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MAP SHOWING PRINCIPAL STRUCTURAL BLOCKS AND
PRE-TERTIARY LITHOLOGIES WITHIN THEM

EXPLANATION

[Uncolored areas represent Holocene and Pleistocene surficial deposits and Eocene Challis

Volcanics, and Cretaceous intrusions]

Cambrian(?) and Late Proterozoic(?) sequence—Quartzite and lesser
amounts of siltstone and minor dolomite. Occurs as small outcrops

in northeast corner of map area. Extensive outcrops in Challis

quadrangle to north. Base not exposed. May be allochthonous
Anticlinal sequence—Comprises Middle Cambrian siltstone, Cambrian

Cash Creek Quartzite, older dolomite and limestone, and, at base,
quartzite of Boundary Creek. Base not exposed. Probably

allochthonous

SECTION

Anticlinal sequence—Comprises Ordovician(?) Ramshorn Slate, Ordovi-
cian or Cambrian Bayhorse Dolomite, Cambrian Garden Creek
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Geology of the Quaternary deposits, in part, and the Precambrian to Cretaceous
rocks mapped by S. W. Hobbs and W. H. Hays, in 1964-79, assisted by

S. E. Ellen in 1964-65, by Ahmad Arsalan in 1965, by T. A. Richards and

C. G. Cunningham in 1966, by D. H. Lehman in 1967, by J. A. Raney in
1967-69, by S. D. Schwochow in 1970, and by M. D. Williams in 1978-79.
Geology of most Pleistocene and Tertiary deposits mapped by D. H. Mcintyre
in 1971-81. Paleomagnetic work by D. P. Elston and S. L. Bressler provided
invaluable help on problems of correlation of pre-Tertiary rocks. Valuable field
support provided by E. A. Rehbein, F. B. Cressey, Jr., P. L. Samson, Sherman
Suter, T. R. Eschner, and Saul Gilstein.
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GENERALIZED CROSS SECTION OF STRUCTURAL-STRATIGRAPHIC TERRANES

[Holocene and Pleistocene surficial deposits, Eocene Challis Volcanics, and Cretaceous intru-
sions not shown]

Phyllite, and Cambrian(?) dolomite of Bayhorse Creek. Base not ex-
posed. May be allochthonous

Allochthon—D-1 comprises Upper and Middle Ordovician Saturday
Mountain Formation and Middle Ordovician Kinnikinic Quartzite and
Ella Dolomite. D-2 comprises Ordovician or older Clayton Mine
Quartzite and related quartzite units

Allochthon—Upper Mississippian to Cambrian Salmon River assemblage

Northwest-trending basins and ranges—Comprises Ordovician through
Mississippian carbonate-siltstone sequence. Generally open folding,
but local overturning and small-scale thrust faulting. Major steep faults
bound ranges. Similar rock sequence is allochthonous farther east,
and probably allochthonous here
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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS
Qal Alluvium (Holocene and Pleistocene)—Gravel, sand, silt, and clay

associated with present drainage system. Includes recent chan-
nel and flood-plain deposits as well as locally thick fill terranes
and gravel-capped rock-cut terraces along main Salmon River
whose tops are as much as 31 m (100 ft) above present river
level. Higher rock-cut terraces and thick fill terraces probably
of Pleistocene age :
Avalanche deposits (Holocene)—Accumulations of unsorted,
angular rock fragments, soil, and, commonly, plant debris
piled in and at the toe of snow avalanche chutes on steep moun-
tain slopes
Mudflow deposits (Holocene)—Predominantly mud, silt, and sand
but includes small rock fragments and some angular cobble-
and boulder-size pieces. Linear mass-movement landforms pro-
duced by flow of highly water charged mass of earth down slope
or down stream valley. Largest and only one mapped is in valley
of Aspen Creek in northwestern part of Clayton quadrangle
Young alluvial-fan deposits (Holocene)—Subangular to sub-
rounded boulders, cobbles, and intermixed sand and silt. Ap-
pear as relatively small, steep, conical fans related to fault scarps
or to young erosional scarps. Several low sloping fans are along
Salmon River at mouths of tributary streams. Deposited by pre-
sent streams on older fan deposits and on alluvial valley bottoms
Old alluvial-fan deposits (Holocene and Pleistocene)—Subangular
to subrounded boulders, cobbles, and pebbles mixed with sand,
silt, and clay. Appear as broad coalescing fans in major basins
between block-fault ranges. These fans are being dissected and
planed by present streams; overlapped in places by young
— alluvial fans and colluvium
s7*{ Slump block (Holocene or Pleistocene(?)) of Clayton Mine
Quartzite (Unit Oc) :
. | Landslide deposits (Holocene and Pleistocene)—Blocks, angular
fragments, or disintegrated material of source area mixed with
soil. Characterized by irregular, hummocky topography. Most
numerous in tuffaceous units of Challis Volcanics and in Rams-
horn Slate. Morphology of older slide deposits subdued and
modified by erosion or overridden by younger slides. Contacts
within map unit outline different slides or flow masses
s| Colluvium (Holocene and Pleistocene)—Loose and incoherent
mass of soil and rock fragments that mantles flat or gently slop-
ing surfaces and obscures bedrock. Includes various proportions
of soil and rock fragments; locally includes scree where
developed on quartzite bedrock at high elevations. Deposited
by processes of mass-wasting
Qsu Surficial deposits, undivided (Holocene and Pleistocene)—
Includes colluvium, landslide deposits, alluvium, and till(?). Most
abundant in densely wooded areas of upper Mill Creek
Qtr Travertine (Pleistocene)—Yellowish-white to cream-colored
deposits of limestone showing varying degrees of irregular
cellular and concentric texture and having local cavities and en-
crustations. Rock is irregularly thin to medium bedded and,
locally, finely banded. Nearly horizontal, but, where undercut,
slumped blocks at margins may be steeply tilted. Probably
related to now-extinct hot springs that once issued from frac-
tures in underlying Paleozoic carbonate strata and Eocene
volcanic rocks. Colloform-banded calcite veins that cut volcanic
rocks east of jeep trail in NW1/4 sec. 34, T. 13 N., R. 19 E.
were feeders for part of travertine. Estimated to be as much
as 100 m (300 ft) thick and to have covered about 2.5 km?
(1 mi?) on southwest side of Bradbury Flat
Solifluction deposits (Pleistocene)—Unsorted mixture of rock and
soil of local derivation moved downslope by solifluction
Diamicton (Pleistocene)—Bouldery, till-ike deposit of possible
glacial origin. Mapped on slopes west of Mill Creek Camp-
ground and in small area east of Bayhorse Lake
Qgo Older gravels (Pleistocene(?))—Gravels of local derivation oc-
curring as isolated remnants along streams tributary to Salmon
River, commonly on valley sides well above present base level.
Also includes a few isolated patches on crests of interfluves

CHALLIS VOLCANICS AND RELATED INTRUSIVE ROCKS (EOCENE)
[All potassium-argon ages recalculated using cunenﬂy accepted constants]

- Tuff of Red Ridge—Red- and reddish-brown-weathering, grayish-
purple or reddish-purple, blocky to platy, crystal-poor ash-flow
tuff containing phenocrysts less than 1 mm long of alkali feldspar

- Tuff of Challis Creek—Red, reddish-purple, yellowish-brown, or
gray, densely welded, devitrified ash-flow tuff containing

5-20 percent crystals as long as 3 mm of chatoyant alkali
feldspar and smoky quartz in a matrix of fine shards. Locally
contains abundant pumice. Also contains sparse zircon, allanite,
biotite, and a few plagioclase crystals. Shows normal magnetic
polarity. Potassium-argon age is 45.0 +1.3 m.y. (Armstrong,
1975; McIntyre and others, 1982)
| Tuff of Pennal Gulch—Gray, pale-pink, or pale-green, pumice-rich,
crystal-poor ash-flow tuff containing crystals as large as 2 mm
of plagioclase, sanidine, biotite, amphibole, zircon, and apatite.
‘ Quartz absent or sparse
| Volcanic sedimentary rocks—Water-deposited, thin-bedded
volcanic sandstone, siltstone, and mudstone, containing local
zones of impure lignite. Sandstone contains crystals of quartz,
plagioclase, sanidine, and biotite. May represent, in part,
reworked equivalent of tuff of Eightmile Creek (McIntyre and
others, 1982) and reworked lower part of tuff of Pennal Gulch
exposed farther north. In Joe Jump Basin, unit contains
nonwelded ash-flow tuff related to tuff of Challis Creek and to
locally exposed densely welded tuff of Challis Creek not
mapped separately

- Intermediate and mafic lavas—Dark-gray and greenish-gray,
brown-weathering rocks that contain microphenocrysts of

olivine, clinopyroxene, and, uncommonly, plagioclase in
varying proportions. Many flows are pillowed; some are very
thin. Heterogeneous in detail: compositions range from potash-
rich, clinopyroxene-bearing andesites interstratified with potash-
rich olivine basalts on Table Mountain to picrite basalt and
plagioclase-bearing olivine basalt south and east of Bradbury
Flat. Show both normal and reversed magnetic polarities.
Shown as a single line where very thin
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Latite flows east of Spar Canyon—Grayish-brown to black, brown-
weathering, nearly aphyric lavas that contain microphenocrysts
1 mm in diameter of olivine and clinopyroxene in partly to
wholly devitrified matrix. Biotite commonly present in matrix
and as partial replacements of clinopyroxene. Apatite commonly
abundant. Devitrification generally forms potash feldspar(?)
spherulites several centimeters in diameter that weather out to
form surface accumulations resembling ball bearings
- Andesite sills or flows(?)—Black vitrophyric to gray-brown
devitrified rocks that contain microphenocrysts of olivine,
clinopyroxene, and, in a few places, biotite. Intercalated as thin
sheets within tuff sequence (unit Tt) between Spar Canyon and
vicinity of Malm Gulch. Show normal magnetic polarity
- Rhyolite flows at Mill Creek Summit—Black, gray, and greenish-
gray, vitrophyric and gray- to pink-banded, devitrified rhyolite
lavas containing 1-5 percent phenocrysts as long as 2 mm of
plagioclase and biotite. Also contains hornblende, allanite, zir-
con, apatite, opaque oxides, and minor potash feldspar.
Vitrophyric rocks contain fresh perlitic glass. Four flow units
having aggregate thickness of about 235 m (770 ft) are pre-
sent in butte east of Mill Creek Summit. All flows have reversed
magnetic polarity
Vitrophyre breccia—Locally present at base of flow sequence

Flow containing conspicuous quartz phenocrysts—Present on
ridge south of Mill Creek Summit; potassium-argon age is
48.5+1.2 m.y. (Marvin and Dobson, 1979)

Mudflow breccia, silicic tuff, and sedimentary rock sequence—
Exposures near Salmon River include yellowish-, grayish-, and
olive-brown mudflow breccia and conglomerate containing in-
tercalated light-gray to white silicic tuff and thin-bedded
mudstone. Volcanic clasts and matrix in mudflow breccia con-
tain crystals of plagioclase, quartz, biotite, amphibole, and minor
sphene, allanite, and zircon. Also present are clasts of white
quartzite and greenish-gray slate. Mudstone locally contains
fossil leaves. Carbonized, partly silicified, rooted stumps and
logs present in volcanic sandstone and conglomerate near Malm
Gulch, where unit as a whole becomes progressively finer up-
ward; mudflow breccia and conglomerate are more common
near base of unit. In and near Bradshaw Gulch a subaqueous
pyroclastic flow is exposed that has a mode indistinguishable
from that of the tuff of Ellis Creek in the Challis 15-minute
quadrangle (McIntyre and Hobbs, 1987). Fluvial conglomerate
marking courses of streams draining adjacent highlands are ex-
posed on ridge northeast of lower Rattlesnake Creek and along
margins of channel-filling mafic flows enclosed in volcanic sand-
stone between Wood Creek and Mud Spring Gulch. Elsewhere,
unit consists chiefly of yellowish-brown and gray, pumice-rich
tuff containing crystals of plagioclase, biotite, and amphibole.
Unit contains rocks that differ in stratigraphic position, but which
generally lack significant amounts of phenocrystic alkali feldspar.
Along lower French Creek, unit includes mudflow conglomerate
that contains rounded lava clasts as much as 30 cm (1 ft) in
diameter that contain 3-mm-long plagioclase and altered pyrox-
ene phenocrysts 1 mm across, interbedded with thin-bedded
volcanic sandstone. Argillite clasts as much as 15 cm (0.5 ft)
in diameter and wood fragments locally present. Along East
Fork of Salmon River, unit contains interbedded ash-flow tuff,
thin-bedded volcanic sandstone, and conglomerate rich in
volcanic clasts. Oldest rock in this sequence, exposed along road
in SE1/4 sec. 33, T. 10 N., R. 18 E,, forms a greenish-gray,
massive outcrop 10 m (33 ft) high of crystal-poor ash-flow tuff
that contains phenocrysts as long as 1 mm of plagioclase,
sanidine, biotite, and amphibole. This unit is overlain by thin-
bedded volcanic sandstone that contains plagioclase, quartz,
biotite, and amphibole, but lacks sanidine. The thin-bedded se-
quence locally is overlain by lenses of mudflow conglomerate
that contain lava clasts as much as 10 cm (4 in.) in diameter.
The lava clasts contain phenocrysts of plagioclase and biotite.
West of Spud Creek, volcanic conglomerate is prominent in
exposures near contact with Paleozoic rocks

Alluvial conglomerate—Conglomerate that occurs within tuffaceous
members of the Challis Volcanics at many places, but particu-
larly along Spar Canyon and between Malm Gulch and Jen-
son Cabin Spring, where the unit is mappable. Composed
of angular to subrounded stones that range from pebbles
to small or medium boulders (maximum diameter commonly
0.3-1.2 m (0.5-4 ft). These are mainly quartzite clasts in a wide
range of colors and grain sizes; some green and gray siltstone
or siltite, sparse dark chert, and variable amounts of dolomite
similar to dolomite in local Silurian-Devonian section. Com-
monly has a tuffaceous matrix and tuffaceous sandy interbeds.
Most bodies are too small to be mapped, or form such indistinct
outcrops that boundaries can only be inferred

Olivine basalt of ridge southwest of Juliette Basin—Brown-
weathering, gray lava having yellow-weathering scoriaceous top;
contains 25 percent phenocrysts, less than 1 mm long, of white
carbonate olivine pseudomorphs, clinopyroxene, plagioclase,
and rare pale-brown mica. Resembles rock in plug (unit Tib)
to northeast on south rim of Juliette Basin, which is probable
source for lava. Shows normal magnetic polarity

Mudflows—White-quartzite-bearing mudflow breccia beneath in-
termediate and mafic lavas (unit T1) in hills that form southeast
margin of Round Valley. Poorly exposed; covered in most
places by clay-rich soil. Also includes mudflow of tuffaceous
material within unit Tt north of Malm Gulch

Rhyodacite of upper Second Creek—Upper part is brown-
weathering gray lava containing 20 percent phenocrysts, as long
as 3 mm, of plagioclase (andesine-labradorite), oxidized biotite,
and pseudomorphs after amphibole(?), as well as minor apatite
and zircon. This part shows normal magnetic polarity. Lower
part is gray- and reddish-brown-weathering, gray lava and brec-
cia containing 20-25 percent phenocrysts, as long as 3 mm,
of plagioclase (andesine-labradorite), biotite, hornblende and
hornblende pseudomorphs, and minor zircon. Potassium-argon
age is 49.2+1.2 m.y. (Marvin and Dobson, 1979). Lower part
shows reversed magnetic polarity

Rhyodacitic lava and breccia of small lava dome(?) east of
Tollgate Ruins—Yellow- and gray-weathering, gray to black,
locally glassy-appearing rock containing 10 percent phenocrysts,
as long as 4 mm, of plagioclase (labradorite), orthopyroxene,
clinopyroxene, amphibole, biotite,and apatite. Shows reversed
magnetic polarity

- Mudflow breccia, conglomerate, and lava of Rough Creek—

Nearly monolithologic breccia and conglomerate containing
reddish- and yellowish-brown-weathering, subangular to
rounded blocks as much as 1.2 m (4 ft) in diameter in yellow
matrix, locally interstratified with thin red pyroclastic layers and
sparse lava flows. Principal rock type is brown-weathering, dark-
gray to black, potassium-rich andesite that contains 1-15 per-
cent phenocrysts 0.5 mm in length of plagioclase (labradorite),
orthopyroxene, clinopyroxene, olivine pseudomorphs, and
quartz xenocrysts. Blocks of rhyolite similar to that in overlying
rhyolite flows (units Trm, Trmq) locally present near top of unit
and in exposures on ridge northwest of Buster Lake. Lenses
of lava in upper part of unit have reversed magnetic polarity.
Near Willow Patch and Sheep Creek, flows of olivine basalt
and rhyodacite interstratified with unit; contact with units ex-
posed to south arbitrary. North of Trail Creek, unit includes
gray and oxidized red lavas containing 10 percent phenocrysts,
as long as 2 mm, of plagioclase (labradorite), orthopyroxene,
clinopyroxene, and various amounts of biotite and amphibole.
One sample contained relict olivine. Unit shows normal
magnetic polarity on and west of hill 8171; one reversed polar-
ity measurement near Aspen Creek. Internal features and
distribution suggest source beyond edge of map area, west of
Rough Creek

- Potassium-rich andesite of upper Trealor Creek—Black, dark-

brown, gray, and greenish-gray, blocky to platy lava containing

1 percent reddish-brown olivine pseudomorphs, as long as 1

mm, in trachytic matrix that contains chiefly plagioclase-and

clinopyroxene microlites; quartz xenocrysts common. A flow

on hill northeast of Spring Basin also contains orthopyroxene.
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Red oxidized pyroclastic facies prominent on ridge at headwaters
of Trealor Creek (hills 8713 and 8783), and north of Trail
Creek. Basal 18-25 m (60-80 ft) of unit northwest of Spring
Basin is brown-weathering, black, nonporphyritic pillow lava
that has reversed magnetic polarity. Similar rocks and associated
red breccia occur near base of unit northeast of Martin Creek.
Most of unit has normal magnetic polarity. Source for unit
marked by two buttes adjacent to Trealor Creek (unit Tit)

- Rhyodacite of Spring Basin—Reddish-brown-weathering, greenish-
brown to light-brown lava containing as much as 40 percent

phenocrysts, less than 3 mm in length, of plagioclase (andesine-
labradorite), clinopyroxene, mafic pseudomorphs (after or-
thopyroxene?), and granular magnetite, as well as minor apatite,
quartz, and poorly crystallized biotite. Reversed magnetic
polarity

Rhyodacite breccia and lava of Fannys Hole—Brown, grayish-

brown, and gray rock; commonly oxidized; contains
phenocrysts, as long as 1 mm, of plagioclase (andesine), ox-
idized biotite, and hornblende. Probably from source near Cork-
screw Mountain. Shows normal magnetic polarity

Ash-flow tuff—Gray, greenish-gray, white, and yellowish-brown,

pumice-rich, crystal-poor ash-flow tuff containing less than
10 percent phenocrysts, less than 2 mm in length, of plagioclase,
alkali feldspar, quartz, and biotite. Recognized only on ridge
northwest of Sullivan Lake

Lava and breccia of Potaman Peak—Brown, orange-brown, and

yellowish-brown, massive, flow-banded lava and associated
breccia. Crystal-rich, containing phenocrysts, as much as 1 cm
in length, of plagioclase, biotite, and amphibole. Intensely frac-
tured and altered to stilbite and clay minerals in exposures east
of Jimmy Smith Lake

- Mudflow conglomerate, volcanic sandstone, and aphanitic
lava—Poorly exposed sequence that crops out below unit Tlp

west of Potaman Peak. May be equivalent, in part, to a mudflow
bed in rhyodacite sequence (unit Trc) exposed along Salmon
River south of mouth of Squaw Creek

Rhyodacite of Cash Creek—Chiefly dark-brown- to gray-
weathering, dark-gray to purplish-gray lava containing
1-10 percent phenocrysts, less than 0.5 mm in length, of
plagioclase (andesine-labradorite) and altered mafic minerals
(chiefly pyroxene?). Rock high on hill north of Cinnabar Creek
is light gray and contains a few wisps of biotite. Shows normal
magnetic polarity. Mudflow breccia prominent along Squaw
Creek between Cash Creek and Trealor Creek. Interbedded
with lavas in poor exposures south of Salmon River opposite
mouth of Squaw Creek are sandstone and conglomerate con-
taining granitic boulders as much as 60 cm (2 ft) in diameter,
quartzite cobbles as much as 12 cm (5 in.) in diameter, and
pebbles of aphanitic lava ;

- Rhyodacite lavas and breccias of Round Valley— Yellowish- and
reddish-brown-weathering rock; contains 20-40 percent

phenocrysts (3-5 mm long) of plagioclase (andesine-
labradorite), biotite, clinopyroxene, orthopyroxene, apatite, and
magnetite in devitrified, commonly zeolitized (stilbite, heuland-
ite) groundmass. Rock locally altered to celadonite. Brittle,
blocky to crumbly rock; weathers readily. Occurs as thick flows
and domelike masses; unit locally includes some thin flows of
potassium-rich olivine andesite, mainly east of North Fork of
Birch Creek and on north shoulder of Blue Mountain. Shows
normal and reversed magnetic polarities. Potassium-argon age
is 49.3+1.4 m.y. (Armstrong, 1975). Thickness extremely
variable, probably not much more than 600 m (965 ft)

Pyroclastic rocks—Orange- and orange-brown-weathering,

green and pink, altered, poorly sorted, thin-bedded rocks con-
taining biotite, quartz, devitrified rock fragments, alkali feldspar,
and allanite in clay matrix. Probably not genetically related to
rhyodacite that occurs above and below; affinities of this unit
unknown. Crops out near northeast boundary of map area

- Lower rhyodacite flows—Orange- and orange-brown-
weathering, altered, deeply weathered, craggy flows containing
phenocrysts of plagioclase and altered mafic minerals. Crops

out near northeast boundary of map area

- Potassium-rich olivine basalt and andesite—Brown- and reddish-
brown-weathering, dark-gray to dark-greenish-gray lava and
reddish- or yellowish-brown pyroclastic breccias; porphyritic and
microporphyritic; 1-20 percent phenocrysts, 0.5 mm-2 mm
in length, of olivine (commonly altered) and clinopyroxene in
matrix of plagioclase, clinopyroxene, opaque oxides, interstitial
glass or glass alteration product, and rare apatite(?) needles.
Some flows contain quartz xenocrysts. Occurs as discrete local
accumulations, generally 153 m (500 ft) or less thick, in-
terstratified with silicic bedded tuff (unit Tt); between Wood
Creek and Mud Spring Gulch fills a stream channel eroded
along unconformity between silicic bedded tuff (unit Tt) and
adjacent prevolcanic rocks. Potassium-argon age determina-
tions on basalt near base of local volcanic stratigraphic section
northeast of Daugherty Spring, exposed in roadcut along
Garden Creek northeast of BM 6175, is 50.3 +1.5 m.y. (Arm-
strong, 1975)

- Mudflow breccia and conglomerate near Daugherty Gulch—
Green and bluish-green rock; weathers green to greenish gray;
contains angular and rounded blocks, locally as much as
1.2 m (4 ft) in diameter, of porphyry containing phenocrysts
of plagioclase, biotite, and pseudomorphs after amphibole(?)
in poorly sorted matrix; matrix contains green and red
oxidized rock fragments as long as 5 mm (subrounded, por-
phyritic, some pumiceous) that contain plagioclase, biotite, and
amphibole(?) pseudomorphs. Exposures of mudflows adjacent
to quartzite ridge in Bradbury Gulch area contain angular
quartzite blocks as much as 0.6 m (2 ft) in diameter shed from
adjacent ridge. Hydrothermally altered rock (kaolinite-quartz)
of this unit that occurs at fluorspar mine near Challis National
Forest boundary northwest of Daugherty Spring (640 m
(2,100 ft) south of southeast corner of sec. 33, T. 14 N,,
R. 18 E.) was used by Anderson (1954) as evidence that
fluorspar mineralization was postvolcanic

- Dacite lava of Bayhorse Creek—Brown-weathering, greenish-gray
and gray vitrophyric lava containing 20-25 percent phenocrysts,
as long as 2 mm, of plagioclase (andesine-labradorite), biotite,
amphibole, clinopyroxene, orthopyroxene, apatite, zircon,
reddish-brown olivine(?) pseudomorphs, quartz xenocrysts,
and, locally, slate(?) xenoliths. Potassium-argon age of biotite
is 51.1+1.7 m.y. Sample from divide west of Juliette Basin
is platy, gray, and devitrified, and contains plagioclase, biotite,
quartz, amphibole(?), apatite, and zircon. Shows normal
magnetic polarity. Roadside exposures 0.4 km (0.25 mi)
southeast of Bayhorse Lake are altered, contain plagioclase,
biotite, and amphibole, and have reversed magnetic polarity

EOCENE INTRUSIVE ROCKS

Rhyodacite domes and plugs at Bradbury Flat—Black, colum-
nar, glassy rhyodacite and gray, grayish-brown or red-purple,
devitrified rhyodacite containing as much as 30 percent
phenocrysts, 4 mm or less in diameter, of plagioclase, or-
thopyroxene, clinopyroxene, biotite, apatite, and opaque oxides

Cross-cutting plugs of rhyodacite—Exposed in bluffs on both
sides of Salmon River west of Bradbury Flat and in hills north
of Bradbury Flat. Show normal magnetic polarity. A northeast-
dipping slab of similar rock that overlies basalt at southwest
margin of Bradbury Flat has reversed magnetic polarity. Uplifted
mass of silicic tuff capped by unit Tl in north-central sec. 31,
T. 13N, R. 20 E. probably is underlain by rhyodacite intrusion

Irregular domelike masses of rhyodacite—Exposed in hills
northwest of Bradbury Flat. Potassium-argon age for colum-
nar rhyodacite exposed near reservoir in northeast corner of
sec. 27, T. 13 N,, R. 19 E,, is 39.7+1.2 m.y. (Armstrong,
1975)

Mafic intrusive complex—A cluster of irregular masses of altered
basaltic rock that intrude silicic tuff north of Little Antelope Flat.
Causes slight doming of surrounding rocks

Intrusion east of Summit Rock

Rhyolite—Gray to white, locally stained with hematite or goethite:
contains 1-10 percent phenocrysts as large as 4 mm of quartz,
plagioclase (andesine), biotite, and alkali feldspar, as well as
sphene, zircon, apatite, and allanite(?). Most outcrops ex-
plosively shattered or brecciated to varying degrees; dikelike
body capping hill 8496 emplaced as mass of fragments.
Magnetic polarity apparently normal

Rhyodacite(?) breccia plug—Yellowish-brown-weathering matrix
contains subrounded blocks as much as 1 m (3 ft) in diameter
of gray, dense lava containing less than 1 percent phenocrysts
less than 1 mm in length of clinopyroxene, plagioclase, and
opaque minerals. Also contains cognate(?) lithic inclusions con-
taining plagioclase, clinopyroxene, and biotite phenocrysts.
Baked contact zone in tuff at plug margin has reversed magnetic
polarity

Intrusive breccia north of Buster Lake—Reddish-orange- and
brown-weathering, well-cemented, pipelike mass of angular,
moderately pumiceous lava fragments as large as 5 cm in
diameter. Grayish-purple fragments, commonly altered white
and stained with goethite, contain phenocrysts of plagioclase
(labradorite) and goethitic mafic pseudomorphs

Altered dikelike mass on ridge north of Cinnabar Creek—Gray
to white, highly altered compact rock containing partly altered

biotite phenocrysts; locally fractured and stained with goethite

Mafic intrusive rock—Along Salmon River unit is dark-gray, gray,

and greenish-gray, aphanitic to sparsely porphyritic (phenocrysts
less than 5 percent; less than 2 mm in length), potassium-rich
basalt and potassium-rich andesite containing altered olivine or
olivine pseudomorphs, clinopyroxene, opaque oxides, and
plagioclase (labradorite). Large, sheetlike mass exposed north
and south of Bradshaw Gulch contains both clinopyroxene and
orthopyroxene phenocrysts. Many intrusive bodies variably
altered to pale-green phyllosilicates and carbonate; highly altered
rock weathers readily. Occurs as dikes, plugs, and irregular
quasi-concordant sheets, commonly having marginal envelopes
of layered rock. Some concordant sheets, not readily
distinguished from flows, appear to have been emplaced under
shallow cover of water-saturated sediment. In many cases
emplacement probably was penecontemporaneous with sedi-
ment deposition. Upper contacts of basalt sheets locally pro-
vide direct evidence for intrusive emplacement: (1) overlying
sediments are deformed and slightly altered in exposures in draw
east of State Highway 75 that is 0.8 km (0.5 mi) south of Malm
Gulch, on south border of sec. 19, T. 12N., R. 19E_; (2) slabs
of overlying tuff are enclosed in upper part of sheet exposed
in north wall of Bradshaw Gulch 762 m (2,500 ft) southeast
of highway bridge across gulch. Highly altered mass exposed
on south slope of spur southeast of Centennial Flat appears
to be an altered palagonite breccia complex. Plugs along Salmon
River north of Bayhorse Creek are pale greenish gray, contain
secondary silica in addition to pale-green phyllosilicates and
carbonate, and locally contain a little pyrite introduced along
fractures. Less altered parts of larger plugs are dark gray to
black. Both normal and reversed magnetic polarity. Mass north-
west of mouth of Malm Gulch has potassium-argon age of
48.2+1.4 m.y. (Armstrong, 1975) and reversed magnetic
polarity
Southeast of Mill Creek, unit is dark gray and bluish gray and

weathers dark brown and grayish brown; contains less than
1-25 percent phenocrysts, 1-4 mm in length, of olivine or
olivine pseudomorphs and clinopyroxene in matrix of
plagioclase, granular opaque minerals, and altered glass. Car-
bonate commonly replaces olivine and groundmass. Quartz
xenocrysts or granular clinopyroxene clusters replacing quartz
are common. Unit shows both normal and reverse polarity; large
plug southwest of Mill Creek Campground contains orthopyrox-
ene, has normal magnetic polarity; bodies 0.8 km (0.5 mi)
northeast of Tollgate Ruins reversely polarized

‘ Pyroxene phenocryst intrusions—Dark-gray, greenish-gray, and
black rocks that form dikes and sills in Malm Gulch area. Most
contain conspicuous green clinopyroxene and orthopyroxene
phenocrysts

- Syenite intrusion—Irregular, sill-ike mass of medium- to coarse-

grained syenite that contains alkalic feldspar, clinopyroxene,
biotite, apatite, and magnetite. Clinopyroxene commonly
altered to carbonate; both clinopyroxene and biotite may be
altered to green phyllosilicate. Some carbonate may be primary.

Emplacement probably penecontemporaneous with eruption

of latite lava (unit'Tla) that occurs nearby

Dark syenite—Dark, fine-grained marginal facies of syenite

Plugs on upper Trealor Creek—Chiefly light-brown to pale-gray,
brittle, flaky to fine blocky, jointed aphanitic rock containing
prominent quartz xenocrysts as long as 2 mm, some of which
are polycrystalline (derived from quartzite?); also contains
apatite and 10 percent pseudomorphs after plagioclase, pyrox-
ene(?) biotite, and amphibole(?). Unit generally shows normal
magnetic polarity. Southeast slope northeastern plug also ex-
poses a riblike outcrop of dark-brown-weathering, dark-gray,
fine-grained rock containing amphibole xenocrysts, plagioclase,
clinopyroxene, opaque oxides, and carbonates. The riblike out-
crop has reversed magnetic polarity. Plugs are source for
potassium-rich andesite of upper Trealor Creek (unit Tat)

Plug between Coal and Cabin Creeks—Reddish-brown-
weathering, bluish-gray rhyodacite containing 2 percent
phenocrysts, as long as 1 mm, of plagioclase (labradorite), or-
thopyroxene, clinopyroxene, and pseudomorphs after horn-
blende, and minor granular opaque minerals, carbonate,
apatite, and pale-brown biotite. Shows reversed magnetic
polarity

- Fanglomerate (pre-Challis Volcanics, Eocene)—Grayish-red, to

reddish-brown fanglomerate. Pebbles, cobbles, and few small
boulders are predominantly of local derivation and subangular
to subrounded; sparse matrix of sandy mudstone and muddy
sandstone. Beds mainly 0.5-1.5 m (1.5-5 ft) thick and defined
by differences in fragment sizes; lenticular. Exposed near head
of Spar Canyon and along Malm Gulch. Lithologies of
fragments in Spar Canyon occurrence indicate derivation from
formations in ridge to northwest and west and, at lower
elevations, partly from ridges to southwest; deposit in Malm

Gulch has more characteristics of high-energy stream deposit

than has deposit in Spar Canyon. Thickness ranges from

100 to 200 m (300 to 600 ft)
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MESOZOIC INTRUSIVE ROCKS

- Granodiorite and quartz monzonite (Cretaceous)—Equigranular
to porphyritic, moderately coarse grained, gray to pink granitic
rock containing (in various proportions) quartz, potash feldspar,
plagioclase, biotite, hornblende, apatite, sphene, zircon, and
magnetite. Some specimens contain minor amounts of sericite,
chlorite, and pyrite (commonly altered to hematite). Main body
is less than 1.5 km? (0.6 mi?) in area on west side of Juliette
Creek; several smaller bodies in same area, especially between
Skylark mine and Little Bayhorse Lake. Largest bodies in con-
tact with Ramshorn Slate are surrounded by prominent con-
tact aureoles that contain metamorphic biotite, sericite, chlorite,
andalusite, and cordierite. Potassium-argon age of biotite from
main stock is 98.1 +3.3 m.y. (McIntyre and others, 1976)

- Gabbro (Jurassic)—Dark-grayish-green, medium- to coarse-grained
rock containing primary mineral assemblage of calcic
plagioclase, clinopyroxene, and magnetite, whose texture is
overprinted by alteration assemblage of chlorite, pale-green
acicular amphibole, albite, and sphene, and small amounts of
apatite, prehnite(?), pumpellyite(?), carbonate and (or) secon-
dary quartz. Occurs as numerous small irregular dikes, small
plugs, and sill-like tabular masses scattered over western part
of map area. Most commonly found intruded along or near
thrust fault at base of Clayton Mine Quartzite (unit Oc)

PALEOZOIC ROCKS

- Salmon River assemblage (Upper Mississippian to Upper Cam-
brian)—Medium- to dark-gray, thin- to thick-bedded, well-
laminated argillite, siltstone, calcareous siltstone, and fine-
grained calcareous sandstone; some local grit and nearly pure,
medium-gray limestone. Weathers tan, medium brown to dark
brown, and some light gray, blue gray, and pink. Sandstone
is predominantly very fine to fine grained; some medium-grained
sand and grit layers; localized thin beds of chertlike, very siliceous
argillite. Rock composed of various proportions of quartz
(predominant), clay minerals, carbonaceous material, sericite,
mica, feldspar (usually only a few percent), lithic fragments
(argillite, shale, chert, fine-grained quartzite), various accessory
minerals, and carbonate. Bedding thin to medium; some thick
beds. Faint to prominent lamination in most places; many fine-
grained, thin sandstone beds and laminae show cross lamina-
tion, current bedding, and sole structures. Dark colors related
to amount of carbonaceous material, which ranges from nil to
a few impure coaly seams. Base of sequence as exposed in map
area is a thrust fault; overthrust by Grand Prize Formation
(Lower Permian) in areas to west (Hall, 1985). Age of
fossiliferous limestone float material at Deer Springs Gulch
4.8 km (3 mi) west of Clayton Ranger Station and from float
blocks near the mouth of Mill Creek is early Late Mississippian
(late Meramecian or early Chesterian) (J. T. Dutro, Jr., John
W. Huddle, written commun., 1971; Betty Skipp, written com-
mun., 1972). In-place samples from four other localities in the
assemblage have been determined, on the basis of conodonts,
to have ages ranging from Late Cambrian to Mississippian (Hall,
1985). Assemblage may include strata correlative with upper
part of Copper Basin Formation of Ross (1962) on basis of
lithologies and age. Thickness and sequence of units indeter-
minate because of isoclinal folding and thrust faulting; could
be many thousands of feet

- Scott Peak Formation (Upper Mississippian)—Medium dark-gray,
chert-bearing bioclastic limestone; weathers medium dark to
medium light gray; chert medium dark to medium gray,
weathers brownish tan, fairly abundant as discontinuous thin
layers or in globular form scattered along bedding. Medium to
thick bedded. Moderately resistant to erosion; forms ledges. Con-
tains much crinoidal debris, horn corals, and brachiopods. Oc-
curs only in southeast corner of Lone Pine Peak quadrangle.
Thickness at least 750 m (2,500 ft); overlies concordantly Mid-
dle Canyon Formation; top not exposed

- Middle Canyon Formation (Upper and Lower Mississippian)—
Sequence of mudstone and impure limestone. Upper half is
impure, medium-dark- to medium-gray, microgranular
limestone; weathers to medium- or light-gray small, irregular
blocks having a slightly yellowish or pinkish mottling. Lower
half is partly very fine grained, sandy, slightly calcareous
mudstone containing some brown-weathering silty laminae.
Float of lower half is more strongly colored and more angular
than that of upper half. Exposed as smooth, float-covered slopes
in southeast corner of Lone Pine Peak quadrangle. Thickness
at least 750 m (2,500 ft)

- McGowan Creek Formation (Lower Mississippian)—Poorly ex-
posed unit of mudstone (or argillite), subordinate siltstone,
claystone, and sandstone, and a little pebble conglomerate. For-
mation underlies steep slopes covered by slabby or platy, locally
finely blocky or pencil-like fragments; weathers medium light
gray, yellowish gray, or light olive gray. No complete continuous
section of formation known in map area; type section, a few
miles to the east in Lost River Range, is 1,111 m (3,645 ft)
thick (Sandberg, 1975)

Mudstone, siltstone, and claystone probably originally dark
gray but has weathered or altered to variations from dark to
light gray or, locally, greenish or brownish gray; partly sandy;
locally siliceous. Beds thin to thick. Laminae common; these
are silty or sandy, partly graded, and commonly weathered
brown. Slaty cleavage common

Sandstone is medium to light gray and grayish orange; forms
scattered beds and locally is as much as 15 m (50 ft) thick. Sand
mainly rounded quartz grains of very fine to fine-medium size;
some beds contain partly angular chert or siliceous argillite
grains, dark to light gray, locally coarse to very coarse.:

Pebble conglomerate seen only in a few beds in lower part
of formation south of Grand View Canyon; only rare, scattered
pebbles farther south

Three Forks Formation (Upper Devonian)—A thin unit of
calcareous shale and basal impure dolomite. Clay or mud shale
is almost uniformly medium gray, locally faintly laminated, and
variably calcareous; contains a little shaly limestone. Almost no
outcrops. Float of semitabular chips and slabs range in surface
color from light, slightly yellowish gray to light yellowish brown.
Thickness 32 m (105 ft)

Dolomite is medium dark gray to medium gray, commonly
has olive cast; mostly microgranular, partly very fine grained,
silty or muddy. Beds thick; little obvious lamination, but com-
monly cleaves parallel to bedding. Weathered surfaces are light
orange gray, grayish orange, and light yellowish brown.
Thickness 15 m (50 ft); total thickness of formation 47 m (155 ft)

- Grand View Dolomite (Upper Devonian)—Includes microgranular,
medium-dark- to medium-light-gray dolomite that weathers
medium light gray and lighter, and much-recrystallized,
medium-light-gray to very light gray, fine- to coarse-grained
dolomite that weathers grayish orange or pale yellowish brown.
Contains scattered sandy intervals; a few shaly beds. Beds thick,
commonly laminated. Formation moderately to highly resistant;
forms blocky ledges and, locally, cliffs. Includes dark weathered
intervals indistinguishable from Jefferson Dolomite. In confor-
mable contact with overlying Three Forks Formation and
underlying Jefferson Dolomite. Best exposed in type section
in cliffs of Grand View Canyon. Thickness about 365 m (1,200

ft)
- Jefferson Dolomite (Upper and Middle Devonian)—Medium-dark-
to medium-gray and subordinate dark-gray dolomite. Weathers
to similar dark colors, partly mottled, commonly having a brown
cast; a few beds weather medium light gray. Beds thick to very
thick, 0.3-1.5 m (1-5 ft); some thin regular lamination. Grain
size ranges from microgranular to fine; little silt or sand. Com-
monly fetid. Light-colored, coarsely recrystallized Amphipora,
stromatoporoids, and algal structures common in some beds.
Near east edge of map area, large parts of formation locally
recrystallized to lighter color and coarser grain size or are re-
placed by medium-light-gray to very light gray, red, and brown
jasperoid (fine stipple pattern). Highly resistant ledge and cliff
former. Thickness about 300 m (985 ft)
Grand View Dolomite (Upper Devonian) and Jefferson Dolomite
(Upper and Middle Devonian), undivided

Unit B (Middle(?) and Lower Devonian)—Dolomite and minor
dolomitic sandstone. Upper part notably variable in color; mostly
medium dark to medium gray but partly dark, medium light,
and olive gray; weathered surfaces olive gray and yellowish gray
as well as purer grays. Medium to thick bedded, beds generally
less than 1 m (3 ft) thick, beds better defined than lower in unit
and commonly laminated. Mostly microgranular or very fine
grained, but ranges from sublithographic to medium grained;
near top, some dark beds indistinguishable from Jefferson
Dolomite; a few beds markedly silty or muddy

Middle and lower parts medium dark to medium gray,
weathered to medium gray to medium light gray (bluish to many
eyes); microgranular to very fine grained; small crinoid ossicles
common locally. Beds thick to very thick, maximum 1.5 m
(5 ft); unit massive, bedding commonly poorly defined. As
much as 30 m (100 ft) near middle of unit and basal 3-60 m
(10-200 ft) variably sandy and includes a little dolomitic sand-
stone; locally silicified; sand grains very fine to medium.
Moderately to highly resistant to erosion; ledge and cliff former.
Thickness of whole unit in west half of map area 180-370 m
(600-1,200 ft)

Almost everywhere in the Lost River Range along east edge
of the map area, all exposed dolomite between Jefferson and
Laketown Dolomites was tentatively and rather arbitrarily
mapped as this unit. Rock so mapped includes intervals of
dolomite and sandy dolomite closely resembling common
lithologies in unit B farther west, but it is more variable in color
and grain size than most of unit there and may include age
equivalents of unit Dab. Dolomite locally replaced by jasperoid
(fine stipple pattern) similar to that replacing Jefferson Dolomite.
Thickness probably falls within limits of thickness in west half
of map area

- Unit A and Beartooth Butte Formation (Lower Devonian)—Well-
bedded sequence of variably impure dolomite and basal sand-
stone and siltstone. Unit A forms upper and middle parts of
map unit. Mainly medium-dark- to medium-light-gray dolomite;
weathers medium light to light gray or yellowish gray to light
olive gray. Upper part distinguished by lighter colors, by distinctly
muddy dolomite of various orange, red, brown, and yellow
hues, and by being partly sublithographic. Scattered beds in
lower part of unit A weather medium dark to medium gray.
Dolomite is microgranular and moderately silty. Beds medium
to thick (maximum 1 m); lamination common. Some limestone
locally present below middle of unit. One or more highly silty
and sandy intervals near base. Unit A moderately resistant to
erosion except for weak muddy intervals in upper part; com-
monly forms blocky ledges; colorful float. Contact with under-
lying Beartooth Butte Formation gradational. Thickness
260-385 m (850-1,300 ft) in west half of map area; apparently
absent along most of east edge of map area

Beartooth Butte Formation forms lower part of map unit and
consists entirely of highly sandy or silty rocks. Quartzite and
siltite medium gray to nearly white; sandstone and siltstone
variably dolomitic, medium to very light gray or brownish gray,
commonly having limonitic surfaces; contains small proportion
of highly silty or sandy dolomite of similar colors. Quartzite and
sandstone mainly very fine grained, commonly feldspathic;
tends to be coarser grained and more siliceous in lower part.
Medium to thick bedded, maximum 1 m (3 ft), mostly
showing little or no lamination. Resistance to erosion high to
weak depending on grain size and on presence or absence of
interstitial silica. Basal contact disconformable. Thickness
67-215 m (220-700 ft)

Laketown Dolomite (Silurian)—Upper member is dolomite that
varies widely in impurity, color, and outcrop form and thereby
appears strongly layered. Purer beds mainly medium light to
very light gray to pink; form light-gray to grayish-orange blocky
ledges. More silty and muddy intervals are weakly resistant and
weather to grayish-orange, brown, or reddish slabby float; other
intervals are thinly laminated and weather to light-olive-gray
blocky float. Contains a few beds of dolomitic siltstone and sand-
stone. Thickness of upper unit 0-125 m (0-400 ft) in west half
of map area; absent along east edge of map area g

Lower member is strikingly light colored dolomite that com-
monly forms ridges and peaks. Dolomite is predominantly
medium light to light gray, mostly very fine to fine grained, and
almost pure. Contains a few scattered sandy intervals. Beds
medium to very thick, mainly 0.3-1 m (1-3 ft); massive and
obscurely defined. Joints common. Resistance to erosion high;
member forms rounded, light-gray to very light gray ledges and
cliffs. Thickness 215-395 m (700-1,300 ft)

- Roberts Mountains Formation (Silurian)—Medium-dark- to
medium-gray, carbonate-bearing, fine-grained detrital rocks and
impure carbonate rocks. Most are mudstone, siltstone, and very
fine silty sandstone, mainly dolomitic, partly calcareous. Less
abundant and irregularly distributed are muddy, silty, or finely
sandy, microgranular to very fine grained limestone and
dolomite. Contains some small amount of siltite and quartzite.
Medium to very thick bedded. Regular laminae, 3 mm or less
thick, and cleavage that may be parallel or oblique to bedding
are common. Resistance to erosion moderate to weak; forms
scattered outcrops and abundant brownish-red, light-red and
yellow, and purplish-gray, platy to flagay float. Upper 60-160 m
(200-525 ft) commonly is less silty and includes discontinuous
intervals of blocky, ledge-forming dolomite that is lighter
colored and coarser grained and that is almost pure except for
varied content of medium-grained sand that is coarser than that
lower in formation. Some blocky dolomite is intraformational
conglomerate. Widely distributed in Lone Pine Peak quadrangle;
strata of Silurian age and probably correlative with Roberts
Mountains Formation occur along east side of Squaw Creek in
Clayton quadrangle. Upper part contains fossils of late Wenlock
and probable Ludlow age. Thickness about 800 m (2,600 ft)
in west half of Lone Pine Peak quadrangle; may be considerably

thinner near east edge

- Phi Kappa(?) Formation (Ordovician)—Black, fissile, car-
bonaceous graptolite-bearing shale and argillite; bedding
obscured by cleavage. Exposures totalling less than one
1 km? (0.38 mi?) along lower reaches of Big Lake Creek and
Pine Creek near southern edge of map area. Generally de-
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formed, especially in highest exposures beneath thrust contact
with Mississippian to Cambrian Salmon River assemblage.
Tentatively correlated with Ordovician Phi Kappa of Pioneer
Mountains, to south, as suggested by Dover and others (1980,
p. 10-14). Maximum of 35 m (115 ft) of unit exposed; total
thickness unknown

- Saturday Mountain Formation (Upper and upper Middle Ordovi-
cian)—Exposures in western part of Clayton quadrangle are
predominantly fine-grained, fossiliferous carbonate units com-
prising dark-blue-gray, platy limestone; light-gray, silty
limestone; thin- to medium-bedded, light- to dark-gray, cherty
dolomite; and massive, olive-gray to tan, sandy dolomite. Con-
tains several zones as much as 60-90 m (200-300 ft) thick of
gray-green, partly calcareous, fissile shale, as well as many thin
interlayers and laminae of shaly and silty material through rest
of section. At mouth of Bruno Creek, at least one highly
fossiliferous, black, siliceous, graptolitic shale zone, 6-9 m
(20-30 ft) thick, in lower part. Part of section is medium-
bedded, nearly black, crystalline dolomite that has a high car-
bonaceous content and fetid, petroliferous odor. A few light-
tan, medium- to coarse- grained quartzite beds grade into
dolomite above and below. Sequence and thickness of various
components not determinable with precision because of exten-
sive faulting and crumpling of beds. Basal contact with Kinnikinic
Quartzite presumed to be conformable, but faulting along or
subparallel to contact obscures relations. Upper contact
obscured by overthrust Cambrian to Mississippian Salmon River
assemblage in western part of map area; overlain conformably
by Silurian Roberts Mountains Formation in Lone Pine Peak
quadrangle, to east. Upper part of section below thrust fault
on east slope of Saturday Mountain may be Silurian. Unit may
be as much as 914 m (3,000 ft) thick.

Exposures in west half of Lone Pine Peak quadrangle are
resistant, thick-bedded unit of predominantly medium-dark- to
medium-gray, microgranular to very fine grained, fairly pure
dolomite; sandy or silty mainly in lower part. Mainly medium
to very thick bedded (not generally thicker than 1.5 m (5 ft);
local lamination. Chert present in scattered intervals, mostly as
nodules and discontinuous layers, characteristically in fairly con-
tinuous thin layers near top. Highly resistant to erosion; forms
ledges and cliffs that are mainly medium dark to medium light
gray and partly yellowish gray on surface; sandy base is light
brownish gray. Thickness about 300 m (1,000 ft)

- Kinnikinic Quartzite (Middle Ordovician)—Medium- to thick-
bedded, exceptionally pure quartzite composed of very fine to
medium, very well sorted and well-rounded vitreous quartz
grains cemented into a mosaic by secondary overgrowths of
silica. In many specimens originally rounded shape of sand
grains is distinctly visible with hand lens. Subvitreous to vitreous
on fresh surfaces and breaks with conchoidal fracture. Rock is
mostly light gray to white, but locally is medium gray and has
some very dark layers. Exposed surfaces are same color but
nonvitreous. Rare, widely scattered grains of magnetite and zir-
con and a very few thin shale or shaly sandstone partings are
the only impurities. Overlies with stratigraphic conformity the
Ella Dolomite. Fossils collected from beds both below and above
quartzite by the authors (Hobbs and others, 1968) and from
thin interbedded shale by Oaks and James (1980) date it as
late Middle Ordovician. Best exposures of the unit are in the
southwestern part of Clayton quadrangle along State Highway
75 on west limb of large anticline about 3 km (2 mi) west of
Clayton. There are a few isolated exposures in an area ex-
tending northward from Salmon River for about 13 km (8 mi)
and two small outcrops near Alkali Spring in southeast corner
of same quadrangle. A narrow string of outcrops occurs near
western edge of Lone Pine Peak quadrangle, where strata are
badly broken and sheared by extensive faulting. Faulting along
and near upper contact appears both to duplicate and cut out
beds and makes an estimated thickness of 200-250 m
(650-820 ft)\only approximate

Ella Dolomite (Middle Ordovician)—Medium- to medium-dark-
gray or brownish-gray, predominantly medium- to thick-
bedded, fine-grained dolomite. Weathers tan, brown, or
yellowish gray. Most contains some silt and sand, commonly
in thin laminae that form fine ribbing or hackly texture on
weathered surfaces. Intraformational conglomerate fairly com-
mon in eastern exposures. Locally, some layers are lighter gray
and some are dark gray to nearly black; formation coarsely
crystalline and very dark gray near base. At least one zone,
6-9 m (20-30 ft) thick, several hundred feet above base, is
more siliceous and comprises fine-grained quartzite, sandy
dolomite, and some chert that has replaced other material; con-
tains a few thin zones of silicified subspherical algal structures
resembling oolites. Fossils from near base and from 137 m
(450 ft) above it are Middle Ordovician. Formation best exposed
on west side of lower part of Kinnikinic Creek and between
lower Kinnikinic Creek and Squaw Creek; also exposed in small
outcrops in Alkali Spring area and near Bishop Spring in north-
eastern Lone Pine Peak quadrangle where formation is highly
faulted and partly overturned. Overlies in apparent conformity
upper conglomeratic part of Clayton Mine Quartzite. At least
213 m (700 ft) thick where measured northwest of Clayton

- Upper carbonate (Lower(?) Ordovician)—Heterogeneous se-
quence of dolomite, silty dolomite, and dolomitic sandstone.
Dolomite is light to medium light gray, some dark gray; locally
cream colored; weathers light brownish gray; mostly aphanitic
to fine grained but has a few coarse-grained beds; medium
bedded but some thick beds near top, faintly laminated; some
sandy layers in lower part. Appears to overlie with sedimen-
tary contact both shale of Cash Creek area (unit €s) and Cash
Creek Quartzite (unit €c). Lower contact probably an uncon-
formity, upper contact a thrust fault. Occurs in upper Cash
Creek and in small area west of Squaw Creek and south-
southwest of mouth of Cash Creek. Estimated 152 m (500 ft)
exposed; total thickness unknown

- Siltstone, sandy siltstone, and quartzite of Rob Roy mine area
(Ordovician(?) or Cambrian(?))—Interbedded quartzite and
siltstone, subordinate dolomite and dolomitic siltstone, and
sandstone. Quartzite is light gray, grayish orange, or pink, fine
to medium grained; contains silt partings and wavy lamination
and bedding planes; feldspar present but sparse; pebble beds
in a few places; varies from locally pure to nearly pure white
to speckled beds; most impure. Siltstone is rich medium brown,
sandy, and thinly laminated; contains wavy, light-gray-brown,
fine-grained, sandy laminae; constitutes about one-third of ex-
posed sequence. A few thin beds and lenses of nearly pure to
sandy and silty dolomite at places in lower part of section; con-
tains one zone of dolomitic siltstone 75-100 m (250-330 ft)
thick. Sequence characterized by dominance of wavy lamina-
tion in both siltstone and impure quartzite, by generally
speckled character of pure quartzite layers, by presence of car-
bonate as a few thin to medium beds or lenses or disseminated
in siltstone, and by generally low level of feldspar. Top not ex-
posed; base, where seen, is in thrust contact with Ella Dolomite.
Estimated exposed thickness at least 600 m (2,000 ft)

- Quartzite-siltite lithologies of upper Cash Creek (Ordovician or
Cambrian(?))—Heterogeneous, predominantly quartzitic rocks
containing siltstone and silty shale as scattered interbeds and
as at least one interval about 90 m (295 ft) thick. Quartzite is
mostly light to medium dark gray, pinkish gray, purplish gray,
light orange, or light tan; weathers to similar colors. Well bedded
in layers from 6 cm to 1 m (2.4 m to 1 ft) thick, locally massive.
Contains scattered small, medium- to coarse-grained, sub-
vitreous quartz pebbles and local conglomerate lenses; feldspar
grains present in most layers, abundant in some and locally very
coarse; some beds of fine to medium grain size resemble Kin-
nikinic Quartzite. Siltite and silty shale are greenish gray, grayish
yellow green, grayish olive, and reddish to brownish gray; made
up mostly of silt-size grains, but includes some fine sand at
places; thin to medium bedded; laminations fairly common;
locally pyritic. Closely resembles Clayton Mine Quartzite in many
respects, but correlation uncertain because of differences in
lithologic sequence, character and thickness of various quartz-
ite and siltstone components, relation to underlying ,Middl/e
Cambrian sequence, and isolation from main body of Clayton
Mine Quartzite. Upper contact not preserved; overlies carbonate
of upper Cash Creek (unit Occ) and Cash Creek Quartzite (unit
€c) on probable thrust fault. Thickness indeterminate

- Clayton Mine Quartzite (Ordovician or older)—Dominantly
quartzitic rocks that are heterogeneous in color, composition,
degree of sorting, and bedding characteristics. Most composed
of poorly sorted, coarse- to medium-grained feldspathic quartz-
ite that includes conglomerate layers, pebbly quartzite, and scat-
tered pebbles in upper two-thirds of section. Pebbles include
blue-gray quartz, quartzite, and lesser amounts of chert,
feldspar, and siltite; generally well rounded; range from 0.5 to
5cm (0.2 to 2 in.) in diameter. Very thin shale partings occur
throughout map unit; lower half contains several zones of shale
as much as 12 m (40 ft) thick. Two thin dolomite layers are
present near base of incomplete exposures near Clayton.
Bedding ranges from very thick to thin; unit contains a few zones
of flagstone. Cross lamination in both thin to very thick beds
occurs throughout, but more common in lower half. A
widespread conglomeratic zone 60-90 m (200-300 ft) thick
marks top of unit in Clayton quadrangle. Feldspar, commonly
more angular than quartz grains, is distributed throughout the
section and most is highly altered. Color of quartzite and con-
glomerate ranges from medium or very light gray to light
yellowish orange or light pink in western part of map area to
more dominant light reddish gray, reds, and purples in central
part. Shale and siltstone is mainly pale yellowish green, but in-
cludes some grayish green, dark purplish gray, and deep
maroon. A section 602 m (1,975 ft) thick was measured
beneath Ella Dolomite west of Clayton, where base is concealed.
More than 1,000 m (3,200 ft) was measured in Rattlesnake
Creek in eastern part of Clayton quadrangle where base is thrust
fault and the top is concealed by Challis Volcanics. Base in thrust
contact with Ramshorn Slate (unit Or) or mixed lithology se-
quence (unit Osq) in south half of Clayton 30-minute
quadrangle; Clayton Mine Quartzite appears to grade upward
from mixed lithology sequence in north-central part of Clayton
30-minute quadrangle. Upper contact a disconformity or low-
angle unconformity

- Pure quartzite—More than 60 m (200 ft) of light-colored, fine- to
medium-grained, pure quartzite overlies uppermost con-
glomerate zone of Clayton Mine Quartzite on Germer Peak,
in west-central part of Lone Pine Peak quadrangle. This

- lithology is mapped separately in Germer Peak area

Clayton Mine(?) Quartzite of Happy Hollow (Lower Ordovician
or older)—Quartzitic strata that are most probably related to
those of Clayton Mine Quartzite crop out over an area of ap-
proximately 7.5 km? (3 mi?) in the vicinity of Happy Hollow,
a small drainage area on the east side of Kinnikinic Creek about
8 km (5 mi) from its mouth. The quartzite is predominantly very
light gray to light gray, fine to medium grained, locally coarse
grained, and fairly pure. In a few places granule conglomerates
were found. Some beds are speckled with limonite and others
are stained slightly red or pink, but variations from shades of
light gray are rare. Most of the strata appear to be slightly
feldspathic, and locally the coarser grained part may contain
considerable amounts- of easily recognized altered feldspar
grains. For the most part the quartzite is medium to thick bedded
with local faint lamination and cross-lamination. Thin beds or
partings of grayish-red siltstone or shale are scattered through
section, and in lower part at least one, and possibly more, se-
quences of pale-yellowish-green, platy, finely laminated, non-
calcareous siltstone at least 12 m (40 ft), and possibly 43 m
(140 ft), thick occur. No carbonate has been found. Thickness
of this quartzite is nondeterminate. Upper contact is covered
by Challis Volcanics, and lower contact is probably a thrust fault
or is concealed at depth against steep normal faults that separate
it from Ramshorn Slate that underlies most of Poverty Flat area
to east. For the most part, this block of quartzite appears to
be relatively undisturbed, and estimates of thickness based on
map measurement are approximately 550 m (1,800 ft).
Undetected structural complications could modify this figure
either way. Tentative correlation of this unit with Clayton Mine
Quartzite is based on similarity in general characteristics,
thickness, structural setting, and proximity to major blocks of
quartzite of undoubted Clayton Mine affinities. The substantial
differences, mainly in color, bedding thickness, and feldspar
content may represent a separate facies of the Clayton Mine
Quartzite that has been juxtaposed by complex thrust faulting
with rocks described as unit Oc

- Interbedded siltstone and quartzite (Lower Ordovician or
older)—Mixed lithologies comprising quartzite, siltstone, and
mudstone in various proportions and subordinate dolomite.
Quartzite is very light to light gray, mostly very fine grained to
fine grained, some coarse grained; contains few thin beds of
pebble conglomerate; feldspathic in part. Occurs as individual
thin to very thick beds or groups of beds separated by green,
micaceous shaly partings; some few thick beds. Siltstone and
mudstone are light gray to medium light gray or greenish gray,
some yellowish green and grayish red; partly sandy and faintly
laminated; slabby, some argillaceous partings; in places phyillitic.
Dolomite is medium gray, brown weathering; some nearly pure,
some silty or sandy; thick bedded, commonly . in isolated beds.
In upper Garden Creek and Bayhorse Creek the unit may grade
from Clayton Mine Quartzite into underlying Ramshorn Slate;
lower contact may be sedimentary or a bedding plane thrust.
South of Bayhorse Creek, sequence is involved in a zone of
thrust faulting and may be cut out, deformed, or moved as part
of overriding block. Occurs as group of beds between overlying
Clayton Mine Quartzite (unit Oc) and underlying Ramshorn
Slate (unit Or); in places as much as 230 m (750 ft) thick but
thinned locally or cut out by thrusting

- Interbedded siltstone, quartzite, and dolomite of upper Sawmill
Creek and Poverty Flat (Ordovician or older)—
Heterogeneous sequence of siltstone, quartzite, and dolomite.
Upper 183 m (600 ft) comprises grayish-yellow-green, light-
greenish-gray, and grayish-green siltstone; weathers yellowish
brown and reddish brown; most is finely laminated and has
some micaceous bedding surfaces; contains a few thin interbeds

Garden Creek

-0

MISCELLANEOUS INVESTIGATIONS SERIES
MAP 1-1882

of speckled, nonfeldspathic, white quartzite and some sandy
dolomite; some wavy bedding in sandstone laminae. Underlain
by about 223 m (730 ft) of light-gray and light-grayish-orange
quartzite; commonly speckled with limonite; fine to coarse
grained, contains a few pebble zones; feldspathic throughout;
mainly thick bedded, shows much cross lamination marked by
layering of limonite specks; few thin beds of finely laminated,
very fine grained quartzite and several beds of silty, medium-
gray dolomite weathering yellowish to reddish brown. Lower
183 m (600 ft) consists of dolomitic sandstone and some
dolomite; medium to thick bedded; some thin-bedded,
speckled, fine-grained quartzite and green siltstone intervals as
much as 56 m (180 ft) thick. Top eroded; base is a thrust fault.
Age unknown, but may be correlative with siltstone, sandy
siltstone, dolomite, and quartzite of Rob Roy mine area (unit
0<€rr)

Ramshorn Slate (Ordovician(?))—Unit is medium to dark gray,
greenish gray, and purple, locally light greenish gray to silvery
gray or dark brownish gray; weathers gray and brown; mostly
thin-bedded, well-laminated, argillaceous and phyllitic slate;
well-developed cleavage at an angle to bedding; includes thin,
slabby impure sandstone layers, mostly in upper part, and a
thick lens of basal conglomerate (unit Orc) in Garden Creek-
Daugherty Gulch area. Slate comprises very fine grained quartz,
sericite, chlorite, and clay minerals; some carbonate in widely
scattered sandy layers; small isoclinal folds prevalent throughout
the unit have well-developed axial-plane cleavage; breaks on
cleavage into small plates and slabs that mantle outcrop areas

Conglomerate—Well-rounded pebbles of white vein quartz and
light-gray quartzite in a dark siliceous matrix; pebbles as large
as 7.6 cm (3 in.) in diameter but mostly smaller; more than
150 m (500 ft) maximum thickness in Garden Creek and
Daugherty Gulch area but fingers into slate to north and south.

Sequence of Ramshorn Slate and conglomerate overlies
Bayhorse Dolomite (unit O€b) on erosional unconformity;
overlain by mixed lithologies (Osq) on what may be a confor-
mable sedimentary contact or by Clayton Mine Quartzite in
thrust contact. Total thickness indeterminate because of com-
plex internal folding, but probably in excess of 750 m (2,460 ft)

- Bayhorse Dolomite (Lower Ordovician or Upper Cambrian)—

A predominantly carbonate unit, dolomitic in upper part and
limy in lower, but proportions range widely. Dolomite is light
creamy gray and yellowish gray; medium to very thick
bedded, containing some massive and some thin platy zones;
weathers pale yellowish brown to pale orange or light gray.
Finely crystalline, nearly pure to silty, shows local faint lamina-
tions on weathered surfaces. Contains dark-gray silicified oval
structures resembling pisolites in several layers ranging from
8 cm to 9 m (3 in. to 30 ft) in thickness. At least two medium-
dark-gray, partly laminated siltstone and argillite intervals
12-15 m (40-50 ft) thick in upper part. Limestone is medium
gray to dark gray, generally thin bedded, fine grained, and
faintly laminated; contains thin interbeds and laminae of siltstone
and fine-grained sandstone that weather out as ribs. Top is an
erosional disconformity characterized by zone of brecciated,
vugay, deeply weathered material as thick as 60 m (200 ft) that
probably represents a paleokarst topography; basal contact with
underlying Garden Creek Phyllite conformable and in places
gradational. Tentatively considered Early Ordovician or Late
Cambrian age on basis of a few very fragmentary fossils (R.
J. Ross, written commun., 1967; J. M. Berdan, written com-
mun., 1969; J. M. Sprinkle, written commun., 1971). The
Bayhorse Dolomite is older than the well-dated Middle Ordovi-
cian Ella Dolomite and contains pelmatozoan columnals of prob-
able Ordovician age in upper part and ribbed shell fragments
of Paleozoic age at the base. Minimum of 396 m (1,300 ft) of
section measured on Bayhorse Creek. Original thickness
indeterminate

- Garden Creek Phyllite (Cambrian(?))—Unit is dark gray to
nearly black; slightly calcareous; bedding indistinct and in many
places crenulated; weathers to medium-gray smooth flakes and
chips, commonly poorly exposed. Overlies, in apparent con-
formity, an unnamed massive dolomite (unit €d) exposed only
in Bayhorse Creek. Crumpling and crenulations of indistinct
bedding make contact relations and thickness difficult to deter-
mine. Estimated 150-300 m (500-1,000 ft) of section exposed
in Bayhorse Creek

- Dolomite of Bayhorse Creek (Cambrian(?))—Very light gray to
medium-gray, fine-grained to very fine grained, fairly pure
dolomite; weathers grayish orange tan to dark yellowish brown;
bedding commonly indistinct, mostly very thick to massive in
upper part, thin to medium bedded in lower part. Base con-
cealed. Exposed only in bed of Bayhorse Creek between 550
and 900 m (between 1,800 and 3,300 ft) upstream from old
town of Bayhorse. A maximum of 18 m (60 ft) exposed below
upper contact, but at least 60 m (195 ft) below creek deter-
mined from diamond drill core

- Shale (Middle Cambrian)—Medium-gray, olive-drab to gray-green,
locally brick-red, micaceous siltstone and silty shale. Weathers
grayish red, yellowish gray, and brown; some lamination; forms
platy or slabby float; contains lower Middle Cambrian fauna.
Conformable with underlying Cash Creek Quartzite (unit €c).
Upper contact is either an unconformity or a thrust fault.
Minimum thickness estimated between 60 and 75 m (between
200 and 250 ft) ‘

i Cash Creek Quartzite (Middle or Lower Cambrian(?))—
Yellowish-gray, brownish-gray, light-orange, pink, and purplish-
gray, glassy quartzite containing a few intervals that are nearly
white or light gray. Medium to thick bedded, cross bedding pro-
minent in lower part; fine to coarse grained, fair to poorly sorted,
contains scattered pebbly layers and isolated pebbles; upper two-
thirds nearly pure quartzite, lower third contains as much as
5 percent altered feldspar. Conformable with an underlying un-
named carbonate sequence (unit €cb). Considered to be of
Middle or Early Cambrian age on basis of fauna found in over-
lying shale unit, but may be older. Total thickness estimated
to be between 360 and 400 m (between 1,200 and 1,300 ft)

Lower carbonate (Lower Cambrian(?))—Heterogeneous sequence
of predominantly carbonate rocks comprising, from top to bot-
tom, (1) 40 m (130 ft) of mottled-gray to tannish-gray, massive
to medium-bedded, fine- to medium-grained dolomite and
silty dolomite; (2) 90 m (300 ft) of very thin bedded, impure
limestone, strikingly laminated in shades of light-gray, greenish
gray, and brown; highly micaceous, fissile and highly cleavable,
and contains a smaller amount of thin- to medium-bedded limy
siltstone; (3) 20 m (65 ft) of thin-bedded, micaceous, gray,
greenish-gray, and purplish-gray slate and siltstone containing
some layers of micaceous quartzitic flagstone. Upper contact
conformable in part; overlies in sharp stratigraphic conformity
quartzite of Boundary Creek (unit €bc). Tentatively assigned
to Lower Cambrian(?) on basis of stratigraphic position. Total
thickness 175 m (575 ft)

- Quartzite of Boundary Creek area (Lower Cambrian(?))—Light-
grayish-orange to nearly white, medium-bedded to very thick
bedded quartzite showing large-scale cross lamination in many
beds; ranges from fine to coarse grained, mostly in medium
range; some altered feldspar throughout; locally contains thin
layers and partings of medium-gray, laminated, micaceous
siltstone. Lower 35 m (115 ft) comprises mixed lithologies of
thick siltstone beds, pebble-bearing quartzite, dolomitic sand-
stone, and coarse dolomite containing scattered small quartz
pebbles. Base not exposed, but lowest outcrops highly brec-
ciated and may be faulted. About 100 m (300 ft) thick

- Interbedded quartzite, dolomite, and argillite of Leaton Gulch
and Pennal Gulch areas (Ordovician(?), Cambrian(?), and
Late Proterozoic(?))—In Challis quadrangle unit is composed
of predominantly quartzitic strata containing subordinate
dolomite interbeds and some thin argillitic interbeds. Quartzite
generally deep red to dark purplish gray or medium gray; con-
tains some thick zones of light pinkish or tannish gray to nearly
white; thin to medium bedded, platy, laminated; some massive
units are thick bedded and structureless; medium to fine
grained, locally coarse grained and pebbly; lamination promi-
nent in some thick layers; includes several horizons of coarse
conglomerate or intraformational breccia. Much of thin-bedded,
platy quartzite shows ripple marks, flute casts, worm trails; abun-
dant magnetite in parts of section. In northern part of Lone Pine
Peak quadrangle, unit is predominantly light pinkish gray
to very light gray to white quartzite; medium bedded to massive;
most medium to fine grained, contains some coarse-grained
and pebble-bearing layers. Possibly correlative with Late Pro-
terozoic Wilbert and (or) Lower Ordovician Summerhouse
Formations
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