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DESCRIPTION OF MAP UNITS 
 
Alluvial and Hillslope deposits 
 
Qa Active stream channels and channel deposits (latest 
Holocene) Alluvium in intermittent recently active to 
annually active washes consisting of poorly to well-sorted 
sand to cobble and pebble gravel with sparse boulders; 
clasts are subangular to subrounded; rough bar and swale 
topography. Channels are generally incised into Qf1 or 
contemporaneous with Qf1a. Thickness is generally less 
than a few meters. 
 
Qe Eolian dune deposits (latest Holocene?) Gray to light 
yellow well-sorted sand deposits. Crescent shaped dune 
morphology that open to the southwest. Dunes are 5–10 m 
tall. Crops out in the broad valley north of Pyramid Lake 
and between the Terraced Hills and Lake Range. Obscures 
the youngest fans and lacustrine deposits older than 1906. 
Deposit is typically 1–5 m thick. 
 
Qc Colluvium (Holocene to Pleistocene) Colluvial and 
lesser talus deposits generally at the base of steep slopes; 
commonly composed of poorly sorted sand and lesser 
gravel to cobble clasts. Deposit is typically less than 5 m 
thick. 
 
Qtal Talus and lesser colluvium (Holocene to 
Pleistocene) Talus deposits generally at the base of steep 
slopes. Predominantly composed of poorly sorted, angular 
to subangular, cobble to boulder size clasts. Clasts are 
typically derived from aphanitic basaltic andesite. Deposit 
is typically less than 5 m thick. 
 
Qcf Colluvium and fan, undivided (Holocene to 
Pleistocene) Colluvial and fan deposits mantling steep 
slopes.; transitional between fan and colluvium. Commonly 
composed of poorly to moderately sorted, angular to 

subangular, clast supported cobbles and pebbles, with 
sandy matrix, grading to more moderately sorted with 
distance from slope. Deposit typically less than 5 m thick.  
 
Qf Fan alluvium, undivided (Holocene to Pleistocene) 
Incised to deeply incised fans. Poorly sorted to well-sorted 
pebble to coble gravel; locally contains boulders near the 
head of fans. Matrix-supported and dominated by 
subangular to angular clasts. Variable surface morphology, 
smooth to rough, locally broad, rounded interfluves. 
Deposit thickness varies but may be locally 15 m. 
 
Qf1a Young active fan alluvium (latest Holocene) Poorly 
to well-sorted pebble to cobble gravel and sands with 
angular to subangular clasts; locally contain boulders, 
particularly at fan heads. Surfaces slightly smoothed, with 
closely spaced bar and swale morphology and sharp 
interfluves near the heads of fans. Slightly incised into Qf1i 
near heads of fans; contemporaneous with Qa. Deposits are 
up to 1 m thick. 
 
Qf1i Young inactive, recently abandoned fan alluvium 
(late Holocene) Poorly to well-sorted pebble to cobble 
gravel and sands with angular to subangular clasts; locally 
contain boulders, particularly at fan heads. Surfaces are 
slightly smoothed, with finely spaced bar and swale 
topography, moderately rounded interfluves. Deposits up to 
3 m thick. 
 
Qf1 Young active fan alluvium and recently abandoned 
fan alluvium, undivided (late Holocene) Poorly to well-
sorted cobble to pebble gravel and sands with isolated 
boulders; poorly to moderately stratified, matrix-supported 
deposits with angular to subangular clasts. Surfaces are 
generally smoothed, commonly with finely spaced bar and 
swale morphology with sharp to rounded interfluves. 
Deposits as much as 3 m thick. 
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Qf2 Intermediate fan alluvium, undivided (Holocene to 
late Pleistocene) Cobble, pebble, silt, and coarse sands 
with isolated boulders. Surfaces are generally smooth, 
erosionally rounded near edges, moderately incised 
channels with broad flat interfluves. Thicknesses are poorly 
known but up to 6 m. 
 
Qf3 Old fan alluvium, undivided (late Pleistocene to 
Pliocene/Miocene?) Poorly to well-sorted pebble to cobble 
gravel and sands; locally contain boulders, particularly at 
fan heads. Matrix-supported deposits with angular to 
subangular clasts. Surfaces are broad with rounded to flat 
interfluves with deeply dissected channels. Deposits are 
commonly 5 m thick but up to 15 m thick locally. 
 
Playa and Related Deposits 
 
Qpl Playa deposits (latest Holocene) White to yellowish-
white, fine-grained sand, silt, and clay that form flat, white, 
sparsely vegetated surfaces in small closed depressions, 
typically behind constructional beach berms of Qsub and 
Qsmb. Thickness less than a few meters. 
 
Qplf Playa fringe deposits (latest Holocene) White to 
grayish-white silts, sand, and pebble gravel; mantle 
adjacent playa deposits and derived from eolian processes; 
form gently sloping to flat surfaces with a hummocky to 
round appearance; gradational boundary with playa and 
alluvium. Thickness generally less than a few meters. 
 
Historical Lacustrine Deposits Associated with 
1906 Pyramid Lake Level at ~1180 m (Bell et al., 
2005) 
 
Ql1906 Shallow water near shore deposits (latest 
Holocene) Thinly bedded sands, silts, clays, and diatomite. 
Lower part dated at 430±40 yrs B.P. (Bell et al., 2005). 
Thickness generally less than a few meters. 
 
Qb1906 Beach ridge deposits (latest Holocene) Prominent 
beach ridge at the northern end of Fox Bay, extending from 
the northern Terraced Hills east to the Lake Range. Coarse 
gray sand and pebbles. Thickness generally less than a few 
meters. 
 
Lacustrine Deposits Associated with Late 
Holocene Rise of Pyramid Lake at ~1199 m 
 
Ql Shallow water and near shore deposits (latest 
Holocene) Gray to grayish-white sand, silt, and clay; forms 
flat areas located mainly in the topographic low adjacent to 
the eastern side of the Terraced Hills and leading into 
Emerson Pass; commonly mantled by eolian dune deposits. 
Radiocarbon dated at 1930±40 yrs B.P. by Bell et al. 
(2005) and in a paleoseismic trench in the Terraced Hills at 
3,640±40 yr. B.P. (Vice, 2008). Deposit is ~5–10 m thick. 
 

Qb Beach ridge deposits (latest Holocene) Associated 
with multiple shorelines between ~1187 m and 1199 m. 
Located mainly in the topographic low adjacent to the 
eastern side of the Terraced Hills and leading into Emerson 
Pass. Gently arcuate and oriented generally east-west. 
Coarse gray sand and pebbles. Age of lake rise placed 
between 2.6–3.6 ka by Briggs et al. (2005) and <2.1–2.4 ka 
by Bell et al. (2005). Deposit is typically 1–2 m thick 
 
Sehoo Alloformation 
 
Qlt Wave form tufa deposits (Holocene to late 
Pleistocene) Calcium carbonate coating on substrate, 
precipitated from waters from Lake Lahontan and Pyramid 
Lake (Benson, 1994). Qlt crops out on the flanks of many 
ridges below the highstand level of Lake Lahontan (1336 
m), particularly along the eastern slopes of the Terraced 
Hills. Tufa forms a thick crust on bedrock up to 2–3 m 
thick and locally indurates beach sands. 
 
Qsu Lacustrine sediments of the upper Sehoo 
Alloformation (early Holocene to latest Pleistocene) 
Brown to gray, medium to coarse sand, silty sand, silt, 
sandy mud, and lesser pebble gravel; associated with deep 
to shallow water deposition of early Holocene to latest 
Pleistocene lake levels, which rose to a maximum elevation 
of ~1230 m in the Pyramid Lake basin. Age of the upper 
Sehoo Alloformation is poorly constrained; however, a date 
of 10.8 ka was obtained from a 1212 m transgressional 
shoreline in the Pyramid Lake basin (Bell et al., 2005; 
Briggs et al., 2005; Adams et al., 2008), and a radiocarbon 
date from a charcoal sample at the base of an upper Sehoo 
Alloformation gravel bar in the Lahontan basin yielded a 
14C age of 9950±60 yr B.P. (Caskey et al., 2004; Bell et al., 
2010). As much as 10 m thick. 
 
Qsub Beach and bar deposits associated with the upper 
Sehoo Alloformation (early Holocene to latest 
Pleistocene) Brown to gray, gravelly sand and pebble 
gravel forming shorelines and beach bars between 1212 
and 1230 m. 3–5 m thick. 
 
Qsm Lacustrine sediments of the middle Sehoo 
Alloformation (late Pleistocene) Offshore deposits of 
brown to gray fine-grained sand, silt, and clay. Lake levels 
rose to an elevation of ~1260 m during 14–18 ka, reached a 
maximum elevation of 1332–1337 m at 13 ka (Adams et 
al., 1999; Bell et al., 2005), and then receded to below 1212 
m by 10.8 ka (Briggs et al., 2005; Bell et al., 2005). As 
much as 10 m thick. 
 
Qsmb Beach and bar deposits associated with the 
middle Sehoo Alloformation (late Pleistocene) Gray to 
reddish-gray sandy, pebble to cobble gravel and coarse 
sand typically 1–3 m thick; well-sorted, subangular to well-
rounded clasts of reworked volcanic rocks, granitic 
basement rocks, and metasedimentary rocks. 3–5 m thick. 
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Qld Diatomite (late Pleistocene) White, well-bedded, 
moderately- to well-sorted, diatomite with scattered 
rounded to subrounded pebbles; contains local thin beds of 
silt or clay. Crops out mainly in a flat embayment on the 
eastern side of the Terraced Hill and along a prominent 
terrace at the southwest end of the Fox Range. Not limited 
to, but generally within the middle Sehoo Alloformation. 
As much as 15 m thick. 
 
Hydrothermal and Spring Related Deposits 
 
Qscs Silica and calcite cemented sediments (Holocene to 
late Pleistocene?) Rounded to sub-rounded, moderately 
sorted gravels and coarse sand cemented by calcite and 
silica; clasts consist of lacustrine gravels composed of 
Mesozoic basement rocks and Tertiary volcanic and 
sedimentary rocks. Form ledges that rest nonconformably 
on altered slate and altered volcanic rocks or as a veneer on 
the hill slope near silica and calcite/travertine veins. 1–2 m 
thick. 
 
Qtm Subaqueous spring-related tufa deposits (Holocene 
to late Pleistocene) Light white to pale brown dendritic 
tufa mounds crop out in three locations: 1) a cluster of 
mounds up to ~12 m tall, associated with the thermal 
anomaly at Emerson Pass possibly marking ancestral hot 
springs; 2) in the broad alluvial valley, midway between 
the Lake Range and Terraced Hills as a N- to NNE-
trending lineament approximately 700 m in length; tufa 
mounds here are subdued and no higher than 1–2 m, 
possibly associated with a N- to NNE-striking fault 
concealed by alluvium; and 3) an isolated tufa mound that 
stands ~10–12 m tall southeast of the N- to NNE-trending 
tufa lineament and proximal to the Qb1906 shoreline. 
 
QTscv Silica and calcite veins and travertine mounds 
(Holocene to late Miocene?) Silica, calcite, and lesser 
quartz veins associated with the thermal anomaly in 
Emerson Pass. Veins range from 1 mm to ~0.30 m thick; 
oriented from subvertical to subhorizontal. Subvertical 
veins grade into subhorizontal layering at the surface, 
where veins become travertine mounds with interlayered 
silica. Silica is cryptocrystalline, milky white to milky red. 
Calcite is coarsely crystalline to microcrystalline; coarse 
crystals commonly reside in subvertical veins, whereas 
calcite becomes more microcrystalline and laminated 
where veins grade into subhorizontal travertine mounds at 
the surface. Veins cut Mesozoic slate, Miocene volcanic 
and sedimentary rocks, and indurated Quaternary 
sedimentary rocks. 
 
Basin Fill  
 
QTa Basin fill alluvium, undivided, in cross section only 
(late Holocene to late Miocene/Pliocene) Undivided 
sedimentary strata, including Quaternary alluvium. Shown 
in cross section where no control is available and depth of 
basin fill is unknown. ~300–500 m thick. 

Late Tertiary Sediments and Sedimentary Rocks 
 
Tsg Unconsolidated sand and gravel (Pliocene to late 
Miocene) Gray to brown, unconsolidated pebble to cobble 
and coarse sand composed of lithic grains of volcanic, 
granitic, and metasedimentary rocks, with local boulders; 
poorly sorted, angular to well-rounded clasts of reworked 
Pyramid sequence volcanic rocks, coarsely porphyritic 
andesite, granodiorite and quartz monzonite basement, and 
metasedimentary slate and lesser marble. Exposed mainly 
in the southern Fox Range east of Emerson Pass and west 
of Buckbrush Spring. Thickness varies but appears to thin 
toward the north; ranges in thickness from ~2 to 20 m. 
 
Tsd Fine-grained sandstone, siltstone, diatomaceous 
shale, and unconsolidated sediments (Pliocene late to 
middle Miocene) White to pinkish-white to light gray, 
sandstone, siltstone, and diatomaceous shale, with poorly 
exposed tephra and ash beds; well sorted, subangular to 
well-rounded grains. Finely laminated bedding to massive 
2–3 m thick layering; thicker layers are typically well 
lithified sandstone (2–3 m). Sandstone is composed 
dominantly of volcanic lithic grains. Siltstone, 
diatomaceous shale, and ash layers are typically easily 
friable and poorly lithified. Bedding is poorly exposed due 
to the weak lithification, such that slopes are commonly 
covered in a thin veneer of colluvium. Contains a crystal-
rich nonwelded ash; composed of fine glass shards (~85%), 
biotite (~10% or greater) and feldspar (~5%) phenocrysts, 
both 1 mm or less in length. The ash layer also contains 
conspicuous amounts of petrified wood. Exposed mainly in 
the southern Fox Range east of Emerson Pass and west of 
the Buckbrush Spring fault. Unit is ~75 m thick. 
 
Middle Miocene Pyramid Sequence 
 
Upper Pyramid Sequence 
 
Tup Upper Pyramid sequence, undivided (middle 
Miocene) Volcanic and sedimentary rocks assigned to the 
upper Pyramid sequence inferred from analysis of air 
photos, undivided. Fault bounded blocks mapped in the 
northeastern part of the study area in the Fox Range; 
Reddish-brown. Up to ~400–500 m thick. 
 

Tbai Basaltic andesite dikes (middle Miocene) 
Black to reddish-gray basaltic andesite dikes, 1–5 m 
wide. Dikes crop out in only three locations in the field 
area and intrude into upper Pyramid sequence. 
Exposed dike lengths are ~ 40 to 300 m. Dikes are 
generally vesicular and finely porphyritic (3–5% 
phenocrysts). Phenocrysts are primarily composed of 
euhedral to subhedral plagioclase ~1mm long (~60–
70%) and subhedral to anhedral augite ~0.5–0.3 mm 
(~30–40%). Groundmass is felty, equigranular, 
predominantly euhedral to subhedral plagioclase 
(~60%) laths and interstitial, subhedral to anhedral 
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clinopyroxene (~35%). Groundmass also contains 
lesser (~3%) cryptocrystalline material and opaques. 
 
Tupb Aphanitic basaltic andesite (middle Miocene) 
Brownish-red to brownish-gray flows of aphanitic 
basaltic andesite. Crops out throughout the field area, 
except in the northeast part of the map area, where 
Tupfp occupies the same stratigraphic level. It is the 
one of the uppermost sequences of flows in the 
Pyramid sequence in the study area. Flow foliations 
are poorly developed. Outcrops are rubbly and 
columnar jointed. Fresh surfaces are gray to reddish-
gray. Commonly contains ~1% or less phenocrysts, 
with augite as the primary phenocryst. The 
groundmass has a granular or sugary texture and is 
dominated by sub-1 mm laths of feldspar 0.5–0.3 mm 
in length. Augite and lesser olivine are present in the 
groundmass. Augite is subhedral, equant, and is 
generally 0.1 mm long, with lesser phenocrysts up to 1 
mm. The olivine is commonly subhedral to anhedral, 
with lesser euhedral grains. The olivine is generally 
0.1 mm long but up to1 mm long as phenocrysts, 
including clusters of anhedral grains of olivine. ~120 
m thick. 
 
Tupfp Finely porphyritic to porphyritic basaltic 
andesite (middle Miocene) Multiple flows of reddish-
gray finely porphyritic to porphyritic basaltic andesite 
crop out mainly in the northeastern part of the map 
area as one the upper most units in the Pyramid 
sequence, occupying the same stratigraphic position as 
Tupb. Outcrops have a flaggy texture, with flow 
partings that are 5–10 cm thick. Flows range from 
finely porphyritic to porphyritic. Phenocrysts comprise 
~7–10% of the unit and consist of subhedral to 
euhedral plagioclase ~0.25 to 1.5 to mm long (~50–
60%) and equant mainly euhedral augite with lesser 
pigeonite (~40–50%) that are 1–2 mm long. The 
groundmass has a felty texture and is composed of 
microlites of feldspar (~70%), 0.1 mm or less in 
length; interstitial equant, anhedral clinopyroxene 
(~25%) that are <0.05 mm long; and 5% interstitial 
cryptocrystalline material and opaques. ~120 m thick. 
 
Tupts Tuffaceous sedimentary rocks (middle 
Miocene) White to whitish-yellow outcrops. Well 
sorted and finely laminated to massive and poorly 
sorted. Unit has weakly lithified layers, so outcrop is 
commonly obscured by colluvial cover. In general, it is 
a volcaniclastic to tuffaceous sandstone, containing 
sand-sized clasts of aphanitic to porphyritic basaltic 
andesite, with a tuffaceous to fine silt matrix. Clasts 
are mainly angular to subrounded. One layer contains 
abundant cobble-sized clasts of well-rounded basaltic 
andesite but does not crop out, as rounded cobbles are 
only observed in colluvium. A 5–10 cm thick tephra 
crops out locally in the Lake Range. A debris flow 
sub-unit (Tupdbf), basaltic sedimentary rocks (Tupbs), 

and a sedimentary breccia (Tupsbr) within Tupts are 
mapped locally in the northern Terraced Hills and 
Emerson Pass, respectively. Tuffaceous sedimentary 
rocks in the Emerson Pass area are locally argillically 
altered to pervasive amounts of illite/montmorillonite 
clays, bleached, and cemented by silica and calcite 
(Stippled pattern on the map indicates alteration). Unit 
is discontinuous and ranges in thickness from a few 
meters thick to ~30–40 m. 
 

Tupds Diatomaceous sedimentary rocks 
(middle Miocene) Massive to finely laminated, 
white to yellowish-white, nonresistant diatomite 
forms a discontinuous layer that commonly 
underlies Tupb and/or Tupfp. Commonly contains 
interbeds of fine volcaniclastic sandstone and 
siltstone. The diatomite is soft and rarely crops out 
but is marked by a colluvial veneer of white lag 
chips. May be grouped with Tupts. Unit thickness 
ranges from a few meters to ~15 m. 
 
Tupbs Basaltic sedimentary rocks (middle 
Miocene) Brown to tan, nonresistant sedimentary 
rock that forms a discontinuous layer within 
Tupts; composed primarily of well sorted sand-
sized clasts of basaltic andesite. Unit rarely crops 
out and is covered by a colluvial veneer of basaltic 
sands. Crops out locally on the southwestern 
flanks on the Fox Range in the Emerson Pass area. 
Thickness up to ~10 m. 
 
Tupdbf Debris flow (middle Miocene) Poorly 
sorted, angular to subrounded, gravel to cobble-
sized clasts of mainly aphanitic andesite or 
basaltic andesite with a matrix of white sand to silt 
that is moderately to well lithified. Crops out 
mainly in the northern Terraced Hills. Unit is 
discontinuous and ranges in thickness from a 1 to 
10 m. 
 
Tupsbr Sedimentary breccia (middle Miocene) 
The sedimentary breccia lies at the base of the 
tuffaceous sedimentary unit; it contains angular 
clasts (5 cm to 0.5 m long) of granitic basement, 
aphanitic andesite, and tuffaceous material. Unit is 
discontinuous and Crops out locally on the 
southwestern flanks on the Fox Range in the 
Emerson Pass area. Unit is ~1–3 m thick. 
 

Tupa Aphanitic andesite (middle Miocene) Multiple 
flows of reddish-brown to reddish-gray aphanitic 
andesite; crops out only in the western part of the map 
area in the Emerson Pass area and northern Terraced 
Hills. The unit consists of multiple discontinuous 
flows interfingered with the tuffaceous sedimentary 
unit (Tupts). Generally, flow foliations are poorly 
developed, but locally has vertical to subhorizontal 
flow foliations. The andesite is argillically altered in 
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the Emerson Pass area. The alteration is characterized 
by local bleaching and oxidization to a deep red, 
veining and filling of vugs with euhedral quartz and 
calcite, microcrystalline silica, and minor pyrite with 
local oxidization to goethite or jarosite (Stippled 
pattern used to indicate alteration). In the northern 
Terraced Hills, this unit is mostly observed as a 
massive flow breccia with rare flow foliated outcrops. 
Unit is up to ~140 m thick. 
 
Tupc Volcaniclastic pebble conglomerate (middle 
Miocene) Grayish-brown to yellowish-brown 
conglomerate composed of pebble to coarse sandstone 
with sparse cobble-sized clasts; generally well-sorted, 
subangular to subrounded. Clasts composed of 
aphanitic and porphyritic basaltic andesite with a 
matrix of sand-sized volcaniclastic rocks and 
tuffaceous material. Unit is ~20–30 m thick. 
 
Tupp Porphyritic basaltic andesite (middle 
Miocene) Multiple flows of reddish brown to reddish 
purple porphyritic (7–15% phenocrysts) basaltic 
andesite. Generally has well developed subhorizontal 
flow foliations with 5–12 cm thick partings. The 
outcrop has a distinct rough, flaggy to blocky texture. 
Fresh surfaces are reddish purple to purplish black. 
Phenocrysts are predominantly plagioclase (7–14%), 
2–4 mm in length, with lesser augite (~1–2%) that is 
equant and < 1 mm long. Plagioclase are singular 
phenocrysts or cumulophyric clusters; lesser augite 
phenocrysts are subhedral and ~0.5 mm or less, 
commonly in the interstitial space in the cumulophyric 
plagioclase clusters. The groundmass is composed of 
microlites of plagioclase (~65%) with a sub-trachytic 
texture. Remaining groundmass (~35%) is 
cryptocrystalline material occurring in the interstitial 
space in the feldspar microlites. ~200 m thick. 
 

Tppu Porphyritic basaltic andesite, undivided (middle 
Miocene) Porphyritic basaltic andesite with a distinct 
blocky to flaggy, rough texture with thick flow partings (5–
12 cm thick), reddish brown to reddish purple, and 
containing ~7–15% phenocrysts, consisting of plagioclase 
3–5 mm in length and lesser augite that is < 1 mm long. 
The groundmass is aphanitic. The upper and lower 
porphyritic basaltic andesite units are similar and have 
almost identical phenocryst assemblages, making it 
difficult to distinguish between the two units unless the 
porphyritic dacite (Tpd) is present. Unit thickness up to 
~400 m. 
 
Tpd Porphyritic dacite (middle Miocene) Porphyritic 
dacite containing 5–10% phenocrysts of euhedral to 
subhedral plagioclase ~2–4 mm in length (~55–60% of 
phenocrysts), euhedral to subhedral hornblende ~2–4 mm 
long (~35–39%), and trace equant subhedral to anhedral 
clinopyroxene ~0.5 mm in length (~1% or less). It is 
readily recognized due the presence of 3–5 mm long, 

euhedral hornblende phenocrysts. The hornblende is 
commonly rimmed by 0.01–0.1 mm thick opaque material 
with some portions of the crystal interiors altered. The 
groundmass is aphanitic, equigranular to microporphyritic, 
and typically has a trachytic texture. The groundmass is 
composed mainly of microlites of plagioclase~ 0.05 mm 
length or smaller (60–70%), and lesser cryptocrystalline 
material, likely hornblende and/or lesser clinopyroxene 
(~30%) in the interstitial space between the microlites of 
feldspar. Flows are discontinuous but crop out best in the 
southeastern portion of the map area. Here, the dacite 
forms cliffs that are 40–50 m tall. Flow foliations are 
poorly-to moderately-developed, subvertical to 
subhorizontal, and unreliable indicators of paleohorizontal. 
The dacite appears to pinch out or thin northward in the 
Fox Range, becoming less than 10 m thick. The dacite flow 
divides the upper and lower Pyramid sequence in the study 
area. It occupies a similar stratigraphic interval as the tuff 
of Mullen Pass and has yielded 40Ar/39Ar ages of 
14.4±1.6 Ma (Rhodes, 2011) in the northern Lake Range 
and 14.99±0.17 Ma (dacite intrusion) in the Sutcliffe 
quadrangle (Faulds et al., 2007). Thickness is ~70 m 
maximum. 
 
Lower Pyramid Sequence 
 
Tlp Lower Pyramid sequence, undivided (middle 
Miocene) Undivided volcanic and sedimentary rocks 
assigned to the lower Pyramid sequence inferred from 
analysis of air photos. Reddish-brown fault bounded blocks 
mapped in the northeast part of the study area in the Fox 
Range. Thickness of ~500–700 m. 
 

Tlpp Porphyritic basaltic andesite (middle 
Miocene) Multiple flows of reddish-brown to 
reddish-purple porphyritic (10–15% phenocrysts) 
basaltic andesite. Horizontal to subhorizontal flow 
foliations are well-developed with partings 5–12 
cm thick. The outcrop has a distinct rough, blocky 
to flaggy texture. Fresh surfaces are reddish-
purple to purplish-black. Phenocrysts (10–15%) 
are comprised of euhedral to subhedral plagioclase 
~3–5 mm in length (~60–70%) and equant 
subhedral augite ~0.5 mm long (~30%). The 
plagioclase contains small inclusions (0.1 mm) of 
anhedral, equant, opaque material, and the augite 
is commonly skelontonized with microlites of 
feldspar replacing the interiors of the pyroxenes. 
The groundmass is aphanitic and has a sub-
trachytic texture composed of microlites of 
plagioclase ~0.1–0.2 mm in length (~90%) with 
interstitial equant anhedral opaques and 
clinopyroxene ~0.1 mm in length (~10%). ~200 m 
thick. 
 
Tlpa Aphanitic andesite (middle Miocene) 
Multiple flows of primarily of gray weathering 
reddish-gray aphanitic andesite to sparsely 
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porphyritic andesite. Flow foliations are well-
developed with consistent, distinct 1–5 cm platy 
partings. Phenocrysts (1–2%) are sparse but 
typically consist of lath to tabular euhedral 
plagioclase 1–2 mm in length; however, some 
flows contain sparse prismatic euhedral 
hornblende phenocrysts ~1–2 mm in length. The 
groundmass has a trachytic texture and is 
composed predominantly (~80%) of microlites of 
plagioclase ~0.1 mm long or smaller. Consistently 
contains lesser to trace equant to prismatic 
subhedral hornblende ~0.01–0.1 mm in length and 
anhedral clinopyroxene, likely augite or pigeonite, 
~0.01–0.1 mm in length. The aphanitic andesite is 
the thickest volcanic unit in the study area, but has 
abrupt changes in thickness to the north, where it 
pinches out against granitic basement. The 
thickest portion of this series of flows crops out in 
the easternmost portion of the map area in the 
central Lake Range. ~400 m thick. 
 
Tlpc Volcaniclastic pebble conglomerate 
(middle Miocene) Yellow to light brown pebble 
conglomerate. Usually below Tlpa across the map 
area, but local lenses crop out within Tlpa and 
interfinger with Tlpf. Conglomerate is mainly 
clast supported, but some layers are matrix 
supported. Pebbles range mainly between 5 mm to 
1 cm in diameter, subrounded to subangular, and 
composed mainly of basaltic andesite, but pebble 
to cobble-sized clasts of hornblende-bearing 
dacite (?) and granodiorite were noted in one 
outcrop in the Lake Range. Contains intercalations 
of fine-grained sandstone; finely laminated with 
some gentle cross beds but has localized areas of 
massive, disorganized bedding; well sorted where 
bedding is finely laminated; locally contains 
cobble-sized clasts (30 cm long), typically where 
bedding is massive, disorganized, and poorly 
sorted. Unit ranges in thickness from a few meters 
to ~30 m. 
 
Tlpts Tuffaceous sedimentary rocks and 
reworked ash (middle Miocene) White to light 
brown-yellow, finely laminated, tuffaceous 
sedimentary rock, reworked ash, and lesser 
conglomerate. Contains abundant tuffaceous 
material and lesser volcaniclastic rocks; pebble to 
sand-size clasts of pumice and basaltic andesite, 
subrounded to subangular. Matrix comprised 
mainly of tuffaceous material (fine ash?) and fine 
silt or silty sand. In some locations contains trace 
reworked and weathered biotite phenocrysts. Also 
locally contains fragments of an ash or reworked 
ash, not observed in outcrop, only in colluvium 
associated with Tlpts; ash float is white to bluish-
white, porphyritic, with a groundmass composed 
of fine-grained glass fragments; phenocrysts 

(~5%) of euhedral feldspar ~3–5 mm long (50%), 
euhedral biotite ~2 mm in length (30%), and 
euhedral prismatic hornblende ~3–5 mm in length 
(20%). The ash float is most commonly found, 
where Tlpts is in contact with the quartz 
monzonite basement, but is also found in float in 
Tlpts ~0.5 km east of Fox Canyon, where the base 
of the Pyramid sequence is exposed. ~15–25 m 
thick. 
 
Tprd Aphyric rhyodacite (middle Miocene) 
Gray to dark gray, weathering grayish–red; 
massive with poorly developed flow foliations. 
Aphyric to porphyritic; phenocrysts (~1–5%) 
other than biotite difficult to see in hand sample. 
Phenocrysts consist of tabular to lath euhedral 
plagioclase ~1–2 mm in length (~60%), euhedral 
biotite ~1–2 mm long (~30%), and lesser 
subhedral hornblende and opaques (~10%). 
Biotite is rimmed by an opaque iron oxide, and 
interiors of crystals are partially skeletonized. The 
groundmass consists of microlites of plagioclase 
(~85%) with a trachytic texture; lesser 
cryptocrystalline and opaque material fills the 
interstitial space between microlites of 
plagioclase. Crops out only in one location on the 
western front of the Lake Range; bottom of unit is 
not exposed so thickness is poorly constrained, but 
is at least ~50 m. 

Tlpf Finely porphyritic basaltic andesite 
(middle Miocene) Multiple flows of reddish-
brown finely porphyritic basaltic andesite with 
intercalated volcaniclastic and tuffaceous 
sedimentary rocks. The series of flows and 
sedimentary rocks are the lowest part of the 
Pyramid sequence in the northern portion of the 
study area and rest nonconformably on the 
Mesozoic basement rocks. Flow foliations are 
poorly- to well-developed, with thin subhorizontal 
platy partings. Volcanic flows are finely 
porphyritic (5–12% phenocrysts) composed of 
lath to tabular euhedral feldspars ~1–1.5 mm in 
length (~90–95%) and equant subhedral to 
anhedral augite, generally 0.2–0.25 mm but up to 
1.5 mm in length (~5–10%). The groundmass is 
microporphyritic with microphenocrysts 
composed predominantly of plagioclase with a 
broken or fragmented texture ~0.2 mm in length. 
The remainder of the groundmass is very fine-
grained and has a felty texture composed 
predominantly of microlites of euhedral feldspar 
(likely plagioclase) ~0.01 in length (~70%), 
interstitial anhedral to subhedral clinopyroxene 
(~26%), and minor olivine (~3%) and 
orthopyroxene (less than 1%). Unit is ~150 m 
thick. 
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Tlprt Lithic rhyolite tuff (middle Miocene) 
Moderately welded, light-tan to cream-orange 
rhyolitic ashflow tuff. Outcrop is discontinuous 
and limited to the very southern portion of the 
study area but may thicken to the south of the 
study area. Bedding is moderately-to poorly-
developed. Ash is lithic rich (25–30% clasts) 
composed of angular to subangular clasts ranging 
in size from sand to pebble with sparse fiamme. 
Phenocrysts (<5%) are composed of euhedral 
biotite ~0.5–0.2 mm (~60–70%) and equant 
euhedral feldspars ~0.5–0.2 mm (~30–40%), 
likely sanidine. Unit is ~75 m thick. 

Tlpp′ Coarsely porphyritic basaltic andesite 
(middle Miocene) Medium gray basaltic andesite 
flows with moderately- to poorly-developed flow 
foliations. Crops out only in the southern part of 
the study area and rests nonconformably on 
Mesozoic basement rocks. Flows are coarsely 
porphyritic (15–20% phenocrysts) composed 
mainly of tabular euhedral, milky white 
plagioclase ~5–15 mm in length (~95%) with 
lesser phenocrysts of equant subhedral augite ~2–
3 mm (~5%). The ground mass is aphanitic. Unit 
is ~120 m thick. 
 

Early Miocene to Oligocene Volcanic Rocks 
 
Td Porphyritic dacite (early Miocene to late Oligocene 
(?)) This porphyritic dacite unit crops out in one location 
1.5 km east of Emerson Pass. It rests nonconformably on 
Cretaceous quartz monzonite but is faulted on its eastern 
side against the late Tertiary sedimentary rocks and upper 
Pyramid sequence. Outcrops are poorly exposed but are 
dark red to reddish-brown, and fresh surfaces are a grayish-
purple. The flow is porphyritic (3–5% phenocrysts), 
composed of euhedral and subhedral plagioclase ~1–2 mm 
in length (~60%) and prismatic subhedral to euhedral 
hornblende ~1–3 mm long (~40%). The hornblende has 
inclusions of glass within crystal interiors and rims of 
opaque iron oxide. The groundmass is aphanitic and 
composed of amorphous glass (~30%), euhedral 
plagioclase ~0.1 mm or less in length (~30%), and 
prismatic to equant euhedral to anhedral hornblende ~0.05–
0.2 mm in length (~10–15%), much of which is altered to 
iron oxide. The remaining groundmass is cryptocrystalline. 
This unit may correlate with a similar porphyritic 
hornblende dacite in the northern Lake Range dated at 
24.1±0.4 Ma (Rhodes, 2011). Flow is 45 m thick. 
 

Tad Altered porphyritic dacite (?) (late 
Oligocene (?)) Unit consists of a small outcrop 
local to Emerson Pass of presumably pervasively 
altered and silicified dacite, but could possibly be 
Pyramid sequence. Relict textures are mostly 
destroyed except sparse clasts of vesicular 
volcanic rock, making it difficult to determine the 

protolith. Outcrop is altered and bleached to a 
bright whitish-gray to pink. Contains of veins of 
cryptocrystalline silica that is dull gray, 
phenocrysts of anhedral secondary quartz (~1–3 
mm) and fine-grained (~0.5 mm or less) euhedral 
quartz commonly with a resinous luster, and 
feldspar (<1mm). Tabular feldspar sites are mostly 
altered to clay, but some small (< 1 mm) 
phenocrysts remain and are possibly adularia. ~10 
m thick. 
 

Tai Coarsely porphyritic andesite intrusion (late 
Oligocene?) The andesite is coarsely poryphyritic (10–
15% phenocrysts), consisting primarily of equant to stubby 
euhedral hornblende (~90%) and lesser augite. The 
hornblende and pyroxene phenocrysts are generally 5 mm 
to 2 cm long, but cumulophyric clusters exceed 5 cm in 
diameter in some outcrops. The groundmass has a greenish 
gray to greenish black color and is aphanitic; composed 
mainly of felty microlites of plagioclase (~40–50%), 
interstitial hornblende, lesser clinopyroxene (~40%), and 
clusters of chlorite (~10%). Tai crops out as small (5–15 m 
wide), subvertical, localized intrusions that cut Mesozoic 
basement. It intrudes the metasedimentary slate, limestone, 
and Cretaceous quartz monzonite but is capped by the 
Oligocene dacite. It is readily identified by the large mafic 
phenocrysts. This unit is possibly the source rock of clasts 
in a debris flow mapped in the southwestern Virginia 
Mountains with an inferred age between 25.09±0.06 Ma 
and 29.02±0.06 Ma based on its stratigraphic relationship 
with dated ash-flow tuffs in the Tule Peak quadrangle 
(Faulds et al., 2003; Chris Henry, personal communication, 
2012). 
 
Cretaceous Intrusive Rocks (dated at 105.35±0.58 
Ma to 102.74±0.88 Ma; Kinsella, 2010) 
 
KT(?)qv Mineralized quartz veins associated with the 
Packard and Sano Mines (early Tertiary to late early 
Cretaceous?) Quartz veins containing base metal sulfides 
(e.g., chalcopyrite, sphalerite, galena). The veins are 
exposed at the northeast end of Emerson Pass and are 
marked by adits of the Packard and Sano Mines. They are 
generally oxidized. Galena, sphalerite, and chalcopyrite 
were primarily mined with some anomalous amounts of 
gold (Satkoski and Berg, 1982). Veins are 5 cm to 2 m 
wide with an alteration envelope up 1/3 m thick, in which 
the texture of the host rock has been destroyed. The 
oxidized material includes apparent goethite after pyrite 
and copper oxides near the contact between the 
granodiorite and slate. Wall rock near some veins consists 
of or is altered to gypsum. The veins cut granodiorite and 
diorite at the surface and reportedly cut quartz monzonite 
and Mesozoic metasedimentary rocks in underground 
workings (Satkoski and Berg, 1982). Although the veins 
have not been dated radiometrically, they strike west-to 
west-northwest and dip steeply north, similar to the 
orientation of Cretaceous granodiorite dikes. 
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Kdi Fine-grained diorite (late early Cretaceous?) 
Brownish-gray to dark gray, fine-grained (~0.5 mm), 
equigranular diorite composed of, in decreasing order, 
plagioclase, quartz, K-feldspar, and hornblende. Mafic 
minerals, primarily hornblende, are more abundant than in 
the granodiorite. The fine-grained diorite crops out only in 
the Emerson Pass area, where it intrudes the quartz 
monzonite and granodiorite. Thickness is poorly 
constrained but exceeds 40 m. 
 
Kgdd Fine-to medium-grained granodiorite dikes (late 
early Cretaceous) Medium- to fine-grained granodiorite 
dikes, which are compositionally similar to the larger 
bodies of diorite, but finer-grained. Dikes contain ~10% 
mafics, mostly hornblende, with trace biotite. Remaining 
rock is composed of plagioclase (~55%), K-feldspar (~10–
15%), and quartz (~25%). Dikes are ~1–10 m wide. The 
granodiorite dikes crop out in the central part of the map 
area and intrude mainly the quartz monzonite, but also 
intrude into a larger body of granodiorite. Dikes strike east-
west and dip steeply north and south. 
 

Kgdd′ Fine-to medium-grained granodiorite 
(late early Cretaceous) Medium-to fine-grained 
granodiorite, compositionally the same as Kgdd. 
Mapped as Kgdd’ and symbolized on map as a red 
dashed line where dike width is ~ < 5 m. 
 

Kgd Granodiorite (late early Cretaceous) Medium-
grained granodiorite that contains ~10% mafics, consisting 
mostly of subhedral hornblende (~80–90%) and lesser 
biotite that fill the interstitial space between feldspar and 
quartz. The remainder of the rock is composed of euhedral 
plagioclase 2–3 mm in length (~55%), equigranular 
euhedral K-feldspar (most likely microcline) ~2 mm long 
(~10–15%), and anhedral quartz generally ~0.5 mm but up 
to 3 mm in diameter (~25%). Kgd comprises the basement 
rocks of the Lake Range in the southeastern portion of the 
map area but intrudes the quartz monzonite in the Emerson 
Pass area and the central part of the map area east of the 
Buckbrush Spring fault. Kgd is intruded by dikes of 
granodiorite of similar composition but finer grained. 
Thickness is poorly constrained but exceeds 250 m. 
 
Kqm Quartz monzonite (late early Cretaceous) Coarse-
grained quartz monzonite comprised of equigranular 
euhedral plagioclase ~3 mm in length (~47%), equant 
blocky subhedral K-feldspar (orthoclase?) ~2–3 mm long 
(~30%), coarse-grained anhedral quartz ~3–6 mm long 
(~20%), and minor anhedral biotite 0.5–1 mm diameter 
(~3% or less) that is interstitial or filling microfractures in 
the feldspars. Unit weathers to a distinct gold to golden-tan, 
making it easily recognizable on air photo and in outcrop 
from the granodiorite. It intrudes the metasedimentary 
rocks, but is intruded by the granodiorite and by finer 
grained granodiorite dikes. Thickness is poorly constrained 
but exceeds 500 m. 
 

Mesozoic Metasedimentary Rocks of the 
Cottonwood Canyon formation (Kinsella, 2010) 
 
�Jcm Marble with lesser slate (Jurassic to late Triassic) 
Gray to bluish-gray to brownish-gray marble; folded and 
foliated with massive to laminated bedding. Marble has a 
fine to sugary crystalline texture, commonly containing 
calcite veins. It contains lesser clastic intercalations of slate 
and quartzite ranging from a few centimeters to 1–2 m 
thick. It is composed predominantly of equigranular 
interlocking crystals of calcite (98%), which are flattened 
with a preferred orientation (~0.1–0.2 mm long and 0.05 
mm wide), and minor fine-grained muscovite (~2%). 
Because base is not exposed, the thickness is poorly 
constrained but exceeds 700 m. 
 
�Jcq Quartzite (Jurassic to late Triassic) Yellowish-
brown to tan quartz arenite quartzite; crops out as a 
discontinuous lens within slate along the southwest flank of 
the Fox Range. It is composed of interlocking grains of 
generally fine-grained quartz; grains are ~0.5–1mm long on 
average; contains local veins or layers of coarser grained 
quartz ~1.5–2 mm in length. Quartz grains account for 
~98% of the total rock but do contain minor amounts 
(~2%) of muscovite. Thickness is ~40–60 m. 
 
�Jcs Slate with lesser marble and quartzite (Jurassic to 
late Triassic) Dark gray to dark bluish-gray and locally 
rusty-red slate or phyllite, locally containing thin layers 
(~10 cm–1 m) of quartzite and marble. Foliated, with 
generally a friable texture, and folded with NE-to SW-
trending fold axes. The slate in the study area is lumped as 
one map unit; however, the slate of the Lake Range differs 
slightly from that of the Fox Range. The slate of the Fox 
Range is interlayered and folded along with the marble and 
quartzite and has clumpy clusters (~1–2 mm) of micas that 
stand out from the foliated surface. Bedding is laminar to 
massive. The slate is very fine-grained, containing 
muscovite and lesser undetermined micas (~75–80%), and 
fine-grained quartz (~20–25%). The slate of the Lake 
Range is rarely a rusty gray color, is slightly more coarse-
grained than the slate of the Fox Range, with visible micas 
1–2 mm in diameter. White micas, primarily muscovite, are 
more abundant and more chlorite is present than in the Fox 
Range. Lenses of marble are less common in the Lake 
Range slate, and quartzite was not observed in the Lake 
Range. Thickness is poorly constrained because the base of 
the section is not exposed in the study area, but a package 
of slate between two layers of marble in the Fox Range is 
~200 m thick. 
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