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Cover. View to south of Big Creek airstrip and Edwardsburg in midground
from McFadden Point. North end of hogback at airstrip is dated location of
the Neoproterozoic Hoghack Rhyolite Member of the Edwardsburg Forma-
tion, one of the herein named and dated formations of the Windermere
Supergroup. Western and northern edge of Thunder Mountain caldera in
peaks to left and middle of Profile Gap, and roof pendants of Windermere
Supergroup floating above Cretaceous granite in peaks to right.



Geology of the Payette National Forest
and Vicinity, West-Central ldaho



Frontispiece. A first publication on the Mesoproterozoic biotite gneiss migmatite (Ygn) of the Middle
Fork Salmon River (date unknown).
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Geologic Setting of the Payette National Forest,

West-Central Idaho

By Karen Lund

Abstract

Before the Late Cretaceous, the eastern and western
parts of the geologically complex Payette National Forest,
as divided by the Salmon River suture, had fundamentally
different geologic histories. The eastern part is underlain
by Mesoproterozoic to Cambrian(?) rocks of the Laurentian
(Precambrian North American) continent. Thick Mesopro-
terozoic units, which are at least in part equivalent in age to
the Belt Supergroup of northern Idaho and western Montana,
underwent Mesoproterozoic metamorphic and deformational
events, including intrusion of Mesoproterozoic plutons. Dur-
ing the Neoproterozoic to early Paleozoic, the western edge
of Laurentia was rifted. This event included magmatism and
resulted in deposition of rift-related Neoproterozoic to Lower
Cambrian(?) volcanic and sedimentary rocks above Mesopro-
terozoic rocks. The western part of the forest is underlain by
upper Paleozoic to lower Mesozoic island-arc volcanic and
sedimentary rocks. These rocks comprise four recognized
island-arc terranes that were amalgamated and intruded by
intermediate-composition plutons, probably in the Late Juras-
sic and Early Cretaceous, and then sutured to Laurentia along
the Salmon River suture in the Late Cretaceous.

The Salmon River suture formed as a right-lateral,
transpressive fault. The metamorphic grade and structural
complexity of the rocks increase toward the suture from both
sides, and geochemical signatures in crosscutting plutonic
rocks abruptly differ across the crustal boundary. Having
been reactivated by younger structures, the Salmon River
suture forms a north-trending topographic depression along
Long Valley, through McCall, to the Goose Creek and French
Creek drainages.

During the last stages of metamorphism and deformation
related to the suture event, voluminous plutons of the Idaho
batholith were intruded east of the suture. An older plutonic
series is intermediate in composition and preserved as elon-
gated and deformed bodies near the suture and as parts of roof
pendants to younger intrusions to the east. A younger magma
series consists of undeformed, marginally peraluminous plu-
tons that formed east of the suture after accretion.

After suture-related compression, crustal extension resulted
in voluminous volcanic and plutonic rocks of the Eocene Challis
magmatic complex on the east side of the forest. Extension,

from the Late Cretaceous to post-Miocene, uplifted the area
of the Idaho batholith relative to the western part of the for-
est and formed dominant highlands along the Snake River.
Extensional basins also formed such that, in the Miocene,
the Columbia River Basalt Group and related basaltic lavas
flowed over most of the lower elevations on the western
side of the forest and redirected erosional debris into north-
trending, fault-controlled drainages and young sedimentary
basins.

Introduction

The Payette National Forest (hereafter referred to as the
forest) covers 2.3 million acres, making up most of west-
central Idaho (fig. Al). For the most part, the area is heavily
forested and fairly inaccessible. The eastern one-third and
northwestern one-sixth of the forest are designated “Wilder-
ness Areas” and have no road access. A significant amount
of the center of the forest is classified as “Roadless Areas.”
Geologic study of the forest was requested by the U.S. Forest
Service for land-use planning purposes.

This geologic map (pls. 1 and 2; supersedes Lund and
others, 1998) is a compilation of both previously published
and new data (fig. A2). Before this study, large parts of the
area had no previous geologic studies or had only reconnais-
sance geologic mapping. Because of difficult access and time
constraints, the geologic mapping of the wilderness areas
consists of generalized reconnaissance mapping and, although
improved in places for this study, remains primarily com-
piled from previous sources. Where it was possible to field
check and update during this study, the previous mapping in
the eastern part of the forest commonly was found to be very
unsatisfactory. However, other areas of the forest, particularly
in the west half, had more accurate and available geologic
information (fig. A2).

Geologically, the forest has a unique location, span-
ning the abrupt island-arc—continent boundary known as the
Salmon River suture (fig. A3); rocks on either side of it had
very different origins and histories before suturing. Older
Laurentian (Precambrian and Paleozoic North American) con-
tinent on the east side of the forest is separated by the suture
from allochthonous oceanic rocks on the west side. The
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stratigraphy and history of the continental rocks must be
pieced together from exposures in roof pendants because the
eastern side of the area is in the Idaho batholith province and
is largely underlain by plutonic rocks of four different Meso-
proterozoic to Eocene intrusive episodes. Oceanic rocks on
the west side are from at least four island-arc terranes and
include plutons that intruded after the terranes were amalgam-
ated but before their accretion to Laurentia. Although both
oceanic and continental terranes underwent deformation and
metamorphism earlier and independently, the most pervasive
deformation and metamorphism in the forest resulted from
accretionary processes that ultimately resulted in suturing
the island-arc rocks to Laurentia; these effects decrease in
intensity away from the suture. The early history of the suture
itself is obscured by Cretaceous plutons that record only the
younger history of the zone. The Weiser embayment of the
Columbia River Basalt Group is in the western part of the
area, where basalt flows were confined by uplifts related to
Tertiary block faulting (fig. A3). Tertiary faulting is also
responsible for the control of late Tertiary sedimentation and
of most present-day drainage patterns in the forest.

IDAHO

Figure A1. Geographic extent of Payette (PNF) and Salmon
(SNF) National Forests, west-central Idaho.

Metamorphic Rocks of Laurentia

The metamorphic rocks of Laurentian derivation are
preserved as roof pendants, migmatitic gneisses, and screens in
the plutonic rocks of the Idaho batholith. Four major roof pen-
dants are named Marshall Mountain, Stibnite, Big Creek, and
mouth of the Middle Fork (fig. A3). Several large inclusions,
at Burgdorf Summit, Sheepeater Mountain, Middle Fork of the
Salmon River, and surrounding the more intact roof pendants,
are present in the forest where rocks above and within plutons
of the Idaho batholith are preserved (pl. 2). Metamorphic rocks
of the southern part of the Gospel Peaks and Buffalo Hump
roof pendants (northwestern pl. 2; northern fig. A3) are also
discussed in this report. Roof pendants are large and coherent
enough for individual units to be traced and mapped. Zones of
migmatitic gneiss are exposed primarily along the Salmon River
where Cretaceous and Mesoproterozoic magmas intruded into
high-grade, partially melted terrigenous rocks, possibly because
of exposure of deeper crustal levels through a combination of
thrust fault exposure and normal-fault block tilting. Screens
predominate near the Salmon River suture where metamorphic
rocks are highly deformed together with Cretaceous plutonic
rocks. In the screens and migmatitic gneiss zones, primary fea-
tures have been replaced by dynamothermal and melt features,
respectively, and lithodemic units are difficult to map.

Geologic mapping of the forest and nearby areas has
demonstrated that there are two major age groups represented
in these discontinuous exposures of metamorphic rocks of Lau-
rentian derivation. A band of Mesoproterozoic rocks crops out
in a northwest-southeast trend across the eastern part of plate 2
(central and eastern fig. A3). A parallel band of Neoproterozoic
metamorphic rocks and minor Lower Cambrian(?) metamorphic
rocks lies southwest of the older rocks.

Mesoproterozoic Rocks

Metasedimentary Strata

Recent mapping (Lund, 1984; Lewis and others, 1990;
Lund and Esparza, 1990; Evans and Green, 2003; this study)
has significantly upgraded previous generalized lithologic
mapping of metamorphic rocks across central Idaho. Because
of these efforts, tectonostratigraphic packages are traced across
the State and most of the metamorphic rocks are correlated with
known stratigraphic units. In general, the Mesoproterozoic
strata of central Idaho are equivalent to rocks of the Mesopro-
terozoic Belt Supergroup of northern and central Montana and
northern Idaho. However, the relatively better studied Meso-
proterozoic strata of eastern Idaho and adjacent southwestern
Montana are not conclusively correlated with specific units
of the Belt Supergroup and probably originated in somewhat
different settings and environments (Tysdal, 2000). Strata in
the forest are probably most closely related to those of eastern
Idaho rather than to the Belt Supergroup farther north.

A northwest-trending band of Mesoproterozoic metasedi-
mentary rocks is preserved in the Marshall Mountain, Stibnite,
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Figure A3 (above and facing page). Generalized geologic map of Payette National Forest and vicinity, west-central Idaho.

Big Creek, and mouth of the Middle Fork roof pendants (fig.
A3) as well as near Burgdorf Summit and Sheepeater Moun-
tain (north-central pl. 2), and north of the Salmon River in

the Buffalo Hump and Gospel Peaks roof pendants in the Nez
Perce National Forest (northern fig. A3). Although some of
the Mesoproterozoic rocks are in isolated locations and are
metamorphosed to high grades, most of the Mesoproterozoic
rocks can be subdivided into two discrete packages of rocks
that can be traced into equivalent rocks of lower metamorphic
grade in east-central Idaho based on composition, thickness of
units, contiguous exposures, and (or) sedimentary structures.
Additionally, the studies of the Payette and Salmon National
Forests (this study and Evans and Green, 2003, respectively;
fig. A1) document that metamorphic-deformational belts
parallel the trend of the stratigraphic packages across central
Idaho.

Stratigraphic Packages

The Mesoproterozoic Yellowjacket Formation—-Hoodoo
Quartzite—argillaceous quartzite succession (Yy, Yh, Yaq,
respectively) extends into the eastern side of the forest from
the reference areas in the Salmon National Forest about 20

km east of plate 2 (Ross, 1934; Ekren, 1988; Tysdal, 2000;
Tysdal and others, 2000) and can be physically traced to lower
Big Creek (east-central pl. 2). Although the metamorphic
grade increases from the east into the area of plate 2 and few
sedimentary structures remain, the scale of lamination and
the overall stratigraphic succession indicate probable correla-
tion of units into lower Big Creek. In the Salmon National
Forest, the Yellowjacket and associated units are bounded on
the east and north by a basal thrust fault that puts this succes-
sion over strata of the Lemhi Group (Tysdal, 2000; Tysdal
and others, 2000; K. Lund, unpub. data, 2001-2002; Tysdal
and others, 2003). The same or a similar structure probably
bounds the northern margin of the Yellowjacket Formation
and associated units in the Payette National Forest, envel-
oped within the elongate body of the Chamberlain Basin
pluton (eastern fig. A3). North of this engulfed thrust fault,
remnants of footwall rock are marked by greater deformation
and different composition, as compared to the Yellowjacket
Formation and associated units of the hanging wall. The top
of the succession associated with the Yellowjacket Formation
is eroded or cut by intrusive rocks both in the reference area in
the Salmon National Forest to the east and in this study area;
thus, the temporal relationship between this succession and
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EXPLANATION

Alluvium and glacial deposits (Quaternary)

WEISER EMBAYMENT

Basalt flows and interbedded sedimentary rocks (Tertiary)

EOCENE MAGMATIC COMPLEX

Challis Volcanic Group (Eocene)

Rhyolite to dacite dikes (Eocene)
Hypabyssal intrusive rocks (Eocene)
IDAHO BATHOLITH

Granite and granodiorite (Late Cretaceous)
Foliated granodiorite and tonalite (Late Cretaceous)

ALLOCHTHONOUS BLUE MOUNTAINS ISLAND ARC
Granodiorite, quartzdiorite, and gabbro (Cretaceous to Jurassic)
Intra-arc basin rocks of Izee terrane (Jurassic)
Island-arc rocks of Olds Ferry terrane (Triassic)
Island-arc rocks of Wallowa terrane (Triassic to Permian)
Fore-arc basin rocks of Baker terrane (Mesozoic to Paleozoic)

Metamorphosed island-arc rocks (Jurassic to Permian)

LAURENTIAN ROCKS

Contact

known

other Mesoproterozoic strata (see subsequent discussion of the
Lembhi Group) is unknown.

Metasedimentary rocks in the Big Creek roof pendant
along the middle part of the Big Creek drainage (east-central
fig. A3 and center pl. 2) are not in physical contact with other
Mesoproterozoic rocks. These rocks are herein correlated with
part of the Mesoproterozoic Lemhi Group based on preserved
sedimentary structures and stratigraphic succession. Specific
correlations are with the upper Apple Creek and Gunsight
Formations of the upper Lemhi Group and with the overlying
Swauger Formation (Ylau, Ylg, and Ys, respectively) (Rup-
pel, 1975). The prominent centimeter-scale sandstone-siltite

Syenite-diorite plutons (Neoproterozoic)
Windermere Supergroup (Neoproterozoic to lower Paleozoic(?))
Granite and augen gneiss (Mesoproterozoic)

Lemhi Group and Swauger Formation; Yellowjacket Formation and
Hoodoo Quartzite (Mesoproterozoic)

Metamorphosed rocks, undivided (Neoproterozoic to Mesoproterozoic)

Normal fault—Bar and ball on downthrown side where relative movement

Thrust fault—Sawteeth on upper plate

(light-and-dark) layering and water-escape features in the
biotite phyllite (fig. B19) are identical to sedimentary features
found in rocks described as the banded siltite unit of the Apple
Creek Formation in the Blackbird mine and northern Lemhi
Range areas east of the forest (Tysdal and others, 2000; Tys-
dal and others, 2003; previously called the middle part of the
Yellowjacket Formation in the Blackbird mine area by Connor
and Evans, 1986; Evans, 1998). Quartz-feldspar-rich phyllite
interlayers in metasandstone form a unit most likely correlative
with the arkosic sandstone of the Gunsight Formation east of
the forest (Tysdal and others, 2000; Tysdal and others, 2003;
previously thought to be the upper part of the Yellowjacket
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Formation in the Blackbird mine area by Connor and Evans;
1986; Evans, 1998; and previous workers). An upper quartz-
rich metasandstone to quartzite is herein correlated with the
Swauger Formation (Ys); however, in places, especially
Profile and middle Big Creeks, parts of the Swauger Forma-
tion are probably included in rocks mapped as the Gunsight
Formation. The stratigraphic relationship between these units
and the Yellowjacket Formation and associated units (Yy, Yh,
Yaq) is unknown regionally but could lie in the little known
middle part of the Big Creek drainage in the northern part of
the Thunder Mountain caldera. The top of the Lemhi Group in
the east-central part of the forest is eroded and Neoproterozoic
strata overlie what may have been an angular unconformity.

High-grade migmatitic metasedimentary rocks (Ygn)
cut by Mesoproterozoic granite (Yagn) in the mouth of the
Middle Fork roof pendant (northeast corner fig. A3 and pl. 2)
were previously mapped as lithodemic units (Lund, Evans, and
Esparza, 1983; Schmidt and others, 1994). Recent mapping
and interpretation of previous work indicate continuity with
lower grade metasedimentary rocks to the south and southeast
(K. Lund, unpub. data, 2001) and correlation with the Apple
Creek Formation of the Lemhi Group (Ylau; Tysdal and
others, 2003). Very few primary sedimentary features are pre-
served in these intensely deformed and metamorphosed rocks,
and only structural continuity and stratigraphic succession
can be used to suggest correlations among individual units on
the extreme east side of the forest and contiguous parts of the
Salmon National Forest (K. Lund, unpub. data, 2001-2002).
These rocks are part of a northwest-trending belt of high-grade
metamorphic rock that, in some areas, was near the point of
melting during formation of the Mesoproterozoic plutons
(figs. B8 and B9). This suggests that at least some of the
metamorphic fabric in these rocks formed in the Mesoprotero-
zoic, which is confirmed by dating studies about 20 km east of
the forest (Doughty and Chamberlain, 1996). By inference,
a metamorphic belt trending northwest across central Idaho,
including these rocks in the northeastern part of the forest,
may be a Mesoproterozoic orogenic belt (K. Lund, unpub.
data, 2001-2003).

The high-grade Mesoproterozoic metasedimentary
rocks in the Stibnite and Marshall Mountain roof pendants
(Ybfq) were not correlated with other Mesoproterozoic
packages because the rocks have such a high metamorphic
grade and because the exposures are not extensive enough to
provide a good sense of stratigraphic sequence. However,
compositions, interlayered characteristics, and regional unit
trends suggest that these may be high-grade equivalents to
the Gunsight Formation (Ylg). Mesoproterozoic exposures
east of the Buffalo Hump roof pendant and between the Big
Creek and Marshall Mountain roof pendants are also not
correlated with other Mesoproterozoic successions primar-
ily because they were not extensively examined during this
study. Regional trends interpreted from this study and from
mapping in the Salmon National Forest to the east (K. Lund,
unpub. data, 2001) suggest that some of these strata may cor-
relate with parts of the Lemhi Group.

Associated Mineral Deposits

Previously mined gold-silver-copper quartz-vein depos-
its and other mineralized but unmined areas along the middle
reaches of Big Creek in the east-central part of the forest (Cater
and others, 1973) are hosted in rocks herein tentatively corre-
lated with the upper part of the Mesoproterozoic Apple Creek
Formation (Ylau). Stream-sediment geochemistry indicates
a high regional association for cobalt and related elements
(Lund and others, 1990). The limited available information
suggests that these vein deposits may be younger remobiliza-
tions of Blackbird-type cobalt-copper sediment-hosted deposits
or zones of high metal concentrations in host rocks that did
not originally result in mineral deposits. These indications of
cobalt-copper mineralization in the host rocks reinforce cor-
relation of the host rocks with the redefined upper part of the
Apple Creek Formation (banded siltite unit) of the Blackbird
mining district (Tysdal, 2000; Tysdal and others, 2000).

Metaplutonic Rocks

Mesoproterozoic porphyritic granite and granitic augen
gneiss (Yagn) intruded Mesoproterozoic metasedimentary
rocks (Ygn) in and near the lower canyon of the Middle
Fork of the Salmon River (Evans, 1981; Lund, Evans, and
Esparza, 1983; Lewis and others, 1990; Schmidt and others,
1994). These intrusions are part of a band of similar granites
that trends northwest across central Idaho (fig. A3 and pl. 2).
Strong deformation fabrics led earliest workers to suggest
that these were Archean basement (for example, Umpleby,
1913). Alternatively, before the complexity of intrusive events
in Idaho was appreciated, these granites were considered by
some workers to be part of the Late Cretaceous Idaho batholith
(Ross, 1925; Anderson, 1942; Shockey, 1957). Preliminary Rb-
Sr model ages for the augen gneiss were about 1,500 Ma and
reinforced the idea that the granites and the rocks they intruded
might be part of a pre-Mesoproterozoic basement terrane that
was then named the Salmon River arch (Armstrong, 1975).

Several samples of these granites in the Salmon National
Forest (about 25 km east of the Payette National Forest) are
dated at about 1,370 Ma (Evans, 1981; Evans, 1986; Evans
and Zartman, 1990; Doughty and Chamberlain, 1996). The
1,370-Ma age of the granites, together with recent dating of
Mesoproterozoic rocks of the Belt Supergroup in western
Montana (Evans and others, 2000), indicates that the granites
were emplaced near the end of Mesoproterozoic sedimenta-
tion. Because of these ages and because the granites postdate
Mesoproterozoic basin formation, these Mesoproterozoic
granites do not provide evidence for a pre-Mesoproterozoic
metamorphic-plutonic terrain called the Salmon River arch
(Evans, 1981; Evans and Lund, 1981; Evans and Zartman,
1990; Doughty and Chamberlain, 1996); this concept should
be abandoned.

The chemistry of the granites suggests that they are
similar to Mesoproterozoic granites present in a belt from the
southwestern United States to Labrador, Canada, and thought
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Figure A4. Mining districts in Payette National Forest and vicinity, west-central Idaho.

to be anorogenic (Evans, 1981; Lewis and others, 1996),
caused by melting related to influx of heat by injection of
mafic dikes into the sedimentary basin (Doughty and Cham-
berlain, 1996; Lewis and others, 1996). However, the Meso-
proterozoic metasedimentary rocks in the Middle Fork of the
Salmon River consist of partial-melt migmatites and, although
the leucosomes (melt fractions) were previously thought to

be related to formation of the Late Cretaceous Idaho batho-
lith (Hamilton, 1978), they were subsequently dated at about
1,370 Ma (Doughty and Chamberlain, 1996). In the same
area, Mesoproterozoic pophyritic granite/augen gneiss (Yagn)
occurs both as discrete plutons cutting low- to high-grade
metasedimentary rocks and as migmatite stringers and veins
in high-grade metasedimentary rocks (figs. B8 and B9). Thus,
the granitic magma that formed the porphyritic granite/augen
gneiss in the Middle Fork of the Salmon River area may be the
result of near in-situ melting during a Mesoproterozoic (about
1,370 Ma) dynamothermal orogenic event rather than a rift-
related or anorogenic event.

Amphibolite dikes (ZYam) in the forest cut Mesopro-
terozoic and oldest Neoproterozoic metasedimentary rocks.
The mafic dikes have not been dated but some may be part of
the Mesoproterozoic magmatic event that includes amphibo-
lites elsewhere to the east and west (Evans, 1986; Evans and
Fischer, 1986; Doughty and Chamberlain, 1996). It has been
previously suggested that mafic igneous rocks such as the
amphibolite gneiss bodies and dikes (ZYam) in the forest and
near Shoup (about 25 mi east of the forest) may have formed
from rift-related mafic magma that was injected into the crust
and caused crustal melting, in turn forming the Mesoprotero-
zoic granitic magmas (Doughty and Chamberlain, 1996; Lewis
and others, 1996). Because mafic dikes in the forest have
not been dated and because some intruded rocks are probably
Neoproterozoic, some of the dikes may be related to the Neo-
proterozoic syenite-diorite plutonic bodies that also intruded
Mesoproterozoic metasedimentary rocks, indicating that
there may be two ages of amphibolite dikes. The available
information also allows that amphibolite dikes in the forest
are all Neoproterozoic.
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Neoproterozoic Rocks

A discontinuous northwest-trending band of metamor-
phosed Neoproterozoic (Windermere Supergroup) and associ-
ated Cambrian(?) strata crosses the eastern part of the forest
west and south of Mesoproterozoic strata (fig. A3). Parts of
this complicated package of rocks are preserved in the Gospel
Peaks, Marshall Mountain, Big Creek, and Stibnite roof pen-
dants (pl. 2 and fig. A3) and in the Indian Creek to Little Loon
Creek and Grouse Creek areas along the Middle Fork of the
Salmon River (southeast corner of pl. 2 and fig. A3).

Rich mineral deposits in and near the Stibnite roof
pendant (fig. A3) have been the subject of the few previous
studies in that area. Several of these studies resulted in local
subdivision of the rocks into lithodemic units that are similar
to those used in the present study; additionally, previous work-
ers suggested that some of the rocks might be Paleozoic rather
than Mesoproterozoic (Schrader and Ross, 1926; Shenon and
Ross, 1936; White, 1941; Ross and Forrester, 1947; Smither-
man, 1985). Those age interpretations and lithodemic subdivi-
sions were disputed (Ross, 1962) and the most recent geologic
map of Idaho shows all previously recognized metamorphic
rocks in the central part of the forest as Mesoproterozoic
metasedimentary rocks (Bond, 1978). Additionally, the most
recent mapping and compilation of the southeastern part of the
forest (southern one-third of pl. 2, Challis 1°x2° quadrangle)
show all previously known metamorphic rocks in the Stibnite
area as either the Mesoproterozoic Yellowjacket Formation
or Hoodoo Quartzite (Fisher and others, 1992), terminology
defined for Mesoproterozoic rocks east of the forest (Ross,
1934; Ekren, 1988; Tysdal, 2000; Tysdal and others, 2000).

Although no metamorphic rocks are shown on the State
map of Idaho in the area of Marshall Mountain (Bond, 1978),
more recent reconnaissance mapping of the Marshall Lake min-
ing district (May, 1984) described metamorphic strata in a large
roof pendant there and adopted an age of Paleozoic (fig. A4) as
proposed by White (1941) for metamorphic rocks near Stibnite.

Metamorphic rocks in the southern part of the Big Creek
roof pendant (Profile Gap mining district; figs. A3 and A4) were
partly mapped during study of mineral deposits by Shenon and
Ross (1936). In that study, rocks at Profile Gap were suggested
to be Paleozoic, whereas similar rocks near the settlement of
Big Creek just a few kilometers to the north were shown as
Mesoproterozoic Yellowjacket Formation and Hoodoo Quartzite
(Shenon and Ross, 1936). During a later study of the metamor-
phic rocks near the settlement of Big Creek, a metavolcanic
layer was recognized in the metamorphic rocks; however, the
whole package was correlated with the Mesoproterozoic Yel-
lowjacket Formation (Leonard, 1962). Subsequently, a more
complete description of the lithologic sequence of the rocks
near Big Creek was made but correlation with Mesoproterozoic
strata was not questioned (Kirkpatrick, 1974).

In the southeastern part of the forest, mapping of the Chal-
lis 1°x2° quadrangle identified relatively small areas of meta-
morphic inclusions in plutonic rock. The metamorphic rocks
were described as roof pendants, were mostly not differentiated

compositionally, and were suggested to be Mesoproterozoic in
age (Fisher and others, 1992).

Strata in the Gospel Peaks roof pendant were previously
suggested to be Neoproterozoic (Lund, 1984, 1988b; Lund and
Snee, 1988) and strata in the Big Creek roof pendant were rec-
ognized as part of the same succession (Lund and others, 1997).
However, the isolation of the central Idaho exposures from sec-
tions with published descriptions and the lack of temporal context
made it difficult to develop specific correlations for the central
Idaho strata. The discovery of zircon-bearing felsic volcanic
strata in roof pendants in the forest provided the opportunity for
directly dating this largely metasedimentary succession, thereby
putting them in a regional context. The new isotopic dates and
regional correlations derived from work in the forest (Lund and
others, 2003) also provide a better temporal framework for other
Cordilleran Neoproterozoic strata that are much better known
but remain largely undated.

Windermere Supergroup

The name “Windermere Group” is recognized by the U.S.
Geological Survey for rocks of the Neoproterozoic facies belt
in the United States part of the Cordillera, whereas “Win-
dermere Supergroup” is preferred for the more completely
preserved succession in the Canadian part of the Cordillera.
Because Windermere Supergroup is more widely used for
the better preserved exposures, this report follows the recent
Decade of North American Geology usage (Link and others,
1993) and the term “Windermere Supergroup” will be used
for Neoproterozoic strata in the forest. However, the formal
group-rank units of the Windermere Supergroup will not be
used in this report. A recent trend in the literature includes
both older and younger Neoproterozoic rift-related units
within the Windermere Supergroup (see Lund and others,
2003) and this usage is followed.

Rocks of the Windermere Supergroup in central Idaho
are herein divided into four packages that are informally
designated as Gospel Peaks succession A through D. The
most complete stratigraphic sections are in the Gospel Peaks
(north-central edge fig. A3; northwestern corner pl. 2), for
which the succession is named. Herein, nine new forma-
tions (fig. AS) are named and described for metamorphosed
carbonate-siliciclastic-volcanic-diamictite strata that overlie
Mesoproterozoic rocks in roof pendants across central Idaho.
The newly described stratigraphic section is composite, based
on isolated exposures of parts of the succession. The areas
for which each formation is named and where each is best
exposed are shown in figure A6. Most are named for expo-
sures in the Gospel Peaks roof pendant where most of the
units are best exposed. Units not exposed there are named for
exposures in the Big Creek and Stibnite roof pendants.

Gospel Peaks Succession A

Three newly named formations overlie the Mesoprotero-
zoic units and underlie dated Neoproterozoic units (see the
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Table A1,

Geochemical data for volcanic rocks of Neoproterozoic Edwardsburg Formation.

[Wavelength dispersive X-ray fluorescence (WDXRFE) analyses performed by U.S. Geological Survey laboratories, Denver, Colo.|

Field number  Sample description §i0,  Al0; FeTO;'  Mg0 Ca0  Na0 K0  Ti0, P,0s  Mn0  LOP

3KL045 Amphibolite, 46.7 8.87 1.5 133 12.4 1.26 0.53 2.50 0.32 0.18 0.62
Golden Cup Member.

99KL.027 Amphibolite, 426 870 1.5 10.6 15.5 194 019 226 039 021 492
Golden Cup Member.

2KE084A Rhyolite, 622 154 713 081 2.07 5.07 299 068 0.16 022 114
Hogback Rhyolite Member.

98KL021 Rhyodacite, 657 139 6.73 211 1.78 4.07 275 1.39 0.72 0.13 0.6l
Wind River Meadows Member.

00KL040 Rhyodacite, 68.2 131 6.70 1.38 1.03 4.6 1.96 111 0.42 0.10  0.66

Wind River Meadows Member.

lFeTQ;, total iron as Fe;03.
2LOI, loss on ignition.

following section). These formations are relatively thin in
comparison to the great thickness and continuity of composi-
tions that are characteristic of Mesoproterozoic units. The
lowest formation, the Plummer Point Formation (Zpp), is
named for exposures at Plummer Point at the eastern edge of
the Gospel Peaks roof pendant (location 1 in fig. A6; north-
western pl. 2; Marble Butte 7-1/2" quadrangle). The Plummer
Point Formation is predominantly sillimanite-muscovite schist
and amphibolite and minor calc-silicate gneiss. The Plum-
mer Point Formation is gradational with the overlying Square
Mountain Formation over about 1 m on the east side of Square
Mountain (location 2, fig. A6; Marble Butte 7-1/2" quad-
rangle). It discordantly overlies Mesoproterozoic units. The
basal contact is structural in some places and possibly uncon-
formable in others. The Square Mountain Formation (Zsm),
which forms the middle unit, is named for exposures that
underlie Square Mountain in the Gospel Peaks roof pendant
(location 2, fig. A6; Marble Butte 7-1/2" quadrangle). This
formation is also well exposed in the core of the Knob Lakes
syncline (Lund, 1984) in the center of the Gospel Peaks roof
pendant (north of northeastern corner of pl. 2). The Square
Mountain Formation consists of massive and crossbedded
quartzite; bimodal-size quartz grains include minor quartz
granules and pebbles. The Anchor Meadow Formation (Zam)
is named for Anchor Meadow on the southeast side of the
Gospel Peaks roof pendant and is best exposed on the ridge
north of Anchor Creek and west of Square Mountain (loca-
tion 2, fig. A6; Marble Butte 7-1/2" quadrangle). The Anchor
Meadow Formation, at the top of Gospel Peaks succession

A, is calc-silicate gneiss having prominent centimeter-scale
layering. The lower part of the Anchor Meadow Formation

is predominantly dark, well-layered, calc-silicate-bearing
siliciclastic rock; the upper part is light-gray-green, tremolite-
bearing marble.

Bedding orientations, types of structures, and metamor-
phic history in the Neoproterozoic rocks differ significantly
from those of the underlying older units. A marked regional
change in structural style, metamorphic grade, and bedding
attitudes between Mesoproterozoic rocks and overlying rocks
suggests the base of the Neoproterozoic rocks may have been
unconformable. Alternatively, the base of the Plummer Point
Formation is commonly strongly deformed, suggesting that in
some areas the unit marks a structural discontinuity between
units above and below, or that older gneisses are included at
the base of the unit along structures. Where overlain by the
younger Neoproterozoic units and not disrupted by structures,
the Square Mountain and Anchor Meadow Formations are
variably missing but the Plummer Point Formation is usually
present. This incomplete stratigraphic record suggests differ-
ential erosion and an unconformity at the top of these strata.

The location of these units between Mesoproterozoic
and dated Neoproterozoic strata on a regional basis and their
composition and thickness characteristics suggest possible
general correlations (fig. AS5). These strata may be equivalent
to units such as the Buffalo Hump Formation, which lies at the
top of the Deer Trail Group of northern Idaho and northeastern
Washington (Campbell and Loofbourow, 1962; Evans, 1987,
Miller and Whipple, 1989), or the Big Cottonwood Formation
or Uinta Mountain Group of northern Utah (Ehlers and others,
1997), which may be the base of the Neoproterozoic section
and related to onset of Neoproterozoic rifting (Evans, 1987,
Ehlers and others, 1997).

Gospel Peaks Succession B

Gospel Peaks succession B includes two lithologic pack-
ages, in ascending order: (1) diamictite and bimodal volcanic
strata and (2) carbonate and siliciclastic strata. The bimodal
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volcanic and diamictite strata constitute the herein named
Edwardsburg Formation (Ze), which is divided into four
interfingered members: the Wind River Meadows, Golden
Cup, Placer Creek, and Hogback Rhyolite Members. The most
complete sections of the Edwardsburg Formation and its four
members are found in fault-disrupted, overturned exposures

on ridges near the settlements of Big Creek and Edwardsburg
(location 4 of fig. A6; center pl. 2). Carbonate and fine-grained
siliciclastic strata overlie this lithologic package and are

herein named the Moores Station and Goldman Cut Forma-
tions. Based on the rocks present in the forest and on proposed
regional correlations (Lund and others, 2003), rocks of the
Gospel Peaks succession B represent continental rifting with
consanguineous glaciation and a subsequent interglacial period.

The Wind River Meadows Member is herein named for
Wind River Meadows in the southern Gospel Peaks roof pen-
dant (location 2, fig. A6; Hanover Mountain 7-1/2" quadrangle).
The matrix-supported diamictite of the Wind River Meadows
Member is the most continuous and distinctive unit in the cen-
tral Idaho Neoproterozoic strata. Clasts of quartzite and calc-
silicate gneiss composition in this matrix-supported diamictite
probably originated from the underlying Gospel Peaks succes-
sion A. This origin suggests that faulting in the basin exposed
subjacent units to erosion, resulting in their redeposition as
clasts in this younger unit. Link and others (1994) interpreted
deposits such as these to have formed in an ice-proximal basin
environment lacking currents to rework the deposits.

Local rhyodacite flow breccia, tuff, graded volcaniclastic
sandstone, and heterogeneous volcaniclastic conglomerate
dominate the base of the Wind River Meadows Member and
may intertongue with, or regionally grade into, the matrix-sup-
ported diamictite. Rhyodacite tuff is dated by U-Pb SHRIMP
dating at 687+10 Ma (Lund and others, 2003), giving a
maximum age for the volcanic-glaciogenic strata. Primary
sedimentary structures, including tuffaceous flow breccia and
water-laid tuff with graded bedding, are locally preserved and
show that the unit is overturned in the exposure west of Big
Creek. Volcanic conglomerate in the upper part of this unit
contains a heterogeneous mixture of rhyodacite clasts and
minor quartzite clasts in a water-worked tuffaceous matrix.
The composition of the clasts indicates that both the local
rhyodacite and older quartzite units were being eroded and
redeposited into this unit. The volcaniclastic conglomerate
and graded sandstone of the Wind River Meadows Member
are similar to deposits in the Neoproterozoic Scout Mountain
Member of the Pocatello Formation near Pocatello, Idaho,
which are interpreted to have formed as ice-distal, subwave-
base, gravity-flow deposits (Link and others, 1994). Link
and others (1994) further interpreted such heterogeneous
diamictite and graded sandstone deposits as having been
deposited in deeper water settings than rocks such as the
matrix-supported diamictites (previously described). They
suggested that these deposits may have formed either as tran-
sitional glacial-marine sediments in the area of grounded till
or as rapid rain-out below icebergs at the zone of glacial dis-
integration. The laterally gradational relationship between

matrix-supported diamictite and rhyodacites of the Wind
River Meadows Member suggests synchronous volcanism
and glaciation in the basin.

Metamorphosed mafic volcanic and volcaniclastic rocks
of the Golden Cup Member form the middle of the Edwards-
burg Formation. The Golden Cup Member is herein named
for the Golden Cup mine on the south side of the ridge
south of Placer Creek (location 4, fig. A6; Big Creek 7-1/2
quadrangle) in the Big Creek roof pendant. Mafic volcani-
clastic rocks of this member are well exposed at the head of
Moores Creek (location 2, fig. A6; Hanover Mountain 7-1/2°
quadrangle) in the Gospel Peaks roof pendant. Although
not previously recognized as part of the Windermere Super-
group, mafic volcanic rocks interlayered with metasedimen-
tary rocks near Big Creek, Idaho, were described by Leonard
(1962), who correlated them and the enclosing metasedimen-
tary rocks with the Mesoproterozoic Yellowjacket Forma-
tion, a conclusion not supported by stratigraphy or dating.
Geochemical data from mafic volcanic rocks of the Golden
Cup Member (table 1) indicate that these rocks originated as
tholeiitic basalt; their geochemistry is similar to published
geochemical data from the Neoproterozoic Bannock Volca-
nic Member of the Pocatello Formation, southeastern Idaho
(Harper and Link, 1986), and the volcanic member of the
Huckleberry Formation, northeastern Washington (Devlin
and others, 1985). The data suggest that the Golden Cup
Member, the Bannock Volcanic Member of the Pocatello
Formation, and the volcanic member of the Huckleberry
Formation resulted from continental rifting (Devlin and oth-
ers, 1985; Harper and Link, 1986; Lund and others, 2003).
The presence of local felsic volcanic rocks interlayered with
the central Idaho strata suggests proximity to persistent
rift-related faults because both 