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Map U nit Descriptions

Low-intermediate Gila River terraces - Qi3r deposits com prise Latest P leistocene river terrace deposits along th e G ila R iver.
Qi3r deposits associated w ith  th e G ila R iver occupy low er elevations in th e landscape th an Qi2r deposits, from  20 - 30 m  (65 -
100 ft) above th e m odern G ila R iver ch annel. Qi3r terraces are located up to 4 km  (2.5 m iles) outside th e m argins of th e
m odern G ila R iver ch annel and are inset into older, h igh er-standing G ila R iver gravel-capped basin fill deposits. Lava Creek B
ash  deposits, w h ich  date to 0.64 Ma (Houser et al., 2002), w ere found interbedded w ith in th ese deposits in th e eastern area of
th e valley. Qi3r deposits consist of w ell-rounded to subangular pebbles to cobbles of diverse lith ology w ith  cross-bedded
coarse sandy interbeds. Qi3r soils are m oderately developed w ith  orange to reddish  brow n (7.5YR) sandy loam  to clay loam
argillic h orizons and stage II+ calcium  carbonate accum ulation. Qi3r terrace surfaces are planar, often capping basin fill
deposits, and are ligh tly vegetated by creosote, cactus, and grasses.

Qi3r

High Gila River terraces - Qi1r deposits occupy positions in th e landscape h igh er th an Qi2r and low er th an Qor deposits, up to
80 m  (260 ft) above th e m odern G ila R iver ch annel. Qi1r deposits exh ibit planar rem nant caps w h ere extensive, transitioning
to broad, w ell rounded slopes near eroded edges. Qi1r deposits are com posed of very w ell-rounded to w ell-rounded pebbles
and cobbles of diverse lith ology. Cross-bedded sands w ith  pebbly stringers are interbedded th rough out. N ear-surface cobble
beds exh ibit stage III - IV  calcium  carbonate accum ulation. Moderately to strongly calcium  carbonate coated clasts or
cem ented aggregates of clasts m antle th e flanks of Qi1r deposits, but clay accum ulation is variable, probably due to poor
surface preservation. W h ere surfaces are w ell-preserved, Qi1r soils exh ibit reddened (5-2.5YR) argillic h orizons w ith  obvious
clay skins and subangular to angular blocky structure. U nderlying soil carbonate developm ent is typically stage III-IV , w ith
abundant carbonate th rough  at least 1 m  (3.3 ft) of th e soil profile. A Qi1r terrace in th e eastern portion of th e valley w as dated
using burial cosm ogenic dating tech niques to 2.8 +/- 0.1 Ma (AZ29; Jungers and Heim sath , 2015). Creosote, low  grasses,
m esquite, and ocotillo especially on eroded slopes exposing th e cem ented carbonate h orizon inh abit Qi1r deposits. Qi1r G ila
R iver deposits are only preserved on th e north  side of th e G ila R iver in th e m ap area.

Qi1r

Intermediate-high Gila River terraces - Middle to late P leistocene river terrace deposits along th e G ila R iver. Qi2r deposits
associated w ith  th e G ila R iver are sim ilar to Qi3r deposits in m orph ology and vegetation, but occupy h igh er positions in th e
landscape, up to 50 m  (165 ft) above th e m odern G ila R iver ch annel. Terrace surfaces are extensive and planar to m oderately
rounded near edges. Clast com position is diverse. W ell-rounded pebbles, cobbles, and boulders are abundant in cross section
w h ile th e extensive planar cap is dom inantly fine grained. S urface clasts on som e w ell-preserved Qi2r deposits exh ibit m ild to
m oderate rock varnish  and w eak pavem ent form ation. V egetation on Qi2r deposits is dom inated by creosote and includes
ocotillo, bunch  grasses, and m esquite. Qi2r soils are m oderately w ell developed, reddened (5 YR), exh ibit clay-rich  argillic
h orizons, w ith  obvious clay skins and subangular to angular blocky structure. U nderlying soil carbonate developm ent is
typically stage II to IV , w ith  abundant carbonate th rough  at least 1 m  (3.3 ft) of th e soil profile. T h is carbonate cem ented cap
arm ors Qi2r and underlying Tsy deposits from  erosion. S oil developm ent is m ore evident in finer grained sections. A Qi2r
terrace in th e eastern portion of th e valley w as dated using burial cosm ogenic dating tech niques to 1.3 +/- 0.1 Ma (AZ32;
Jungers and Heim sath , 2015). Qi2r surfaces are typically found as h igh -standing isolated m ounds surrounded by distal fan
alluvium  or as elongate terraces inset into older river, fan, or basin fill alluvium . Locally, Qi2r deposits are subdivided into tw o
m em bers w ith  sim ilar m orph ology th at occupy different positions in th e landscape. Qi2r G ila R iver deposits are only preserved
on th e north  side of th e G ila R iver in th e m ap area.

Qi2r

High standing broad piedmont terraces  - Qy1 deposits consist of planar terraces along larger piedm ont drainages th at are 1 -
2 m  (3 - 6 ft) h igh er in th e landscape th an adjacent Qy2 terraces and eroded, rem nant alluvial fan deposits on low er piedm ont
areas. Qy1 deposits are com posed of sandy to pebbly sw ales w ith  coarser unvarnish ed to very ligh tly varnish ed pebble to
cobble bars, and partially overlie P leistocene deposits in som e areas. N ear th e m ountain front, bar and sw ale
m icrotopograph y is som ew h at m uted by generations of vegetation m ounding. P ebbles and cobbles exposed in cross section
exh ibit stage I-II calcium  carbonate accum ulation w ith in a m edium  brow n m atrix of fine sand to silt. S om e reddened clay rich
aggregate and calcium  carbonate coated clast inclusions h ave been rew orked from  older deposits. Qy1 surfaces are generally
isolated from  flooding associated w ith  th e m odern drainage system  alth ough  inundation m ay be possible during extrem e
precipitation and runoff events. V egetation on Qy1 deposits is sim ilar to th at found on Qy2 deposits w ith  th e addition of
creosote, w h iteth orn and catclaw  acacia.

Qy1

Basin Fill Deposits, fine-grained - T h is unit represents distal fan and basin center deposits, and is correlative to th e 111
Ranch  beds described by Houser (1990). U nit Tsf is com posed of finer-grained basin-fill deposits of interbedded sand, silt,
m ud, clay and lim estone w ith  sequences th at often repeat. Beds in th ese deposits include tan, m assive (5-50 cm ) to th inly
bedded (< 1-5 cm ) to lam inar, w ell-sorted fine sand and very fine sand; tan lenticular and cross-bedded sandstone,
brow n m assive silt to silty clay (5-50 cm ) th at breaks into blocks; tan sand to silty sand unconsolidated beds and
consolidated flaggy consolidated sandstone beds; reddish  tan clay and m ud over th inly bedded (2-10 cm ) lim estone beds,
m inor, th in lim estone beds and stringers, and teph ra beds. Lim estone beds in th is unit are variable and m ay include
groundw ater precipitates, carbonate m udflats and/or sh ort-lived sh allow  w ater precipitates. U nit Tsf represents distal
alluvial fan environm ents tow ards th e m ountain front th at grades into basin-center lacustrine or near-lake environm ents.
U nit Tsf interfingers w ith  unit Tsc tow ard th e m ountain front and grades into unit Tsl tow ards th e w est w h ere th e evidence
of a lake is m uch  stronger.

Tsf

Basin Fill Deposits, lacustrine - Interbedded tan, fine-grained silty sand to consolidated flaggy sandstone beds, lim estone
beds and, occasionally, teph ra. U nit Tsl is found tow ards th e w estern part of th e m ap area. Here, lim estone beds are
th icker (up to ~ 1+ m ) w ith  th icknesses increasing tow ards th e w est and exh ibit  algal m att textures, teepee structures and
desiccation cracks, indicating interm ittent subaerial exposures. T h e lim estone beds are separated by beds of silty sand
and consolidated sandstone. At th e w estern end of th e m ap area, individual lim estone beds can be traced w estw ard into
th e S an Carlos area and th e lacustrine beds of W rucke et al. (2004).

Tsl

Basin Fill Deposits, undivided - W eakly to m oderately consolidated silt, clay, sand, and gravel deposited in basins during and
after late Cenozoic faulting. Tsy deposits are generally ligh t to m edium  brow n to tan (7.5 YR 6/4) in color. T h ey com m only form
h igh  rounded h ills and ridges in m odern basins, and locally form  prom inent bluffs w h en overlain by m ore consolidated, erosion
resistant Quaternary deposits. W h ere uncapped, th ese deposits form  gently rolling, low  relief h ills th rough out th e m ap area,
broadly dissected by tributary drainage netw orks. Exposures are found along m ajor drainages and are divided into th ree
general facies w h ere exposures perm it. U nit Tcs is found nearer th e m ountain front and represents local alluvial fan deposits
interbedded and interfingered w ith  finer-grained distal fan deposits (unit Tsf; 111 Ranch  Beds; Houser, 1990). W h ere possible,
th e interfingering relationsh ip of th ese tw o units are m apped as Tsm , interbedded m argin sedim ents. Tow ards th e valley
center, unit Tsf is th e dom inant basin fill deposit. S outh  of th e G ila R iver, to th e east of th is m ap area, are exposures of
near-lake and lacustrine deposits th at are correlative to th e Bear S prings W ash  beds (Houser, 1990). In th is m ap area,
h ow ever, th e general Tsy unit is used as underlying basin fill deposits are covered by colluvium . T h e 111 Ranch  and Bear
S prings W ash  beds record a tim e w h en th e S afford Basin w as closed and T ertiary Lake G rah am  existed. Houser (1990)
suggested th at th ese basin fill deposits m ay be as young as late P leistocene, h ow ever a clear erosional contact is evident
betw een th e basin fill units (Tsy, Tsc, Tsf, Tsm ) and overlying, coarser Quaternary units (Qo, Qi1, Qi2, Qi3) suggesting th at
th ese basin fill deposits are P liocene. V egetation on basin fill deposits ranges from  bunch  grass ground cover, sm all sh rubs,
acacia, desert broom , and m esquite in low lands to yucca, prickly pear, barrel, larger m esquite, oak, and agave on h igh
standing Tsy deposits.

Tsy

Late to early Holocene river terrace deposits - Deposits associated w ith  sligh tly h igh er terraces th at represent h igh er
elem ents of older Holocene aggradation periods. T h ese terraces appear predom inantly fine-grained on th e surface but often
exh ibit coarse gravelly to cobbly beds in th e subsurface. S urface features h ave often been h istorically disturbed by
agriculture and extensive portions of Qy1r deposits in th e G ila V alley are obscured by th e tow ns of S afford, T h atch er, P im a,
and S olom on. Qy1r deposits are th e m ost laterally extensive Holocene G ila R iver deposits in th e valley, som etim es
exceeding 3.2 km  (2 m iles) w ide. Holocene fan onlap extends out onto Qy1r deposits by as m uch  as 2,000 m  (6,560 ft)
alth ough  an interfingering relationsh ip likely exists in th e subsurface. Qy1r deposits are m apped outside th e geom orph ic lim it
of Klaw on (2001, 2003). S oil developm ent is m oderate and surface color ranges from  10 to 7.5 YR 4/4 alth ough  som e
terraces appear m ore reddish  due to local source lith ologies and clasts derived from  distal fan onlap. A ligh t dusting (incipient
stage I) of calcium  carbonate accum ulation is evident on th e undersides of som e buried clasts. Qy1r surfaces stand up to 9
m  (30 ft) above th e active ch annel typically are 3 m  (10 ft) h igh er th an adjacent Qy2r surfaces.

Qy1r

Latest Holocene to historical river terrace deposits - Late Holocene floodplain and overbank deposits of th e G ila R iver. Qy2r
deposits are associated w ith  broadly planar surfaces th at locally retain th e sh ape and extent of past river m eanders. Qy2r
surfaces are located up to 4 m  (13 ft) above th e m odern G ila R iver ch annel (unit Qycr) and floodplain (unit Qy4r). Qy2r
deposits are typically fine grained floodplain deposits w ith  occasional pebbly to cobbly interbeds. Most Qy2r surfaces h ave
been altered by long term  agricultural use. W h ere undisturbed, m esquite bosque and tall grasses are present on th ese
surfaces. T h e extent of Qy2r deposits th rough out th e m ap area w as delineated using m odern and h istorical aerial ph oto
stereo pairs and m apping by Klaw on (2001, 2003). T h e “P im a soil boundary” and “geom orph ic lim it” bracket Qy2r deposits.
T h e geom orph ic lim it approxim ates a lim it of surface m odification by floods and lateral ch annel m igration of th e G ila R iver for
at least th e past 1,000 years (Klaw on, 2001, 2003) T h ese surfaces appear predom inantly fine grained at th e surface due in
part to th e input of organic m atter and w indblow n dust deposition but are com posed of interfingering coarse sandy to pebbly
braided ch annel and fine sand to silty river floodplain deposits. Qy2r deposits are not subject to inundation by m oderate river
floods, but m ay be flood-prone during extrem e floods. Qy2r deposits are also subject to catastroph ic bank failure due to
undercutting and lateral erosion during flow  events w h ere adjacent to Qycr or Qy4r deposits. Distal piedm ont fan deposits
(unit Qy2) onlap onto Qy2r deposits alth ough  an interfingering relationsh ip likely exits in th e subsurface.

Qy2r

Historical floodplain, bar and valley-floor deposits - Terrace deposits occupy elevations from  2 - 3 m  (6 - 10 ft) above Qycr or
Qy4r deposits and are inset below  th e pre-incision h istorical floodplain. T h ese surfaces are generally planar but locally
exh ibit bar and sw ale m icrotopograph y. Much  of th e Holocene G ila R iver floodplain in th e G ila V alley h as been utilized for
agricultural purposes first by native peoples inh abiting th e region and later by anglo settlers in th e late 1800s. As such , m uch
of th e G ila R iver h istorical floodplain h as been disturbed since before th e earliest aerial ph otograph s in th e 1930s. Qy3r
deposit boundaries w ere delineated using m odern and h istorical aerial ph oto stereo pairs and m apping by Klaw on (2001,
2003). T h e outer m argins of Qy3r deposits farth est from  th e m odern G ila R iver ch annel correspond w ith  th e P im a soil
boundary from  Klaw on’s m ap. T h is boundary is th ough t to represent a lim it of lateral ch annel m igration by th e G ila R iver for
th e past several h undred years (Klaw on, 2001, 2003). Alth ough  m inim al or no soil developm ent is present, dense grasses,
sh rubs, cottonw ood, and sm all m esquite trees abound. T h ese deposits consist of poorly sorted silt, sand, pebbles and
cobbles, but m ost com m only th e deposits are capped w ith  fine sand and silt. Exposures reveal trough  crossbedding, ripple
m arks, and stacked gravel deposits. P ebbles and cobbles are w ell-rounded to sub-angular. T h ese deposits are prone to
inundation during floods, and undercutting and rapid erosion of Qy3r surfaces is possible during low er flow  events.

Qy3r

Flood channel and low terrace deposits - Deposits are found adjacent to active ch annels and form  ligh tly vegetated
in-ch annel bars, sm all planar fluvial terraces w ith in 2 m  (6 ft) of low -flow  river ch annel elevation, and recent erosional
m eanders outside th e presently active ch annel. Qy4r deposits are com posed of poorly sorted unconsolidated sedim ent
ranging from  fine silt to cobbles and boulders depending on location in th e ch annel at th e tim e of deposition. P ebbles and
cobbles are typically w ell-rounded to sub-rounded but m ay be sub-angular to angular. T h ese surfaces are com m only
inundated under m oderate to extrem e flow  events and are subject to occasional deep, h igh  velocity flow  and lateral bank
erosion. T h ese deposits do not exh ibit soil developm ent but m ay exh ibit ligh t to m oderate vegetation cover consisting of
m esquite, desert broom , and grasses.

Qy4r

 Gila River alluvium

Active river channel deposits - Deposits are dom inantly unconsolidated, very poorly sorted sandy to cobbly beds exh ibiting
bar and sw ale m icrotopograph y, but can range from  fine silty beds to coarse gravelly bars in m eandering reach es based on
position w ith in th e ch annel. Clasts are lith ologically diverse and typically w ell-rounded but m ay be angular to sub angular.
Qycr deposits are typically unvegetated to ligh tly vegetated and exh ibit no soil developm ent. Qycr deposits are entrench ed
up to 4 m  (13 ft) or m ore below  adjacent early h istorical floodplain deposits depending on location, geom orph ic relationsh ip,
and local ch annel conditions. S om e of th ese deposits are subm erged by th e low -flow  river ch annel, and rem aining areas are
subm erged during h igh er seasonal or extrem e flow  events. T h ese areas are subject to deep, h igh  velocity flow  and lateral
bank erosion. 

Qycr

Piedmont alluvium

Fanglomerate - V ery coarse, clast-supported, m oderately to strongly consolidated fanglom erate com posed of
carbonate-cem ented pebble-cobble-boulder alluvial fan deposits. T h is unit is found im m ediately adjacent to th e m ountain
front and typically overlies pink volcanic breccia or older, finer-grained conglom erate. T h is unit form s h igh , rounded ridges,
typically w ith  no preserved alluvial surfaces or lim ited Qo surfaces.

QTa

Alluvial Fan Deposits - Early P leistocene alluvial fan deposits. T h ese deposits are th e h igh est preserved fan surfaces in th e
S afford basin. Rem nant Qo surface vary from  planar w ith  w ell rounded, eroded edges to sm aller rem nant surfaces of
rounded ridges. Qo surfaces cap coarser old alluvial fan deposits near th e m ountain front (units QT a and T cs), and
finer-grained basin fill deposits (Tsf) tow ards th e valley center. W h ere preserved, Qo deposits exh ibit deeply incised m ature
tributary drainage netw orks and clay rich , reddened (2.5 YR 3/6) soils and coarse cobble to boulder lag derived from  erosion
of th e Qo cap. V egetation on Qo deposits consists of m esquite, grasses, sm all sh rubs, prickly pear, barrel, creosote, and
agave.

Qo

High standing relict alluvial fan remnants - Qi1 deposits are relict alluvial fan rem nants overlying Tsy basin filling sedim ents or
bedrock th at stand h igh er in th e landscape th an Qi2 and younger deposits. Qi1 surfaces are planar to w ell-rounded near
eroded edges. W h ere extensively preserved, Qi1 deposits exh ibit deeply incised m ature tributary drainage netw orks and clay
rich , reddened (2.5 - 5YR 3/6) soils. Qi1 deposits com m only cap and preserve underlying finer grained Tsy deposits. Coarse
cobble to boulder lag derived from  erosion of th e Qi1 cap also covers th e flanks of underlying Tsy deposits, sh ielding th em
from  erosion. Qi1 deposits consist m ostly of locally derived clasts but m ay also include rew orked G ila R iver clasts, especially
tow ards th e valley center. V egetation on Qi1 deposits consists of m esquite, grasses, sm all sh rubs, prickly pear, barrel,
creosote, agave, ocotillo, and oak near incised drainages.

Qi1

Intermediate-high terrace and remnant alluvial fan deposits - Broadly planar to m oderately rounded cobble to boulder
dom inated terrace and fan deposits capping underlying basin fill deposits (units Tsy, Tsc, and Tsf). Qi2 deposits consist
m ostly of locally derived clasts but m ay also include rew orked G ila R iver clasts, especially tow ards th e valley center. Qi2
deposits are elevated up to 45 m  (150 ft) above Holocene piedm ont deposits near th e m ountain front and 12 m  (40 ft) farth er
out in th e valley. Qi2 deposits are broadly planar to gently rounded caps th at exh ibit clay rich  reddened (2.5 - 5 YR 4/6) soils
w ith  calcium  carbonate rinds and m atrix betw een clasts (S tage III) w h ere exposed in cross section. In som e areas w h ere th e
contact betw een Qi2 and underlying Tsy deposits is exposed, an erosional unconform ity is evident. V egetation on Qi2
deposits is sim ilar to th at found on Qi3 deposits alth ough  creosote is less abundant and m ore w idely spaced. V egetation
includes prickly pear, barrel, and ch olla cactus; bunch  grasses, sm all sh rubs, w h iteth orn and catclaw  acacia, m esquite,
agave, yucca, m orm on tea, and ocotillo near carbonate-rich  eroded edges.

Qi2

Low-intermediate terraces and alluvial fan deposits - Broadly planar terrace and fan deposits elevated up to 3 m  (10 ft) above
adjacent Holocene (Qyc, Qy3, Qy2, and Qy1) deposits. S urface soil on Qi3 deposits is m ildly reddened (7.5 YR 5/4).
Cobbles and boulders dom inate Qi3 deposits in cross section w h ere exposed by incised ch annels or roadcuts. Qi3 deposits
consist m ostly of locally derived clasts but m ay also include rew orked G ila R iver clasts, especially tow ards th e valley center.
O n broad planar Qi3 surfaces farth er from  th e m ountain front surface soil is com posed of sand, silt, and sm all pebbles w ith
partially buried cobbles to boulders creating rem nant bar and sw ale m icrotopograph y. S om e Qi3 deposits appear to overlie
h igh ly eroded basin fill deposits (units Tsy, Tsc, Tsf and Tsp) and are likely less th an a few  m eters th ick. V egetation on Qi3
deposits is dom inated by creosote but includes prickly pear, barrel, and ch olla cactus; bunch  grasses, sm all sh rubs,
w h iteth orn and catclaw  acacia, m esquite, agave, yucca, and m orm on tea.

Qi3

Broad drainages and piedmont terrace deposits - Qy2 deposits consist of terrace deposits located prim arily along th e flanks
of incised drainages and low -relief terraces inset into P leistocene age fan deposits. S om e Qy2 deposits com prise extensive
low  relief alluvial fans w h ere unconfined by older piedm ont alluvium . T h ese deposits consist of predom inantly fine grained
unconsolidated to w eakly consolidated sedim ents w ith  sub-rounded to sub-angular pebble to cobble bars on th e surface and
beds and lenses in cross section. W h ere inset into older alluvium , Qy2 deposits are planar w ith  rem nant bar and sw ale
m icrotopograph y. P lanar Qy2 terraces are typically elevated from  30 cm  - 1.5 m  (1 - 5 ft) above active ch annels. S oil
developm ent on Qy2 deposits is m inor, ch aracterized by no to incipient stage I-II calcium  carbonate accum ulation in th e form
of sm all filam ents and m edium  brow n (10 YR) surface coloration. V egetation on Qy2 surfaces consists of sm all sh rubs,
w eeds, bunch  grass, yucca, Morm on tea, prickly pear, desert broom , and th e occasional ch olla. T h ese surfaces are subject
to inundation during m oderate to extrem e flow  conditions w h en ch annel flow  exceeds capacity or due to ch annel m igration
on low -relief portions of broad distal fan deposits.

Qy2

Low swales, tributary drainages, and weakly incised channels - P iedm ont alluvium  located along active drainages including
sm all ch annels, adjacent low  terraces, or floodplain areas. Qy3 deposits are com posed of unconsolidated, unvarnish ed sand,
gravel, and silt deposits. Qy3 deposits m ay also exh ibit significant cobble and boulder accum ulations rew orked from  adjacent
Qy2 and Qy1 terraces and splay deposits. Qy3 drainages are often w ider, low er energy, and m ore h eavily vegetated th an th e
Qyc ch annels th ey drain into. In upper piedm ont areas Qy3 includes active stream  ch annels w h ere Qyc cannot be broken
out at th e m ap scale. S oil developm ent is generally absent or incipient on Qy3 deposits w h ich  exh ibit pale buff to ligh t brow n
(10 YR) surface coloration.

Qy3

Sheetflood deposits and swales, reworked basin fill deposits - Laterally extensive, unconsolidated fine-grained alluvium  in
valley bottom s and m antling th e low er parts of adjacent slopes on eroded basin fill (Tsy) deposits. T h ese sedim ents are ligh t
brow n to ligh t tan to w h ite in color and consist of sand, silt, clay, and gravel. O ccasionally w eakly ch annelized flow  occurs but
m inor gradient ch anges or vegetation cause aggradation th at leads again to sh eetflow  or infiltration. In valley bottom s, th ese
deposits are prim arily silt and sand beds w ith  a sm all com ponent of th in and discontinuous gravel beds. W eakly developed
buried soils are com m on. O n th e toes of slopes, sandy to pebbly calcium  carbonate aggregate nodules are com m on. S urface
soil developm ent is w eak.

Qys

Active stream channel deposits - Qyc deposits are com posed of unconsolidated, very poorly sorted sand to cobbles in ligh tly
vegetated piedm ont ch annels. Ch annels m ay be flat-bottom ed or exh ibit bar and sw ale m icrotopograph y w ith  bars com posed
of coarser sedim ents. Qyc deposits are generally devoid of vegetation and exh ibit no soil developm ent alth ough  sm all sh rubs
and grasses m ay be found on sligh tly elevated in-ch annel bars. Qyc deposits are lined by cottonw ood and oak in near
m ountain reach es and m esquite, acacia, creosote, and desert broom  farth er from  th e m ountain front. Qyc deposits
com m only becom e subm erged during m oderate to extrem e flow  conditions and can be subject to deep, h igh  velocity flow
and lateral bank erosion. Ch annels are generally incised .25 - 1.5 m  (1 - 5 ft) below  adjacent Holocene alluvium  and m ay be
incised into adjacent P leistocene alluvium  by 2 m  (6.5 ft) or m ore.

Qyc

Basin fill alluvium

Spring deposits within the Basin Fill - Localized lim estone spring deposits w ith in basin fill deposits, typically units Tsf or
Tsl. Tss

Tsb - Basin Fill Deposits, rounded local clasts - Rounded local pebble to cobble clasts w ith in or near th e top of th e
fine-grained lacustrine basin fill sedim ents. T h ese deposits could be ch annel bar deposits or possibly beach  deposits.Tsb

Basin Fill Deposits, coarse-grained - Exposures of coarser sand-pebble-cobble alluvial fan deposits near th e m ountain
front. T h is unit includes beds of dark gray sandy pebble alluvial fan conglom erate w ith  varying am ounts of carbonate in
th e form  of nodules and root casts, and paleosols. Tsc grades into unit Tsf in som e places and interfingers w ith  T sf in
oth er areas. T h e observable interfingering relationsh ip is m apped as Tsm . 

Tsc

Basin Fill Deposits, interbedded margin sediments - Interbedded basin m argin deposits com posed of dark gray sandy
pebble alluvial fan conglom erate (unit Tsc) and tan sand to silty sand unconsolidated beds and consolidated flaggy
consolidated sandstone beds of distal fans (unit Tsf). W h ere Tsm  is m apped, th e interfingering relationsh ip betw een Tsc
and Tsf is observable. 

Tsm

Bedrock

Escabrosa Limestone - Ligh t-gray to ligh t-yellow ish -gray cliff-form ing lim estone. Mostly th ick bedded. Contains abundant
fossil debris and nodular to bedded ch ert; locally oolitic. Locally h as fractures filled w ith  red siltstone and zones of lim estone
breccia w ith  red siltstone m atrix. T h ickness 58-90 m. Modified from  W rucke et al., 2004.

Me

Andesite - Includes tuff and agglom erate. Modified from  W ilson and Moore, 1958.Ta

Andesite and basalt - P rincipally flow s of andesitic rock, probably m ostly trach yandesite w ith  local interlayers of siltstone,
sandstone, and conglom erate containing clasts of basalt scoria and pum ice lapilli. O nly h igh er parts of unit exposed.
Maxim um  exposed th ickness 300 m . Modified from  W rucke et al., 2004.

Tab

Silicieous volcanic rocks - Ligh t-gray to pale-pinkish -gray rh yolite flow s and flow  breccias exposed north w est of Ash  Flat.
Modified from  W rucke et al., 2004.Tsv

Rhyolite - Includes tuff and agglom erate. Modified from  W ilson and Moore, 1958.Tr

Other units

Debris-flow deposits and chutes - Bouldery debris-flow  levees and snouts, and erosional scars associated w ith  debris flow
activity h igh er on h illslopes.Qyd

Talus and colluvium - U nconsolidated talus and colluvium  on m oderate to steep slopes. V ery poorly sorted, angular to
subangular gravel clasts.Qtc

Disturbed ground - Heavily disturbed or altered ground due to extensive excavation, construction of earth  dam s, and
m unicipal developm ent.d

Horquilla Limestone - G ray, th in- to th ick-bedded lim estone, ch erty lim estone, dolom itic lim estone, and m inor dolom ite.
T h ickness 270-500 m , com m only 300-360 m. Modified from  W rucke et al., 2004.*h

Very high Gila River deposits, younger member - Qo2r deposits closely resem ble Qo1r deposits in m orph ology
but occupy sligh tly low er positions in th e landscape; up to 15 m (50 ft) below  Qo1r deposits.Qo2r

Very high Gila River deposits, undivided - Qor deposits represent th e oldest, h igh est standing G ila R iver deposits in 
th e m ap area. T h ese deposits are located up to 140 m  (460 ft) above th e m odern G ila R iver ch annel. Qor deposits are 
com posed of w ell-rounded to subangular indurated pebble to cobble river gravels and fine-grained river deposits. Qor 
deposits are preserved below  younger, onlapping Quaternary alluvial fan deposits near th e m ountain front, and are 
typically pebble-cobble-boulder lag exposed on side slopes. W h ere exposed in cross-section, Qor deposits are poorly
sorted, exh ibiting alternating sand and pebble dom inated beds w ith  coarse cobble to boulder interbeds.

Qor

Qo1r
Very high Gila River deposits, older member - Qo1r deposits closely resem ble Qo2r deposits in m orph ology but
occupy sligh tly h igh er positions in th e landscape.

Buried Gila River deposits - Qir deposits are exposed in bluffs of w ash es or in slopes below  capping Quaternary deposits. 
Qir deposits are com posed of w ell-rounded to subangular indurated pebble to cobble river gravels and fine-grained river deposits. 
Qir deposits are preserved below  younger, onlapping Quaternary alluvial fan deposits near th e valley center, and are typically 
pebble-cobble-boulder lag exposed on side slopes. Qir deposits are sim ilar to older, h igh er-standing G ila R iver deposits but are 
low er in th e landscape and record th e dow ncutting of th e G ila R iver into basin fill sedim ents. 

Qir
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Introduction 
 
T h e Fort T h om as m ap area encom passes portions of th e Fort T h om as, G eronim o, Bylas, and G ila P eak 
7½’ quadrangles in th e G ila River V alley in G rah am  County, south eastern Arizona. T h e m ap area is 
w est of th e tow n of S afford and east of th e tow n of S an Carlos on th e S an Carlos Apach e N ation, and is 
w ith in th e Bear S prings subbasin of th e S afford basin. T h e north w est-south east trending valley is 
located in th e Basin and Range P rovince and is bounded on th e north  by th e G ila Mountains, on th e 
east by th e P eloncillo Mountains, and on th e south w est by th e P inaleño Mountains and th e S anta 
T eresa Mountains. T h e G ila River enters th e basin from  th e G ila Box, betw een th e P eloncillo and G ila 
Mountains, and leaves th e basin just w est of S an Carlos th rough  th e Mescal Mountains.  
 
T h e S afford basin initially form ed during m id-T ertiary extension in conjunction w ith  th e form ation of 
m etam orph ic core com plexes and low -angle faulting (S pencer and Reynolds, 1989; Long et al., 1995; 
G ootee2012). Initially th e basin w as closed and filled w ith  locally derived sedim ents th at h ave been 
divided into a low er unit (LBF) com posed of alluvial sedim ents and an upper unit (U BF) com posed of 
alluvial to lacustrine deposits (Houser et al., 1985; Houser et al., 1990, G ootee, 2012). T h e G ila River 
arrived into th e S afford basin sh ortly before 2.8 +- 0.1 Ma (Jungers and Heim sath , 2015), and w as fully 
integrated by ca. 2 Ma (W rucke et al., 2004; Jungers and Heim seth , 2015). Deposition of U BF ceased 
w ith  integration of a th rough -flow ing G ila River (G ootee, 2012).  
 
T h e geologic m apping is original but inform ed by previous w orks in th e G ila River V alley (G ootee, 2012; 
Houser, 1990; Houser et al., 1985, 2004; Lanph ere et. al., 2002). Holocene geom orph ic boundaries of 
th e G ila River w ere based on w ork by Klaw on (2001, 2003) and th e bedrock geology w as derived from  
W ilson and Moore (1958) and W rucke et al. (2004). Lacustrine sedim ents in th e G ila River V alley w ere 
previously recognized (Knech tel, 1936; Houser, 1990; Houser et al., 2004) but not m apped. T h is 
geologic m ap com plem ents previous AZG S  m apping to th e south  and east, including th e S afford (DG M-
104; Cook and Youberg, 2012), T h atch er (DG M-105’ Youberg, 2012), Artesia (DG M-106; Cook, 2012) 
and P im a-Markh am  Creek (DG M-120; Youberg and Cook, in press) 7 ½ m inute quadrangles. Mapping 
efforts w ere focused on surficial and geom orph ic features th rough out th e G ila River V alley from  th e G ila 
Mountain front to th e boundary of th e S an Carlos Apach e Reservation. Future efforts are to focus on 
m apping h igh -standing river deposits and geom orph ic relationsh ips upstream  w h ere th e river enters th e 
S afford V alley near th e G ila Box. T h is geologic m ap w as funded in part by th e U S G S  N ational 
Cooperative G eologic Mapping P rogram  under cooperative agreem ent num ber G 16AC00294 (aw arded 
for federal fiscal year 2016). 
 
Surficial Geology 
 
T h e surficial geologic units in th e Ft T h om as m apping area consist of a suite of interfingering basin fill 
alluvial and lacustrine units th at predate a th rough -flow ing G ila River, very h igh -standing relict alluvial 
fan deposits, broadly dissected and w ell-rounded basin fill alluvial ridges, inset and capping piedm ont 
alluvial terraces, and a diverse array of relict and m odern G ila River deposits th at record early fluvial 
deposition and progressive dow ncutting related to dow nstream  integration. 

S urficial geologic units w ere m apped using field observations, interpretation of digital aerial im agery, 
and stereo ph oto pairs. Relative ages of alluvial deposits w ere estim ated using ch aracteristics of clast 
w eath ering, soil developm ent, carbonate accum ulation, and position in th e landscape (G ile et al., 1981; 
Mach ette, 1985; Bull, 1991; Birkland, 1999). S oil developm ent and carbonate accum ulation begin once 
a deposit is isolated from  active alluvial processes. As a result, th e degree of soil developm ent and 
carbonate accum ulation are one of th e criteria used to identify th e approxim ate ages of surficial units. 
Younger alluvial deposits h ave little to no soil developm ent, retain th e original grey or brow n color of th e 
alluvial sedim ent, and no carbonate accum ulation. Clasts in th ese deposits h ave no w eath ering rinds or 
surface patinas and th us appear brigh ter and fresh er th an older clasts. Young alluvial surfaces often 
retain original depositional ch aracteristics such  as bars and sw ales. Conversely, older alluvial deposits 
h ave better developed soils th at appear orange or red in color, w ith  soil h orizons reflecting clay and 
carbonate accum ulations. Clasts on older alluvial deposits often exh ibit darkened w eath ering rinds or 
rock varnish , and th us appear darker on th e ground and in aerial ph otograph s. P reserved alluvial 
surfaces m ay be sm ooth  and flat (Qi3), becom ing m ore rounded and coarser w ith  age (Qi2). T h e oldest 
alluvial surfaces (Qi1) are often eroded, w ell-rounded ridges w ith  degraded soil preservation and 
carbonate h orizon exposed. T h ese surfaces appear w h ite on aerial ph otos due to w idespread exposure 
of th e carbonate h orizon.  
 
Basin fill alluvium  and lacustrine deposits are present and w idely exposed beneath  all younger alluvial 
deposits th rough out th e m apping area indicating burial of older alluvium  is relatively sh allow . Here, unit 
T sf is m apped in th e eastern portion of th e m ap area. Beds in th is basin fill unit represent distal alluvial 
fan deposits at h igh er elevations and eith er lacustrine or near-lake environm ents tow ards th e basin 
center. Lim estone beds in unit T sf h ave textures th at m ay represent groundw ater precipitation, 
carbonate m udflats or sh ort-lived sh allow  w ater. Basin fill unit T sl is m apped tow ards th e w estern part of 
th e m ap area and represents lacustrine deposits. In th is area, stacked lim estone beds, up to 1+ m  th ick, 
exh ibit algal m att textures, teepee structures and desiccation cracks, indicating interm ittent subaerial 
exposures. T h e lim estone beds are separated by beds of silty sand and consolidated sandstone. At th e 
w estern end of th e m ap area, individual lim estone beds can be traced w estw ard into th e S an Carlos 
area and th e lacustrine beds of W rucke et al. (2004).  
 
Holocene alluvium  along m odern w ash es and arroyos is often inset below  older deposits by several 
m eters and confined to relatively narrow  expanses w ith in older alluvium . W ith in th e m odern incised 
ch annel bottom , young terraces are prone to flooding. 
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