
Figure 1. Simpli�ed geologic map of the Elk City 30' x 60' quadrangle. Black rectan-
gle shows location and outline of Huddleson Blu� 7.5' quadrangle.
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Figure 2. LiDAR-derived slopeshade imagery highlighting a prominent low angle 
translational slide observed in the south-central part of the map. This style of slide is 
an exception to the rule, as most of the landslides of the area are typically high angle 
and located adjacent to steep canyon walls that channel active streams.
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Figure 3. Weighted  mean plots of LA-ICPMS zircon U-Pb crystalline ages from 
zircons from sample 21RVD054 (A), a rhyolite (Tr); location 45.8595°W; 115.8198°N 
(NAD27), and sample 21RVD061 (B) from biotite granodiorite (Kgd); location 
45.8217°W; 115.8480°N (NAD27). Analytical work by Darin Schwartz at Boise State 
University. Plotted with Isoplot 3.0 (Ludwig, 2003).
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Figure 4. Cut hand samples of tourmaline-rich feldspathic quartzite (Yfqg), both from 
the quarry high wall at Cougar Mountain, north-central-north map. A) example of the 
highly strained white quartzite lacking tourmaline with minor biotite and muscovite. 
B) tourmaline-rich quartzite exhibiting coarse, clear quartz layers intercalated with 
wispy tourmaline dominant stringers. U.S. one cent 19 mm across.
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Figure 5. Oriented thin section of the feldspathic quartzite (Yfqg) from Cougar Moun-
tain quarry. This section, which was cut parallel to lineation and perpendicular to 
foliation, shows recrystallized quartz grains exhibiting chessboard extinction and 
distinct shear bands in the lower half of the image exhibit S-C fabric. These bands are 
made up of elongate ribbon quartz grains with acicular sillimanite clusters. Kinemat-
ics de�ne top-to-the-southeast sense of motion.

Figure 6. Probability density plot of LA-ICPMS U-Pb ages from detrital zircon sample 
21RVD053 from tourmaline quartzite (Yfqg). Sample location 45.8602°W; 
115.8188°N (NAD27). Analyses yielded a prominent peak at 1,729 Ma, with a 
subordinate peak at 1,456 Ma. Analytical work by Darin Schwartz at Boise State 
University. Plotted with Isoplot 3.0 (Ludwig, 2003).
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Figure 7. Hand sample of coarse-grained calc-silicate rock (Ycsg). Clear to white 
minerals are quartz clusters; green minerals are mostly epidote (light green) with 
lesser clinopyroxene (dark green). Black and orange-brown coloration on top-right of 
specimen is concentrated iron oxide (limonite); note ‘pock-marked’ iron-oxide halo 
surrounding cluster. Sharpie marker is 14 cm in length.

Figure 8. Outcrop along Peasley Creek Road 469 of near-vertical, highly strained, 
biotite gneiss of the Golden metamorphic sequence (Ybgg). Concordant cm-scale 
banding de�ned by coarse-grained light-colored quartz-feldspar layers intercalated 
with medium-grained, relatively thin (mm-scale) dark-colored biotite-rich layers. 
Some of the coarse-grained felsic material could be syntectonic-plutonic diking 
related to Idaho batholith magmatism, but this rock could also be classi�ed as a 
stromatic migmatite. Note incipient boudinage of the felsic layers, which de�nes 
maximum stretching direction, and asymmetric fabrics; the latter indicate 
left-to-the-top shear sense (inset red box).

30 cm (1 ft)

Figure 9. Hillshade derived from LiDAR showing close-up view of conspicuous faults 
north of the South Fork Clearwater River, center-east of the map. Both faults appear to 
be moderate to steep dipping; the west-striking fault dips to the north while the 
northeast-striking fault dips steeply to the east (Silver Creek fault). The relative timing 
of these two structures is di�cult to determine due to lack of outcrop.
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Contact: solid where certain; dashed where approximately located.

High-angle fault, unknown type: dashed where approximately located.

Normal fault: dashed where approximately located; dotted where 
concealed; ball and bar on the hanging wall.

Thrust fault: dashed where approximately located; teeth on upthrown 
block.

Strike and dip of metamorphic foliation.

Strike of vertical metamorphic foliation.

Strike and dip of cleavage.

Strike and dip of joint.

Strike and dip of small scale fault, unknown type.

Trend and plunge of asymmetrical “S” fold; sinistral shear sense showing 
counterclockwise rotation viewed down plunge.

Trend and plunge of asymmetrical “Z” fold; dextral shear sense showing 
clockwise rotation viewed down plunge.

Trend and plunge of minor fold hinge.

Trend and plunge of lineation, type unknown.

Trend and plunge of slickenlines on fault plane.

Quartz vein.

Landslide headwall scarp; hachures point towards lower elevations.

Geochronology sample location.
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Two igneous rock samples were collected for zircon crystallization ages. 
Sample 21RVD054 from the �ne-grained rhyolite (Tr) from the quarry at 
Cougar Mountain yielded a U-Pb zircon crystallization age of 35.73 ± 0.25 
Ma by LA-ICPMS methods (Figure 3A). Another sample from Kgd 
(21RVD061), taken from a roadcut outcrop along State Highway 14 in the 
western part of the map yielded a U-Pb zircon crystallization age of 87.8 ± 
1.3  Ma from sample 21RVD061 (Figure 3B).

INTRUSIVE ROCKS

Imnaha Basalt dike  (Miocene)—Black to dark-gray, reddish-brown weathering 
basalt. Limited to a single outcrop at the intersection of Peasley Creek and 
the South Fork Clearwater River near the center of the map. This basalt 
comprises 65 percent euhedral plagioclase laths and 20 percent subhedral 
pyroxene crystals, both as much as 3 mm long. Geochemical analyses of 
this unit are consistent with this being a feeder dike for the Imnaha Basalt 
of the Columbia River Basalt Group (sample VC79-447, Kau�man, 2008; 
sample 59-88B, Lewis and Myers, 2017).

Rhyolite of Cougar Mountain (late Eocene)—White, bu�, to light-gray very 
�ne-grained rhyolite dike. Disseminated angular smoke-gray to clear quartz 
as much as 1 mm in diameter common. However, this angular quartz could 
be foreign, having been incorporated during intrusion into the quartz-
ite-dominant metasedimentary wallrock. Orange and brown Liesegang 
banding common; abundant iron oxide on fracture surfaces. Sample 
21RVD054 yielded a U-Pb zircon crystallization age of 35.73 ± 0.25 Ma by 
LA-ICPMS methods (Figure 3A). This sample was collected from the lower 
quarry highwall at Cougar Mountain, north-central part of map. Other 
outcrops present along Peasley Creek road, north of the South Fork 
Clearwater River.

Andesite dikes (Eocene)—Gray-green, highly altered aphanitic andesite dike. 
Typically contains 1-2 mm quartz xenocrysts or phenocrysts. Other 
phenocrysts include rare needle-like hornblende and plagioclase laths 
(both 0.3-0.5 mm long). Most of the plagioclase has been strongly sericit-
ized with only a thin rim of albitic feldspar remaining. Calcite veinlets are 
also common.

Biotite granodiorite and granite (Late Cretaceous)—Light-gray to white, 
medium- to coarse-grained, typically equigranular, muscovite-biotite 
granodiorite and granite. Subhedral quartz comprises 25 to 40 percent of 
the rock, while relative abundance of alkali and plagioclase feldspar is 
constant across the map (~55-70 percent total). Contacts between micro-
cline and plagioclase typically show myrmekitic texture. Biotite makes up 
no more than 10 percent of the rock and typically ranges from 1 to 3 mm. 
May be locally tonalitic or have megacrystic alkali feldspar (as large as 5 
cm). Weathers brown, red, and orange; sur�cial iron-oxide staining 
common, especially where faulted or fractured. Fabric is generally absent 
from Kgd; however, weakly developed lineation and crude foliation 
de�ned by biotite observed locally. Kgd exposures typically have abundant 
steep-dipping screens of metasedimentary rock, and common modi�ed 
xenolithic inclusions (e.g., schlieren). Note that some foliation measure-
ments are from metasedimentary screens too small to show at presented 
scale. A U-Pb zircon crystallization age of ~87.8 ± 1.3 Ma from sample 
21RVD061 (Figure 3B), which was collected from a roadcut along Idaho 
State Highway 14 on the west side of the map. See Lewis and Frost (2005) 
for geochemical analysis (sample 89RL112).

METASEDIMENTARY ROCKS

Plummer Point Formation(?) (Neoproterozoic or Mesoproterozoic)—Schist 
with lesser quartzite and calc-silicate quartzite in western part of map. 
Biotite is the dominant mica, with subordinate muscovite; locally garnetif-
erous. Tentative assignment to the Plummer Point Formation based on 
apparent continuity from the southwest where similar schist seems to overly 
quartzite on Gospel Hill in the Sawyer Ridge quadrangle (Lewis and others, 
unpublished mapping). Named for exposures on Plummer Point 23 km (11 
mi) southeast of the southern edge of this quadrangle (Lund, 1984; Lund, 
2004). Alternatively, unit might belong to the Moores Station Formation, 
which also contains abundant schist. 

Golden metamorphic sequence

Feldspathic quartzite and schist (Mesoproterozoic)—White to gray 
biotite-feldspar quartzite with minor calc-silicate lenses. Compositional 
layering, ranging in thickness from 2 to 12 mm, is de�ned by thin layers of 
schist intercalated with massive quartzite horizons. At Cougar Mountain 
this quartzite is darker, with soot-like tourmaline bands which form intersti-
tial, mm-scale wispy tourmaline-concentrated laminae intercalated with 
coarser-grained quartz-rich layers (Figure 4A and 4B, respectively); tourma-
line may make up as much as 35 percent of the rock within the tourma-
line-rich horizons. Minor acicular sillimanite, typically ~0.15 mm long, is 
locally intergrown with quartz (Figure 5). Typically comprises as much as 
90 percent clear quartz grains, generally strained; may contain ~20 to 30 
percent plagioclase (with minor amounts of alkali feldspar) and about 10 
percent micaceous (biotite dominant with minor muscovite) minerals. 
Quartz grains are commonly 0.25 to 1 mm across, but as long as 3 to 5 
millimeters (ribbon quartz) in highly recrystallized rocks (Figure 5). Tourma-
line is likely of hydrothermal origin. U-Pb analyses of detrital zircon from 
this unit yielded a prominent peak at 1,729 Ma, with a subordinate peak at 
1,456 Ma (Sample 21RVD053; Figure 6). This detrital signature is consistent 
with the detrital zircon age spectra in Mesoproterozoic rocks to the east. As 
such, we believe these rocks belong to the Lemhi subbasin of the Mesopro-
terozoic Belt Supergroup (Link and others, 2016; Lonn and others, 2017).

Calc-silicate rocks of the Golden metamorphic sequence (Mesoproterozo-
ic)—Cream-colored to white and light- to dark-green, banded, �ne- to 
coarse-grained epidote-diopside quartzite (Figure 7) and granofelsic 
calc-silicate rocks. Quartz comprises 35 to 65 percent of the rock and forms 
generally equant grains as much as 0.5 mm in diameter. Clinopyroxene and 
epidote makes up the remainder of the rock in approximately equal propor-
tions. Accessory minerals include actinolite, wollastonite, garnet, and 
titanite. Banding de�ned by alternating quartz-rich (white), and ma�c 
mineral rich (green) layering is present at mm- to cm-sale. Locally, these 
rocks can be dark green (pyroxene rich), with some minerals up to 1 cm 
long. Banding and faint interlayer laminations may re�ect relict bedding. 
Pervasive mm-scale orange-brown iron oxide staining is common and 
typically concentrated along the horizons rich in ma�c minerals.

Biotite gneiss rocks of the Golden metamorphic sequence (Mesoproterozoic)— 
Light- to medium-gray, �ne- to medium-grained, well-layered, 
biotite-quartz-feldspar gneiss and minor intercalated muscovite-bio-
tite-quartz schist. Varies in composition on the meter scale. Plagioclase is as 
much as 60 percent of the rock; quartz varies from 30 to 70 percent; both 
are generally 0.2 to 1 mm long. Biotite de�nes foliation and constitutes as 
much as 35 percent and can reach as much as 8 mm in length. Some 
muscovite may be secondary after biotite. Alkali feldspar can be as much as 
35 percent. Sillimanite is commonly �brous (�brolite). Accessory minerals 
include sphene, magnetite, zircon, and epidote. Discontinuous lenses of 
calc-silicate minerals are also present. In neighboring quadrangles this unit 
appears to be in gradational contact with other members of the Golden 
metamorphic sequence. Features include coarse-grained to pegmatitic, 
tonalitic to granodioritic, leucocratic stringers and lenses, as well as raft 
structures and biotite schlieren. These leucocratic bodies can form sills, 
dikes, or exhibit folding parallel to, and disharmonic with, foliation (Figure 8).

Schist and quartzite of the Golden metamorphic sequence (Mesoproterozo-
ic)—Interlayered quartz-mica schist and variably micaceous quartzite. 
Schist layers contain as much as 45 percent coarse-grained mica (biotite 
dominant with lesser muscovite). Feldspar, mostly alkali, makes up to ~5 to 
25 percent of the rock, and quartz comprises from 30 to 75 percent. Acces-
sory minerals include magnetite and rare �brous sillimanite. Biotite ranges 
from 0.25 to 3 mm in length. As in the biotite gneiss, cm-scale dikes and 
sills of ptygmatically folded, leucocratic pegmatite of granitic to granodior-
itic composition, are common within this unit. Quartzite varies from dark 
gray, coarse grained (2 to 5 mm) and highly crystalline to light gray and �ne 
grained (0.20 to 1 mm) sugary texture. Iron staining from weathering of 
magnetite crystals (2 to 4 millimeters in diameter) is common. Partings 
typically are 5 to 30 centimeters apart. Thickness, measured from cross 
section, ranges from ~360 to 430 m (1,200 to 1,400 ft); protolith likely 
structurally thickened or thinned due to folding and faulting.

U-PB ZIRCON DATA

A single detrital zircon sample was collected for U-Pb age analyses from 
the tourmaline-rich feldspathic quartzite (Yfqg) at Cougar Mountain, in the 
north-central part of the map (sample 21RVD053; Figure 6). Analyses were 
conducted by Darin Schwartz using LA-ICPMS methods at the Boise State 
University Isotope Geochronology Laboratory. U-Pb ages from detrital 
zircon sample 21RVD053 yielded a peak at 1,729 Ma. Thus, we include 
Yfqg in the Lemhi subbasin strata of the upper Belt Supergroup (Link and 
others, 2016; Lonn and others, 2017). An additional subordinate peak at 
1,456 Ma records a younger stage of Belt rock deposition related to a minor 
volcanic event documented in similar Belt rocks to the east (Link and 
others, 2016). However, some of these younger grains could be metamor-
phic in origin, related to the later-stage 1,380 Ma granite and basalt and 
~87 Ma Idaho batholith magmatism and orogenesis.

DESCRIPTION OF MAP UNITS

Igneous rocks are classi�ed using International Union of Geological Scienc-
es nomenclature and normalized values of modal quartz (Q), alkali feldspar 
(A), and plagioclase (P) (IUGS; Le Bas and Streckeisen, 1991). Grain size 
classi�cation of unconsolidated and consolidated sediment employs the 
Wentworth scale (Lane, 1947). Time scale used is the Geological Society of 
America version 6.0 (Walker and Geissman, 2022). Grain sizes and 
bedding thicknesses are given in abbreviation of metric units (e.g., 
dm=decimeter). Unit thicknesses, distances, and elevations are in both 
metric and English units. Multiple lithologies within a map unit description 
appear in order of decreasing abundance. Mineral modi�ers are listed in 
order of increasing abundance. 

ANTHROPOGENIC DEPOSITS

Made ground (Holocene)—Altered surfaces and made ground. Consists of piles 
of broken rock and gravel. This ground is limited to the north-central part of 
the map as an abandoned stone quarry on Cougar Mountain.

SEDIMENTARY DEPOSITS

Alluvium of the South Fork Clearwater River and tributaries (Holocene)— 
Unconsolidated silt, sand, pebbles, cobbles, and boulders formed as 
narrow channel and overbank deposits of the primary trunk of the South 
Fork Clearwater River. Near the outlet of Peasley Creek, center of map, 
gravel deposits form bars and elongate islands. Sandy deposits are less 
common along the main trunk of the river. Also forms �at-bottomed mead-
owland at Lower Twentymile Meadows and in the southeastern corner of 
the map. Includes alluvial-fan deposits too small to be mapped separately. 
Thickness ~1 to 7 m (3 to 23 ft).

Alluvial-fan deposits (Holocene to Pleistocene)—Unconsolidated gravel-fan 
deposits. Alluvial fans typically of relatively high angle. Most alluvial fans in 
the map are located at the outlets of the north-facing steep-walled tributar-
ies of the main trunk of the South Fork Clearwater River. Thickness ~1 to 15 
m (3 to 50 ft).

MASS-MOVEMENT DEPOSITS

Landslide deposits (Holocene to Pleistocene)—Unstrati�ed, unconsolidated, 
silt to boulder debris �ows, slumps, and slides. These deposits consist of 
subangular to angular, poorly sorted material, commonly occupying steep 
hillsides. Characterized by hummocky surfaces visible in LiDAR-derived 
imagery. Landslides near the outlet of Peasley Creek near the center of the 
map, exhibit a steep slope angle and lobate shape. However, a relatively 
low angle translational slide proves an exception to this rule in the 
south-central portion of the map (Figure 2).

INTRODUCTION

The geology of the Huddleson Blu� quadrangle is characterized by 
steep-dipping screens and shallow roof pendants of Mesoproterozoic 
sillimanite-grade metasedimentary and metaigneous rocks, which have 
been thoroughly intruded by Late Cretaceous batholith granitic rocks 
(Figure 1). The high-grade metamorphic suite is largely the Mesoproterozo-
ic Golden metamorphic sequence, with exposures of Meso- to Neoprotero-
zoic Plummer Point Formation(?) along the western map border. Tertiary 
intrusive rocks emplaced at shallow levels mark extensional tectonism 
beginning in the late Eocene, as well as Miocene basalt. The terrain is 
de�ned by the South Fork Clearwater River, which forms a narrow east-west 
canyon that bisects the map. Quaternary deposits are rare due to high-relief 
topography, and are limited to landslides, small alluvial fans, and sandy 
gravel deposits along the South Fork of the Clearwater River and its tributar-
ies. Mapping was conducted by the Idaho Geological Survey sta� during 
the summer of 2021. The quadrangle, like much of the Elk City region, is 
densely forested; that, coupled with steep terrain, makes traverses di�cult. 
Fortunately, this mapping e�ort was aided by previous detailed �eld work 
by Paul Myers (Myers, 1982), which was helpful in de�ning the geology of 
the northwestern corner of the quadrangle. In addition, close to ~90 
percent LiDAR coverage provided imagery that assisted with locating 
discrete faults and delineating Quaternary geology.

Base Map Credit

Topographic base modi�ed from digitally scanned 
1:24,000-scale USGS paper map, topography compiled 1961. 
Planimetry derived from imagery taken 1993. Partial �eld 
check by U.S. Forest Service 1995.

Transverse Mercator projection. 1927 North American Datum. 

10,000-foot grid ticks: State Plane Coordinate System, Idaho 
West Zone. 

1000-meter grid ticks: Universal Transverse Mercator, zone 11.

Shaded relief from 10 m DEM.

Declination from NOAA National Geophysical Data Center.

Field work conducted in 2021.

This geologic map was funded in part by the U.S. 
Geological Survey National Cooperative Geologic Mapping 

Program, USGS award no. G21AC10586. The views and 
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STRUCTURE

The structural framework of the Huddleson Blu� quadrangle is character-
ized by a pre-Cretaceous orogenic penetrative metamorphic fabric and 
zones of high ductile-mode strain, which have been extensively overprinted 
by younger brittle faulting which began in the Eocene. Regardless of style, 
the structural grain remains similar across ductile and brittle styles with 
planar features striking north to northeast. Ductile fabrics are de�ned by 
typically east- and west-dipping foliations, and shallowly plunging mineral 
stretching lineations and small-scale fold axes. Large-scale (tens-of-meters 
to km-scale) folding is likely present but di�cult to trace due to the lack of 
bedrock exposure and clear stratigraphy. Small-scale folds (cm- to m-scale) 
are common in the metasedimentary package; styles include cm-scale tight 
to isoclinal, cm-scale ptygmatic, and meter-scale open folds. Kinematics of 
microstructures measured from an oriented thin section collected from the 
quartzite (Yfqg) exposed in the Cougar Mountain stone quarry de�ne 
top-to-the-southeast sense of motion (Figure 5). Ductile fabrics preserved in 
the Mesoproterozoic rocks are locally overprinted, and dismembered by 
north- to northeast-striking brittle normal faulting. Additionally, multiple 
steep-dipping northeast-striking normal faults (i.e., Silver Creek, Granite 
Creek, and Wing Creek faults) cross the quadrangle. Two north-dipping 
faults were mapped, their location delineated with LiDAR-derived hillshade 
imagery (Figure 9). We tentatively assign a reverse sense of motion to the 
north-dipping faults due to similar m-scale faults documented along Idaho 
State Highway 14, though normal sense of motion is certainly permissible.

SILVER CREEK, GRANITE CREEK, AND WING CREEK 
FAULTS

A series of north- to northeast-striking normal faults are distributed across 
the map. Fault damage zone of the Granite Creek fault can be observed 
along the roadcut of Idaho Highway 14, west of Peasley Creek. Locations 
for these structures were largely interpreted from hill- and slopeshade 
LiDAR-derived imagery (e.g., Figure 9; hillshade).

GOLDEN FAULT

The Golden fault is a northeast-striking, down-to-the-southeast normal 
fault, located in the southeast corner to map (Figure 1). Hillshade imagery 
derived from LiDAR shows a clear lineament coupled with clear topograph-
ic breaks. We designate normal motion sense due to Eocene faults docu-
mented to the east with similar styles and geometry as well as the presence 
of the southeast-facing surfaces.
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