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Introduction 
 
T his map depicts the bedrock and su rficial g eolog y of m u ch of the Union Pass qu adrang le in the Black M ou ntains and the 
lower Colorado R iver Valley, M ohave Cou nty, northwestern Arizona. T he g eolog ic mapping  is orig inal bu t was informed 
by extensive previou s mapping  in the lower Colorado R iver Valley by AZG S  g eolog ists. T his g eolog ic map complements 
11 previou s Arizona G eolog ical S u rvey 7 ½’ qu adrang le mapping  projects in this area, and the g eolog ic map of the S ecret 
Pass qu adrang le immediately to the east (Ferg u son et al., in prep.).  
 
Bedrock Geology 
 
M iocene volcanic rocks rang ing  in ag e between ~19.5 and 16.5 M a dominate the bedrock g eolog y of the Union Pass map 
area which lies along  a low, deeply incised, and especially ru g g ed stretch of the 160 km-long  Black M ou ntains, Arizona’s 
long est Basin and R ang e u plift. T he low stretch is the resu lt of the intersection of a prominent, northwesterly striking  
stru ctu ral horst with the north-sou th trending  rang e. T he core of the horst exposes recessive, Proterozoic granitic rocks. 
T he volcanics, which nonconformably overlie the g ranitic rocks in the horst and on both sides of it, are overwhelming ly 
lava, and rang e in composition from basaltic andesite to hig h-silica rhyolite. S ince a ~15 M a sequ ence of basalts, which 
cap the volcanic sequ ence throu g hou t the sou thern Black M ou ntains, are virtu ally absent from the map area, it can easily 
be said that the bu lk of the volcanic series becomes strong ly felsic u p section. It is only in the hang ing  wall of the west-
dipping , M ohave Basin-bou nding  R oadside M ine fau lt that any of these you ng er basalts (T b) are preserved capping  a 
section of qu artz-phyric rhyolite lavas (T r) and nonwelded tu ffs (T ts), m u ch like they do in the extreme northern part of this 
map area (M u rphy and Fau lds, 2004), and in the sou therly adjacent Oatman and M t N u tt M ap areas (Ferg u son and Cook, 
2017; Ferg u son et al., 2017). T hree important reg ional ig nimbrites occu r within the section; the ~19 M a Cook Canyon T u ff 
(T ct), the 18.78 M a Peach S pring  T u ff (T pl, T pu ), and the 17.77 M a Bonelli T u ff (T bt). T he two older tu ffs are present only 
in the extreme north, in the hang ing wall of the east-dipping  Union Pass fau lt. T he correlation is based on a g ood match 
between the exposu res in this area with the distinctive vertical zonations of phenocryst assemblag e and textu res 
docu m ented for both ig nim brite’s type sections in the King man area, <20km to the east (Ferg u son and Cook, 016; Cook 
and Ferg u son, 2016). T he Bonelli T u ff, dated near T hu mb Bu tte (L ang  et al., 2008), is present on both sides of the horst, 
bu t was not deposited, or is not preserved in at least 300m of volcanic section above the Peach S pring  T u ff in the north. 
T he Bonelli T u ff u nconformably overlies a very thick (300-500m) sequ ence of ~19M a trachydacite lavas (T da), capped by 
less than 100m of dark volcaniclastic rocks with m u ltiple flows of basaltic trachyandesite lava (T ba) which, farther sou th 
(S pencer et al., 2006), directly u nderlies the 18.8 M a (Ferg u son et al., 2013) Peach S pring  T u ff. T he u pper part of the 
volcanic section is dominated by a pile of monotonou s trachyte and hig h-silica rhyolite lavas (T t, T r) rang ing  in ag e from 
17.6-16.2 M a (M u rphy and Fau lds 2004; L ang  et al., 2008). 
 
S tru ctu rally, the rang e crest horst is a prominent tilt-domain bou ndary, with volcanic strata, reg ionally, tilted g ently to 
moderately steeply (10-50 deg rees) to the east in the hang ing wall of the west-dipping , horst-bou nding , Frisco M ine fau lt. 
In the immediate hang ing  wall of that fau lt however, at least two rou g hly coaxial synclines defined by ~17.5M a and older 
strata are present, and there are some poorly defined stratig raphic indications that the synclines may be overlapped by 
you ng er (~16.2M a) rhyolite lavas. S trata in the hang ing  wall of the east-dipping , horst-bou nding , Union Pass fau lt are 
consistently, moderately to steeply, west-dipping  in the northern part of this map area, bu t to the sou th, into the easterly 
adjacent S ecret Pass map area, the dips decrease dramatically, as concomitantly, the Union Pass fau lt’s vertical 
component of displacement diminishes.  
 
A note on lavas, porphyries, ignimbrites, non-welded tuffs, and volcaniclastic rocks 
 
L avas display all the typical rang es in flow facies from crystalline-matrix-coherent to vitric-au tobreccia (M cPhie et al., 
1993). M assive, monolithic block and ash-flow deposits are g enerally inclu ded as part of their associated “lava” map u nit. 
S hallow porphyries that in many areas are contig u ou sly connected to lava flows of the same composition are mapped as 
part of their associated “lava” map u nit. In instances where the rock is clearly an intru sion, especially if it isolated from its 

flow, an “I” su ffix may be applied to lava map u nit’s symbol. Porphyries g enerally have massive to flow-foliated textu res 
with fine-g rained crystalline matrix. L ithic clasts in lavas and porphyries are rare, bu t are abu ndant in volcaniclastic and 
non-welded pyroclastic rocks where they can be u sed to help define map u nits. Ig nimbrites are welded pyroclastic rocks 
that represent reg ionally correlative ou tflow sheets that can be identified based on distinctive phenocryst assemblag es, 
and zonations (S mith, 1960). 
 
Surficial Geology 
 
S u rficial deposits in the western portion of the map record the late M iocene and you ng er g eolog ic history of this reg ion. 
M ost of the piedmont within the map area is covered by late M iocene to Pliocene allu vial fan deposits. L ate M iocene 
allu vial fan deposits (u nit T fg 1) interbedded with the 5.5-5.6 M a Conant Creek or tu ff of W olverine Creek (Hou se et al., 
2008) are disconformably overlain locally by limestone, calcareou s sandstone and fine siliciclastic deposits of the Bou se 
Formation. Bou se deposition represents a dramatic departu re from allu vial fan sedimentation and hillslope erosion and 
deposition and records the relatively brief bu t deep inu ndation of M ohave Valley sometime after 5.24 M a (Hou se et al., 
2008; Pearthree and Hou se, 2014; Crow et al., 2018). A critical section of Bou se carbonate and siliciclastic deposits is 
well exposed along  S ecret Pass W ash; this section records the initial rise of the river-fed lake on the landscape, and its 
su bsequ ent demise as sediment su pplied by the Colorado R iver met the declining  lake level (Pearthree and Hou se, 2014. 
S mall ou tcrops of basal carbonate deposits of the Bou se Formation, and altered allu vial fan deposits that commonly 
u nderlie the basal Bou se deposits, have been fou nd at a few localities on the u pper piedmont. Bou se deposits were 
deeply eroded and removed in most areas prior to deposition of more local fan deposits (u nit T fg 2), which are the 
dominant deposits in middle piedmont areas. W here Bou se deposits are preserved, these you ng er fan deposits rest on an 
erosional contact. Farther downslope to the west of the qu adrang le bou ndary, the you ng er fan deposits that interfing er 
with deposits of Bu llhead Allu viu m, a major phase of river ag g radation in the early Pliocene (Hou se et al., 2008). T he 3.6-
4.2 M a T u ff of Artists Drive (Knott et al., 2018) has been fou nd in these deposits at a nu m ber of localities, inclu ding  in the 
map area. M u ltiple inset Q u aternary allu vial fans and terraces record su bsequ ent periods of piedmont ag g radation and 
incision throu g h the late Pliocene and Q u aternary. S ome of these processes were likely driven by chang es in base level 
du e to Colorado R iver ag g radation and incision. 
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Piedmont Alluvium

Active channel deposits - Very poorly sorted sand, pebbles, cobbles, bou lders and minor silt deposits in active channels,
bars, and low overbank areas along  tribu tary washes. G ravel clasts consist of mixed, locally-derived volcanic rocks.
T opog raphy is smooth to u ndu lating , with coarse g ravel bars and sandy channels. S oil development is minim al.

Qy3

Deposits on bars,  low terraces and active alluvial fans - Very poorly sorted sand, pebble, cobble, bou lder, and silt
deposits in small stream channels, low terraces, and active or recently allu vial fans. T opog raphy typically u ndu lates
between channels, terraces, and g ravel bars. N o desert pavement or soil development.

Qy2

Deposits on low terraces and inactive alluvial fans - Very poorly sorted sand, pebble, cobble, bou lder, and silt deposits in
g ravel bars, low terraces, and inactive allu vial fans. S u rfaces are typically are u ndu lating , with coarse g ravel bars and
relict channels. Channels are covered by open to moderately closely packed fine g ravel lag s, g ravel bars are weakly to
moderately varnished. S oil development is weak, with some carbonate accu m u lations.

Qy1

Channel, low terrace, and alluvial fan deposits - S and and g ravel deposits associated with active tribu tary wash systems,
inclu ding  channels, bars and low terraces. T his u nit is applied prim arily to small tribu taries where differentiating  Holocene
deposits by ag e is not practical.

Qy

Young intermediate alluvial fan and terrace deposits - Poorly sorted mixtu res of silt, sand, pebbles, cobbles and bou lders
on relict allu vial fans and  terraces. S u rface topog raphy varies from g ently u ndu lating  relict bars and swales to qu ite
smooth. S oil development is weak bu t desert pavem ent development is moderate to strong , with relatively smooth
su rfaces and brown to dark brown rock varnish.

Qi3

Intermediate alluvial fan and terrace deposits - R elict allu vial fan and moderately hig h terrace deposits consisting  of
poorly sorted sand, pebbles, cobbles, and bou lders, with minor silt and clay. S oil development is moderate, with some
soil reddening  and weak clay accu m u lation and obviou s carbonate accu m u lation. R ock varnish is dark brown to black;
desert pavem ent development is variable, with tig ht, darkly varnished patches on well-preserved, smooth su rfaces.

Qi2

Intermediate piedmont alluvium - Undivided Pleistocene allu vial fan and terrace deposits, g enerally inclu ding  Q i2, Q i3,Qi

Older intermediate alluvial fan deposits - M oderately to deeply eroded relict allu vial fan deposits consisting  of poorly
sorted sand, pebbles, cobbles, and bou lders, with minor silt and clay. S oil development and pavem ent development
variable depending  on local su rface preservation, with stag e III-IV calcic horizons associated with well-preserved
su rfaces.

Qi1

Old alluvial fan deposits - Hig h, dissected relict allu vial fan deposits consisting  of poorly sorted sand, pebbles, cobbles,
and bou lders, with minor silt.  S oil development typically is variable, with moderately cemented petrocalcic horizon
development (stag e IV) on well-preserved su rfaces.

Qo

Very old alluvial fan deposits - Hig h, deeply dissected relict allu vial fan deposits, consisting  of poorly sorted cobbles,
sand, pebbles, and bou lders, with minor silt. S oil development is variable bu t can be very strong , consisting  of indu rated
petrocalcic horizons at or near the su rface. Cemented carbonate frag m ents reworked from u nderlying  petrocalcic
horizons are very common on Q T a su rfaces.

QTa

Basin-Fill Deposits

Fan gravel, post-Bouse Formation - Poorly sorted, weakly to moderately lithified cong lomerate and sandstone exposed
in the middle and lower portions of hig h, eroded ridg es. Clasts consist larg ely of su bang u lar to ang u lar locally derived
T ertiary volcanic rocks. Deposits are locally interbedded with Bou se deposits in S ecret Pass Canyon exposu res, bu t
g enerally rest u nconform ably on Bou se deposits in limited exposu res. T fb2 deposits are in part coeval with deposition of
Bu llhead Allu viu m closer to the valley axis.

Tfg2

Fan gravel, undivided - Undivided locally derived fan g ravel, relationship to Bou se deposition u ncertain.Tfg

Bouse Formation fine siliciclastic deposits - Primarily tan, locally g reenish g ray, fine to mediu m bedded silt, sand, and
clay deposits. S and beds are pinkish to tan and qu artz-rich, g enerally <1 m thick. Clay-rich g reenish beds and thin and
confined to the base of the section. T bs beds conform ably overlie thin basal carbonate beds, and locally g rade u p into
overlying  fan g ravels (u nit T fb2), bu t more commonly the u pper contact is erosional with overlying  g ravel.

Tbs

Bouse Formation basal carbonate - Basal carbonate deposits of the Bou se Formation, inclu ding  marl, calcareou s
sandstone, and minor  travertine (tu fa), Deposits u nconform ably overlie allu vial fan deposits (u nit T fb1), bu t locally are
inclu de local g ravel lenses or are interbedded with local g ravel beds. Commonly u nconform ably overlain by you ng er
g ravel (u nit T fb2).

Tbc

Bouse Formation basal gravels - G reenish to orang e, locally derived, su bang u lar to locally well-rou nded g ravels with
calcareou s sand lenses at the base of the Bou se Formation. T hese sediments are altered and locally reworked
u nderlying  fan deposits (u nit T fb1). T he deposits rang e from cobbles and pebbles to sand-dominated facies. Beds from
this u nit are overlain by, and locally interbedded with, Bou se limestone and calcareou s sandstone.

Tbg

Wolverine Creek tephra - W hite to tan ash-fall tu ff within T fb1 deposits. Correlated with g eochem ical analyses to the 5.6
M a W olverine Creek T u ff of the Heise Volcanic Field in Idaho (Hou se et al., 2008)Ttw

Fan gravel, pre-Bouse Formation - Poorly to very poorly sorted, moderately lithified, g enerally u ndeform ed,
locally-derived cong lomerate and sandstone. Clasts consist larg ely of su bang u lar to ang u lar volcanic rocks and g ranite.
Deposition pre-dates Bou se deposition, and in some areas Bou se inu ndation resu lted in reworking  of these deposits into
the basal Bou se g ravel.

Tfg1

Hillslope Deposits

Young debris flow deposits - Bou ldery very poorly sorted, ang u lar to su bang u lar deposits associated with small, relatively
steep watersheds. Deposits typically form lateral, cu rvilinear levees along  active drainag es, or more amorphou s snou ts.
R ock varnish on g ravel is weak to strong , indicative of a rang e of ag es of deposition. Also inclu des some limited areas
that are erosional scars associated with steep channels or chu tes on bedrock hillslopes.

Qyd

Colluvium and Talus - Very poorly sorted, ang u lar to su bang u lar, locally derived g ravel, sand, silt and clay deposits on
hillslopes. Deposits are derived from u nderlying  or adjacent bedrock ou tcrops, or older allu vial deposits capping  eroded
ridg es. L ocally inclu des bou ldery talu s deposits with minim al fine matrix.

Qtc

Landslide deposits - Blocks of displaced indu rated fan g ravel that have slu mped or slid downslope over u nderlying
fine-g rained siliciclastic Bou se depositsQl

Disturbed areas - Profou ndly distu rbed areas; either earthen berms associated with drainag e diversions or landscape
alterations associated with mining  activtiesd

Bedrock Units

Trachyandesite tuff breccia - A distinctive, massive trachyandesite, non-welded tu ff breccia with clast-su pported to
matrix-su pported textu re, and containing  5-50% clasts of dark, phenocryst-poor, trachyandesite lava. Ttta

Trachyandesitic rocks - Dark, very fine-g rained to fine-g rained crystalline matrix, aphyric to phenocryst-poor
lavas/porphyries containing  <5mm mafic phenocrysts (biotite, hornblende, and/or pyroxene) in equ al or g reater
abu ndance than <2mm plag ioclase.  Phenocryst content g enerally <<2% and rarely u p to 5%

Tta

Non-welded tuff and volcaniclastic rocks: - S equ ences of non-welded felsic, pyroclastic rock (ash-fall, ash-flow, and
su rg e), and volcaniclastic sedim entary rocks with variable amou nts of volcanic, plu tonic, metamorphic, and sedim entary
clasts. G enerally phenocryst-poor with feldsapar and minor biotite, +/ qu artz, Bedding  rang es from massive to
thin-bedded.  A tu ff breccia containing  abu ndant, dark, phenocryst-poor trachyandesitic lava clasts in the T hu m b Bu tte
area was mapped separately (T tta).

Tts

Basalt - Basaltic lava containing  2-5% <2mm olivine, idding site, and/or pyroxene phenocrysts.Tb

Conglomerate - Dark weathering , mostly clast-su pported cong lomerate containing  su b-ang u lar to su b-rou nded,
pebble-cobble-bou lder clasts of interm ediate (dacitic) volcanic clasts.Tc

Rhyolitic rocks - Phenocryst-poor to moderately phenocryst-rich (0.5% - 15%) rhyolitic lavas (T r) and porphyries (T ri)
containing  feldspar (<8mm) and qu artz (<5mm) phenocrysts in ratios rang ing  between 1:1 and 3:1, and sparse
(<2mm) biotite.  Feldspars are g enerally dominated by K-feldspar.  Intru sive varieties (T ri) mapped separately where
known.

Tr

Felsic intrusions - Felsic dikes, mostly phenocryst-poor, containing  trace to 5% feldspar phenocrysts (mostly 1-2 mm, u p
to 4 mm) in a white to pink aphanitic g rou ndm ass.  M ost of the phenocrysts are plag ioclase (eu hedral, elong ate prisms,
white to pink).  S ome dikes also contain phenocrysts of clear K-feldspar (probably sanidine), 2-3% qu artz, and trace
biotite.  T he rocks of this u nit exhibit weak to intense qu artz-sericite-pyrite alteration, are weathered yellow-brown to
red-brown, and form resistant ou tcrops.

Tf

Trachytic rocks - G lassy to fine-g rained crystalline matrix lavas and related shallow porphyries containing  0. 5% – 12%
phenocrysts of <2mm feldspar >> biotite (<1mm).  Feldspar phenocrysts are dominantly plag ioclase.  Associated
pyroclastic rocks, rang ing  from clast-su pported block and ash-flows to thin-bedded fallou t tephras are locally inclu ded
within this map u nit.

Tt

Trachytic lava of "Window Peak" - M oderately phenocryst-rich (7-12%) trachytic lava with a distinctive, fairly thick, vitric
to spheru litic-lithophysal, strong ly flow-foliated, coherent-facies core.  Feldspars (plag ioclase and sanidine) are u p to
5mm and biotite u p to 3mm.  T his lava is informally named for a distinctive peak in the easterly adjacent S ecret Pass
map area along  the north-central edg e of section 24, R  20 W , T  21N .  

Ttv

Dacitic rocks - M oderately phenocryst-rich to phenocryst-rich (10-30%) dacitic lavas/porphyries containing  <10mm
plag ioclase and 1-5% mafics of pyroxene and biotite in proportions rang ing  between 1:3 and 3:1. Hornblende may also
be present.  Dacitic lavas of this composition g enerally occu r in the u pper parts in volcanic sections (above the Peach
S pring  T u ff) in areas to the sou th where they are known referred to the dacitic rocks of G old R oad. 

Td

Phenocryst-rich andesitic rocks - Andesitic lavas containing  10-20% plag ioclase phenocrysts (eu hedral, clear vitreou s,
2-8 mm) and 2-4% g reen clinopyroxene phenocrysts (2-4 mm).  S ome flows contain u p to 3% biotite 1-2 mm.  Coherent
facies are hard, platy, and weathered dark brown.

Tax

Basaltic andesitic rocks - Phenocryst-poor to moderately phenocryst-rich (1-15%) basaltic andesitic lavas/porphyries
containing  pyroxene and/or idding site (after olivine or pyroxene) = or > plag ioclase.  Up to three distinct flows of basaltic
andesite containing  black and g reen pyroxene (ortho and clino) are present interbedded with the T ds map u nit between
T hu m b Bu tte and the sou thern edg e of the map area.  T hese flows are similar to a distinctive su ite of basaltic
trachyandesite lava recog nized immediately u nderlying  the Peach S pring  T u ff sou th of Oatman (S pencer et al., 2006). 
T he mafic flows continu e sparsely along  the western base of the ru g g ed spine of the Black M ou ntains between Oatman
and this area bu t withou t any associated Peach S pring  T u ff, and so are tentatively u sed as a stratig raphic marker,
potentially of that ag e in this area. 

Tba

Alcyone trachydacite - T rachydacite lava flows, su bordinate ig nimbrite, and sedim entary rocks, chiefly at the base of the
map u nit.  Dacite lava flows contain 20-30% 1-7-mm plag ioclase phenocrysts and 5-10% 1-3-mm biotite phenocrysts in
an aphanitic g rou ndm ass, typically pu rple or dark olive g reen.  T he contact between this u nit and u nderlying  Proterozoic
rocks is a nonconformity.  A discontinu ou s interval at the base of the u nit consists of u p to at least 5 m of cong lomerate or
breccia interbedded with pebbly sandstone.   T he basal u nit is textu rally variable.  Breccia contains pebbles and cobbles
of g ranitoid rocks, ang u lar to su bang u lar pebbles and g ranu les of K-feldspar, and g ranu les of plag ioclase. 
Clast-su pported cong lomerate contains su brou nded pebbles, cobbles, and a few bou lders of crystalline rocks.  Pebbly
sandstone contains very coarse-g rained, ang u lar to su brou nded, sand- and g ranu le-sized g rains of lithics and
plag ioclase, plu tonic qu artz g ranu les, g ranitoid and other pebbles, in an u nsorted (sand to clay) g reen matrix. 
T hrou g hou t most of the map area, a dacitic ig nim brite u nit u p to several tens of meters thick overlies either the basal
cong lomerate or lies directly on Proterozoic rocks.  T his u nit contains 35-50% plag ioclase phenocrysts (crystals and
frag m ents, <1-2 mm), 10-20% biotite phenocrysts (chloritized in some intervals), 15% altered flattened pu m ice (pu rple
to g reen or yellow with plag ioclase and biotite phenocrysts), and 5-10% lithic lapilli (mostly <2 cm, u p to 5 cm), in a
lig ht-colored matrix.

Tda

Granitic rocks and gneiss - Proterozoic rocks form the core of an u pthrown block bou nded by hig h-ang le extensional
fau lts.  T he most abu ndant rock type in this u nit is mediu m- to coarse-g rained biotite monzog ranite containing  >20-25%
K-feldspar meg acrysts, at least 30% mediu m- to coarse-g rained plag ioclase, 20-25% mediu m-g rained qu artz, and at
least 10% biotite.  M ost of the meg acrysts are 2-3 cm (rang ing  u p to 5 cm) and are Carlsbad-twinned.  On the sou thwest
slope of the ridg e that extends from S ecret Pass to west of Union Pass, meg acrystic g ranite is nearly the only
Proterozoic rock exposed.  S ome zones within the g ranite contain at least 10% 1-cm red g arnet, probably reflecting
alu m ina enrichment in zones of assimilated cou ntry rock.  On the crest of the ridg e, the g ranite contains xenoliths of
cou ntry rock 5-20 cm long .  N ortheast of the ridg e crest, g ranite encloses larg e xenoliths of g neiss several meters long . 
S parse hu mmocky ou tcrops of g ranitoid and intervening  low areas with sparse ou tcrops of g neiss are exposed on the
northeast slope of the ridg e.  T he g ranitoid on the northeast slope locally contains u p to 10% 15-20-mm meg acrysts, bu t
typically most of the K-feldspar is 5 mm, with sparse meg acrysts in the 10-15-mm size rang e.  M u ch of the g ranitoid on
the northeast slope is mediu m- to coarse-g rained qu artz monzonite to qu artz monzodiorite containing  15-20% biotite and
weathered dark g ray.  L ocally it appears that domains of this more-mafic g ranitoid are eng u lfed by g ranitoid that contains
less biotite and more meg acrysts, more like the monzog ranite on the sou thwest slope of the ridg e.
     T he coarse-g rained g ranitoid rocks intru de a su ite of cou ntry rocks that inclu des biotite-qu artz-feldspar and
g arnet-biotite-qu artz-feldspar g neiss, fine- to mediu m-g rained biotite g ranite (<10% biotite), and fine- to
mediu m-g rained g arnet leu cog ranite with g arnet u p to 1 cm.  T he g neiss is composed of fine- to mediu m-g rained qu artz
and feldspar, fine-g rained biotite, and u p to 15% g arnet that is mostly 2-5 mm bu t u p to >1 cm in some layers.  G neissic
layering  is on few-mm to few-cm scale, and some of the thinner layers are qu artz-rich parag neiss.
     T he g ranitoid rocks and g neiss are intru ded locally by fine-g rained diabase that forms northwest-striking  dike swarms.

YXg

Bonelli Tuff - T bt	 Phenocryst-poor rhyolite ig nim brite containing  1-5% <4mm feldspar (mostly or all sanidine) with
sparse biotite and/or other mafics.  Pu m ice lapilli (fiamm e) rang e between 1 and 15%.  Dark g ray, finely crystalline matrix
g rades into semi-vitric near the base of the flow overlying  a thin, poorly to non-welded base.  T he nonwelded base and
the semi-vitric zone are not always present.

Tbt

Sandstone and argillite - G ray to red weathering , fine- to mediu m-g rained volcaniclastic, mostly clay-cem ented,
sandstone, siltstone, and arg illite.  T he sedim entary rocks are commonly poorly indu rated and recessive, bu t parts of the
sequ ence are silica-cem ented and resistant.  L ig ht g reen, fine-g rained ash beds constitu te u p to 25% of the sequ ence. 
T he map u nit is only recog nized in the northeast corner of the map area where it directly overlies the capping  vitrophyre
of the Peach S pring  T u ff (T pu ).

Tsa

Peach Spring Tuff

Upper Peach Spring Tuff - R ed, phenocryst-rich ig nim brite containing  20-35% phenocrysts of sanidine (<6mm) >
plag ioclase (<3mm), and <0.5% mafics and opaqu e minerals, mostly <2mm biotite, with sparse to trace
amou nts of hornblende, pyroxene and sphene.   T he map u nit has a distinctive black vitrophyre cap <5m that
correlates with the W arm S pring s zone of the Peach S pring  T u ff.  T he base is a g radational chang e over a few
meters into lig ht colored moderately phenocryst-rich to phenocryst-poor ig nim brite of the lower Peach S pring  T u ff
map u nit (T pl). 

Tpu

Lower Peach Spring Tuff - L ig ht g ray, phenocryst-poor to moderately phenocryst-rich ig nimbrite containing  5-18%
phenocrysts of sanidine (<6mm) > plag ioclase (<3mm), and <0.5% mafics and opaqu e minerals, mostly
<2mm biotite, with sparse to trace amou nts of hornblende, pyroxene and sphene.   T he base is poorly exposed
and nonwelded to poorly welded, and the top is a g radational, yet rapid (<5m interval), chang e u pwards into red
densely welded ig nim brite of the u pper Peach S pring  T u ff map u nit (T pu ).

Tpl

Cook Canyon Tuff - Phenocryst-rich trachydacitic ig nim brite containing  15-25% phenocrysts of plag ioclase (4mm) and
2-5% biotite (<4mm) in a dark reddish matrix.  <5cm lithic lapilli are sparse, and pu m ice lapilli (<15cm) rang e
between 5-15%.

Tct

Dark volcaniclastic rocks - G reen, propylitically altered sandstone, arg illite, cong lomerate and breccia with clasts
dominantly of mafic to intermediate volcanics.  S andstone rang es from arkosic to lithic-feldspathic (plag ioclase). 
S ections of arg illite are locally very thick and dominate the map u nit, bu t always poorly exposed.  Breccia and
cong lomerate are su bordinate.  Pebble-cobble cong lomerates are commonly associated with sandstone dominated
sections.  M afic to interm ediate lavas (T a, T ba, T d, T da) are closely associated with this u nit, which may inclu de some
u nmapped flows of those compositions in some areas.

Tsd

Phenocryst-poor andesitic rocks - Phenocryst-poor to moderately phenocryst-rich (1-10%) andesitic lavas/porphyries
containing  <5mm plag ioclase and pyroxene in proportions rang ing  between 1:3 and 3:1.  Tap

upper trachydacitic rocks - Phenocryst-rich (15-30%) dacitic to trachydacitic lava containing  phenocrysts of <10mm
plag ioclase and 1-3% <4mm biotite with sparse pyroxene and/or hornblende.  T hese rocks are very similar in
composition to the Alcyone trachydacites, and are differentiated only becau se they overlie a prominent interval of dark
volcaniclastic rocks (Tsd) with basaltic andesite lavas (T ba) which overlies theT da u nit in the sou theast corner of the map
area.  
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