation and deposition. Flooding  is 
restricted to the valley bottom . T he fact that the valley bottom  is covered alm ost entirely by late 
H olocene deposits strong ly su g g ests that the valley bottom  is the floodplain, and all portions of 
it have been su bjected to recent inu ndation and deposition. Flooding  is restricted to relatively 
narrow corridors along  the incised tribu tary washes that drain directly to the H assayam pa. 
Flood-prone areas are som ewhat m ore extensive in the western 2/3 of the qu adrang le where 
incision is m odest. Valley bottom s covered with you ng  deposits bu t channels are qu ite sm all, 
im plying  that shallow sheet flooding  and bank erosion along  channels are the principal flood 
hazards. Althou g h valley bottom s are fairly wide, there are no m ajor distribu tary channel 
networks or active allu vial fans on the piedm ont. 
 
Ag g reg ate resou rces were extracted from  several sm all pits in piedm ont su rficial deposits near 
Interstate H ig hway 10, probably for constru ction of the hig hway. T wo larg er ag g reg ate 
operations are cu rrently active along  the H assayam pa R iver north of I-10. T hese operations 
are apparently m ining  ag g reg ate prim arily from  H olocene river deposits, bu t they m ay be 
drawing  u pon older river deposits as well. T he potential for u sefu l ag g reg ate resou rces in older 
river deposits that flank the m odern floodplain is not known becau se the thickness of these 
deposits is u ncertain. 
 
Both earth fissu res (AZG S , 2015) and g iant desiccation cracks (H arris, 2003) have been 
recog nized in the sou thwestern portion of the m ap area. An earth fissu re opened in the 
su m m er of 2000 abou t 3 m iles (5 km ) sou theast of W intersbu rg . T he fissu re trends nearly 
north-sou th and is abou t 1,150 ft (350 m ) long . In two locations the fissu re is en echelon, with 
N W -S E  steps. A com plex of new earth fissu res totaling  620 ft (190 m ) opened approxim ately 
400 ft (120 m ) to the north-northwest of the initial fissu re in the fall of 2014. T hese new fissu res 
appear to be an extension of the initial fissu re and also exhibit en echelon cracks that splay 
into a y-shaped arrang em ent at the northern end. T here is no discernable vertical offset across 
any of the fissu res. T he location of the fissu res, at the edg e of the Palo Verde basin and 
som ewhat in line with the trend of a sm all hill, su g g ests that a shallow bu ried bedrock ridg e 
m ay extend sou th of the hill beneath the trace of the fissu res. If this scenario is correct, the 
crack m ay represent fissu ring  du e to com paction and su bsidence on either or both sides of the 
bu ried ridg e. An area of shallow g iant desiccation cracks lies between the earth fissu re zones. 
T hese cracks appeared at the sam e tim e as the initial earth fissu re. Alig nm ents of established 
veg etation in som e portions of the polyg onal desiccation crack network dem onstrate that 
cracking  has occu rred periodically in the past. Additional areas of g iant desiccation cracks 
were m apped by H arris (2003), and m ore were identified recently and are inclu ded on this 
m ap. 
 
T wo approxim ate or inferred fau lts are depicted that displace M iocene volcanic rocks. W e 
fou nd no evidence that these fau lts have been active du ring  the Q u aternary, nor did we find 
any other evidence of Q u aternary fau lt activity in the m ap area. 
 
Mapping Re s pons ibility 
Pearthree is responsible for all of the su rficial g eolog ic m apping  in the m ap area. Ferg u son 
m apped the bedrock g eolog y of the W intersbu rg  qu adrang le (Pearthree et al., 2006). Bedrock 
g eolog ic u nits for all areas ou tside of the W intersbu rg  qu adrang le are based on the com pilation 
m ap of R eynolds and S kotnicki (1993), bu t m ap u nit bou ndaries were m odified by Pearthree 
u sing  hig h-resolu tion orthophotog raphy and topog raphy. E arth fissu res were orig inally m apped 
by H arris; som e additional fissu res were m apped by Cook in 2015. 
 
Be d roc k Ge ology 
M afic lavas of the 16.9 to 20.7 M a (S hou stra et al., 1976;) Palo Verde H ills lava field constitu te 
the only bedrock exposed in the area.  T he volcanic strata are g ently dipping  and show no sig n 
of m ajor deform ation.  A m inor down-to-the-sou thwest norm al fau lt offsets the lavas in the hills 
ju st north of the PVN G S  (Pearthree et al., 2006), bu t these kinds of fau lts are com m on 
throu g hou t the Basin and R ang e province of sou thwestern Arizona and there is little or no 
reason to su ppose that this or other fau lts like it that are probable also present in the area have 
been recently active, or that that they ever will be in the fu tu re.   
 
Based on extensive g eochem ical analyses of m afic lavas in the area, S hou stra et al. (1976) 
recog nized two kinds of m afic lava: basaltic andesite and basalt, and as a resu lt defined two 
bedrock m ap u nits: basalt (T b), and a com bined u nit of basalt, basaltic andesite, and m inor tu ff 
and volcaniclastic rocks (T ba). L ater, m ore detailed m apping  by Pearthree et al. (2006) in an 
area confined to the W intersbu rg  7.5’ qu adrang le showed that, in the im m ediate vicinity of the 
PVN G S , basaltic andesitic lava overlies basaltic lava along  a g ently northeast-dipping  contact 
that is probably depositional (the contact is exposed in a hill in the north-central part of section 
27, T 1N , R 6W .  It shou ld be noted that S hou stra et al.’s (1976) definition of basalt versu s 
basaltic andesite (g eochem istry) differs from  the m ore recent stu dy (Pearthree et al., 2006) 
which was based on petrolog y of the lavas.  In the Pearthree et al. (2006) classification, lavas 
with fairly abu ndant plag ioclase phenocrysts were identified as basaltic andesitic, and those 
with sparse or m inor plag ioclase phenocrysts were classified as basaltic.  W hen the 
W intersbu rg  qu adrang le m ap (Pearthree et al., 2006) was com bined with the m apping  of 
S hou stra et al. (1976) to produ ce this m ap, no attem pt was m ade to reconcile the different 
definitions of the m afic rocks.  Becau se of this, we show the basalt and basaltic andesite lavas 
in the im m ediate vicinity of the PVN G S  as m ap u nits T bl and T bu  respectively and do not 
attem pt to extend these u nits elsewhere on the m ap.   
 
M afic lavas in the hills directly east of the PVN G S  are basaltic based on both stu dy’s 
classifications, bu t since they show no stratig raphic relationship to the basaltic andesitic rocks 
(T bu  m ap u nit) adjacent to the PVN G S , they are correlated with the m ore g eneric T b m ap u nit.  
T he T b lavas in this area were dated by S hafiqu llah et al. (1980) as the oldest in the area, 
which su g g ests that they m ay correlate with the T bl (older) u nit.  H owever, as noted by 
Pearthree et al. (2006), the lava flows in sections 35 and 36, T 1N , R 6W  appear to dip 
m oderately to the sou thwest and they m ig ht be a different (older or you ng er) ag e than those 
near the PVN G S .  T he difference in stratig raphic tilt of the volcanic strata near the PVN G S  
(northeast), with the sou thwest-tilted strata in the aforem entioned hills indicates that an 
anticlinal tilt-dom ain bou ndary exists in the vicinity of the PVN G S .  T his shou ld not be taken as 
evidence of any sort of stru ctu ral instability however, since tilt-dom ain bou ndaries of this sort 
are present throu g hou t the Basin and R ang e province of the Am erican sou thwest (eg . S tewart, 
1980).  In this and nearly all other instances like it, stru ctu res related to tilt-dom ain bou ndaries 
in the Basin and R ang e province have been inactive for m illions of years. 
 

T opog raphic base m ap derived from  m u ltiple U S G S  7.5'
qu adrang les com piled and shaded u sing  iG ag e All T opo M aps V7.
Projection: U niversal T ransverse M ercator, datu m : N AD 83, U T M
zone 12. Contou r interval 10 feet. M ag netic declination 11½º east
of tru e north. U T M  N AD 83 g rid and lat-lon m arkers produ ced
u sing  E S R I ArcM ap v. 10.2.
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