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Quartz-rich sandstone and maroon siltstone (Cretaceous to Jurassic) - M ed ium to fine grained , quartzose sand stone and
    maroon siltstone. Flattened  and  foliated  c lasts up to 5 c m d iameter are interpreted  as metac onglomerate with originally
    subround ed  c lasts. T his unit is interpreted  as c orrelative with the basal unit of the M c Coy M ountains Formation.

KJsl

Metasedimentary and metavolcanic rocks, undivided (Triassic to Cretaceous) - Cleaved  to sc histose metasand stone,
    metasiltstone, and  metavolc anic  roc ks. M etased imentary roc ks are thought to be part of the M c Coy M ountains Formation.
    M etavolc anic  roc ks are thougth to be part of the mid d le Jurassic , d ominantly felsic  volc anic  suite that generally und erlies the
    M c Coy M ountains Formation. T his map unit possibly inc lud es quartzite of the Jurassic  Vampire Formation and  c alc -silic ates of the
    T riassic  Buc kskin Formation, but these units were not spec ific ally rec ognized . However, bec ause of severe d eformation,
    metamorphism, and  alteration, these units c ould  be present but unrec ognized .

Mzsv

Biotite schist (Cretaceous to Jurassic) - Fine grained , homogeneous biotite sc hist, with no phenoc rysts or other
    porphyroblasts apparent in hand  sample. Biotite(?) and  quartz(?) are very fine grain. S parse iron-oxid e spots are possibly relic ts of
    mafic  phenoc rysts.  S c histosity is d efined  by preferred  orientation of biotite. M ajor and  trac e elements analysis of a single sample
    (from station JE S -12-116; S iO2 = 55.6%) of this unit ind ic ates that it is probably not part of the suite of basalts at the base of the
    M c Coy M ountains Formation that reflec t late Jurassic  tec tonic  rifting (S penc er et al., 2011). L a/T a = 68, whic h is muc h higher than
    ~20, whic h is the threshold  value for evid enc e of tec tonic  rifting unaffec ted  by subd uc tion-related  magmatism or c rustal
    c ontamination, 

KJbs

Metavolcanic rocks (Jurassic) - M etavolc anic  roc ks with up to 4%, <2mm quartz in otherwise aphanitic  ground mass.
    U nit is generally sc histose with fine sec ond ary seric ite. T his roc k unit is c orrelated  with Jurassic  quartz-porphyry and  related
    volc anic  roc k units known elsewhere in western Arizona (R eynold s et al., 1987).

Jv

Quartz porphyry metavolcanic rocks (Jurassic) - M etavolc anic  roc ks of inferred  intermed iate to silic ic  c omposition, with
    c onspic uous quartz phenoc rysts. U nit is c ommonly seric itic  and  sc histose. Jqp

Quartzite (Jurassic) - T his unit is exposed  primarily in the Bonanza M ine area in the southeastern R awhid e M ountains
    where alteration and  d eformation obsc ure sed imentary struc tures. Assoc iation here with Jurassic  quartz porphyry volc anic s
    ind ic ate c orrelation of the quartzite with the Jurassic  Vampire Q uartzite of R eynold s and  S penc er (1989). T he unit is also exposed
    at one loc ation east of the Cleopatra M ine where it c onsists of pale gray, brown weathering, fine grained , thin bed d ed  quartzite.
    S eric ite c ontent varies signific antly so that the unit c ontains very little seric ite in some areas and  is sc histose in other areas. 

Jq

Paleozoic metasedimentary rocks, undivided

Paleozoic carbonate and calc-silicate rocks, undivided (Paleozoic) - G ray to brown c alc ite and  d olomite marble,
    c ommonly with d ark brown silic eous stringers and  nod ules. R oc ks are typic ally highly frac tured  and  d eformed  so that bed d ing is
    transposed  or obsc ure. Carbonates represent metamorphosed  Devonian M artin Formation, M ississippian R ed wall L imestone, and
    Permian Kaibab L imestone. T his map unit also inc lud es c alc -silic ates d erived  from the Cambrian Abrigo Formation (Bright Angle
    S hale) and  Pennsylvanian-Permian S upai G roup, and  quartzite d erived  from the Cambrian T apeats S and stone and  Permian
    Coc onino S and stone.  

Pzc

Kaibab Limestone (Permian) - T hic k-bed d ed  to massive, d ark, variably c herty c alc ite marble. Deformation,
    metamorphism, and  hyd rothermal alteration have obsc ured  original lithologies.Pk

Coconino Sandstone (Permian) - Fine-grained  gray orthoquartzite that, unlike stratigraphic ally und erlying S upai G roup,
    d oes not c ontain c alc -silic ate or sitlstone layers. Pc

Supai Group (Permian to Pennsylvanian) - Fine-grained  c alc -silic ate with assoc iated  fine quartzose sand stone, silty
    c arbonate, and  metasiltstone. G reenish epid ote c olor is apparent in some outc rops. Deformation, metamorphism, and
    hyd rothermal alteration have obsc ured  original litholoigies.

PPs

Martin Formation and Redwall Limestone, undivided (Missippian to Devonian) - M assive c alc ite marble probably
    c orrelative with the M issippian R ed wall L imestone and  bed d ed  d olomitic  and  silic eous limestone probably c orrelative with the
    Devonian M artin Formation. Deformation, metamorphism, and  hyd rothermal alteration have obsc ured  original litholoigies.

DMu

Abrigo Formation (Cambrian) - M etasiltstone and  c alc -silic ate d erived  from c alc areous siltstone.
Ca

Bolsa (Tapeats) Quartzite (Cambrian) - Fine to med ium grained , pale to med ium gray, generally massive metaquartzite.
    Bed d ing or transposed  bed d ing is apparent in some outc rops, but generally is obsc ured  by pervasive frac turing. At one loc ation
    east of M iller M ountain (JE S -12-200) a round ed -c last c onglomerate is present at the d epositional base of the quartzite.

Cb

Mesozoic to Paleozoic metasedimentary units, undivided

Quartzite (Mesozoic to Paleozoic) - T ypic ally shattered  quartzite that may be slightly seric itic  and  faintly bed d ed . 
MzPzq

Metasedimentary rocks, undivided (Mesozoic to Paleozoic) - Pred ominantly Paleozoic  c arbonates with less abund ant
    quartzite, phyllite, sc hist and  metavolc anic  roc ks. R oc ks of this unit are c ommonly strongly frac tured  and  fold ed , and  may loc ally
    inc lud e Oligo-M ioc ene roc k-avalanc he brec c ia (from S c ott, 1995, Ph.D. d issertation).

MzPzs

Proterozoic granitic and metamorphic rocks

Signal Granite (Middle Proterozoic) - M ed ium grained , porphyritic  biotite granite. K-feld spar phenoc rysts are up to 4 c m
    d iameter. M afic  minerals c onstitute 5-15% or roc k unit but are too altered  to d etermine, in hand  sample, the relative signific anc e of
    biotite, hornblend e, and  magnetite. In western exposures, the unit is typic ally highly altered  and  c ommonly shattered  (espec ially in
    the R awhid e W ash 7.5' Q uad rangle), with minor to abund ant mafic  d ikes, pervasive iron-oxid e staining, and  sparse to c ommon
    barite veins. T his unit loc ally inc lud es other intrusive phases, inc lud ing fine to med ium grain granitoid s with less than 5% mafic
    phases. In the northeastern c orner of the Artillery Peak 7.5' Q uad rangle this unit c ontains up to 7 c m pink K-feld spar that may be
    bloc ky, tabular, or round ed . K-feld spar forms up to 40% to 60% of roc k, in some c ases where roc k is megac ryst supported  (as with
    a c onglomerate). Q uartz is gray and  <15 mm d iameter. Plagioc lase phenoc rysts are <2 c m and  white. U nit c ontains 4-6%
    biotite in c lot-like aggregates. T his granite was mapped  as the S ignal G ranite by Bryant (1995) and  d ated  at 1410 +/- 4 M a by
    Bryant et al. (2001).

Ys

Granite and gneissic granite (Early Proterozoic) - G ranite and  layered  granitic  roc ks c ontain pale gray to pinkish gray
    K-feld spar up to 40mm, mostly <25 mm. U nit c ontains no tec tonite fabric  exc ept that elongate minerals and  segregation into
    layers with d ifferent ratios of light and  d ark minerals d efines a gneissic  fabric . U nit c ontains ~8-12%, <1mm biotite in aggregates
    and  layers. Q uartz is fine grained . T his unit is part of the "Coarse-grained  granitic  roc k" unit of Bryant (1995, Xc g) that makes up
    most of the Poac hie M ountains, and  was d ated  at 1706 +/- 3 M a (Bryant et al., 2001).

Xgg

Lower plate crystalline rocks

Mylonitic leucogranite ((Tertiary - Cretaceous)) - L euc ogranite mylonite forms more than half, and  loc ally nearly all, of this
    unit. L oc ally, leuc ogranite and  pegmatite are interfoliated  with granitoid  gneiss of unit T Xc u or with biotite granitoid s that resemble
    the quartz monzod iorite and  granod iorite of unit T Xc i. Also loc ally c ontains layers of fine-grained  d iorite (T Xc m?) that range from
    massive to mylonitic .

TKg

Mafic lower plate crystalline rocks. (Tertiary to Proterozoic) - Fine-grained  d iorite (mic rod iorite) and  med ium grained
    d ioritic  granitoid s, loc ally inc lud ing mafic  roc ks that are so fine grain that they might be c onsid ered  basalts. T hese roc ks are
    probably c orrelative with the S wansea Plutonic  S uite of Oligo-M ioc ene age. In many areas, espec ially near the R awhid e
    d etac hment fault, lower plate roc ks are shattered  and  mod erately to severely altered  with sec ond ary silic a, c hlorite, epid ote, and
    iron oxid es. Original protolith and  c ontac ts between units ara obsc ure in these areas. M ylonitic  d eformation is c ommon where roc k
    units are not severely affec ted  by alteration and  brittle d eformation. However, mylonitic  d eformation is c onspic uously absent in
    some areas, suggesting that intrusion post-d ates mylonitization. Intrusion und er post-mylonitic , near-surfac e c ond itions is
    c onsistent with the hypabyssal c harac ter of fine grained  to basaltic  roc ks of this map unit. 

TXcm

Intermediate lower-plate crystalline rocks (Tertiary to Paleoproterozoic) - M ed ium-grained  quartz monzod iorite to
    granod iorite, c ontaining 5-15% c hloritized  mafic  minerals, d isplaying heterogeneous mylonitic  fabric , and  typic ally affec ted  by
    strong hematite alteration. L oc ally interlayered  with mylonitic  leuc ogranite and  massive to foliated  fine-grained  d iorite or d iabase. 
    M uc h of this unit reported ly belongs to the S wansea plutonic  suite of Oligoc ene(?) to E arly M ioc ene age (Bryant and  W ood en,
    1989; S c ott, 1995; Bryant, 1995); a U -Pb zirc on age of 21.86 +/- 0.60 M a has been reported  from the S wansea suite in the
    Buc kskin M ountains (Bryant and  W ood en, 2008). L enses of K-feld spar-megac rystic  (porphyroc lastic ) granod iorite are loc ally
    c ommon in this unit and  are probably sheared  enc laves and  xenoliths of Paleoproterozoic  age; a U -Pb zirc on upper-interc ept age
    of 1408 +/- 1.5 M a from an enc lave was reported  by Bryant and  W ood en (2008).

TXci

Felsic lower plate crystalline rocks (Tertiary to Proterozoic) - T his unit c onsists largely of fine-grained  leuc ogranite,
    pegmatitic  leuc ogranite, aplite, and  aphyric  felsite. R esults of a single c hemic al analysis of a sample of aphyric  felsite are as
    follows: 77.8% S iO2, 12.8% Al2O3, 0.3% Fe2O3, 0.44% CaO, 0.05% M gO, 5.4% N a2O, and  3.1% K2O. In many areas, espec ially
    near the R awhid e d etac hment fault, the unit is shattered  and  mod erately to severely altered  with sec ond ary iron oxid es
    presumably introd uc ed  by hyd rothermal solutions ac tive along the d etac hment fualt. M ylonitic  d eformation is apparent in some
    leuc ogranite where roc k units are not severely affec ted  by alteration and  brittle d eformation. However, mylonitic  d eformation is
    c onspic uously absent in some areas, suggesting that intrusion post-d ates mylonitization. Intrusion und er post-mylonitic , near
    surfac e c ond itions is c onsistent with the aphyric  c harac ter of some roc ks of this map unit. S ome roc ks of this map unit are
    c orrelated  with the S wansea Plutonic  S uite of Oligo-M ioc ene age, but c oarser leuc ogranite and  pegmatitic  leuc ogranite are
    possibly M esozoic  or Proterozoic . 

TXcf

Lower plate crystalline rocks, undivided (Tertiary to ealry Proterozoic) - T his unit c onsists largely of three roc k units, as
    follows: (1) fine-grained  leuc ogranite and  aplite to aphyric  felslite, (2)  basaltic  intrusions, fine-grained  d iorite, and  med ium grained
    d ioritic  granitoid s, and  (3) band ed  gneiss inc lud ing equigranular, porphyritic , and  magac rystic  granitic  protoliths with rare c arbonate
    and  c alc -silic ate lenses and  sheets. In many areas, espec ially near the R awhid e d etac hment fault, the unit is shattered  and
    mod erately to severely altered  with sec ond ary silic a, c hlorite, epid ote, and  iron oxid es. Original protolith and  c ontac ts between
    units ara obsc ure in these areas. M ylonitic  d eformation is c ommon where roc k units are not severely affec ted  by alteration and
    brittle d eformation.

TXcu

Lower plate crystalline rocks, altered (Tertiary to Proterozoic) - L ower plate c rystalline roc ks that are severely affec ted  by
    hyd rothermal alteration and /or brittle d eformation. In extreme c ases, roc ks are c onverted  to silic ified  c atac lasite with no vestige of
    original roc k type. Chloritic  and  hematitic  alteration are c ommon, as is brec c iation.

TXca

Paragneiss assemblage (Tertiary to Paleoproterozoic) - Heterogeneous assemblage of quartzofeld spathic  paragneiss,
    quartzite, c alc silic ate gneiss, and  marble, interfoliated  with leuc ogranite of unit T Kg and  mafic  to felsic  c rystalline roc ks resembling
    other lower-plate units. T he quartzofeld spathic  paragneiss inc lud es quartz-biotite-feld spar and  musc ovite-quartz-feld spar mineral
    assemblages and  c ontains quartzite and  feld spathic  quartzite layers.

TXs

Marble tectonite (Mesozoic to Paleozoic) - Fine-grained  marble tec tonite interfoliated  with subord inate paragneiss,
    quartzite, and  leuc ogranite. T he marble is white to light gray, is weathered  light to d ark orange-brown, and  loc ally c ontains c hert
    nod ules.

MzPzm

Mesozoic metasedimentary and metaigneous rocks (cont...)

!

!

_

Flagstaff

T uc son

Phoenix

DG M -100: Artillery Peak and  R awhid e W ash, S heet 2 of 2

DG M -100: Artillery Peak and  R awhid e W ash, S heet 2 of 2

Holocene to Pliocene alluvium

Alamo Lake (2010 NAIP lake level) - L ake water as ind ic ated  on N AIP 2010 imagery
water

Disturbed ground (Recent) - Areas where roc k and  soil have been buried  or d isturbed  by mining ac tivity, exc avation, and
    other human ac tivities, and  geologic  units, if exposed  previously at the site, are c onc ealed  or obsc ure.d

Active alluvium in channels (Holocene) -  
Qyc

Active river channel deposits (Latest Holocene) - U nc onsolid ated , very poorly sorted  sand y to c obbly bed s exhibiting bar
    and  swale mic rotopography. Clasts are subangular to well-round ed . Clast lithologies inc lud e mixed  latite and  basalt, Paleozoic
    limestone and  c hert. Q yc r d eposits are typic ally unvegetated  to lightly vegetated  and  exhibit no soil d evelopment. Q yc r d eposits
    are entrenc hed  from 3 to 15 ft below ad jac enthistoric al flood plain d eposits. 

Qycr

Low terrace deposits (Latest Holocene) - Very young terrac e d eposits that oc c upy elevations from 3 to 6 ft above ac tive
    c hannels and  are inset below the pre-inc ision historic al flood plain. T hese surfac es are planar to round ed , and  loc ally exhibit bar
    and  swale mic rotopography. Deposits are poorly sorted  silt, sand , pebbles and  c obbles. Pebbles and  c obbles are well-round ed  to
    sub-angular. 

Qy3r

Deposits associated with active washes and drainageways (Late Holocene) - R ec ently ac tive pied mont alluvium loc ated
    primarily along ac tive d rainages inc lud ing flood plain, low-lying terrac e, less ac tive tributary d rainages to Q yc  c hannels, and  d istal
    reac hes of ac tive fan c hannels that have aggrad ed  and  transitioned  to d istributary flow and  infiltration. Q y3 d eposits are c omposed
    of unc onsolid ated  to very weakly c onsolid ated  unvarnished  sand y to pebbly d eposits. Q y3 d rainages are often wid er, lower
    energy, and  more heavily vegetated  than the Q yc  c hannels they d rain into. T hese d eposits may exhibit bar and  swale
    mic rotopography and  are susc eptible to inund ation d uring mod erate to extreme flow c ond itions when c hannel flow exc eed s
    c apac ity. S oil d evelopment is generally absent or inc ipient on Q y3 d eposits whic h exhibit pale buff to light brown (10 YR ) surfac e
    c oloration.

Qy3

Historical floodplain deposits (Latest Holocene) - Deposits assoc iated  with the flood plain that existed  prior to rec ent
    entrenc hment of the larger washes in the valley. Q y2r d eposits are assoc iated  with broad ly planar surfac es that loc ally retain the
    shape of historic al river meand ers. Q y2r surfac es are 3 to 15 ft above mod ern c hannels and  are the most extensive river terrac es
    in the valley. T hese d eposits appear pred ominantly fine grained  at the surfac e d ue in part to the input of organic  matter and
    wind blown d ust d eposition but are c omposed  of interfingering c oarse sand y to pebbly braid ed  c hannel and  fine sand  to silty river
    flood plain d eposits. W here Q y2r d eposits are mod erately to d eeply inc ised  they not subjec t to inund ation by river flood s, but they
    may be flood -prone in areas with less c hannel inc ision. 

Qy2r

Low terrace deposits - U nc onsolid ated  sand , silt and  gravel d eposits with weak soil d evelopment assoc iated  with broad
    valley floors and  low terrac e. Channels inc lud ed  in this unit are very small and  d isc ontinuous. Deposits are pred ominantly sand
    and  silt, but in upper pied mont areas inc lud e c obbles and  small bould ers. T opographic  relief ac ross Q y2 surfac es is generally very
    low.

Qy2

Active alluvial fan deposits (modern) - L ow relief splays and  fine-grained  d istributary alluvial fan d eposits c omprising the
    ac tive portion of alluvial fans where c hannel flow bec omes unc onfined . Q ya d eposits are typic ally found  at the d ownstream outlet
    of d isc ontinuous ephemeral c hannels and  gullies. Q ya d eposits are extremely prone to flood ing and  c hannel migration. S ed iments
    are unc onsolid ated  and  c onsist of very poorly sorted  sand  to small c obbles. Vegetation on Q ya d eposits c onsists of bunc h grass,
    small shrubs, and  weed s.

Qya

Young river terrace deposits (Early to late Holocene) - S and , silt, and  gravel d eposits assoc iated  with slightly higher
    terrac es that are remnants of old er Holoc ene aggrad ation period s. S oil d evelopment is mod erate and  surfac e c olor ranges from 10
    to 7.5 YR  4/4.  A light d usting (inc ipient stage I) c alc ium c arbonate ac c umulation is evid ent on the und ersid es of some buried
    c lasts. Q y1r surfac es are c ommonly only slightly higher than ad jac ent Q y2r surfac es.

Qy1r

Young alluvial fan and terrace deposits - T hese d eposits are unc onsolid ated  and  loose silt and  gravel size c lasts with a
    light to med ium gray-brown soil. Qy1

Undivided young deposits (Holocene) - U nd ivid ed  Holoc ene alluvial terrac e or fan d eposits, typic ally used  where land
    surfac e is obsc ured  by human ac tivityQy

Talus and colluvium (Quaternary) - U nc onsolid ated  talus on steep slopes and  c oluvium on more gentle slopes. 
Qtc

Alluvium, undivided (Quaternary) -  
Qa

Intermediate alluvial fan and terrace deposits - M od erately d issec ted  alluvial fan and  terrac e d eposits with mod erate soil
    d evelopment. Deposits c onsist of poorly sorted   pebbles, sand , and  c obbles, with lesser amounts of silt, and  c lay. Q i3 surfac es
    typic ally are planar with round ed  margins, but if suffic iently c oarse, relic t gravel bars are evid ent and  stand  slightly higher than
    surround ing surfac es. S urfac es c ommonly are c overed  with loose to mod erately pac ked  gravel lags with weak to mod erate
    varnish. S oils are slightly red d ened  (7.5Y R ) but c lay ac c umulation is minimal (c ambic  horizons); und erlying c alc ic  horizons inc lud e
    thin to mod erately thic k, d isc ontinuous to c ontinuous c arbonate c oatings on gravel and  soft c arbonate nod ules (stage II to III). Q i3
    surfac es are less than a few meters above ac tive c hannels.

Qi3

Older intermediate alluvial fan and terrace deposits - M od erately d issec ted  alluvial fan and  terrac e d eposits with
    mod erate to strong soil d evelopment and  variable d esert pavement d evelopment. Deposits typic ally c onsist of poorly sorted
    c obbles, pebbles, and  sand , with lesser amounts of silt, c lay and  small bould ers. W ell-preserved  planar Q i2 surfac es typic ally have
    well-varnished , tight pebble and  c obble pavements, although areas without d esert pavements are c ommon. S urfac e c arbonate
    fragments from und erlying soil horizons are unc ommon. S oils are red d ish brown to brown (5 to 7.5YR ), with obvious c lay
    ac c umulation in strong c ambic  or weak argillic  horizons up to 0.5 m thic k. Calc ic  horizon d evelopment ranges from c arbonate
    nod ules, thic k gravel c oatings (stage III), and  weakly c emented  petroc alc ic  horizons with inc ipient laminar horizons (stage IV ). Q i2
    surfac es are typic ally less than 3 m above ac tive c hannels.

Qi2

Undivided older fan and terrace deposits (Pleistocene) - U nd ifferientated  alluvial fan or terrac e d eposits, likely of mid d le
    or late Pleistoc ene ageQi

Pleistocene river deposits (Pleistocene) - U nlithified  c oarse c onglomerate with subangular to round ed  c lasts, up to 1m
    d iameter. L ithologic  mix is  d iverse, inc lud ing granite, gneiss, and  mafic  and  felsic  fine-grained  volc anic  roc ks. Deposits form river
    terrac es high above the mod ern c hannels.

Qir

Eroded older fan deposits - M od erately to d eeply d issec ted  relic t alluvial fans with strong c alc ic  horizon d evelopment.
    Deposits are poorly sorted , c ontaining c obbles, pebbles, sand , silt and  c lay. L and forms are mod erately erod ed , and  typic ally form
    gently round ed  rid ges with relatively limited  planar remnants approximating the original fan surfac e. Carbonate fragments d erived
    from und erlying petroc alc ic  horizons are c ommon on surfac es, giving them a light c olor on the ground  and  on aerial photographs.
    Ac tive c hannels are inc ised  up to 5 m below these surfac es. S oils are brown to yellowish red  (7.5 to 5YR ), with weakly to
    mod erately c emented  petroc alc ic  horizon d evelopment and  some laminar c arbonate (stage IV to V). 

Qi1

Very high alluvial fan and terrace remnants (Early Pleistocene) - T his unit c onsists of relatively high-stand ing, mod erately
    to d eeply d issec ted  relic t alluvial fans with strong but variable c alc ic  horizon d evelopment. Q o fan surfac es are preserved  only
    near the mountains. Deposits are very poorly to poorly sorted  gravel and  sand . S ome surfac e c obbles and  bould ers are d arkly
    varnished , but varnish is variable d ue to roc k weathering. Fragments from und erlying petroc alc ic  horizons are c ommon, giving the
    surfac e a very light c olor on the ground  and  on aerial photographs. S oils substantially erod ed  but are very c alc areous with
    c emented  petroc alc ic  horizons and  laminar c arbonate layers are exposed  at the surfac e in some areas (stage IV to V).

Qo

Quaternary to upper Tertiary deposits

Carbonate-rich fine deposits (Quaternary to upper Tertiary) - Fine-grained  c alc areous d eposits, weakly to mod erately
    ind urated . L oc ally tufa-like morphology. Possibly related  to spring d isc harge.QTcs

Basin fill deposits (Quaternary to upper Tertiary) - W eakly c onsolid ated , poorly sorted  c onglomerate and  sand y
    c onglomerate. In the northeastern c orner of the Artillery Peak Q uad rangle, muc h of this unit may c onsist of d isaggregated  and
    reworked  und erlying c onglomerate of map unit T c g.

QTs

River deposits (Quaternary to upper Tertiary) - U nlithified  c oarse c onglomerate with subangular to round ed  c lasts, up to
    2m d iameter. L ithologic  mix is reasonably d iverse, inc lud ing granite, gneiss, and  mafic  and  felsic  fine-grained  volc anic  roc ks.
    Deposits oc c upy high rid ges east of Alamo L ake, and  are the old est evid enc e of the presenc e of the S anta M aria/Big S and y R ivers
    in the map area.  

QTr

Tertiary sedimentary and igneous rocks

Unconsolidated crystalline-clast conglomerate (Upper Miocene to Pliocene) - W eakly c onsolid ated  c onglomerate, pale
    gray, with subround ed  c obbles of granitoid s and  sparse, high-grad e quartzo-feld spathic  gneiss. M ost c lasts are 2-20 c m, loc ally
    as large as 60 c m. S parse to mod erately abund ant c lasts of T ertiary volc anic  roc ks, generally intermed iate to felsic , are also
    present. T his unit c ontrasts with d irec tly und erlying S and trap Conglomerate bec ause it is gray rather than tan, c lasts are
    sub-round ed  rather than subangular, and  c last c omposition is d ominated  by granitoid s rather than d iverse lithologies that inc lud e
    mylonitic  c rystalline roc ks, quartzite, and  metased imentary tec tonites.

Tcy

Basin-fill deposits (Upper Miocene to Pliocene) - Poorly c onsolid ated  to unc onsolid ated , c rud ely stratified , tan to red d ish
    brown sand stone, c onglomerate, and  c onglomeratic  sand stone in the southwestern c orner of the R awhid e W ash 7.5' Q uad rangle
    (d esc ription from S c ott [1995, Ph.D. d issertation]). Clasts are pred ominantly subround ed  to well round ed , sparse c lasts area
    subangular to angular. S trata of this unit are similar in both c last c ontent and  apearanc e to the youngest tilted  and  faulted
    c onglomerate (S and trap Conglomerate), but are unfaulted  and  flat lying.

Tsy

Sandtrap Conglomerate and Manganese Mesa basalt

Basalt, upper (Miocene) - Variably vesic ular basalt that forms lava flows and , possibly, d ikes along the S and trap
    W ash fault southeast of Potts M ountain. T he unit outc rops as if it formed  d ikes in the fault, but is highly vesic ular like lava
    flows. Assoc iated  felsite along the fault is brec c iated , as if faulted , but brec c ia is highly ind urated , as if brec c iation oc c urred
    while the roc k was semi-molten. 

Tbu

Chapin Wash Formation

Chapin Wash Sandstone  (Miocene) - T an, brown, red , and  bric k-red , well bed d ed  sand stone, with less c ommon
    siltstone and  c onglomerate. S ome bed s have basal pebbly zone or pebbly c hannel fill. W eakly normal-grad ed  bed s are
    c ommon, some with silty upper zones. Bed s are typic ally 5-50 c m thinc k. Inc lud es Arkose of Keenan Camp of L uc c hitta and
    S uneson (1994). Common red  c olor is attributed  to sec ond ary hematite growth d uring potassium metasomatism (e.g., R od d y
    et al., 1988) and  is ind ic ated  by a single c hemic al analysis from west of Potts M ountain that reveals 9.25% K2O and  a K/N a
    ratio of 25.7 (unpublished  analysis).

Tcw

Chapin Wash sandstone, manganiferous (Oligo-Miocene) - Chapin W ash S and stone that is d ark red  to blac k
    bec ause of blac k manganese oxid es within the sand stone matrix. Inc lud es manganiferous siltstone interbed d ed  with
    non-manganiferous siltstone or sand stone. 

Tcwm

Chapin Wash Sandstone, conglomerate member (Miocene) - Pebbly sand stone, granule, pebble, c obble, and
    bould er c onglomerate. Clasts are subround ed  to round ed  and  c onsist of granitic  and  gneissic  roc ks in arkosic  sand stone
    matrix. Commonly d ark red  to bric k red  to med ium to d ark brown. Blac k where manganiferous.

Tcwc

Chapin Wash Sandstone, conglomerate member, manganiferous (Miocene) - Dark red  to blac k, pebble to c obble
    c onglomerate with subround ed  to round ed  c lasts of granitic  and  gneissic  roc ks in an arkosic  sand y matrix. M anganese oxid es
    are pervasive in the matrix of the c onglomerate and  give the unit a blac k c olor.

Tcwcm

Chapin Wash Sandstone, siltstone and limestone member (Miocene) - L entic ular bed s of thin-bed d ed , med ium gray
    limestone interbed d ed  with subord inate (0-40%) brown to orangish brown siltstone. Contac t with ad jac ent units may be
    grad ational over meters to tens of meters. T his unit is exposed  only in the area east of Alamo L ake and  south of the S anta
    M aria R iver. 

Tcwsl

Chapin Wash Sandstone, volcanic-clast conglomerate member (Miocene) - Pebbly sand stone and  granule to pebble
    c onglomerate with c lasts of mafic  to intermed iate volc anic  roc ks. T his unit is exposed  in one small area southeast of Alamo
    L ake, and  is interbed d ed  with roc ks c ontaining more typic al (arkosic ) Chapin W ash S and stone and  c onglomerate.

Tcwv

Chapin Wash Sandstone, lower member (Miocene) - E ast of S anta M aria Peak in the Artillery Peak 7.5 Q uad rangle,
    this unit c onsists of interbed d ed  siltstone, sand stone, and  c onglomerate with well round ed  c lasts primarily of granitoid s and
    gneiss up to 30 c m d iameter, loc ally to 50 c m. In the northwest c orner of the R awhid e W ash 7.5' Q uad rangle, this unit c onsists
    of interbed d ed  sand stone, less abund ant maroon siltstone, and  sparse limestone. S and stone is c ommonly poorly lithified ,
    poorly sorted , pale gray to tan, quartz-ric h, med ium to fine grained . In the southwestern c orner of the R awhid e W ash 7.5'
    Q uad rangle, this unit c onsist of med ium to very thic k bed d ed , bric k red , yellow orange or gray c onglomeratic  sand stone and
    sand stone (S c ott, 1995, Ph.D.). M ost exposures of this unit, along with overlying c onglomerate, are primarily loc ated  at the
    end s of the large Artillery megabrec c ia sheet. T his spatial relationship suggets that that the lower sand stone member of the
    Chapin W ash S and stone, and  assoc iated  c onglomerate, filled  low-elevation areas around  the margins of the Artillery
    megabrec c ia sheet. T his map unit is also present loc ally beneath the Artillery megabrec c ia sheet, where it c onsists of
    nonresistant, light-red  or buff-c olored , thic k-bed d ed  to massive, generally med ium grained , well-sorted  arkosic  sand stone with
    subord inate lenses of pebbly sand stone.

Tcwl

Santa Maria Peak - Artillery Peak - Eagle Point - Potts Mountain felsic volcanic suite

Felsite intrusion (Miocene) - G enerally aphyric  to c rystal poor, light gray to tan felsite. L oc ally inc lud es brec c ias
    d erived  from felsic  volc anic  or hypabyssal roc ks.Tfi

Intermediate-composition volcanic rocks (Oligo-Miocene) - T his unit inc lud es flow brec c ia(?) that c aps a hill near the
    northeastern c orner of the Artillery Peak 7 1/2' Q uad rangle. It c ontains ~3-5%, <3mm, altered  biotite, <4mm sanid ine(?),
    and  ~10%, <1mm plagioc lase(?), in tan to gray ground mass. U nit also inc lud es and esitic (?) flows and  flow brec c ias south of
    S anta M aria Peak. A sample of this unit from west of S anta M aria Peak yield ed  a 40Ar/39Ar biotite d ate of 20.49 +/- 0.13 M a
    (unpublished  d ata from W .C. M c Intosh). 

Tvi

Volcanic rocks, undivided (Oligo-Miocene) - G enerally intermed iate to felsic , pyroc lastic  roc ks and  lava flows.
    S outheast of Alamo L ake this unit c onsists of d ac itic  to rhyolitic  tuff that is ind urated  possibly bec ause it is weld ed , loc ally with
    biotite-bearing volc anic -lithic  fragments. In this area this unit possibly inc lud es lava flows. 

Tv

Volcanic-lithic conglomerate (Oligo-Miocene) - Conglomerate with subangular c lasts, mostly less than 10 c m
    d iameter, of tan volc anic  or hypabyssal roc k c ontaining phenoc rysts of biotite and  hornblend e.Tcv

Crystal-poor felsite, vitric (Miocene) - Blac k, vitric  top of flow-band ed , brec c iated , aphyric  felsite of map unit T fx. T his
    unit formed  an elevated  area that was onlapped  by sand stone and  manganiferous sand stone of the Chapin W ash Formation.Tfv

Crystal-poor felsite (Miocene) - M assive aphyric  felsite, loc ally weakly brec c iated , pale pink. 
Tf

Crystal-poor felsite, brecciated (Miocene) - Pale gray to whitish gray brec c ia of flow-band ed  fragments of aphyric
    felsite, with <<1%, <1mm quartz. Flow band s are rand omly oriented  in brec c ia. E mplac ement mec hanism is unc ertain
    but brec c iation suggests abrupt emplac ement and  lithologic  c onsistenc y of ind urated  matrix suggests volc anogenic
    emplac ement. In northern exposures bed d ed  tuff at base of unit c ontains 6-9% feld spar phenoc rysts, inc lud ing ~1% sanid ine,
    all <1mm.

Tfx

Rock avalanche breccia

Rock-avalanche breccia, debris flows, and coarse conglomerate, undivided (Oligo-Miocene) - M assive brec c ia with
    angular fragments, typic ally 1-100 c m, of Jurassic  metavolc anic  roc ks typic ally c onsisting of seric itic  sc hist and  quartz
    porphyry with quartz phenoc rysts up to 8mm. Brec c ia masses also c onsist of quartzite, megac rystic  granite, and  Paleozoic
    c arbonates. U nit inc lud es d ebris-flow d eposits and  massive c onglomerate as well as brec c ia. Bed d ing is loc ally visible,
    primarily in c rud ely bed d ed  c onglomerate but also in rare sand stone bed s. 

Txc

Rock-avalanche breccia, undivided (Oligo-Miocene) - Brec c iated  roc k masses d erived  from d iverse roc k types,
    c onsisting mostly of Proterozoic  granite, Paleozoic  c arbonates, and  Jurassic  metavolc anic  roc ks. Tx

Rock-avalanche breccia derived from megacrystic biotite granite (Oligo-Miocene) - Clast-supported  brec c ia
    c onsisting of angular fragments of megac rystic  biotite granite of probable Proterozoic  age, sparse mylonitic  megac rystic  biotite
    granite, and  pink, fine-grained  leuc oc ratic  granite. G rad es from highly shattered , c last-supported  megabrec c ia to slightly
    frac tured , resistant, c liff-forming outc rops that are no more frac tured  than typic al outc rops of struc turally c oherent bed roc k
    c rystalline roc k. Basal c ontac t is well exposed  3.7 km southwest of Artillery Peak (south ed ge of S E  1/4 sec . 28), where an
    approximately 50-m-thic k led ge of massive, struc turally c oherent, fine-grained  granite is juxtaposed  with und erlying
    c onglomeratic  sand stone along a c ryptic , several-millimeter-thic k planar c ontac t. Pebbles d irec tly below the thin c ontac t zone
    are unbroken, and  there are no lineations along the c ontac t. Bed s in the und erlying unit are trunc ated  at the c ontac t.

Tx(YXg)

Sandtrap Conglomerate and Manganese Mesa basalt (cont...)

Sandstone, undivided (Oligo-Miocene) - S and stone of unc ertain affinity. G enerally c onsists of small exposures within
    d iverse lithologies of the Artillery Formation, and  loc ally inc lud es siltstone, limestone, c onglomerate, and  brec c ia.Tss

Basalt intrusion (Miocene) - Basalt d ikes and  irregular intrusions
Tbi

Basalt, lower (Oligo-Miocene) - Basaltic  lava flows in the Artillery and  Chapin W ash Formations. T ypic ally d ark-gray,
    weakly resistant, lava flows of two-pyroxene olivine-phyric , plagioc lase-mic rophyric  basalt. Phenoc rysts of olivine (up to 10% of the
    roc k) are almost everywhere oxid ized , whereas the less abund ant pyroxene phenoc rysts, whre present, are c ommonly only
    slightly altered .T hic kness is as great as 80 m. 

Tb

Tuff, undivided (Oligo-Miocene) - U nd ivid ed  tuff that inc lud es aphyric , variably ind urated , thin ash-fall tuffs and  possible
    aphyric  to c rystal poor ash-flow tuffs. Tt

Hydrothermal carbonate (Oligo-Miocene) - Dark brown to gray hyd rothermal c arbonate d eveloped  immed iately above the
    R awhid e d etac hment fault. T hic kness is typic ally less than 1-2 m. Carbonate appears to replac e various host-roc k types.Thc

Sandtrap Conglomerate (Miocene) - T an to loc ally red d ish-tan, mod erately c onsolid ated  c onglomerate, c onglomeratic
    sand stone, and  loc al sand stone and  siltstone, named  S and trap Conglomerate by L asky and  W ebber (1949). Channels with
    c oarse c lasts in c hannel bottoms are loc ally c ommon. T his unit c ommonly forms massive, round ed  outc rops and  loc ally
    smooth, vertic al c anyon walls. It varies from matrix-supported  c onglomerate to stratified  c last-supported  gravel that resembles
    Q uaternary fanglomerate. Clasts inc lud e a variety of Proterozoic  c rystalline roc ks, Paleozoic  c arbonates, Jurassic
    metavolc anic s, quartzite, T ertiary volc anic s, T ertiary sand stone, and  mylonitic  c rystalline roc ks. M any mylonitic  c rystalline-roc k
    fragments are variably overprinted  by c hloritic  alteration and  frac ture-filling c hlorite and  epid ote and  were almost c ertainly
    d erived  from the footwall of the Buc kskin-R awhid e d etac hment fault. T he presenc e of these c lasts is d istinc tive in the S and trap
    Conglomerate in most exposures, but suc h c lasts are absent in northwestern exposures (upper M aggie W ash). T his unit is
    interpreted  as an alluvial-fan fac ies d erived  from western to southwestern sourc es where mylonitic  c rystalline roc ks struc turally
    below the Buc kskin-R awhid e d etac hment fault were being exhumed  by d isplac ement on the ac tive d etac hment fault (S penc er
    and  R eynold s, 1989). Paleozoic  and  M esozoic  metased imentary and  metavolc anic  roc ks, also exposed  only to the west and
    southwest, were a signific ant sourc e of c lasts. A siltstone fac ies south of L ake M ine is interpreted  as having been d eposited  in
    a small playa between northeast-prograd ing alluvial fans that form the bulk of the S and trap Conglomerate and  a southwest-
    tilted  d ip slope at the top of the und erlying basalt.

Tsc

Sandstrap Conglomerate, manganiferous (Miocene) - Cobble c onglomerate and  sand y c onglomerate withsec ond ary
    manganese oxid es that impart blac k c olor.Tscm

Sandtrap Conglomerate, sandy facies (Miocene) - Interbed d ed  c onglomerate, sand y c onglomerate, and  sand stone.
    S and stone is c ommonly red d ish. T his unit is typic ally present at the upward  transition from Chapin W ash S and stone to
    S and trap Conglomerate. It is likely that S and trap Conglomerate prograd ed  over Chapin W ash S and stone, and  that the
    transitional unit grad es laterally, basinward , into Chapin W ash S and stone. Bec ause of struc tual d isruption, however, this
    inferred  lateral fac ies transition is not c learly present.

Tscs

Manganese Mesa basalt (Miocene) - G ently southwest-d ipping basalt flows that form the top of M anganese M esa
    (also known as Blac k M esa). Inc lud es S and trap basalt and  Cobweb basalt of L asky and  W ebber (1949), who d esc ribed  the
    basalt as a "hypersthene(?)-augite-olivine basalt" with labrad orite (An55) phenoc rysts and  mic rolites.  

Tbm

Manganese Mesa basalt, associated pyroclastic rocks (Miocene) - T an volc anic lastic  sand stone in planar and  planar
    c ross-bed d ed  bed s greater than 1 m thic k interpreted  as a pyroc lastic  surge d eposit. T his unit is interbed d ed  with the
    M anganese M esa basalt, and  is exposed  in a single outc rop area near the northeastern c orner of the R awhid e W ash 7.5'
    Q uad rangle. 

Tbmp

Rock-avalanche breccia derived from Paleozoic carbonate rocks (Oligo-Miocene) - Brec c iated  masses of Paleozoic
    c arbonate roc ks, c alc -silic ates, phyllite, and  quartzite, all d erived  largely or entirely from Paleozoic  metased imentary roc ks.
    Carbonate brec c ia is the d ominant lithology. Inc lud es large bloc ks up to tens of meters ac ross.

Tx(Pzc)

Rock-avalanche breccia derived from Jurassic metavolcanic rocks (Oligo-Miocene) - R oc k-avalanc he brec c ia that
    c onsists of angular fragments, typic ally 1-100 c m, of seric itic  sc histose metavolc anic  roc ks and  quartz porphyry with quartz
    phenoc rysts up to 8 mm. Fragments are foliated  to massive and  gray to greenish-gray to brown. R oc k masses vary from
    struc turally c oherent and  unshattered  (east ed ge of sec tion 28) to highly shattered , c last-supported  brec c ia. M etavolc anic
    roc ks are virtually id entic al to the Jurassic  Planet Volc anic s in the Buc kskin M ountains (S penc er et al., 1989, AZG S  Bulletin
    198, Append ix A). 

Tx(Jv)

Rock-avalanche breccia derived from Mesozoic schist and calc-sliicate (Oligo-Miocene) - R oc k-avalanc he brec c ia
    d erived  from quartz-seric ite sc hist and  c alc -silic ate roc ks that are inferred  to be M esozoic  metased imentary and , possibly,
    metavolc anic  roc ks.

Tx(Mzs)

Rock-avalanche breccia derived from Mesozoic or Paleozoic quartzite (Oligo-Miocene) - W hite, highly shattered
    quartzite with red , silic ified  matrix.Tx(q)

Artillery Formation

Conglomerate, undivided (Oligo-Miocene) - M assive to bed d ed  c onglomerate and  c onglomeratic  sand stone,
    generally med ium to light brown to red d ish brown, loc ally inc lud ing roc k avalanc he brec c ia.Tcg

Sandstone, siltstone, and limestone, upper unit (Oligo-Miocene) - W ell stratified , thin to med ium bed d ed , light c olored
    silty limestone, c alc areous siltstone, sand stone, and  pebbly sand stone. U nit is loc ally gypsiferous.Tsl3

Sandstone, siltstone, and limestone, middle unit (Oligo-Miocene) - W ell stratified , thin to med ium bed d ed , c alc areous
    siltstone, silty limestone, and  sand stone interpreted  to represent marginal lac ustrine d eposits. Irregular c hert bed s and  nod ules
    are c ommon in limestone. L ower part of unit is red d ish brown and  grad ational with und erlying c onglomeratic  sand stone of map
    unit T c s. M id d le and  upper parts range from yellow to gray to pink. Fissile to platy c harac ter is c ommon (Yarnold  and
    M c Daniel, 1992). 

Tsl2

Conglomeratic sandstone (Oligo-Miocene) - M od erately to well stratified , red d ish brown to green, pebbly arkosic
    sand stone and  round ed  pebble c onglomerate, with c ommon c ross-lamination and  relic t c hannels. T uffac eous d ebris is
    c ommon at higher stratigraphic  levels. Clasts inc lud e metavolc anic  and  metased imentary roc ks, and  quartzite (Yarnold  and
    M c Daniel, 1992).

Tcs

Sandstone, siltstone, and limestone, lower unit (Oligo-Miocene) - R ed d ish brown sand stone and  yellow siltstone that
    c ontains an inc reasing amount of gray limestone up sec tion. L imestone bed s in this area loc ally c ontain silic ified  rootlets, c hert
    nod ules, and  sand y turbid itic  lithofac ies. Pebbles in sparse pebbly bed s c onsist of granitoid s exc ept near the top of the sec tion
    where metavolc anic  roc ks are inc reasingly c ommon (Yarnold  and  M c Daniels, 1992). 

Tsl1

Conglomerate (Oligo-Miocene) - Dark-brown, weakly resistant, interbed d ed  pebbly sand stone and  sparse sand stone
    and  siltstone. T he unit is typic ally poorly bed d ed , with ind ivid ual bed s d efined  by grad ational variations in grain size. M ost
    c lasts are angular to subangular and  c onsist of quartzite.   

Tc

Sedimentary rocks, undivided (Oligo-Miocene) - S and stone, c onglomerate, d ebris-flow d eposits, and  roc k avalanc he
    brec c ia, with rare tuffs, lava flows, siltstone, and  limestone.Ts

Limestone, mudstone, sandstone, and pebbly sandstone (Oligo-Miocene) - W eakly resistant, interbed d ed  limestone,
    c alc areous mud stone, siltstone, sand stone, and  pebbly sand stone. L imestone bed s are mesosc opic ally similar to those of
    map unit T l and  are typic ally 1 m or less thic k, whereas sets of brown pebbly sand stone bed s form 3-4 m thic k subunits.
    Contac ts between d ifferent types of bed s are sharp.

Tcm

Limestone and mudstone (Oligo-Miocene) - L ight- gray and  green, weakly resistant, thinly bed d ed  to laminated
    mud stone, c alc areous mud stone, and  siltstone. U nit is strongly fold ed . S ome fold s have wavelengths of as little as a few
    c entimeters.  

Tlm

Limestone and calcareous siltstone (Oligo-Miocene) - S outh of Artillery Peak this unit c onsists of light-tan to gray,
    resistant, thic kly bed d ed  to massive limestone that is c ommonly fold ed , with fold  wavelengths larger than 10 m. T ransluc ent,
    lens-shaped , silic eous zones and  nod ules form replac ements of c alc areous algal mats and  c ontain well-preserved  gastropod
    fossils. T he lower portion of this unit is silty and  thin bed d ed . L arge bloc ks or tongue-shaped  bod ies of brec c iated  M esozoic
    sc hist and  metavolc anic  roc k are present at several, wid ely separated  loc ations. S tratigraphic  thic kness is estimated  at
    approximately 180 m. Fold ing has resulted  in struc tural thic kening of the unit to more than 350 m in the northwest portion of
    the map area.

Tl

Fine-grained sandstone (Oligo-Miocene) - T an, fine-grained , thinly bed d ed  to laminated  sand stone and  subord inate
    siltstone and  c alc areous siltstone. R oc ks of this unit are interbed d ed  with limestone within a few meters of the c ontac t with unit
    T l.

Tssf

Sandstone, siltstone, and limestone at Potts Mountain (Oligo-Miocene) - In the Potts M ountain area, this unit c onsists
    of well stratified , thin to med ium bed d ed , light c olored  limestone, silty limestone, c alc areous siltstone, and  sand stone, loc ally
    interbed d ed  with gypsum. T his unit is interpreted  to represent lac ustrine and  margnial lac ustrine settings (Yarnold  and
    M c Daniel, 1992). 

Tslp

Sandstone, siltstone, and limestone (Oligo-Miocene) - G reen, thin-bed d ed  to laminated , well-sorted  sand stone,
    mud stone, and  limestone. M ud stones are rhythmic ally interbed d ed  with the fine-grained  sand stones; eac h bed set is between
    30 c m and  120 c m thic k. Bed s loc ally c ontain mud c rac ks. U nit c ontains two bed s of pink, mod erately resistant,
    biotite-feld spar-phyric  tuff c ontaining less than 3% phenoc rysts. Both bed s are interpreted  as lithified  and  altered  ash-fall tuffs
    based  on thin-sec tion examination that reveals d evitrified , und eformed  glass shard s. 

Tsl

Conglomerate, conglomeratic sandstone, and sandstone, lower unit (Oligo-Miocene) - Dominantly poorly sorted , tan
    to pale brown c onglomerate and  sand y c onglomerate. Inc lud es c obble to bould er c ongomerate, sand y c onglomerate with
    pebbles and  c obbles, pebbly sand stone, and  rare sand stone. U nit also c ontains roc k-avalanc he brec c ia d eposits and  sparse
    d ebris flow d eposits. Conglomerate is generally weakly to mod erately c hannelized . Clasts are typic ally subangular to
    subround ed , and  c onsist primarily to almost entirely of granitic  roc ks and  high-grad e, quartzo-feld spathic  gneiss, with sparse
    c lasts of T ertiary volc anic  roc ks. At highest exposed  stratigraphic  levels, in areas where basalt is interbed d ed  with
    c onglomerate, unit c ontains a higher frac tion of volc anic -roc k c lasts. Field  examination suggests that sand s are arkosic .
    Interpreted  as proximal to med ial alluvial fan d eposits ad jac ent to an area with enough relief to yield  d ebris flows and
    roc k-avalanc h brec c ias.

Tcgl

Basal Arkose

Basal arkose (Oligocene) - Conglomerate, c onglomeratic  sand stone, and  sand stone. U nit c onsists of a lower subunit
    of med ium-brown, weakly resistant, massive to poorly bed d ed  arkose, c onglomeratic  arkose, c onglomerate, and  d ebris
    flows(?) d erived  from Proterozoic  c rystalline roc ks, and  an upper subunit of d ark-brown, weakly resistant, bed d ed , mod erately
    sorted , arkose and  pebbly arkose c ontaining c lasts of Proterozoic  c rystalline roc ks. Both upper and  lower units thic ken to the
    southeast where they reac h maximum thic knesses of approximately 70 m and  180 m, respec tively. T his map unit forms a
    broad ly fining-upward  sequenc e that rests d isc onformably on the Proterozoic  S ignal G ranite. An interbed d ed  tuff was d ated  at
    26.28 M a (40Ar/39Ar sanid ine, sample AZ10-24-89, L uc c hitta and  S uneson, 1993, U S G S  Bulletin 2053).

Tba

Basal arkose in Ester Basin (Oligo-Miocene) - R ed d ish orange to brown granular sand stone and  c onglomerate
    d erived  pred ominantly from Proterozoic  c rystalline roc ks. U nit c ontains white to light green, lentic ular red uc tion spots, and  
    heavy-mineral-ric h laminations. G ranules and  small pebbles are typic ally subangular to angular, while larger c lasts are
    c ommonly subround ed . Bed s are mod erately to well stratified , and  c ross laminations are c ommon. Deposits are d ominantly
    fluvial with rare d ebris-flow interbed s. Cobble to bould er c onglomerate fac ies loc ally c rop out near the basal c ontac t and
    c ontain c lasts of Prec mbrian granite and  gneiss, metarhyolite, and  white to red  quartzite. Clasts of M esozoic  metamorphic
    roc ks inc rease in abund anc e toward  the southeast. T his map unit is finer up-sec tion and  grad es into overlying fine-grain strata
    of the overlying unit (Yarnold  and  M c Daniel, 1992).

Tbae

Rock avalanche breccia (cont...)

Sandstone and mudstone unit of the Artillery Formation

Sandstone and mudstone, upper mudstone (Oligo-Miocene) - T hinly bed d ed  to med ium-bed d ed , well-sorted
    siltstone and  fine-grained  sand stone.Ts4

Sandstone and mudstone unit, upper sandstone (Oligo-Miocene) - T hic kly bed d ed  to massive, well-sorted ,
    c oarse- to med ium-grained  sand stone with loc al pebble stringers. Plane bed s are the d ominant bed form. R ip-up c lasts of
    und erlying c alc areous mud stone and  other pebble-sized  c lasts are present in the basal bed  of the member. 

Ts3

Sanstone and mudstone unit, lower mudstone (Oligo-Miocene) - T hinly bed d ed  to med ium-bed d ed , well-sorted ,
    variably and  loc ally c alc areous siltstone and  fine-grained  sand stone. R ipple c ross laminations are present near the top of
    the member. M ic ac eous sand stone is more abund ant than in the und erlying member.

Ts2

Sandstone and mudstone unit, lower sandstone (Oligo-Miocene) - T hic kly bed d ed  to massive, poorly sorted  to
    well sorted , c oarse-grained  sand stone, and  matrix-supported  sand y c onglomerate. L oc ally c last-supported  with a weakly
    d eveloped  imbric ation. Bed  thic kness and  grain size d ec rease up sec tion.

Ts1

Mesozoic metasedimentary and metaigneous rocks

Metasandstone and metasiltstone (Jurassic to Cretaceous) - Cleaved  to sc histose metasiltstone and  metasand stone,
    with rare pebble to c obble c onglomeratic  sand stone. U nit is c orrelative with the M c Coy M ountains Formation.KJs

Tertiary to Jurassic igneous and hydrothermal units

Hydrothermal quartz and minor carbonate (Tertiary to Cretaceous) - M assive hyd rothermal quartz and  areas of abund ant
    quartz veinlets flood ing host roc ks. L oc ally this unit inc lud es massive hyd rothermal c arbonate and  open-spac e filling textures. TKh

Heterogeneous leucocratic granitoids (Cretaceous) - Fine to med ium grain leuc ogranite, with up to 6% c hlorite replac ing
    biotite. U nit is foliated  and  suspec ted  to have been intrud ed  into M esozoic  roc ks before metamorphism (pre-metamorphic ),
    ind ic ating likely L ate Cretac eous age. T his is "granitic  gneiss" unit of S hac kelford  (1989).

Kgl

S urfic ial mapping by Phil Pearthree, 2011-2012
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T he Artillery Peak and  R awhid e W ash 7 ½ ' Q uad rangles are loc ated  in southern M ohave County and  northern L a Paz 
County in western Arizona, and  enc ompass Alamo L ake reservoir at the c onfluenc e of the S anta M aria and  Big S and y 
R ivers. N ew geologic  mapping and  map c ompilation for the two quad rangles, presented  here, was d one und er the joint 
S tate-Fed eral S T AT E M AP program, as spec ified  by the N ational G eologic  M apping Ac t of 1992, and  was jointly fund ed  
by the Arizona G eologic al S urvey and  the U .S . G eologic al S urvey und er S T AT E M AP assistanc e award  G 11AC20455. 
T his map was c ompiled  d igitally using E S R I Arc G IS  software.
T he Artillery M ountains and  the northeastern flank of the R awhid e M ountains were partially mapped  by L asky and  
W ebber (1949) and  by S penc er et al. (1989). T he northwestern part of the R awhid e M ountains was mapped  by 
Yarnold  and  M c Daniel (1992), and  the entire range was mapped  by S hac kelford  (1989). T wo areas in the R awhid e 
M ountains were mapped  in d etail by S c ott (2004). N ew mapping was d one in unmapped  areas, and  to field  c hec k and  
improve mapping in previously mapped  areas. M apping by L asky and  W ebber was not d one on a mod ern topographic  
base, and  their stud y area was almost entirely remapped . Previous mapping d id  not signific antly d ifferentiate Q uaternary 
map units. For this mapping investigation, Q uaternary units were d ifferentiated  in d etail for entire map area. 
G eoreferenc ed  aerial-photograph imagery was used  extensively for mapping Q uaternary d eposits.
T he map area is loc ated  at the northeastern margin of the large Buc kskin-R awhid e-Harc uvar metamorphic  c ore 
c omplex, whic h was exhumed  by tens of kilometers of d isplac ement on the Buc kskin-R awhid e extensional d etac hment 
fault (S penc er and  R eynold s, 1991). T he struc tural geology of the R awhid e M ountains is d ominated  by the Buc kskin-
R awhid e extensional d etac hment fault with top-to-the-northeast d isplac ement. R oc ks are d ivid ed  into two suites. T hose 
below the gently d ipping to und ulating fault (lower-plate roc ks) c onsist almost entirely of variably mylonitic  gneiss, 
granitoid s, and  hypabyssal intrusions. T hose above the fault (upper-plate roc ks) c onsist of highly d eformed  Paleozoic  
and  M esozoic  metased imentary and  metavolc anic  roc ks and  faulted  and  tilted  Oligo-M ioc ene sed imentary and  volc anic  
roc ks. T he lower-plate roc ks were d isplac ed  from ~8-15 km d eep in E arth’s c rust, and  were uplifted  and  juxtaposed  with 
the upper-plate roc ks by 50-70 km of d isplac ement on the Buc kskin-R awhid e d etac hment fault (S penc er and  R eynold s,
1991). Oligo-M ioc ene sed imentary and  volc anic  roc ks were d eposited  d uring tec tonic  extension, half-graben basin 
genesis, and  fault-bloc k tilting (Yarnold , 1994). T he Paleozoic  and  M esozoic  sed imentary and  volc anic  roc ks were 

buried  by late Cretac eous thrust faulting and  metamorphosed  within the M aria fold -and -thrust belt before further 
faulting d uring Oligo-M ioc ene tec tonic  extension (S penc er and  R eynold s, 1990).
T he Artillery M ountains c onsist largely of a gently to steeply southwest-d ipping sequenc e of Oligo-M ioc ene sed imentary 
and  volc anic  roc ks that rest d epositionally on the ~1400 million-year-old  S ignal G ranite (L uc c hitta and  S uneson, 1994; 
Bryant et al., 2001; Bryant, 1995). T he sequenc e was d eposited  in a half-graben basin that was formed  and  tilted  d uring 
tec tonic  extension (S penc er et al., 1989; L uc c hitta and  S uneson, 1993). T he sequenc e has been d ivid ed  into four 
assemblages, as follows (from Yarnold , 1994): (1) basal arkosic  sand stone that c ontains a tuff d ated  at 26.3 M a 
(L uc c hitta and  S uneson, 1993), (2) a c omplex mix of lac ustrine limestone, siltstone, sand stone, c onglomerate, and  roc k-
avalanc he brec c ias, (3) red  arkosic  sand stone and  bed d ed  manganese d eposits of the Chapin W ash Formation, and  
(4) S and trap Conglomerate and  M anganese M esa basalt d ated  at 9.5 M a (S hafiqullah et al., 1980). T he lower two units 
make up the Artillery Formation of L asky and  W ebber (1949). Clastic -sed iment sourc es and  paleoc urrent d irec tions were 
used  to infer that units (1) and  (3) were d erived  from northern, granitic  sourc es, whereas assemblage (2) was d erived  
from western areas of metamorphic  roc ks, inc lud ing abund ant, sc histose, Jurassic  metavolc anic  roc ks (Yarnold , 1994). 
Assemblage (4) was d erived  in part from the emerging mylonitic  c rystalline roc ks of the metamorphic  c ore c omplex 
(S penc er and  R eynold s, 1989). In id entifying map units for this mapping stud y, we noted  that the upward  transition from 
metamorphic  c lastic  d ebris of assemblage (2) to arkosic  d ebris of assemblage (3) oc c urred  below the extensive, 
d ominantly granitic , Artillery megabrec c ia, and  ac c ord ingly plac ed  the base of the Chapin W ash Formation below the 
megabrec c ia and  lower in the stratigraphy than d id  L asky and  W ebber (1949).
T he large bed d ed  sed imentary manganese d eposit beneath M anganese M esa has been the target of exploration ac tivity 
for d ec ad es, inc lud ing a major d rilling program in 2011. T he manganese d eposits are hosted  by the Chapin W ash 
S and stone, and  inc lud e vein d eposits that extend  upward  into the S and trap Conglomerate (L asky and  W ebber, 1949; 
S penc er et al., 1989). T he R awhid e M ountains c ontain numerous small areas of spec ular hematite (Fe3O4) mineralization 
along and  d irec tly ad jac ent to the d etac hment fault (S penc er and  W elty, 1989). M inor c opper and  gold  d eposits are 
assoc iated  with the iron mineralization, and  have been the target of historic  mining ac tivity. All of the manganese and  iron 
mineralization, and  assoc iated  c opper and  gold , are thought to be related  to asc ent of basin brines along the d etac hment 
fault (S penc er and  W elty, 1989).
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