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Q ty1

DEPOSITS OF THE TRUCKEE RIVER

Historic ally ac tive c hannel and  flood plain d eposits now
stand ing up to 2 m above mod ern river level; c ontains

meand er sc rolls and  bar d eposits related  to mod ern river level prior
to 1906, after whic h time the elevation of P yramid  L ake d ec lined
and  the river inc ised . L oc ally inund ated  by the 1997 flood  and  likely
by similar flood s in 1986 and  1963.

The c ourse of the Truc kee R iver as shown on the map (unc olored ) is
based  on d igital orthophotoquad  (D O Q ) imagery taken in 1994; the
topographic  base map shows the c ourse of the river in 1985. Changes
in the c ourse of the river d ue to the 1997 flood  are not reflec ted  in the
mapping.

Young terrace deposits of the Truckee River L ate Holoc ene
c onstruc tional and  strath d eposits; d ominantly flood plain d eposits:
brown to gray mud , mud d y sand , and  silt c ontaining organic -ric h
horizons (blac k mats), mollusc s, gastropod s, and  vertebrate bones;
interc alated  layers of axial stream d eposits: well-round ed , well-sorted ,
gray sand y, pebble to c obble gravel. F rom youngest to old est in
asc end ing ord er above the mod ern river:

Q tn Deposits of the Nixon terrace Early to mid -Holoc ene
c onstruc tional and  strath d eposits stand ing ~10 m above

mod ern river level. D ominantly gray silty, sand y, small pebble to
c obble, well-round ed  gravel erosionally inset into P leistoc ene
lac ustrine d eposits. F orms prominent surfac e east of the river at
W ad sworth and  is the princ ipal sourc e of quarry material for P aiute
Aggregates, Inc .; gravel pits expose 5–10 m of terrac e sand  and  gravel
unc onformably overlying lac ustrine silt and  c lay d eposits of the Eetza
F m (Q e). Contains the 6.85 ka M azama ash (Tsoyawata bed ; D avis,
1978) at the southern ed ge of the W ad sworth Amphitheater. S oil: 8- to
10-c m-thic k Av, 15–30-c m-thic k,  platy Bw, and  50-c m-thic k stage I Bk
horizon. U nit und erlies the town of Nixon on the quad rangle to the
north.

Q ty2
R ec ently aband oned  c hannels and  flood plain d eposits
stand ing up to 3 m above mod ern river level; fresh,

remnant c hannel meand er-sc roll morphology visible on the terrac e
surfac e, often enhanc ed  by riparian vegetation patterns.
R ad ioc arbon d ated  at 340–410 yr BP 1(table 1; samples 1, 2) and
880 yr BP  (Briggs and  W esnousky, 2004).

Q ty3
Aband oned  c hannel and  flood plain d eposits stand ing up
to 5 m above mod ern river level; subd ued , remnant

c hannel meand er sc roll morphology. R ad ioc arbon d ated  at
1300–2120 yr BP  (samples 3, 4) and  1790–2230 yr BP  (Briggs and
W esnousky, 2004).

Q tw Deposits of the Wadsworth terrace Early Holoc ene
c onstruc tional and  strath d eposits stand ing ~15–20 m above

mod ern river level. D ominantly brown to gray sand y, small pebble to
c obble, well-round ed  gravel unc onformably overlying lac ustrine
d eposits. F orms the first areally extensive terrac e sequenc e of post-
L ake L ahontan age along the lower Truc kee R iver c anyon; it und erlies
the town of W ad sworth. Inset below and  younger than c olluvial slope
d eposits in the Truc kee R iver c anyon rad ioc arbon d ated  at 9,620 yr BP
(sample 6). S oil c ontains 50-c m-thic k Bw horizon.

Q tr Early terrace deposits of the Truckee River L ate
P leistoc ene to Holoc ene strath d eposits related  to initial

d evelopment of the present-d ay lower Truc kee R iver c anyon following
rec ession of the mid d le S ehoo lake. Highest terrac e remnants oc c ur at
the elevation of the 11–12 ka Q sm d eposits of D od ge F lat (~1260 m);
south of the W ad sworth Amphitheater, multiple strath terrac es are
present c utting ac ross S ehoo F m and  old er d eposits. Terrac es are
old er than c olluvial slope d eposits within the Truc kee Canyon
rad ioc arbon d ated  at 9,620 yr BP  (sample 6), ind ic ating that most of
the present-d ay c anyon at W ad sworth was c ut between ~9.6 and  12
ka.

ALLUVIAL-FAN, EOLIAN, PLAYA, AND LANDSLIDE
DEPOSITS

Q a R ec ent alluvial d eposits in intermittent washes and
ephemeral stream c hannels; variable sed imentology

d epend ing on provenanc e: silty, sand y, subangular to round ed  pebble-
c obble gravel where originating from alluvial fan sourc es; d ominantly
silt, sand  to mud , and  round ed  beac h gravel where originating from
lake sed iment sourc es.

Q pl Ephemeral playa d eposits; silt and  mud  in small c losed
d epressions on D od ge F lat.

Q fy Young alluvial-fan d eposits of post-S ehoo (mid - to late-
Holoc ene) age (und ifferentiated ). L oc ally subd ivid ed  into:

Q fy1
Young alluvial-fan d eposits originating pred ominantly
within the d rainages erod ed  into the margins of the

Truc kee R iver c anyon; silt and  sand  with loc al gravel d erived
primarily from reworking of lac ustrine d eposits. S imilar in age
to Q ty2 and  Q ty3 d eposits; loc ally slightly old er. R ad ioc arbon
d ated  at 2800 yr BP  (sample 5).

Young alluvial-fan deposits of the Truckee River canyon

Q fy2
Young alluvial-fan d eposits originating in the upper
d rainages of the post-S ehoo alluvial pied mont of the

P ah R ah R ange; silty to sand y, subangular pebble to c obble
gravel inset into old er pre-S ehoo age alluvial fans and
d eposited  as an alluvial veneer on mid d le S ehoo lac ustrine
d eposits following rec ession of the lake. Contains the 6.85-ka
M azama ash in d eposits at the mouth of W ind mill Canyon as
well as immed iately west of the quad rangle (Briggs and
W esnousky, 2005).

Q fe (M orrison, 1964; M orrison and  others, 1965). Brown,
med ium, well-sorted  eolian sand  d erived  from und erlying lake sand ;
sand  sheets and  d unes ranging in thic kness from a thin (<1 m) veneer
to >10 m; typic ally oc c urs as northeast-trend ing linear d unes c apping
the mid d le S ehoo-age lake d eposits, best d eveloped  in the F ortymile
D esert area east of W ad sworth; prominent linear d unes oc c ur along
and  parallel to the eastern c anyon rim.

Wyemaha Alloformation (Morrison, 1964; Morrison and others,
1965; Morrison and Frye, 1965; and Morrison, 1991).

Q w Interlac ustral, subaerial d eposits separating the Eetza
and  S ehoo Alloformations in buried  stratigraphic  sec tion;

termed  the med ial gravel by R ussell (1885). M id d le to late
P leistoc ene; ranges in age from <155-200,000 yr (based  on the
age of W ad sworth tephra bed  in the upper Eetza Alloformation) to
~40,000 yr BP  (based  on rad ioc arbon d ates on snails from
W yemaha sand  d eposits exposed  in the c anyon just north of the
quad rangle bound ary). Brown, red d ish-brown and  gray alluvial silty
c oarse pebble sand , eolian sand , and  mud d y to sand y, c obble to
bould er fan gravel. S tratigraphic ally d efined  in this quad rangle by
M orrison and  others (1965) based  on sed imentary sec tions
exposed  in the W ad sworth Amphitheater and  the R ailroad  Cut;
ranges in thic kness from 1–10 m; c rops out d isc ontinuously in the
bluffs  and  tributary d rainages flanking both sid es of the Truc kee
R iver c anyon; loc ally missing where erod ed  prior to d eposition of
the S ehoo Alloformation. Contains the Churc hill Geosol (M orrison,
1991), whic h ranges in morphology from multiple, c ompound
stac ks of red d ened , oxid ized  c ambic  B horizons to single, 30–50-
c m-thic k, red -brown (7.5 YR ), prismatic  argillic  B horizons and
stage II Bk horizons. W here the W yemaha Alloformation is <3 m
thic k, the d eposit is typic ally oxid ized  and  red d ened  throughout
owing to the presenc e of c umulic  weathering profiles. Cobble to
bould er alluvial fan gravels are c ommon along the eastern river
bluffs in the W ad sworth Amphitheater and  W ind mill Canyon area
where the d eposits are pred ominantly c omposed  of loc ally d erived
volc anic  c lasts. The relatively high topographic  position of the
W yemaha Alloformation in the bluffs on both sid es of the present
Truc kee R iver c anyon (lowest elevation ~1240 m) ind ic ates that no
c omparably d eep c anyon was present d uring W yemaha time.

Q fw Alluvial-fan d eposits of the W yemaha interlac ustral
interval; surfac e equivalent of the W yemaha

Alloformation found  elsewhere in buried  stratigraphic  c ontext.
R elic t and  buried  relations are best exposed  in the area of
D efianc e Creek. S oil d eveloped  on alluvial fan surfac es typic ally
c ontain 30- to 40-c m-thic k, well-d eveloped  argillic  (Bt) horizons.
R elic t soil on a Q fw alluvial fan just above the high S ehoo
shoreline 3 km west of D od ge F lat c ontain 60-c m Bt and  10-c m
Bqkm (d uripan) horizons (Hawley, 1969).

Paiute Alloformation (Morrison, 1964; Morrison and others, 1965;
Morrison and Frye, 1965; and Morrison, 1991).

Q p Interlac ustral subaerial d eposits separating the Eetza
Alloformation from earlier lac ustrine sed iments in buried

stratigraphic  sec tion. D ominantly d ark-brown to red -brown, sand y
to c layey, c obble to bould er volc anic lastic  gravel; 3–10 m thic k in
exposed  sec tions. M id d le P leistoc ene in age, based  on c orrelation
to similar d eposits along the Humbold t R iver Valley whic h c ontain
the 400-ka R oc kland  and  the ~610-ka D ibekulewe tephra bed s
(M orrison, 1991). Best exposed  in sec tions near the mouth of
D ead  O x W ash, e.g., the R ailroad  Cut. M ay c ontain multiple buried
paleosols.

Q fp Alluvial-fan d eposits of the P aiute interlac ustral interval;
surfac e equivalent of the P aiute Alloformation found

elsewhere in buried  stratigraphic  c ontext; represents major period
of subaerial fan build ing between lake c yc les. P rinc ipal fan
remnants oc c ur along D ead  O x W ash where they are preserved  as
high, mod erately d issec ted  surfac es c ontaining a thic k (1–2 m),
strongly d eveloped  argillic  soil with a d uripan, the Coc oon Geosol
(M orrison, 1991)

Q ls Landslide deposits U nsorted  c haotic  mixture of bloc ks and
finer material of Twh, resulting from a land slid e on the east

flank of W hite Hill, just west of the quad rangle.

Q Tf Pleistocene and Pliocene alluvial fan-deposits D ark-
brown to red -brown c layey volc anic lastic  gravel; similar to

Q fp but oc c urs topographic ally higher and  is more d eeply d issec ted .
M ay c ontain multiple paleosols; surfac e und erlain by a strongly
d eveloped  argillic  soil 2 m or more in thic kness with a d uripan.  Age
unc ertain, but unit is old est alluvium overlying the M ioc ene volc anic
roc ks. M ay be in part c orrelative with the 635 to >775 ka L oveloc k
Alloformation in the Humbold t R iver Valley (M orrison, 1991).

DEPOSITS OF LAKE LAHONTAN
Sehoo Alloformation (Morrison, 1964; Morrison and others, 1965;
Morrison and Frye, 1965; and Morrison, 1991)2. D eposits assoc iated
with last major lac ustral c yc le of L ake L ahontan d uring late
W isc onsinan time; c alled  the upper lac ustral c lays by R ussell (1885).
D ivid ed  into lower, mid d le, and  upper members; only the lower and
mid d le members found  in this quad rangle. Numerous rad ioc arbon ages
from throughout the L ake L ahontan basin in western Nevad a are
between 11 and  35 ka (Broec ker and  O rr, 1958; Broec ker and
K aufman, 1965; Benson and  Thompson, 1987; Benson and  others,
1991); as muc h as 39.9 ka based  on rad ioc arbon ages in the Truc kee
R iver c anyon just north of the quad rangle.

Q slm L ower and  mid d le member of the S ehoo Alloformation,
und ifferentiated ; offshore d eposits of brown to gray silt,

sand , and  mud ; not d ifferentiated  in this quad rangle bec ause of
lac k of d istinguishable bound aries. R ad ioc arbon d ated  at between
26.5 and  39.9-ka, and  in the c anyon to the north c ontains the 23-
ka Trego Hot S prings tephra, the 27-ka W ono tephra (Benson and
others, 1997), the 33.6-ka M arble Bluff tephra (D avis, 1978), and
the 46-ka M t S aint Helens Cy tephra (Berger and  Busac c a, 1995)
in c anyon exposures north of this quad rangle. L oc ally c apped  by
30–40 c m Bw soil horizon formed  d uring a post-early S ehoo lake
rec ession.

Q sm M id d le member of the S ehoo Alloformation; c alled  the
d end ritic  allomember by M orrison (1964; 1991). O ffshore

d eposits of brown to gray silt, sand , mud , and  loc al c lay are
assoc iated  with the maximum lake levels of the S ehoo lac ustral
period . L ake levels rose to the elevation of D od ge F lat (~1260 m)
at 14.7–14.9 ka (samples 11, 12, 13), reac hed  a maximum height
of 1332–1337 m in this area at ~13 ka (M orrison, 1991; Ad ams
and  others, 1999) and  rec ed ed  to the D od ge F lat elevation at
11.1–12.5 ka (samples 7, 8, 9). Based  on the rad ioc arbon age on
post-S ehoo c olluvium in the c anyon (sample 6), the mid -S ehoo
lake rec ed ed  below an elevation of 1230 m by 9.6 ka. L oc ally
subd ivid ed  into:

Q smb Near- and  onshore gravelly beac h d eposits of the
mid d le member of the S ehoo Alloformation. Gray

sand y, pebble to c obble gravel and  c oarse sand  typic ally 1–3
m thic k; generally well-sorted ; subangular to well-round ed
c lasts reworked  from und erlying bed roc k and  alluvial fan
d eposits; oc c urs as linear shoreline berms and  sheets;
loc ally well-d eveloped  d esert pavement and  roc k varnish.

Q smd Tufa-bearing d eposits of the mid d le member of the
S ehoo Alloformation. D end ritic , lithoid , and  thinolitic

tufa in d ense c olonies, typic ally forming erosionally resistant
layers. D end ritic  variety is most c ommon, with tufa head s in
this area as large as 1 m in d iameter. Believed  to form in
c arbonate-ric h water as lake levels remained  stable. In this
quad rangle the tufa-bearing member is primarily assoc iated
with the D od ge F lat lake stand  (d end ritic  terrac e) at
1250–1260 m elevation, c ontrolled  by the 1265 m D arwin
P ass sill at F ernley, and  forming a prominent platform on both
sid es of the Truc kee R iver c anyon.

Eetza Alloformation (Morrison, 1964; Morrison and others, 1965;
Morrison and Frye, 1965; and Morrison, 1991) D eposits assoc iated
with one or more penultimate lac ustral c yc les of L ake L ahontan d uring
pre-W isc onsinan time (oxygen isotope stages 6, 8, and  10); c alled  the
lower lac ustral c lays by R ussell (1885). U nit is c omposed  of bed s from
multiple lake c yc les with interfingering subaerial and  d eltaic  d eposits; it
is the thic kest exposed  sec tion of L ake L ahontan d eposits in the
quad rangle, c omprising the major part of Truc kee R iver c anyon
exposures. M id d le P leistoc ene; ranges in age from ~130 to 350 ka
(M orrison, 1991). U pper part of the formation c ontains the W ad sworth
tephra bed  d ated  at 155–200 ka (Berger, 1991; S arna-W ojc ic ki and
others, 1991). U ranium-series ages from elsewhere in the L ake
L ahontan basin range between 110 and  288 ka (M orrison, 1991).

Q e O ffshore, light- to d ark-brown, red -brown, light- to
med ium-gray silt, light-gray to greenish-gray c lay, and

light-brown silty sand ; generally well-stratified , ranging from thin
(1–2 c m) to thic k (1–3 m) bed d ed ; c lay bed s exhibit flat, d eep-
water laminations; exposed  sec tions are more than 50 m thic k in
this quad rangle. U nit c ontains interbed s of Gilbert-type d eltaic
d eposits formed  as the anc estral Truc kee R iver flowed  into
shallow, fluc tuating lake levels; extensively exposed  in and  to the
north of the W ad sworth Amphitheater (S moot, 1993). D eltaic
fac ies inc lud e tabular, inc lined  foreset bed s of silt and  fine sand ;
and  flat bottomset and  topset bed s of laminated  silt and  fine sand
exhibiting sed imentologic  morphologies related  to interac tion of
fluvial d eposition and  shallow water: tabular and  trough fluvial
c ross-bed d ing, osc illatory and  c limbing wave ripples, and
interbed s of fluvial sand  and  gravel.

Q ess F luvial and  subaerial d eposits of the intralac ustral S -Bar-
S  Allomember (M orrison and  F rye, 1965). P rominent

layers of gray, c oarse fluvial sand  and  round ed  pebble to c obble
gravel grad ing into and  interbed d ed  with brown to red -brown
alluvial fan d eposits; ranges in thic kness from 1 to 3 m and  forms a
resistant, d arkly varnished  terrac e-like platform at an elevation of
~1230 m along the c anyon bluffs. P resenc e of well-round ed
granod iorite c lasts d erived  from the S ierra Nevad a ind ic ate that
these are Truc kee R iver gravels. Alluvial fan fac ies c onsist of
mud d y c obble to bould er gravel c omposed  of loc ally d erived
volc anic  lithologies. In the W ad sworth Amphitheater, subaerial
d eposits c ontaining a well-d eveloped  red -brown argillic  soil
separate lac ustrine d eposits of Eetza age ind ic ating a long
intralac ustral period .

Q Tpe Lacustrine deposits of pre-Eetza age, undifferentiated
M ay be in part c orrelative with the R ye P atc h Alloformation

(M orrison and  F rye, 1965; M orrison, 1991) whic h c ontains the 640 ka
L ava Creek B tephra bed . Tilted  bed s of offshore gray, red -brown to
bluish-brown silt and  c lay; best exposed  in the western river bluff and
tributary d rainages at and  south of the pipeline road  where they are
overlain with an angular unc onformity by Q e and  Q ess d eposits. At the
pipeline road , the c lay bed s c ontain a 0.5- to 1-c m-thic k Glass
M ountain tephra bed  estimated  to be between 0.79 and  1.95 M a
(And rei S arna-W ojc ic ki, written c ommun., 2003).

PRINCIPAL QUATERNARY STRUCTURAL-
STRATIGRAPHIC RELATIONS OF THE PYRAMID
LAKE FAULT ZONE

The P yramid  L ake fault is part of the W alker L ane belt, a transc urrent
right-lateral strike-slip system extend ing for more than 600 km ac ross
western Nevad a (S tewart, 1988). In the W ad sworth Q uad rangle,
struc tural d eformation assoc iated  with the P yramid  L ake fault oc c urs in
L ake L ahontan and  younger d eposits along a N20–30ºW -striking series
of faults lying along the west margin of the Truc kee R iver c anyon. The
princ ipal zone of faulting is marked  by a singular trac e that extend s
ac ross the quad rangle from D ead  O x W ash on the north to F ortymile
D esert on the south. The old est struc turally d eformed  sed iments are
found  near the pipeline road  in the western river bluff where 0.79–1.95-
M a Q pe d eposits are tilted  35º to the west; in nearby tributary washes
south of the road , Q e d eposits are west-tilted  and  fold ed . About 300 m
north of the pipeline road , units Q smd  and  Q w are offset 10–16 m
respec tively by an east-d ipping normal fault. This feature was
interpreted  as a slump bloc k by S moot (1993). The trac e of this fault
c an be followed  to the north near the R ail Cut where exposures show
40–50 m of normal d isplac ement of Q w and  Q e d eposits.

To the west of this princ ipal trac e, faulting is c harac terized  by graben
and  nested  graben with 1–2 m sc arps in Q sm parallel and  subparallel
to the main trac e. To the south of Gard ella Canyon, the fault is
generally c onc ealed  beneath D od ge F lat and  the flood plain, but
trenc hing revealed  0.5–1 m offsets in Q sm and  Q fy d eposits (Briggs
and  W esnousky, 2004).

M ost slip ind ic ators found  along the main fault show that it is
d ominantly a normal, d ip-slip struc ture. Vertic al slic kenlines are found
at several fault exposures, and  the tilted  and  fold ed  Q e and  Q pe
sed iments are suggestive of roll-over struc ture prod uc ed  by large-sc ale
normal faulting. The graben that c ut Q sm d eposits are further
ind ic ators of extension-d ominated  motion along this segment of the
P yramid  L ake fault. S ome geomorphic  evid enc e, however, is
suggestive of strike-slip motion; reversal of fault d ip (sc issoring) along
the southeastern portion of the fault is c ommonly assoc iated  with
strike-slip behavior. Briggs and  W esnousky (2004) d esc ribed  several
tributary washes that are laterally offset 34–43 m, but this stud y c ould
not c onfirm this amount of lateral offset. Based  on our mapping,
movement along the P yramid  L ake fault segment in the W ad sworth
Q uad rangle is believed  to be d ominated  by extensional faulting with a
minor c omponent of right-lateral slip.

1Ages reported  for rad ioc arbon samples are in rad ioc arbon yr BP ; c orrespond ing c alend ar-c orrec ted  (c alibrated ) ages for eac h sample are listed  in table 1.
2A note regard ing stratigraphic  nomenc lature: L ake L ahontan and  related  subaerial d eposits were c onsid ered  lithostratigraphic  units in the early stud ies of M orrison
and  were d esignated  as formations. W ith the revision of the North Americ an S tratigraphic  Cod e in 1983, new allostratigraphic  and  ped ostratigraphic  unit d efinitions
were ad d ed  whic h allowed  the d efinition of time-transgressive, lithology-ind epend ent roc k units and  soils. M orrison (1991) red efined  the L ake L ahontan sequenc e
ac c ord ing to these new c od e d efinitions, a c onvention whic h we follow here.
3 40Ar/39Ar ages reported  in Garsid e and  others (2000, 2003) used  an age of 27.84 M a for the neutron flux monitor, sanid ine from F ish Canyon Tuff. R ec ent work
suggests an age of 28.02 M a is more appropriate for F ish Canyon Tuff (R enne and  others, 1998). Therefore, ages reported  here were rec alc ulated  by multiplying the
previously reported  ages by 28.02/27.84.  Although not prec isely c orrec t, this method  gives ages that d iffer from the c orrec t ages only in the third  d ec imal plac e, whic h
we d o not report.
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BEDROCK UNITS

Td p Dacite of Pond Peak P red ominantly d ark-red d ish-brown-
weathering, light-gray and  pinkish-gray flows, d omes, and

lahars of d ac ite; loc ally lithophysal. The unit, whic h c rops out near the
southwest ed ge of the quad rangle, is named  for an extensive area of
outc rop on P ond  P eak 8 km to the west in the O linghouse Q uad rangle.
Based  on thin sec tions from the ad jac ent O linghouse Q uad rangle, the
unit c ontains phenoc rysts (10–15%) of c lear to spongy plagioc lase
(10–12%, typic ally ≤1 mm, rarely to 2.5 mm), blac k, elongate
hornblend e (~1%, ~1 mm d iameter; rarely thinly rimmed  by fine
pyroxene and  F e-Ti oxid es), green orthopyroxene (0–1%, ≤0.4 mm),
and  trac e magnetite (≤0.2 mm) in a loc ally flow-band ed , pilotaxitic  to
felted  ground mass of plagioc lase mic rophenoc rysts and  glass.
Chemic al analyses of samples from the O linghouse Q uad rangle
ind ic ate that the unit is mostly d ac ite ac c ord ing to the IU GS
c lassific ation (L e M aitre, 1989); some samples are rhyolite. D ated  by
K -Ar method s at 8.3±0.6 M a in the O linghouse Q uad rangle (Garsid e
and  Bonham, 2001; Garsid e and  others, 2000, table 2 and  Append ix
1).

Tbm Basalt of Black Mountain Tbm, d ark-gray,
vesic ular olivine basalt flows whic h are part of

a probable shield  volc ano c entered  on Juniper P eak about 10 km north
of the quad rangle. Tbmi, blac k-and  red d ish-gray-weathering, d ark-gray,
fine-grained , narrow d ikes of olivine basalt whic h c ut red d ish and  d ark-
gray bed d ed  sc oria (Tbms). A d ike (Tbmi) was d ated  by K -Ar method s
at 9.5±0.3 M a (Garsid e and  others, 2000, Table 2 and  Append ix 1).
P robably hund red s of meters thic k.

Tbms Tbmi

Tbi                                A narrow d ike (c ommonly 1–3 m) of
basalt or basaltic  and esite c uts Thas south of W hite Horse

Canyon. Also, a plug c uts ash-flow tuffs nearby. S imilar d ikes c ut flows
of Tps in the O linghouse Q uad rangle to the west. F ine-grained ,
vesic ular, d ark-gray, sparsely porphyritic  roc k, with trac hytic  to felted
texture. A sample from a c anyon between O linghouse Canyon and
Green Hill (O linghouse Q uad rangle) c ontained  phenoc rysts (~3%) of
elongate plagioc lase (2–3%, 0.4 to 3 mm long) and  minor pyroxene
(<0.4 mm) in a ground mass of plagioc lase laths (<0.2 mm long), fine
pyroxene(?) and  glass(?). Age equivalent to Tps or possibly somewhat
younger.

Tps                                     , und ivid ed  basaltic  flows,
fewer poorly exposed  basaltic  pyroc lastic  roc ks, and

loc ally, thin, d isc ontinuous epic lastic  and  silic ic  pyroc lastic  bed s (where
not mapped  separately). F lows (~2–10 m) are vesic ular, massive to
loc ally brec c iated , very d ark gray basalt and  basaltic  and esite,
c onsisting of sparse to c ommon phenoc rysts of plagioc lase (<5–40%,
0.25–2 mm), olivine (1–3%; 0.4–3 mm, rarely 5 mm), and  c ommonly
sparse pyroxene (0–5%, 2 mm) in a trac hytic  to pilotaxitic  (rarely
intergranular to ophitic ) ground mass of magnetite, plagioc lase and
pyroxene mic rophenoc rysts, and  sparse brown glass. O livine is
c ommonly partly to c ompletely replac ed  by id d ingsite, and  rare,
round ed  quartz xenoc rysts(?) (≤1 mm) and  rec tilinear c lots of fine
magnetite (possibly ghosts of basaltic  hornblend e) are observed
loc ally. Basaltic  pyroc lastic  roc ks inc lud e bed d ed  red d ish-brown sc oria
(c ommonly with steep initial d ips) and  propylitized  brec c ias whic h have
round ed  to angular light grayish-green sc orac eous c lasts (<1 to several
c entimeters) in a fine-grained , yellowish-gray tuffac eous(?) matrix. Thin
(1–2 m), d isc ontinuous, lac ustrine, thinly laminated , d ark shale (with
leaf fossils and  rare fish bones and  sc ales) and  volc anic lastic
sand stone c rop out loc ally, partic ularly in P ierson Canyon (Axelrod ,
1995) of the O linghouse Q uad rangle to the west. The P yramid
sequenc e has been mapped  as Chloropagus F ormation in P ierson
Canyon (Axelrod , 1995) and  to the south of the quad rangle (R ose,
1969). The P yramid  sequenc e is apparently 11–13 M a in the southern
P ah R ah R ange (see Garsid e and  others, 2000; S tewart and  others,
1994); however, elsewhere in the region it may be 13–15 M a or even
somewhat old er (Henry and  others, 2004). Thic kness 1 km or more in
the O linghouse Q uad rangle.          , light-gray, steeply d ipping, thinly
laminated  to nonlaminated  tuffac eous siltstone and  shale of unc ertain
affinity whic h c rop out in two small areas just south of the road  to
O linghouse about 1 km west of S tate R oute 447.

Tpss

Twh Rhyolite of White Hill Very light-gray and  pinkish-gray
rhyolite intrusive roc k (76% S iO 2), loc ally flow band ed  and

spherulitic . P robable flow d ome; short flows are mapped  in the
ad jac ent O linghouse Q uad rangle. Consists of phenoc rysts (10–20%) of
round ed  to equant and  embayed  to vermic ular smoky quartz (5–10%,
1–2 mm), plagioc lase (~4%, 1–4 mm long), alkali feld spar (~4%; 1–3
mm), and  books of biotite (1%, 0.4–0.8 mm) in a fine-grained , originally
d evitrified  ground mass of alkali feld spar and  quartz. Biotite is
c hloritized  and  light-c olored  minerals are altered  to seric ite and  c alc ite.
Alkali feld spar is found  mainly as skeletal remnants. Geologic
relationships in the O linghouse Q uad rangle suggest an approximate
age equivalenc e to the P yramid  sequenc e bec ause rhyolite flows
appear to interfinger with basalt flows.

Tmb                     P oorly exposed  unit apparently c onsisting
almost entirely of small to large (<1 c m to 5 m) angular to

subround ed  c lasts of ash-flow tuffs (units Td m, Tnh, Tc s, and  the tuff of
P ainted  Hills whic h lies above Tc s in the O linghouse Q uad rangle) as
well as sparse c lasts of amygd aloid al basalt and  hornblend e and esite.
The unit overlies and  c uts(?) ac ross ash-flow tuff units of whic h it
c ontains c lasts. M atrix of megabrec c ia is apparently pyroc lastic ,
c ontaining phenoc rysts similar to those of Twh (Geasan, 1980). The
megabrec c ia appears to be overlain by some Tps flows and  yet
c ontains basalt c lasts that are probably from Tps. It is thus c onsid ered
equivalent in age to at least part of Tps. S patially assoc iated  with, and
intrud ed  by, Twh; the megabrec c ia may be a vent brec c ia related  to
Twh volc anism. Thic kness unknown.

Thas                                                                             Intrusive
bod ies of light-gray to med ium-d ark-gray and esite or

d ac ite(?), c onsisting of phenoc rysts (30%) of equant to elongate
plagioc lase (15–25%, 0.04–2.5 mm, rarely 2 x 5 mm), elongate
hornblend e (~8%, <0.5 x 2.4 mm), trac e small (~0.2 mm) quartz,
loc ally small biotite (trac e to 2%), and  orthopyroxene (<3%, ≤1.2 mm)
in a fine-grained  holoc rystalline anhed ral-granular or pilotaxitic
ground mass of pred ominantly plagioc lase and  magnetite
mic rophenoc rysts. An age of 20.3±0.7 M a (K -Ar on hornblend e;
Garsid e and  others, 2000, table 2) may be slightly too young, as the
unit is suspec ted  to be related  to 22.39 M a roc ks (d ated  by

Tc s                                        M od erate red d ish-brown
weathering, led ge-forming, slightly to mod erately weld ed

rhyolitic  ash-flow tuff. Contains pheoc rysts (~25%) of c ommonly smoky
or red d ish, c orrod ed , embayed , and  vermic ulated  quartz (<10%, 1–2
mm), equant, ad ularesc ent sanid ine (~10%, 1–2 mm), a few perc ent
plagioc lase, rare altered  biotite (<1%, ≤1 mm in d iameter), and
ac c essory F e-Ti oxid es. Contains sparse, ind istinc t pumic e (most 3 x
12 mm, but loc ally in the O linghouse Q uad rangle to the west, up to 3 x
12 c m) and  sparse lithic  fragments of flow-band ed  rhyolite and
intermed iate volc anic  roc k (c ommonly ≤1 c m, but rarely ≤4 x 6 c m).
P arts weather to round ed , red d ish bould ers of d ec omposition. A ~1 m
plane-bed d ed  tuff (ground  surge?) is found  loc ally at the base in the
O linghouse Q uad rangle; it grad es upward  into basal, nonweld ed  Tc s.
Thic kness about 150 m in the ad jac ent O linghouse Q uad rangle; only
small areas of exposure in the W ad sworth Q uad rangle. Age,
25.06±0.07 M a north of R eno (Garsid e and  others, 2003).

Tws                                               S equenc e of several c ommonly
mod erately weld ed  rhyolitic  ash-flow tuffs. U sually light-

brown- or pale-red d ish-brown-weathering-, pale-orange to light-brown
and  light-pinkish-gray roc ks c ontaining phenoc rysts of platy-frac tured
sanid ine, plagioc lase, biotite, and  sparse to trac e quartz. M od erately
weld ed  ash-flow tuffs c ommonly c ontain 1–2 mm phenoc rysts
(~10–15%) of sanid ine (~0–10 %), plagioc lase (5–15%), biotite
(c ommonly <1%), and  rarely, hornblend e. A d istinc tive feature of the
tuffs is the shard -ric h nature of the matrix, visible in thin sec tion and
hand  lens. L oc ally, a “nubbly” weathering surfac e is observed  on roc k
outc rops; this probably represents c losely spac ed  joints d eveloped
d uring hyd ration of originally glassy roc k. Contains c ompressed
pumic e (c ommonly >5%, ≤1 to several c entimeters in d iameter) and
c ommon lithic  fragments (0.5 to several c entimeters) of siltstone, and
silic ic  and  intermed iate volc anic  roc ks. Crops out as several led ges,
whic h are probable c ooling units; some of these are separated  in a few
plac es by 1–5 m of tuffac eous and  volc anic lastic  siltstone, sand stone,
and  pebbly sand stone (with poorly preserved  fossil twigs(?) and  leaves
at one loc ality). Commonly c ontains variable amounts of hyd rothermal
alteration minerals (seric ite, c hlorite, epid ote, and  c lays). Thic kness
300+ m in the quad rangle. The unit was originally named  for ash-flow
tuffs exposed  near W hisky S pring in the southern P ah R ah R ange;
these tuffs have been subd ivid ed  elsewhere into several signific ant
ash-flow tuffs ranging in age from 29–31 M a (e.g., Henry and  others,
2004). P robably c orrelative with a muc h thic ker and  more c omplex
group of ash-flow tuffs exposed  in S ec ret and  Jones Canyons of the
ad jac ent O linghouse Q uad rangle.

Td m                                                    L ight- to d ark-gray, slightly to
mod erately weld ed , d ac ite ash-flow tuff with a d istinc tive

phenoc ryst assemblage (~15–20%) of elongate to equant plagioc lase
(15%, <2 mm) and  biotite (~3%, 0.6–2 mm) in a shard -ric h matrix.
Biotite and  elongate plagioc lase are aligned  parallel to c ompac tion
foliation. Contains a few perc ent mod erately c ompressed  pumic e lapilli
and  c ommonly sparse pinkish-lithic  fragments (1–2 c m, rarely 10 c m)
of biotite-plagioc lase volc anic  roc k. L oc ally very lithic  ric h, c ontaining
up to 25% round ed  pale-purple rhyolitic  lithic  fragments (0.5–10 c m).
Correlates with and  replac es in stratigraphic  usage the tuff of Coyote
S pring (e.g., Garsid e and  Nials, 1998). Thic kness <150 m. Ages:
29.32±0.17 M a (Garsid e and  Nials, 1998) and  29.21±0.10 M a (Garsid e
and  others, 2003) from the area north of R eno.

Tnh                                        Brownish-weathering, pinkish-gray
or grayish, strongly weld ed  rhyolite ash-flow tuff. Contains
phenoc rysts (~3–15%, ~1 mm) of mostly alkali feld spar
(sanid ine and  anorthoc lase), with c onsid erably less

plagioc lase, trac e small biotite, and  ac c essory F e-Ti oxid es. L oc ally
c ontains flow-band ed (?) rhyolite lithic  fragments (<1 c m to 10 x 15 c m)
that are similar to Tnh. Commonly mod erate to strong vapor-phase
alteration, with formation of trid ymite and  alkali feld spar in c avities
(former pumic e sites); elsewhere d evitrified . D istinc tive c ompressed
pumic e (1:3 to 1:7 aspec t ratio) from less than 1 mm x 5 mm to 5 x 25
c m. Thic kness < 200 m; variable. D eposited  on surfac e whic h had
loc al topographic  relief. Age 25.23±0.07 M a (Garsid e and  others,
2003). Tnhg, sand stone and  c onglomerate d eposited  in a probable
paleovalley below Tnh at one loc ality near the west ed ge of the
Q uad rangle. The unit c onsists of 0–20 m of plane- and  c ross-bed d ed
tuffac eous sand stone, epic lastic  c last-supported  c onglomerate, and
lithic -fragment-ric h reworked (?) Td m. Conglomerate c lasts resemble
the und erlying Td m, and  sparse quartz grains are found  in the
sand stone.
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Table 1. Radiocarbon dates from Wadsworth Quadrangle
S ample no. L ab no. M aterial d ated 14C age (yr BP ) Calibrated  age (1σ range; c al BP ) U nit
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Q fy1
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Q sm
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tufa

snails
snails
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snails
snails
snails
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1
2
3
4
5
6
7
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9
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12
13
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GX-28035
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GX-29216
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GX-28204-AM S
GX-29818-AM S

Beta-165927

317–463
454–513

1182–1284
1995–2297
2856–2952

10,788–11,167
12,959–13,134
13,464–13,647
14,229–14,822
14,833–15,368
17,819–18,017
18,019–18,481
18,053–18,482
19,552–19,803

340 ± 40
410 ± 40

1,300 ± 40
2,120 ± 70
2,800 ± 40

9,620 ± 100
11,160 ± 90
11,720 ± 40

12,470 ± 150
12,790 ± 160
14,750 ± 40
14,910 ± 70
14,940 ± 40
16,530 ± 80
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