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M ap Unit De scriptions

Trachytic rocks - G lassy to fine -graine d crystalline  matrix lavas and re late d shallow porphyrie s containing 0. 5% – 12%
phe nocrysts of <2mm fe ldspar >> biotite  (<1mm).  Fe ldspar phe nocrysts are  dominantly plagioclase .  Associate d
pyroclastic rocks, ranging from clast-supporte d block and ash-flows to thin-be dde d fallout te phras are  locally include d within
this map unit.

Tt

Inte rm e diate  volcaniclastic rocks - A fairly thick and he te roge nous se que nce  of volcaniclastic dominate d strata consisting of
conglom e rate , bre ccia, and pe bbly sandstone  containing clasts of dacitic, ande sitiic, and trachytic lavas,  locally with abundant
granite  and gne iss.  T he  unit also contains, locally, fairly abundant, ye t always subordinate  fe lsic (trachytic) pyroclastic rocks. 
T he  strata occur above  a thick pile  of phe nocryst-rich ande site  lavas (T ax) in the  southw e st corne r of the  map are a whe re  the y
e nve lope  a distinctive , inclusion-rich dacitic lava (T d).  T he  uppe r part of the  se que nce  in this are a be com e s incre asingly
trachytic pyroclastic up-se ction whe re  it is ove rlain by a thick pile  of fairly monotonous  trachytic lavas (T t).

Tsi

Trachytic lava of “Window Pe ak” - M ode rate ly phe nocryst-rich (7-12%) trachytic lava with a distinctive , fairly thick, vitric to
sphe rulitic-lithophysal, strongly flow-foliate d, cohe re nt-facie s core .  Fe ldspars (plagioclase  and sanidine ) are  up to 5mm and
biotite  up to 3mm.  T his lava ove rlie s the  olde r rhyolite  lava at “W indow Pe ak” along the  north-ce ntral e dge  of se ction 24, R  20
W , T  21N .  

Ttv

Olde r Rhyolite  lava - M ode rate ly phe nocryst-rich rhyolitic lava containing ~10% phe nocrysts of fe ldspar <4mm 2:1 to 3:1 ove r
quartz <3mm, and sparse  biotite  <2mm.  R e cognize d only in the  W indow Pe ak are a (se c. 24, R  20 W , T  21N ).Tro

Non-we lde d tu ff and volcaniclastic rocks: - S e que nce s of non-w e lde d fe lsic, pyroclastic rock (ash-fall, ash-flow, and surge ), and
volcaniclastic se dim e ntary rocks with variable  amounts of volcanic, plutonic, me tamorphic, and se dim e ntary clasts. G e ne rally
phe nocryst-poor with fe ldsapar and minor biotite , +/ quartz, Be dding range s from massive  to thin-be dde d.  A tuff bre ccia
containing abundant, dark, phe nocryst-poor trachyande sitic lava clasts in the  T hum b Butte  are a was mappe d se parate ly (T tta).

Tts

Dacitic rocks - M ode rate ly phe nocryst-rich to phe nocryst-rich (10-30%) dacitic lavas/porphyrie s containing <10mm
plagioclase  and 1-5% mafics of pyroxe ne  and biotite  in proportions ranging be tw e e n 1:3 and 3:1. Hornble nde  may also be
pre se nt.  T he  lavas contain up to 10% sparse ly plagioclase  porphyritic, fine -graine d crystalline  matrix inclusions.

Td

Trachyande sitic rocks - Dark, ve ry fine -graine d to fine -graine d crystalline  matrix, aphyric to phe nocryst-poor lavas/porphyrie s
containing <5mm mafic phe nocrysts (biotite , hornble nde , and/or pyroxe ne ) in e qual or gre ate r abundance  than <2mm
plagioclase .  Phe nocryst conte nt ge ne rally <<2% and rare ly up to 5%

Tta

Phe nocryst-poor ande sitic rocks - Phe nocryst-poor (1-10%) ande sitic lavas/porphyrie s containing <5mm plagioclase  and
pyroxe ne  in proportions ranging be tw e e n 1:3 and 3:1.  Tap

Mode rate ly phe nocryst-rich ande sitic rocks - M ode rate ly phe nocryst-rich (7-15%) ande sitic lavas/porphyrie s containing <5mm
plagioclase  and pyroxe ne  (<3mm) in proportions gre ate r than 1:1.Ta

Bone lli Tu ff - T bt	 Phe nocryst-poor rhyolite  ignim brite  containing 1-5% <4mm fe ldspar (mostly or all sanidine ) with sparse
biotite  and/or othe r mafics.  Pumice  lapilli (fiamm e ) range  be tw e e n 1 and 15%.  Dark gray, fine ly crystalline  matrix grade s into
se m i-vitric ne ar the  base  of the  flow ove rlying a thin, poorly to non-w e lde d base .  T he  nonw e lde d base  and the  se m i-vitric zone
are  not always pre se nt.

Tbt

Sandstone  and argillite - G ray to re d we athe ring, fine - to m e dium-graine d volcaniclastic, mostly clay-ce m e nte d, sandstone ,
siltstone , and argillite .  T he  se dim e ntary rocks are  commonly poorly indurate d and re ce ssive , but parts of the  se que nce  are
silica-ce m e nte d and re sistant.  L ight gre e n, fine -graine d ash be ds constitute  up to 25% of the  se que nce .  T he  map unit is only
re cognize d in the  northe ast corne r of the  map are a whe re  it dire ctly ove rlie s the  capping vitrophyre  of the  Pe ach S pring T uff
(T pu).

Tsa

Pe ach Spring Tu ff

Uppe r Pe ach Spring Tu ff - R e d, phe nocryst-rich ignimbrite  containing 20-35% phe nocrysts of sanidine  (<6mm) >
plagioclase  (<3mm), and <0.5% mafics and opaque  mine rals, mostly <2mm biotite , with sparse  to trace  amounts of
hornble nde , pyroxe ne  and sphe ne .   T he  map unit has a distinctive  black vitrophyre  cap <5m that corre late s with the
W arm S prings zone  of the  Pe ach S pring T uff.  T he  base  is a gradational change  ove r a fe w m e te rs into light colore d
mode rate ly phe nocryst-rich to phe nocryst-poor ignim brite  of the  low e r Pe ach S pring T uff map unit (T pl). 

Tpu

Lowe r Pe ach Spring Tu ff - L ight gray, phe nocryst-poor to mode rate ly phe nocryst-rich ignim brite  containing 5-18%
phe nocrysts of sanidine  (<6mm) > plagioclase  (<3mm), and <0.5% mafics and opaque  mine rals, mostly <2mm
biotite , with sparse  to trace  amounts of hornble nde , pyroxe ne  and sphe ne .   T he  base  is poorly e xpose d and nonw e lde d to
poorly w e lde d, and the  top is a gradational, ye t rapid (<5m inte rval), change  upwards into re d de nse ly w e lde d ignimbrite
of the  uppe r Pe ach S pring T uff map unit (T pu).

Tpl

Cook Canyon Tu ff - Phe nocryst-rich trachydacitic ignimbrite  containing 15-25% phe nocrysts of plagioclase  (4mm) and 2-5%
biotite  (<4mm) in a dark re ddish matrix.  <5cm lithic lapilli are  sparse , and pumice  lapilli (<15cm) range  be tw e e n 5-15%.Tct

Phe nocryst-rich ande sitic rocks - Ande sitic lavas containing 10-30% plagioclase  phe nocrysts (e uhe dral, cle ar vitre ous, 2-8 mm)
and 2-4% gre e n clinopyroxe ne  phe nocrysts (2-4 mm).  S om e  flows contain < 1% biotite  1-2 mm.  Cohe re nt facie s are  hard,
platy, and w e athe re d dark brown.

Tax

Basaltic ande sitic rocks - Phe nocryst-poor to mode rate ly phe nocryst-rich (1-15%) basaltic ande sitic lavas/porphyrie s containing
pyroxe ne  and/or iddingsite  (afte r olivine  or pyroxe ne ) = or > plagioclase .  Up to thre e  distinct flows of basaltic ande site
containing black and gre e n pyroxe ne  (ortho and clino) are  pre se nt inte rbe dde d with the  T ds map unit be tw e e n T hum b Butte
and the  southe rn e dge  of the  map are a.  T he se  flows are  similar to a distinctive  suite  of basaltic trachyande site  lava re cognize d
imm e diate ly unde rlying the  Pe ach S pring T uff south of Oatm an (S pe nce r e t al., 2006).  T he  mafic flows continue  sparse ly along
the  w e ste rn base  of the  rugge d spine  of the  Black M ountains be tw e e n Oatman and this are a but without any associate d Pe ach
S pring T uff, and so are  te ntative ly use d as a stratigraphic marke r, pote ntially of that age  in this are a. 

Tba

Collu viu m , Re golith, and Talu s - Ve ry poorly sorte d, angular to subangular, locally de rive d grave l, sand, silt and clay de posits
de rive d from imm e diate ly adjace nt be drock.M ate rial at and ne ar the  surface  is de rive d from unde rlying or adjace nt be drock
outcrops. L ocally include s som e  boulde ry talus de posits with minim al fine  matrix, and som e  are as of w e athe re d be drock whe re
the re  are  no outcrops.

Qtc

distu rbe d are as - Are as substantially alte re d by hum an activitie s, primarily maor roadw ays and mining are asd

Stocktanks - Are as of stocktanks form e d by e arthe n damsds

Othe r u nits

Dark volcaniclastic rocks - G re e n, propylitically alte re d sandstone , argillite , conglom e rate  and bre ccia with clasts dominantly of
mafic to inte rm e diate  volcanics, but also locally, clasts of Prote rozoic granitoid and gne iss.  S andstone  range s from arkosic to
lithic-fe ldspathic (plagioclase ).  S e ctions of argillite  are  locally ve ry thick and dominate  the  map unit, but are  always poorly
e xpose d.  Bre ccia and conglom e rate  are  subordinate  whe re  the  unit ove rlie s the  Alcyone  Dacite  (T da).  Pe bble -cobble
conglom e rate s are  commonly associate d with sandstone  dominate d se ctions. A clay-sandy matrix-supporte d bre ccia with clast
of ande site  and dacite  up to 5m is pre se nt in the  S W /4 of se ction 18, R  19 W , T  21N .  M afic to inte rm e diate  lavas (T a, T ba, T da)
are  close ly associate d with this unit, which may include  som e  unmappe d flows of those  compositions in som e  are as. In the
southw e st corne r of the  map are a a se que nce  of m e dium- to fine -graine d volcaniclastic sandstone  is inte rbe dde d with tuff in
be tw e e n the  Alcyone  trachydacite  (T da) and phe nocryst-rich ande site  (T ax).  T he  basal part of this succe ssion consists of
se ve ral m e te rs of pale -gre e n tuff containing biotite  flake s and lithic lapilli.  T his is ove rlain by a thin- to me dium-be dde d
sandstone  inte rval that is w e ll-e xpose d for <2 m thickne ss.  T he  sandstone  is light gray-gre e n, me dium-graine d, mode rate ly
sorte d lithare nite  or lithic wacke  with subrounde d to subangular grains.  S om e  be ds contain light-gre e n pumice .  T he  uppe r part
of the  unit is poorly e xpose d and contains massive  or thick-be dde d inte rvals of homoge ne ous sandstone .

Tsd

Alcyone  trachydacite - T rachydacite  lava flows, subordinate  ignim brite , and se dim e ntary rocks, che ifly at the  base  of the  map
unit.  Dacite  lava flows contain 20-30% 1-7-mm plagioclase  phe nocrysts and 5-10% 1-3-mm biotite  phe nocrysts in an aphanitic
groundmass, typically purple  or dark olive  gre e n.  T he  contact be tw e e n this unit and unde rlying Prote rozoic rocks is a
nonconformity.  A discontinuous inte rval at the  base  of the  unit consists of up to at le ast 5 m of conglom e rate  or bre ccia
inte rbe dde d with pe bbly sandstone .   T he  basal unit is te xturally variable .  Bre ccia contains pe bble s and cobble s of granitoid
rocks, angular to subangular pe bble s and granule s of K-fe ldspar, and granule s of plagioclase .  Clast-supporte d conglom e rate
contains subrounde d pe bble s, cobble s, and a fe w boulde rs of crystalline  rocks.  Pe bbly sandstone  contains ve ry
coarse -graine d, angular to subrounde d, sand- and granule -size d grains of lithics and plagioclase , plutonic quartz granule s,
granitoid and othe r pe bble s, in an unsorte d (sand to clay) gre e n matrix.  T hroughout most of the  map are a, a dacitic ignim brite
unit up to se ve ral te ns of m e te rs thick ove rlie s e ithe r the  basal conglom e rate  or lie s dire ctly on Prote rozoic rocks.  T his unit
contains 35-50% plagioclase  phe nocrysts (crystals and fragm e nts, <1-2 mm), 10-20% biotite  phe nocrysts (chloritize d in
som e  inte rvals), 15% alte re d flatte ne d pumice  (purple  to gre e n or ye llow with plagioclase  and biotite  phe nocrysts), and 5-10%
lithic lapilli (mostly <2 cm, up to 5 cm), in a light-colore d matrix.

Tda

Granitic rocks and gne iss - Prote rozoic rocks form the  core  of an upthrown block bounde d by high-angle  e xte nsional faults
along the  southw e ste rn e dge  of the  map are a, and unde rlying volcanic rocks along the  e aste rn e dge  of the  range .  T he  most
abundant rock type  in this unit is m e dium- to coarse -graine d biotite  monzogranite  containing >20-25% K-fe ldspar me gacrysts,
at le ast 30% me dium- to coarse -graine d plagioclase , 20-25% me dium-graine d quartz, and at le ast 10% biotite .  M ost of the
m e gacrysts are  2-3 cm (ranging up to 5 cm) and are  Carlsbad-tw inne d.  On the  southw e st slope  of the  ridge  that e xte nds from
S e cre t Pass to w e st of Union Pass, me gacrystic granite  is ne arly the  only Prote rozoic rock e xpose d.  S om e  zone s within the
granite  contain at le ast 10% 1-cm re d garne t, probably re fle cting alumina e nrichm e nt in zone s of assimilate d country rock.  On
the  cre st of the  ridge , the  granite  contains xe noliths of country rock 5-20 cm long.  N orthe ast of the  ridge  cre st, granite  e nclose s
large  xe noliths of gne iss se ve ral me te rs long.  S parse  hummocky outcrops of granitoid and inte rve ning low are as with sparse
outcrops of gne iss are  e xpose d on the  northe ast slope  of the  ridge .  T he  granitoid on the  northe ast slope  locally contains up to
10% 15-20-mm me gacrysts, but typically most of the  K-fe ldspar is 5 mm, with sparse  m e gacrysts in the  10-15-mm size  range . 
M uch of the  granitoid on the  northe ast slope  is m e dium- to coarse -graine d quartz monzonite  to quartz monzodiorite  containing
15-20% biotite  and w e athe re d dark gray.  L ocally it appe ars that domains of this more -mafic granitoid are  e ngulfe d by granitoid
that contains le ss biotite  and more  m e gacrysts, more  like  the  monzogranite  on the  southw e st slope  of the  ridge .
     T he  coarse -graine d granitoid rocks intrude  a suite  of country rocks that include s biotite -quartz-fe ldspar and
garne t-biotite -quartz-fe ldspar gne iss, fine - to me dium-graine d biotite  granite  (<10% biotite ), and fine - to m e dium-graine d
garne t le ucogranite  with garne t up to 1 cm.  T he  gne iss is compose d of fine - to me dium-graine d quartz and fe ldspar,
fine -graine d biotite , and up to 15% garne t that is mostly 2-5 mm but up to >1 cm in som e  laye rs.  G ne issic laye ring is on
fe w-mm to fe w-cm scale , and som e  of the  thinne r laye rs are  quartz-rich paragne iss.
     T he  granitoid rocks and gne iss are  intrude d locally by fine -graine d diabase  that forms northw e st-striking dike  swarms.

YXg

Pie dm ont De posits

Sand and grave l de posits in active  channe ls, bars, low te rrace s - De posits in active  channe ls and adjace nt low bars and
te rrace s. Primarily sand, pe bble s, and cobble s, with som e  silt and clay; boulde rs are  rare  to common close r to be drock hills
and mountains. Clast lithologie s vary with source  te rrain, but in most of map are a the y are  primarily fe lsic volcanic rocks, with
minor mafic volcanics and crystalline  rocks. 

Qy3

De posits on low te rrace s, su bsidiary flow paths, and active  allu vial fans - Ve ry poorly sorte d sand, pe bble , cobble , boulde r, and
silt de posits in low te rrace s and flow e xpansion re ache s. Include s som e  small channe ls. T opography typically undulate s
be tw e e n channe ls, te rrace s, and grave l bars. N o de se rt pave m e nt or soil de ve lopm e nt.

Qy2

De posits on low te rrace s and allu vial fans - Ve ry poorly sorte d sand, pe bble , cobble , boulde r, and silt de posits in grave l bars,
low te rrace s, and alluvial fans. S urface s are  typically are  undulating, with coarse  grave l bars and re lict channe ls. Channe ls are
cove re d by fine  ope n pe bble  to cobble  lags, grave l bars are  som e w hat subdue d. S oil de ve lopm e nt is w e ak, with som e
carbonate  accumulations.

Qy1

Y ou ng de posits, u ndiffe re ntiate d - Holoce ne  de posits of mixe d age .Qy

Y ou ng inte rm e diate  allu vial fan and te rrace  de posits - Poorly sorte d mixture s of silt, sand, pe bble s, cobble s, with som e
boulde rs close  to the  mountains, forming inactive  alluvial fans and  te rrace s. S urface  topography varie s from ge ntly undulating
re lict bars and swale s to quite  smooth. S oil de ve lopm e nt is w e ak to mode rate , but som e  re dde ning of surface  soil is e vide nt.
Carbonate  coatings typically are  thin and discontinuous.

Qi3

Inte rm e diate  allu vial fan and te rrace  de posits - R e lict alluvial fan and  te rrace  de posits consisting of poorly sorte d sand,
pe bble s, cobble s, and boulde rs, with minor silt and clay. S oil de ve lopm e nt is mode rate , with  soil re dde ning and mode rate  clay
accum ulation on w e ll-pre se rve d surface s; carbonate  accumulation on grave l is obvious. R ock varnish is variable , but locally is
dark brown to black. M argins of planar fan surface  re mnants are  w e ll rounde d.

Qi2

Inte rm e diate  de posits, u ndiffe re ntiate d - Undivide d Ple istoce ne  alluvial fan and te rrace  de posits, ge ne rally including Q i2 or Q i3
de posits,Qi

Olde r inte rm e diate  allu vial fan and te rrace  de posits - M ode rate ly e rode d re lict alluvial fan and te rrace  de posits consisting of
poorly sorte d sand, pe bble s, cobble s, and boulde rs, with minor silt and clay. S urface s typically are  slightly re dde ne d and light in
color. Carbonate  soil de ve lopm e nt ist variable , but ge ne rally is strong; thin laminar pe trocalcic horizons (we ak stage  IV) are
e xpose d locally on the  slope s on the  margins of the se  de posits.

Qi1

Old allu vial fan de posits - R e lative ly high, disse cte d re lict alluvial fan de posits consisting of poorly sorte d pe bble s, cobble s,
boulde rs, and sand with minor silt. S oil de ve lopm e nt is variable  de pe nding on surface  pre se rvation, but planar re mnants and
side  slope s typically have  ce m e nte d pe trocalcic with laminar caps (stage  IV-V). Q o de posits are  only e xpose d ne ar the
mountains, whe re  the y are  substantially highe r in the  landscape  than any younge r de posits.

Qo

Landslide - Angular, strongly varnishe d, close ly packe d boulde rs, commonly large r than 3m, of phe nocryst-poor basaltic lava. 
T he  clasts are  crystalline -core  and vitirc facie s lavas intim ate ly mixe d toge the r in a way that would be  difficult to achie ve
through e rosion of an in-place  outcrop of basaltic lava or lavas.  T he  clasts are  similar to many of the  basaltic lavas that cap the
Black M ountains dire ctly w e st of he re , and are  inte rpre te d to re pre se nt the  re m ains of an landslide  de posit olde r than or
e quivale nt in age  to the  Old alluvial fan de posit map unit (Q o) that ove rlaps the  de posit.

Qls

Axial Valle y De posits

Mode rn channe l, floodplain, low te rrace  de posits - S and, pe bble , cobble  and silt de posits in re ce ntly active  channe ls and lightly
ve ge tate d in-channe l bars and small  planar fluvial te rrace s le ss than 1 m above  active  channe l. T he se  de posits do not e xhibit
soil de ve lopm e nt but commonly  have  a light ve ge tation cove r of small tre e s and bushe s and  grasse s due  to the ir re lative ly
fre que nt inundation. T he se  surface s are  commonly inundate d unde r mode rate  to e xtre m e   flow e ve nts and can be  subje ct to
de e p, high ve locity flow and  late ral bank e rosion. 

Qy3r

Low te rrace  de posits - S and, silt, clay, pe bble s and cobble s associate d with low  te rrace s and islands of S acram e nto W ash.
Q y2r de posits are  associate d with broadly  planar surface s that locally re tain the  shape  of the  historical valle y bottom. Q y2r
surface s are  1-2 m above  mode rn rive r channe ls and are  the  fairly e xte nsive y. T he se  surface s are  pre dominantly fine  graine d
at the  surface  due  e pisodic shallow flood inundation, but include  inte rfinge ring coarse  sandy to pe bbly braide d channe l
de posits. Q y2r de posits are  like ly subje ct to inundation by rive r floods. Q y2r de posits are  subje ct to catastrophic bank failure  
due  to unde rcutting and late ral e rosion during flow e ve nts.

Qy2r

Olde r low te rrace  de posits - S and, silt, pe bble , clay and cobble  de posits associate d with highe r te rrace s that re pre se nt
re mnants of olde r Holoce ne  aggradation pe riods. S oil de ve lopm e nt is w e ak and surface  color typically is gray to light brown.
Incipie nt stage  I calcium carbonate  accum ulation is e vide nt on the  unde rside s of som e   burie d clasts. Q y1r surface s are  up to 3
me te rs above  the  channe ls of S acram e nto W ash and are  slightly inse t be low adjace nt Q ir surface s.

Qy1r

Inte rm e diate  te rrace  de posits - S and, silt, clay, pe bble , and minor cobble  de posits associate d with the  late  Ple istoce ne  axial
valle y floor. S urface s are  slightly disse cte d by tributary drainage s that he ad on the  surface s and through-going channe ls.
S acram e nto W ash is incise d 2-4 m be low Q ir surface s. S oil de ve lopm e nt is mode rate , with som e  clay accum ulation and soil
re dde ning and stage  II calcic horizon de ve lopm e nt with  soft nodule  de ve lopm e nt.

Qir

Be drock Units

Rhyolitic rocks - Phe nocryst-poor to mode rate ly phe nocryst-rich (0.5% - 15%) rhyolitic lavas (T r) and porphyrie s (T ri) containing
fe ldspar (<8mm) and quartz (<5mm) phe nocrysts in ratios ranging be tw e e n 1:1 and 3:1, and sparse  (<2mm) biotite . 
Fe ldspars are  ge ne rally dominate d by K-fe ldspar.  Intrusive  varie tie s (T ri) mappe d se parate ly whe re  known.

Tr

Rhyolite  intru sions - Phe nocryst-poor to mode rate ly phe nocryst-rich (0.5% - 15%) rhyolitic porphyrie s containing fe ldspar
(<8mm) and quartz (<5mm) phe nocrysts in ratios ranging be tw e e n 1:1 and 3:1, and sparse  (<2mm) biotite .  Fe ldspars
are  ge ne rally dominate d by K-fe ldspar. 

Tri

K-fe ldspar porphyritic dike s - Porphyritic dike s containing 20% K-fe ldspar phe nocrysts 1-10 mm, 1% anhe dral quartz 2-4 mm,
and trace -1% biotite  1-2 mm, in light-gray aphanitic groundm ass.Tk

Fe lsic intru sions - Fe lsic dike s, mostly phe nocryst-poor, containing trace  to 5% fe ldspar phe nocrysts (mostly 1-2 mm, up to 4
mm) in a white  to pink aphanitic groundm ass.  M ost of the  phe nocrysts are  plagioclase  (e uhe dral, e longate  prisms, white  to
pink).  S om e  dike s also contain phe nocrysts of cle ar K-fe ldspar (probably sanidine ), 2-3% quartz, and trace  biotite .  T he  rocks
of this unit e xhibit w e ak to inte nse  quartz-se ricite -pyrite  alte ration, are  w e athe re d ye llow-brown to re d-brown, and form re sistant
outcrops.

Tf
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Introdu ction 
 
T his map de picts the  be drock and surficial ge ology of the  S e cre t Pass quadrangle  in the  Black M ountains and 
S acram e nto Valle y, M ohave  County, northw e ste rn Arizona. T he  ge ologic mapping is original but was inform e d 
by e xte nsive  pre vious mapping in the  low e r Colorado R ive r Valle y by AZG S  ge ologists. T his ge ologic map 
comple m e nts 11 pre vious Arizona G e ological S urve y quadrangle  mapping proje cts in this are a. 
 
Be drock Ge ology 
 
M ioce ne  volcanic rocks ranging in age  be tw e e n ~19.5 and 16.5 M a dominate  the  be drock ge ology of the  S e cre t 
Pass map are a which lie s along a low, de e ply incise d, and e spe cially rugge d stre tch of the  160 km-long Black 
M ountains, Arizona’s longe st Basin and R ange  uplift.   T he  low stre tch is the  re sult of the  inte rse ction of a 
promine nt, northw e ste rly striking structural horst with the  north-south tre nding range .  T he  core  of the  horst 
e xpose s re ce ssive , Prote rozoic granitic rocks. T he  volcanics, which nonconformably ove rlie  the  granitic rocks in 
the  horst and on both side s of it, are  ove rwhe lmingly lava, and range  in composition from basaltic ande site  to 
high-silica rhyolite .  S ince  a ~15-14 M a se que nce  of basalts, which cap the  volcanic se que nce  throughout the  
southe rn Black M ountains, are  abse nt from the  map are a, it can e asily be  said that the  bulk of the  volcanic se rie s 
be com e s strongly fe lsic up se ction.  T he  capping basalts are  sparse ly pre se rve d in the  northe ast corne r of the  
w e ste rly adjace nt Union Pass map are a (M urphy and Faulds, 2004), and appe ar again in the  northe rn part of the  
southe rly adjace nt M t N utt and southw e ste rly adjace nt Oatman map are as (Fe rguson and Cook, 2016; Fe rguson 
e t al., 2017).   
 
T hre e  important re gional ignimbrite s occur within the  se ction; the  ~19 M a Cook Canyon T uff (T ct), the  18.78 M a 
Pe ach S pring T uff (T pl, T pu), and the  17.77 M a Bone lli T uff (T bt).   T he  two olde r tuffs are  pre se nt only in the  
e xtre m e  northw e st corne r of the  map.  T he  corre lation is base d on a good match be tw e e n the  e xposure s in this 
are a with the  distinctive  ve rtical zonations of phe nocryst asse m blage  and te xture s docum e nte d for both 
ignimbrite ’s type  se ctions in the  Kingman are a, <20km to the  e ast (Fe rguson and Cook, 2016; Cook and 
Fe rguson, 2016).  T he  Bone lli T uff, date d ne ar T hum b Butte  in the  w e ste rly adjace nt Union Pass map are a (L ang 
e t al., 2008), is pre se nt on both side s of the  horst, but was not de posite d, or is not pre se rve d in the  at le ast 300m 
of volcanic se ction above  the  Pe ach S pring T uff in the  northw e st corne r of this map.  In the  southe rn and ce ntral 
parts of the  map are a, Bone lli T uff ove rlie s le ss than 200m of mafic to inte rm e diate  lavas and se dim e ntary rocks 
(T da, T sd, T ax, T ba) that in turn nonconformably ove rlie  Prote rozoic granitic rocks (YXg).  T he  uppe r part of the  
volcanic se ction is dominate d by a pile  of monotonous trachyte  and high-silica rhyolite  lavas (T t, T r) ranging in 
age  from 17.6-16.2 M a (M urphy and Faulds 2004; L ang e t al., 2008). 
 
S tructurally, the  range  cre st horst is a promine nt tilt-domain boundary, with volcanic strata, re gionally, dipping 
ge ntly to mode rate ly ste e ply (10-50 de gre e s) to the  w e st in the  hangingwall of the  e ast-dipping, horst-bounding, 
Union Pass fault.  Dips in the  north are  mode rate ly ste e p (20-50 de gre e s), but to the  south, dips de cre ase  
dramatically, as concomitantly, the  Union Pass fault’s ve rtical compone nt of displace m e nt diminishe s.  
 

A note  on lavas, porphyrie s, ignim brite s, non-we lde d tu ffs, and volcaniclastic rocks 
 
L avas display all the  typical range s in flow facie s from crystalline -matrix-cohe re nt to vitric-autobre ccia (M cPhie  e t 
al., 1993).  M assive , monolithic block and ash-flow de posits are  ge ne rally include d as part of the ir associate d 
“lava” map unit.  S hallow porphyrie s that in many are as are  contiguously conne cte d to lava flows of the  sam e  
composition are  mappe d as part of the ir associate d “lava” map unit.  In instance s whe re  the  rock is cle arly an 
intrusion, e spe cially if it isolate d from its flow, an “I” suffix may be  applie d to lava map unit’s symbol.  Porphyrie s 
ge ne rally have  massive  to flow-foliate d te xture s with fine -graine d crystalline  matrix.  L ithic clasts in lavas and 
porphyrie s are  rare , but are  abundant in volcaniclastic and non-w e lde d pyroclastic rocks whe re  the y can be  use d 
to he lp de fine  map units.  Ignimbrite s are  w e lde d pyroclastic rocks that re pre se nt re gionally corre lative  outflow 
she e ts that can be  ide ntifie d base d on distinctive  phe nocryst asse mblage s, and zonations (S mith, 1960). 
 
Su rficial Ge ology 
 
M ost of the  quadrangle  is cove re d by surficial de posits de rive d from the  Black M ountains, with a slice  of axial 
de posits of S acram e nto W ash that w e re  importe d from the  north. T he se  surficial de posits re cord the  re ce nt 
ge ologic history of this re gion. S urficial de posits ove rlie  a thick se que nce  of Ce nozoic de posits that fill 
S acram e nto Valle y to a de pth of ~1000 m. T he  valle y is part of the  S acram e nto W ash wate rshe d, which is 
inte grate d to the  Colorado R ive r, but the  valle y is e sse ntially undisse cte d at this latitude  so e xposure s of basin 
de posits are  ve ry limite d and are  re stricte d to a fe w disse cte d old alluvial fan comple xe s on the  valle y margins.  
M ultiple  le ve ls of alluvial fans and te rrace s pre se rve d across the  pie dmont re cord pe riods of pie dmont 
aggradation and incision through the  (possibly) late  Plioce ne  and Q uate rnary. T he  olde st de posits e xpose d are  
re stricte d to the  uppe r pie dmont / mountain margins; the  tops of the se  coarse  alluvial fan de posits are  
substantially highe r than any younge r alluvial de posits in the  vicinity, and the y like ly date  to the e arly Ple istoce ne  
or late  Plioce ne . T he  pie dmont are as are  dominate d by middle  to late  Ple istoce ne  alluvial fan and te rrace  
de posits, with mode rate  to strong soil de ve lopm e nt, but the  e xte nt of de posits of diffe re nt age s varie s 
dramatically in diffe re nt parts of the  map are a. T he se  probably range  in age  from middle  to late  Ple istoce ne . In 
middle  and low e r pie dmont are as, the re  is little  topographic re lie f be tw e e n Ple istoce ne  alluvial fan surface s and 
active  fluvial syste ms, and active  distributary drainage  syste ms transe ct som e  Ple istoce ne  fan surface s. 
Holoce ne  de posits are  locally e xte nsive  in the  uppe r pie dmont, but ge ne rally are  more  wide spre ad in middle  and 
low e r pie dmont are as. T he se  de posits re cord the  activity of comple x, distributary drainage  syste ms, and include  
som e  are as ne ar the  mountains that are  be st cate gorize d as active  alluvial fans. 
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