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Yh Hoodoo Quartzite (Mesoproterozoic)—White to light-gray (locally brownish gray), medium-
grained, thin- to thick-bedded quartzite composed of about 80–90 percent well-rounded
quartz, 5–10 percent feldspar (orthoclase, microcline, and albite), and 5–10 percent
biotite, chlorite, sericite, and iron oxide (Ekren, 1988).  Unit is generally massive, making
identification of bedding difficult where fracturing is well developed.  Crosslamination is
locally distinct and oscillatory and current ripples are present throughout unit.  Marble and
calcareous quartzite are irregularly present in basal part of formation (Ekren, 1988; Evans
and Connor, 1993).  Total thickness estimated at about 1,100 m (Ekren, 1988).  The
Hoodoo Quartzite grades downward into the Yellowjacket Formation (Yy) through a
thickness of about 200 m, with thin-bedded white Hoodoo strata intercalated with thin-
bedded, dark-gray argillaceous metasandstone and gray, fine-grained metasandstone
typical of the Yellowjacket.  Transitional zone is reasonably well exposed in upper Lake
Creek (about 7 km west of townsite of Yellowjacket) and in cirque wall about 0.7 km
north of McEleny Mountain (Ekren, 1988; Evans and Connor, 1993).  Upper contact is
gradational into unit Yaq.  The Hoodoo Quartzite is interpreted to be a shallow subtidal
to intertidal deposit, winnowed under high-energy conditions as evidenced by lack of silt
and clay and common presence of high-angle crosslaminations

Yy Yellowjacket Formation (Mesoproterozoic)—Unit (as defined by Ross, 1934, and Tysdal,
2000b; see discussion below) consists of 518 m of calcareous strata, with no base
exposed, overlain by 2,225 m of quartzitic clastic rocks.  Calcareous beds are gray to
dark green and black, containing varying amounts of carbonate and calc-silicate minerals
in lenses that intertongue with quartzite.  Upper greenschist metamorphism resulted in
beds that are banded or mottled, depending on presence of dark metamorphic minerals.
Presence of metamorphic scapolite indicates some of beds were formerly evaporite
horizons (Tysdal and Desborough, 1997).  Upper quartzitic part of section is dark-gray,
dark-bluish-gray, or locally white, generally thin bedded quartzite, with lesser
intercalations of thin-bedded, dark gray siltite and argillite.  Metasandstone commonly
consists of about 70 percent quartz, 15 percent biotite (or chlorite altered from biotite),
and 15 percent feldspar (Ekren, 1988).  Common sedimentary structures include ripple
crosslamination, mudchips, fluid-escape structures, local herringbone crosslamination,
climbing ripples, mudcracks, and millimeter-scale load casts (Ekren, 1988; Tysdal, 2000b).
Some argillite layers show “pull apart” structures probably formed as clay layers dried
and shrank.  Locally, mudchips are imbricated in opposite directions, indicating reversal of
current directions.  These features are most consistent with deposition in a tidal
environment, confirming the original shallow-water interpretation of Ross (1934) and
later Ekren (1988).  Yellowjacket strata grade upward into the conformably overlying
Hoodoo Quartzite (Yh) (Ross, 1934; Ekren, 1988; Evans and Connor, 1993)

Because this report uses a revised definition of unit Yy  that differs from most
recent applications [summarized to 1993 by Evans (1998)], a short summary of the
nomenclatural history of this unit is required.  Ross (1934) originally included gray, slightly
calcareous, shallow-water deposits of metasandstone and siltite near townsite of
Yellowjacket in his description of the reference section (technically, there is no formal
type section).  Subsequent workers extended use of the Yellowjacket name to other gray
quartzites and siltites that are widespread in eastern Salmon River Mountains and northern
Lemhi Range (Vhay, 1948; Ruppel, 1975; Bennett, 1977; Lopez, 1981; Hughes, 1983;
Connor and Evans, 1986; Ekren, 1988; Evans and Connor, 1993; Evans, 1998).  Recent
detailed mapping and stratigraphic studies indicate that the term Yellowjacket Formation
should be restricted to the genetically related shallow-water strata originally designated
by Ross (1934), which are preserved in a fault-bounded structural block (Tysdal, 2000b;
Tysdal and others, 2000).  Similar, though not identical, conclusions have been reached
by D. Winston (University of Montana) and P.K. Link (Idaho State University) in their
attempt to relate the Mesoproterozoic strata of east-central Idaho to the classic Belt
Supergroup (Winston and others, 1999).  Other rocks to which the Yellowjacket name
had been extended (see references cited above) are now correlated with formations of
the Lemhi Group (Tysdal, 2000a, b)

Yfm Feldspathic metasandstone (Mesoproterozoic)—White to light-gray, medium- to coarse-
grained feldspathic metasandstone; feldspar is 15–45 percent of rock; quartz grains are
generally subangular to subrounded.  Dark-gray heavy-mineral laminae are common in
lower parts of beds; mud chips of siltite are present in some beds.  Beds commonly
range from 30 to 100 cm thick and are trough crossbedded, with troughs in sets that
decrease in size upward in each bed.  Local 1- to 25-cm-thick, discontinuous interbeds of
medium-gray siltite.  Unit present only northwest of Carmen Creek in northwestern part
of Beaverhead Mountains and in eastern part of Clearwater Mountains.  Unit displays
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characteristics of fluvial strata in both areas (R.G. Tysdal, unpub. data, 2002).  Neither
top nor bottom of unit is exposed.  Total thickness unknown, but greater than 2,000 m

Ym Missoula Group, undivided (Mesoproterozoic)—Light-gray, fine- to coarse-grained, arkosic
metasandstone composed chiefly of quartz and feldspar (both microcline and plagioclase);
matrix ranges from 1 to 10 percent.  Dark-gray heavy minerals are abundant and are
concentrated in basal laminae of beds; some heavy-mineral laminae are so concentrated
as to form sags and convolute layers.  Beds composed of trough crosslaminae are
abundant, and commonly are overlain by beds of planar to ripple crosslaminated
metasandstone.  Fragments of dark-gray siltite (mudchips) occur at base of some beds,
some forming lenses as thick as 1 m and extending along strike for several meters.
Climbing ripples were observed in a few beds.  Pebble conglomerate layers occur at base
of some beds, forming lenses as thick as 10 cm, and extend at least 50 m along strike.
Pebbles commonly are rounded and are1–4 cm in diameter.  Clast compositions are
mainly vein quartz, but include crystalline metamorphic rocks, granite, and
metasandstone.  Water-escape structures occur locally.  Unit is interpreted as fluvial (R.G.
Tysdal, unpub. data, 2002).  Unit is present only along northeast flank of northwestern
part of Beaverhead Mountains.  Unit is more than 5,000 m thick.  Unit was assigned to
the Mount Shields Formation (Ruppel and others, 1993)

Yhe Helena and Empire Formations, undivided (Mesoproterozoic)—Alternating sequence of
quartzitic and calc-silicate strata.  A basal, upward-fining, fine-grained, and laminated
metasandstone grades upward into calc-silicate argillite, siltite, and quartzite.  Basal
quartzitic units vary in thickness from 0.1 to 2 m; capped by thin-bedded calc-silicate units
0.1–1 m thick.  Calc-silicate rocks are medium to dark green and contain abundant
porphyroblasts of actinolite and tremolite.  Exposure of this unit is poor but the strata
have been correlated to clastic and calcareous units of the Helena and Empire Formations
of the Belt Supergroup as exposed in Anaconda Range, Mont., east of Salmon National
Forest (Ruppel and others, 1993)

Ysg Spokane and Greyson Formations, undivided (Mesoproterozoic)—Dark-gray to dark-
greenish-gray, well-laminated argillite and silty argillite in uneven beds generally less than
5 cm thick; commonly contains uneven, parallel laminations of white to tan, very fine
grained quartzite and siltstone.  Apparently overlying is a unit of light-gray to white, fine-
to medium-grained quartzite interlayered with minor dark-gray argillite and siltite.
Ruppel and others (1993) interpreted these strata as being correlative to the Spokane
and Greyson Formations of the Belt Supergroup as seen in Highland Mountains, Mont.,
to the east.  Unit is poorly exposed at northern end of Salmon National Forest but
appears to underlie the strata mapped as undivided Helena and Empire Formations (Yhe )

PROTEROZOIC INTRUSIVE ROCKS

Zm Mafic intrusive rock (Neoproterozoic?)—Dark-gray-green to grayish-blue-green rock; cleaved;
metamorphosed to lower greenschist facies.  Some intrusions are diabase, but others are
so well cleaved that classification is uncertain.  Some of the rock contains yellowish-
brown carbonate clots that weather readily, leaving a vuggy surface texture.  Forms sills,
dikes, and in western part of Lemhi Range, a small plug-like intrusion.  Thickness of
tabular bodies ranges from 1 to 30 m, generally too thin and discontinuous to show on
map; only a very few are shown.  Present mainly in Lemhi Range and eastern part of
Salmon River Mountains.  Age uncertain

Ymg Megacrystic granite and augen gneiss (Mesoproterozoic)—Pink and light-gray, medium- to
coarse-grained, porphyritic to coarsely porphyritic, slightly peraluminous granite and
augen gneiss underlying large areas in north-central part of Salmon National Forest.
Composed of 20–40 percent alkali feldspar, 15–25 percent plagioclase, 20–40 percent
quartz, 20–30 percent biotite, and locally minor muscovite.  Microcline phenocrysts are
commonly 1–4 cm long in the strongly foliated augen gneiss but generally range from 4
to 10 cm in the less foliated granite; locally, as long as 15 cm.  Phenocrysts typically are
rounded oblate spheroids with rapakivi texture and internal growth rings commonly
defined by small biotite inclustions.  Unit occurs both as plutonic bodies and as sills
ranging from 1 to 1,000 m thick.  Outcrops weather to spheroidal shapes studded with
gray or pink microcline phenocrysts and produce coarse grus with whole microcline
phenocryts and augen typically preserved.  U-Pb zircon dates yield an age of about
1,370 Ma (Evans and Zartman, 1990; Doughty and Chamberlain, 1996)

Yam Amphibolite and magnetite-hornblende gneiss (Mesoproterozoic)—Dark-gray to black, fine-
to medium-grained amphibolite and magnetite-hornblende gneiss in north-central part of
Salmon National Forest and extending to the north into Montana (Berg, 1977).
Composed of 40–70 percent hornblende, 20–50 percent plagioclase, 5–40 percent
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biotite, and less than 5 percent quartz (Schmidt and others, 1994).  Typically, amphibolite
occurs as 1- to 15-m-thick sills with foliation defined by hornblende and biotite;
magnetite-hornblende gneiss probably was comagmatic with amphibolite.  Magnetite-
hornblende gneiss contains 55–70 percent feldspar, 20–30 percent quartz, 10–20
percent hornblende, and 3–5 percent magnetite (Schmidt and others, 1994).  Outcrops
of unit Yam are uncommon and weathering produces a dark micaceous soil.  Field
relations between unit Yam and the megacrystic granite (Ymg) indicate mingling of the
two magmas; U-Pb isotopic dating of both units confirms a comagmatic relationship at
about 1,370 Ma (Berg, 1977; Evans and Zartman, 1990; Doughty and Chamberlain,
1996)

PROTEROZOIC METAMORPHIC ROCKS

Ybgn Biotite gneiss (Mesoproterozoic)—Medium- to dark-gray, fine- to medium-grained, thinly
layered biotite gneiss well exposed in lower Middle Fork Salmon River and along main
Salmon River west of Shoup (Maley, 1974).  Composed of 50–90 percent subrounded
to subangular quartz, 5–50 percent biotite, and 0–20 percent feldspar (Schmidt and
others, 1994; Lund, Evans, and Esparza, 1983).  Biotite-rich and quartz-rich layers
alternate and range from 0.5 to 10 cm thick.  Metamorphism reached garnet and
sillimanite grade with migmatization common along Middle Fork Salmon River.  Locally,
gneiss interfingers with unit Yq and is cut by sills of units Ymg and Yam.  Some biotite-
rich layers contain greater than 50 percent biotite and are similar to biotitites associated
with the cobalt-deposit at Blackbird mine (Evans, 1998), suggesting at least part of unit
Ybgn is equivalent to identifiable lower-grade strata

Yq Quartzite (Mesoproterozoic)—Light-gray to white, fine- to medium-grained quartzite present
in both walls of Salmon River canyon west of Shoup and northeast of Papoose Creek.
Compositionally 80–100 percent subrounded quartz, 0–5 percent biotite, and 0–10
percent feldspar, with local concentrations (≤5 percent) of muscovite (Schmidt and
others, 1994).  Bedding commonly massive except where biotite-rich laminae define thin
layers.  Rare tourmaline breccias are present as 0.5- to 3-m-thick concordant lenses with
angular quartzite clasts surrounded by a matrix of tourmaline.  Units Ymg and Yam
intrude the quartzite, as do deformed and undeformed pegmatite and aplite.  Unit
interfingers with unit Ybgn at both outcrop and map scale.

The stratigraphic relationship of units Yq and Ybgn is similar to that of the much
less metamorphosed Hoodoo Quartzite and Yellowjacket Formation at their reference
section near Yellowjacket (Ross, 1934; Tysdal and others, 2000).  In addition, local
tourmaline breccias are present in the Hoodoo Quartzite (Evans and Connor, 1993),
possibly strengthening the argument for such a correlation.  However, if biotitite layers
are present in unit Ybgn, this suggests correlation with rocks at Blackbird mine (formerly
considered Yellowjacket Formation, but now correlated with the Apple Creek Formation
(compare, Evans, 1998; Tysdal, 2000b).  In such a case, unit Yq may correlate with part
of the Gunsight Formation (Yg)

Ycsq Calc-silicate quartzite (Mesoproterozoic)—Medium-gray to green, medium-grained sphene-
hornblende(?)-biotite-diopside quartzite in a limited area in northwestern Salmon National
Forest.  Centimeter-scale compositional layering is well developed and accentuated by
differential erosion (Schmidt and others, 1994).  Dikes and sills of intrusive rocks have
obscured the contact relationships with unit Ybgn.  Possible correlatives may be
calcareous strata of the Yellowjacket Formation or Lemhi Group

Xg Basement gneiss (Paleoproterozoic)—Predominantly light-gray to red-brown, coarse-grained
granite gneiss locally present near Deadman Pass in Beaverhead Mountains, but widely
exposed in Montana immediately east of Salmon National Forest in Maiden Peak spur
area northeast of Leadore (M’Gonigle, 1994).  Average composition is 38 percent
microcline, 25 percent quartz, 12 percent orthoclase, 11 percent plagioclase, 12 percent
hornblende and (or) biotite, and 2 percent apatite, zircon, ilmenite, and leucoxene.
Preliminary U-Pb zircon data suggested an Archean age (reported in M’Gonigle, 1994),
but recent work suggests a Paleoproterozoic age of about 2,450 Ma (Kellogg and
others, 1999)
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INTRODUCTION

The Salmon National Forest occupies about
1.8 million acres of land, primarily in Lemhi County
but also including minor parts of Idaho and Valley
Counties, Idaho.  Much of the forest lies within the
dissected plateau of the Clearwater and Salmon
River Mountains, but the eastern part includes the
basin-range topography of the Lemhi Range and
Beaverhead Mountains.  The Salmon River and its
major tributaries drain the forest.  Land use activities
vary from restricted, in the Frank Church–River-of-
No-Return Wilderness on the western side of the
forest, to multiple use (recreation, grazing, logging,
mining) in the majority of the forest.  In addition,
segments of the Salmon River and the Middle Fork
Salmon River are designated as “wild-and-scenic,”
catering to thousands of rafters every year.

PREVIOUS INVESTIGATIONS

The geologic map comprises recent published
and unpublished mapping, primarily by members of
the U.S. Geological Survey (USGS); older maps
were used only where recent coverage was lacking.
Since the mid-1980’s, several research projects of
the USGS yielded new maps for large areas of the
Salmon National Forest.  Not all questions of map
relations could be adequately resolved with existing
data, so careful users of the map will note a few
areas of apparent geologic and geometric problems.
This is particularly true for the northwestern part of
the Beaverhead Mountains and the northeastern part
of the Clearwater Mountains.  Almost no field work
was undertaken in these areas and satisfactory
reconciliation of previous, differing map
interpretations was not readily accomplished.  Some
interpretation in the westernmost part of the western
map sheet is speculative.  Such areas and problems
should be viewed as opportunities for future
research.

DATA SOURCES, PROCESSING, AND ACCURACY

The geology of large parts of the Salmon
National Forest and vicinity was mapped from 1990
to 2002, and was compiled by the authors from
1997 to 2002.  New published and unpublished
maps by members of the USGS, particularly Karl V.
Evans, Karen Lund, Russell G. Tysdal, and Gary R.
Winkler, were integrated with maps from numerous
published contributions (see “Index to sources of
geologic mapping”).  The geology was compiled
onto 1:100,000-scale topographic base maps for
input into a Geographic Information System (GIS).
Digital base map data files, including the Bighorn
Crags, Borah Peak, Challis, Leadore, Nez Perce Pass,
Salmon, and Wisdom quadrangles, are available at url
http://pubs.usgs.gov/imap/2003/i-2765/.  This
database is not meant to be used or displayed at any
scale larger than 1:100,000 (for example 1:62,500
or 1:24,000).

Clear-film positives of the 1:100,000-scale
geologic map compilation were electronically

scanned to create raster digital images, converted to
vector, polygon and point GIS layers, and attributed
by a contractor (Geologic Data Systems, Inc.,
Denver, Colo.).  The digital files were further
attributed and edited, and then plotted and compared
to the original film positive of the geologic map to
check for digitizing and attributing errors.  All
processing by the USGS was done in Arc/Info
version 7.2.1 installed on a Sun Ultra workstation.

GEOLOGY

REGIONAL GEOLOGIC SETTING

The Salmon National Forest is in both the
northern Basin and Range province and the adjacent
upland plateau of east-central Idaho.
Mesoproterozoic metasedimentary rocks underlie
large areas of the forest.  Paleozoic and Mesozoic
sedimentary strata are mostly restricted to the Lemhi
Range and Beaverhead Mountains in the
southeastern part of the forest.  Intrusions
throughout the area are predominantly granitoid and
are Mesoproterozoic (1,370 Ma), Cambrian and
Ordovician, Cretaceous (Idaho batholith), and
Eocene.  Eocene extrusive rocks of the Challis
Volcanic Group are widespread but are most
common in the southern part of the forest.  Tertiary
and Quaternary sedimentary strata dominate the
Lemhi Valley, which is mostly outside the boundary
of the forest.  The map area lies within the
Cordilleran thrust belt and was translated to the east
in Cretaceous to Paleocene time.  At least three
major thrust faults—the Iron Lake, Poison Creek, and
Brushy Gulch faults—are present in the forest and
broadly separate the geology into three
tectonostratigraphic packages.  Several episodes of
Tertiary extensional faulting further complicated the
structural setting, and Miocene to Pleistocene(?)
basin-range faulting produced the current
topography of the eastern half of the forest.
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