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Qa ‘ T % Ga
Tpa da Tat Welded tuff (Oligocene)--Ash-flow tuff interstratified with andesite
O p a ' Qa Qls QUATERNARY flows. Pale-red, crystal-rich tuff containing small phenocrysts
FON o ’u.n_ 5 S of K-feldspar, quartz, plagloclase, and biotite
\ \\ ) . Tev Tuff of Cirac Valley (Oligocene)--White to pale-red, nonwelded to
b ; N Tba welded, rhyolitlc ash—-flow tuff containing about 25-40 percent
{ v phenocrysts of plagloclase, quartz, K~feldspar, and blotite. K-Ar
age of lowest unit in Royston Hills is 29.120.9 m.y. (McKee and
+ Try John, 1987)
Ts Tha Hornblende andesite (Oligocene)--Porphyritic andesite contalning
about 25-45 percent phenocrysts of plagioclase, hornblende, and
S Miocene commonly pyroxene or blotite
Jd Dunlap Formation (Lower and Mlddle Jurassic)--Conglomerate,
Tpa sandstone, siltstone, dolomite, and dolomitic llmestone
JTqm Quartz monzonite porphyry (Late Triassic or Early Jurassic)--Fine-
grained to medium—-grained quartz monzonite porphyry. Phenocrysts
Tr T1 of quartz, feldspar, blotite, and local hornblende In a fine-
gralned equigranular groundmass. Dikes in the Mina Formatlion in
ﬁ the southeast part of the map area are not shown
Tep T1 Luning Formation (Upper Triassic)--Limestone, doiomite, shale,
sandstone, and conglomerate
Pm Mina Formation (Permian)--Volcaniclastic argillite and quartzite, and
Tcsa L chert
L - { ——— Contact
Temu o« Fault--Dashed where approximately located. Dotted where
Ter Tt .ﬂ—"" concealed. Bar and balil on downthrown side
Teml
—ades= Thrust fault--Teeth on upper plate
Tih e Low-angle extensional fault—--Teeth on upper plate
<Trha | > Oligocene
JD”/ Strike and dip of inclined compaction foliation
Tat
Ta
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DESCRIPTION OF MAP UNITS
Qa Alluvium (Quaternary)--Unconsolidated and consolidated stream-
channel, alluvial-fan, and basin-fill sand, gravel, and silt, and
wind-blown sand and silt. Locally may include deposits of
Tertiary age
Qls Landslide deposits (Quaternary)
Tha Basalt and andesite (Miocene)--Dark—gray to black basalt and
andesite fiows and dikes. Porphyritic flows contain phenocrysts 3
of plagioclase, pyroxene, and hornblende or olivine
Try Rhyolite (Upper Miocene)--Light-gray to pale-red aphyric rhyolite
domes Index to geologic mapping
Ts Sedimentary rocks (Miocene)--White to yellowish-gray, volcaniclastic 1. R. F. Hardyman and D. H. Whitebread
sandstone, conglomerate, and siltstone, and minor tuff, limestone, 2. D. H. Whitebread
and diatomite 3. J. H. Stewart
Tpa Pyroxene andesite (Miocene)--Finely porphyritic andesite containing
phenocrysts of plagioclase and pyroxene, and phenocrysts of
hornblende as much as 10 mm long
Tr Rhyolite (Miocene)--Light-gray to pale-red, aphyric to sparsely 117945" 117°30"
porphyritic rhyolite domes and dikes. Phenocrysts of quartz, 38°30"'
K-feldspar, and blotite. Commonly flow—banded
T1 Porphyritic latite (Miocene)--Medium~gray latite(?). Contalns
phenocrysts of plagioclase, pyroxene, hornbiende, and biotite.
Another variety contains hornblende phenocrysts as much as 10 mm
long In an aphanitlic groundmass
Tcp Tuff (Oligocene)--Two thin cooling units of medium-gray, densely
welded, crystal-poor tuff contalning about 10-20 percent COLE SPRING OUTLAW SPRINGS NE
phenocrysts of plaglioclase, K-feldspar, biotite, quartz, and minor
hornblende and pyroxene
Tes Tuff of Crow Springs (Oligocene)-—Compound cooling unlt of nonwelded
to densely welded, yellowish-gray to pale-brown, rhyolitic to
rhyodacitic, crystal-poor tuff commonly containing lithic
fragments. Flamme as much as 20 cm long are prominent In some
parts. Contains about 10-15 percent phenocrysts of plagloclase,
K-feldspar, pyroxene, and biotite. K-Ar age 26.7+0.8 m.y. (McKee
and John, 1987)
Tesa Andesite (Oligocene)--Flows interstratified with tuff of Crow
Springs. Finely porphyritic andesite with phenocrysts of
plagioclase and pyroxene
Tuff of Cedar Mountains (Oligocene)--Two cooling units of light-gray OUTLAW SPRINGS OUTLAW SPRINGS SE
to pale-red rhyolitic tuff
Temu Upper unit--Welded to nonwelded ash—fiow tuff containing 30-50
percent phenocrysts of piagioclase, K-feldspar, quartz, blotite,
and hornblende. Lithic fragments in lower part
Teml Lower unit--Welded tuff containing 20-30 percent phenocrysts of
plagioclase, K-feldspar, quartz, and minor blotite. Commonly 38°15"
separated from underlying tuff by silt, sand, or conglomerate . . .
Trh Tuff of Royston Hills (Oligocene)--Several cooling units of very Index map Shovlng the 7%-minute quadrangles
light gray to pale-red rhyolitic welded tuff. Uppermost unit has included within the map area
pumice as much as 10 em long and contalns about 30-35 percent
phenocrysts of quartz, K-feldspar, plagloclase, and minor
biotite. Underiying unit contalns 20-35 percent phenocrysts of
plagioclase, K-feldspar, quartz, and biotite. Lowermost unit, not
present in the southeastern part of the area, contalns about 35-50
percent phenocrysts of plaglioclase, K-feldspar, biotite, and minor
quartz. K-Ar ages 26.040.8 m.y. and 29.120.9 m.y. In the Cedar
Mountains and 26.440.8 m.y. in the southern Royston Hilis (McKee
and John, 1987)
Trha Andesite (Oligocene)--Andesite flow that overlies lowermost cooling
unit of the tuf of Royston Hills In the east—central part of the
area
Ter Crystal-rich tuff (Oligocene)--Pale-red welded tuff contalning about
30-45 percent phenocrysts of quartz, plagioclase, K-feldspar,
bliotite, and pyroxene. At least two cooling units are indicated
by abundant quartz phenocrysts in some parts and few or no quartz . . S—
Bessisase B o This map is preliminary and has
Te Ash—flow tuff (Oligocene)--Altered crystal-rich ash-flow tuff not been reviewed for conformi’ry
contalnlng about 35-55 percent phenocrysts of plagioclase, L
K-feldspar, quartz, biotite, and hornblende with U.S. Geological Survey editorial
Ta Andesite (Oligocene)--Andesite flows containing phenocrysts of d )
plagloclase, hornblende, and pyroxene standards and stratigraphic nomenclature.
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Base from U.S.Geological Survey, 1:24,000, Geology mapped by D.H. Whitebread, 1982-84,

Outlaw Springs, NE, and SE, 1980, and R.F. Hardyman, 1984, and J.H. Stewart, 1983
Cole Spring, 1980
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