
Figure 2. Box plot (Spitzer and others, 2014) of magnetic susceptibilities for map 
units measured. Susceptibility (x) axis is logarithmic. Bold black lines show the 
medians; box limits are the 25th and 75th percentiles; whiskers extend to minimum 
and maximum values. Minima for Tmz and Ys are essentially zero, for which the 
logarithm is unde�ned, so are shown at edge of frame. Number of measurements in 
parentheses. See Table 1 for data for each unit. Base plot generated using 
http://shiny.chemgrid.org/boxplotr/.
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Figure 3. Sample 24DS13 from the ridge east of Pork Creek in the southwest 
corner of the quadrangle. The black �amme are characteristic of the tu�s of Table 
Mountain (Ttm).

Figure 4. Sample collected from the ma�c lava unit (Tlm). Cut surface shows 
vesicles, some of which are �lled with chalcedony, a characteristic feature of this 
unit.

Figure 5. View northeast of exposures of light-green and white sedimentary 
deposits (Tsc) on the east side of Moose Creek in the southeast part of the 
quadrangle. Smooth dark slopes above Tsc are ma�c lavas (Tlm) and tu� of Table 
Mountain (Ttm).

Figure 6. Sample 24DS08 from the Ellis tu� (Te) that was dated by 40Ar/39Ar 
methods.

Figure 7. Breccia of porphyritic andesite within Tmz on the west side of Corral 
Creek. Light-gray phenocrysts are plagioclase.

Figure 8. Hornblende-pyroxene andesite within Tmz on the west side of Corral 
Creek.

Figure 9. Lithic tu� (Tlt) north-northwest of Wards Butte. Dark clasts are siltite of 
the Belt Supergroup. 

Figure 10. Outcrop of coarse siltite member of the Apple Creek Formation (Yac) 
south of the Middle Fork of Hat Creek near the northern edge of the quadrangle.

Figure 11. Rounded clasts in Lawson Creek Formation (Ylc) near the eastern edge 
of the quadrangle. Clasts can be scratched with a knife but are not as soft as 
typical argillite layers in Yac, indicating that they may have a siliceous (ash?) 
component. 

Figure 12. Photomicrograph of mylonitic quartzite of the Swauger Formation (Ys) 
cut perpendicular to foliation and parallel to lineation. Sample collected along 
the Iron Lake thrust fault south of the Middle Fork of Hat Creek.

Figure 1. Pre-Mesozoic bedrock geology around Salmon, Idaho. The coarsest clastic unit (Ys = Yh) separates lower formations of the Lemhi Group 
(in blue) from higher Lawson Creek and Apple Creek formations (greens and yellows). Units are combined where scale or previous mapping 
makes separating them impractical. Geographic locations are in italics; those for type or reference sections have units in parentheses: AM—Allan 
Mountain; BC—Big Creek; CL—Cowbone Lake; GM—Goat Mountain; GP—Gunsight Peak (Yg); HC—Hayden Creek (Yac); JL—Jahnke Lake; 
LC—Lawson Creek (Ylc); LM—Lake Mountain; LP—Lem Peak; MC—Moose Creek; MM—Mogg Mountain (Ys); WFB—West Fork Bitterroot River; 
YL—Yellow Lake. Dashed rectangles outline the Salmon 1° x 2° (yellow) and Wards Butte (blue) maps. Modi�ed after Burmester and others 
(2023) to include insights from more recent �eld work.
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Table 1. Magnetic susceptibility measurements of rocks in the Wards Butte 
quadrangle. Values determined from outcrop faces or fresh talus, or from hand 
samples. Values reported in SI units (× 10-3). Coordinate datum NAD27.

Measurement ID Map Unit Latitude Longitude Median Mean Std. dev. N

23DS10b Ttm 44.7805 -114.1464 5.25 1

24DS05 Ttm 44.7546 -114.1966 6.03 1

24DS13 Ttm 44.7517 -114.2299 6.12 1

24DS09 Tlm 44.7607 -114.1548 1.40 1

24DS12 Tlm 44.7593 -114.1682 23.60 1

24DS11 Tsc 44.7548 -114.1631 0.02 1

24DS08 Te 44.7506 -114.1502 0.10 1

21MT026 Te 44.8686 -114.1313 0.50 1

24DS06 Tmz 44.7562 -114.1969 0.00 1

24DS16 Tmz 44.7938 -114.2352 2.14 1

24DS14 Tmz 44.807 -114.2397 2.18 1

24DS15 Tmz 44.8091 -114.2438 2.16 1

24DS04 Tmz 44.7504 -114.2159 7.76 1

21DS04 Tlt 44.8461 -114.2025 0.19 1

24DS18 Tlt 44.8389 -114.2223 1.48 1

24DS19 Tlt 44.8349 -114.2244 1.84 1

24DS17 Tar 44.835 -114.2495 0.25 1

21RL108 Ylc 44.8419 -114.1365 0.19 1

21RBms321 Ylc 44.8435 -114.1346 0.25 0.278 0.088 7

21RBms322 Ylc 44.8422 -114.1363 0.28 0.262 0.059 10

21DS05 Ylc 44.8439 -114.1343 0.29 1

21DS08 Ys 44.8555 -114.1691 0.00 1

21DS02 Ys 44.8615 -114.1711 0.00 1

21DS07 Ys 44.8653 -114.1716 0.00 1

22LKms434 Ys 44.8483 -114.2434 0.01 0.012 0.005 11

14RL045a+b Ys 44.8536 -114.1514 0.03 2

21DS03b Ys 44.8534 -114.1579 0.04 1

21DS06 Ys 44.8607 -114.1259 0.08 1

Table 2. Major-oxide and trace-element analyses of samples collected in the Wards Butte quadrangle. Analyses performed by X-ray �uorescence methods at Washington State University. Coordinate datum NAD27.

Measurement ID Latitude Longitude Unit name Map Unit  SiO2   TiO2   Al2O3  FeO* MnO    MgO    CaO    Na2O   K2O    P2O5   Sum LOI%  Ni  Cr  Sc  V  Ba  Rb  Sr  Zr  Y  Nb  Ga  Cu  Zn  Pb  La  Ce  Th  Nd  U Cs

24DS06 44.7562 -114.1969 Mixed zone Tmz 61.15 0.929 15.46 5.41 0.086 3.15 4.96 3.29 3.25 0.308 98.00 1.50 18  69  15  102  1238  90  611  261  24  15.8 19  17  79  12  49  99  11  40  2  1  

24DS08 44.7506 -114.1502 Tu�  of Ellis Creek Te 69.09 0.477 12.89 3.11 0.045 1.24 1.12 0.91 8.00 0.193 97.08 2.50 7  29  7  34  1321  238  150  159  9  10.9 15  7  52  12  28  54  8  21  1  7  

24DS15 44.8091 -114.2438 Mixed zone Tmz 57.77 0.944 15.89 7.19 0.171 4.05 6.54 2.92 2.39 0.270 98.13 1.32 11  126  23  169  919  59  544  210  29  16.0 18  15  84  10  33  69  6  30  1  1  

24DS16 44.7938 -114.2352 Mixed zone Tmz 61.70 0.804 15.58 5.21 0.090 3.05 4.96 2.84 2.95 0.244 97.42 2.12 6  71  16  104  1041  89  548  219  24  17.4 19  11  77  15  37  74  7  29  3  1  

24DS17 44.8350 -114.2495 Aphyric rhyolite Tar 69.81 0.271 15.69 2.08 0.034 0.23 2.35 3.83 3.80 0.089 98.18 1.54 0  3  4  7  1306  116  390  277  14  13.3 21  7  45  21  31  64  9  24  3  3  
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SYMBOLS
Contact: solid where certain; dashed where approximately located.

Normal fault: dashed where approximately located; dotted where 
concealed; ball and bar on downthrown side.

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

Strike and dip of bedding.

Approximate strike and dip of bedding.

Strike and dip of bedding, strike variable.

Horizontal bedding.

Strike and dip of bedding known to be upright based on sedimentary 
structures.

Strike and dip of cleavage.

Strike of vertical cleavage.

Strike and dip of eutaxitic foliation.

Approximate strike and dip of eutaxitic foliation. 

Strike and dip of mylonitic foliation.

Trend and plunge of mylonitic lineation.

Head of main scarp of landslide; hachures point downscarp.

Moraine crest.

Tectonic breccia.

Spring.

Geochronological sample location.

Location of magnetic susceptibility measurement (Table 1).
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DESCRIPTION OF MAP UNITS 

The geologic map of the Wards Butte quadrangle shows rock units exposed 
at the surface or underlying a thin sur�cial cover of soil and colluvium. 
Igneous rocks are classi�ed using International Union of Geological 
Sciences nomenclature (Le Bas and Streckeisen, 1991). Grain size classi�-
cation of unconsolidated and consolidated sediment employs the Went-
worth scale (Lane, 1947). Time scale 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 rock unit description appear in order of 
decreasing abundance, and descriptions of stratigraphic units are from 
bottom to top where possible.

ALLUVIAL DEPOSITS

Side-stream alluvium (Holocene to Late Pleistocene)—Subangular to rounded, 
moderately to poorly sorted and strati�ed pebble to boulder sandy gravel.  

Alluvial-fan deposits (Holocene to Late Pleistocene)—Angular to subrounded, 
poorly sorted, matrix-supported pebble to boulder gravel in a sand, silt, and 
clay matrix.

Older alluvial-fan deposits (Pleistocene)—Angular to subrounded, poorly 
sorted, matrix-supported pebble to boulder gravel in a sand and silt matrix. 
Clasts as large as 1 m, primarily of Ttm tu�s and vitrophyres. At least 15 m 
(50 ft) thick where dissected by modern streams and gullies.

GLACIAL DEPOSITS

Till (Late Pleistocene)—Poorly sorted sand, gravel, cobbles, and boulders. 
Clasts are subangular to subrounded/faceted. Forms end and lateral 
moraines with ground till in basins.

Boulder-rich outwash (Late Pleistocene)—Several deposits distributed along 
Corral Creek from 7,700 to 7,000 feet consist entirely of subangular to 
rounded boulders and cobbles with no �ner material present. These 
probably are outwash deposited when glacial lakes drained rapidly due to 
catastrophic failure of end moraines. 

MASS-MOVEMENT DEPOSITS

Landslide deposits (Holocene to Pleistocene)—Unstrati�ed, poorly sorted silty 
clay, gravelly silty clay, and boulders. Deposited as slumps, slides, slide 
blocks, earth �ows, debris �ows, debris avalanches, and rockfalls.

SEDIMENTARY DEPOSITS

Sedimentary deposits, undivided (Miocene to Oligocene)—Unconsolidated 
subangular to rounded sand, silt, and cobbles. Single deposit in central part 
of map.

CHALLIS VOLCANIC GROUP

Rocks of the Challis Volcanic Group formed from eruptions, intrusions, and 
to a lesser extent sedimentation during the Eocene (about 52-44 Ma).  Some 
from an apparently shorter time span (50-48 Ma) are widespread within the 
Wards Butte quadrangle, where they were mapped previously by D.H. 
McIntyre, E.B. Ekren, and R.F. Hardyman as part of the Challis 1° x 2° quad-
rangle (Fisher and others, 1992). Inherited topography, modi�ed by exten-
sional faulting and erosion during this time, caused local accumulation or 
absence of some units and extreme variation in thicknesses of others here 
as documented to the northeast by Stewart and Lewis (2023).

Tu�s of Table Mountain (Eocene)—Light-red to reddish-gray densely welded 
crystal-rich lapilli to ash �ow tu�s characterized by as much as 20 percent 
black glass �amme as long as 5 cm (Figure 3). Heterogeneous unit consist-
ing of multiple cooling units with varying proportions of crystals, pumice 
clasts, and lithics commonly separated by black, glassy vitrophyres as much 
as 2 m thick. The vitrophyres typically contain �attened �amme stringers as 
long as 5 cm, and locally abundant volcanic lithics. Crystals as large as 2 
mm make up from 10 to 30 percent of the rock, with plagioclase most 
abundant followed by biotite. Thin sections reveal trace pyroxene in the 
groundmass. White and locally pink pumice clasts as large as 3 cm 
comprises from 5 to 20 percent and are well to moderately �attened. Black 
glassy �amme, typically with pumice cores, are highly �attened and well 
distributed; they are present both within and well above the vitrophyres. 

Angular dark volcanic lithics as large as 5 mm comprise from 5 to 30 
percent. Thin sections show andesitic lithics with acicular hornblende 
similar to �ows found in the mixed zone (Tmz), and rare quartzite lithics. 
Flow banding is crude and rare but present near the bases of some �ows. 
Groundmass is commonly glassy and partially devitri�ed. Sample 24DS30 
collected on the top of Table Mountain 0.7 km (0.4 mi) south of the quad-
rangle (44.7444, -114.2095; NAD 27) returned a 40Ar/39Ar weighted 
plateau age on plagioclase of 48.12 ± 0.09 Ma (Daniel Miggins, written 
comm., 2025). Originally mapped by McIntyre and Hobbs (1987) at Table 
Mountain north of Challis, where they restricted the unit to the uppermost 
tu� of a sequence of felsic tu�s containing black glass. All these tu�s lie 
above the ma�c lavas (Tlm). McIntyre and Hobbs (1987) assigned the lower 
tu�s at Table Mountain to the tu� of Pennal Gulch, a unit that includes 
volumetrically signi�cant epiclastic material beneath the tu�s. In this study 
we expand Ttm to include all the felsic tu�s containing black glass, assign-
ing the epiclastic rocks to Tsc as described below. 

Ma�c lava �ows (Eocene)—Dark-gray to black, red-weathering, mostly andes-
itic lava �ows. Basal portion of Tlm locally inter�ngers with but generally 
overlies Tsc. Typically aphyric with less than 5 percent small (0.5 mm) 
phenocrysts of pyroxene (commonly altered) and minor olivine. Locally 
vesicular; secondary chalcedony and calcite common in vesicular intervals 
(Figure 4). Multiple �ows marked by autoclastic breccia. Contains minor 
thin (less than 3 m) beds of dacite tu�. Locally contains meter-scale beds of 
mudstone to sandstone and conglomeratic sandstone with cm-scale graded 
beds and ripple marks. Sample 23DS33 collected on the top of Sheephorn 
Mountain 2.9 km (1.8 mi) east-northeast of the quadrangle returned a 
40Ar/39Ar weighted plateau age on groundmass of 48.51 ± 0.09 Ma (Richard 
Gaschnig, written comm., 2024). Correlative with “Tl” unit of potassium 
-rich andesite, latite, and basalt lava mapped elsewhere in the Challis 1° x 
2° quadrangle (Fischer and others, 1992).

Interbedded sedimentary deposits (Eocene)—White to light-gray sandstone, 
conglomeratic sandstone, siltstone, and mudstone with minor thin silicic 
tu�s and possibly water-lain tu�s (Figure 5). Epiclastic deposits commonly 
contain crystals of quartz and biotite, and dark, angular to rounded, pebbly 
volcanic fragments. Petri�ed wood is common locally. Light- to dark-gray 
to green to pink tu�s are less than 4 m (13 ft) thick and contain as much as 
20 percent small (1 to 2 mm) crystals of plagioclase, chatoyant potassium 
feldspar, biotite, and quartz, with as much as 5 percent gray to pink round 
pumice clasts and dark, angular volcanic lithics. Basal deposits are mostly 
re-worked Te, deposited as siltstones and conglomeratic sandstones with 
rare local subangular lithics of Tlm as large as 4 cm, and are overlain by 
white to mauve epiclastics and rare lahars, in turn overlain by a sequence 
of white pumice tu�s with abundant slightly �attened glassy white pumice 
clasts and minor volcanic lithics. Generally observed beneath Tlm, but 
locally observed to overlie or inter�nger with lowest ma�c lava �ows of 
Tlm. Includes strata mapped as tu� of Pennal Gulch to the south by McIn-
tyre and Hobbs (1987) and in this quadrangle by Ekren (1988) and Fisher 
and others (1992). This earlier work also included epiclastic rocks that 
clearly inter�nger with Tlm in the tu� of Pennal Gulch. Weathers to �ne, 
white, mud-cracked soil. 

Tu� of Ellis Creek (Eocene)—Light-gray to green-gray, or red-purple, 
crystal-rich, moderately welded ash to lapilli tu� with varied proportions of 
crystals, pumice clasts, and lithics (Figure 6). Crystals as large as 2 mm 
make up 15 to 50 percent of the rock with plagioclase being most abun-
dant, followed by quartz, lesser potassium feldspar, and minor but ubiqui-
tous and characteristic blocky to acicular hornblende and pseudohexago-
nal biotite. Silica content of one sample was 69.09 percent (Table 2, sample 
24DS08) and it plots in the rhyolite �eld on a total alkalis-silica diagram. 
This same sample returned a 40Ar/39Ar weighted plateau age on biotite of 
48.55 ± 0.09 Ma (Daniel Miggins, written comm., 2025).  Slightly �attened 
pumice as large as 5 cm, generally lighter in color than groundmass, makes 
up 0 to 20 percent of the rock. Lithics are absent at many localities but 
angular, dark volcanic and siltite fragments as large as 2 cm comprise 10 
percent of the tu� locally. Multiple cooling units are present as indicated by 
rare vitrophyres within the unit. Weathers to low, orange-gray outcrops and 
a grus soil.

Mixed zone (Eocene)—Heterogeneous unit of porphyritic andesite to dacite 
lava �ows and aphyric to sparsely porphyritic andesite. Locally contains 
dark-gray volcanic breccia (Figure 7) and minor intercalated epiclastic 
deposits. Porphyritic �ows are dark green to reddish gray-brown with as 
much as 20 percent conspicuous white, blocky plagioclase phenocrysts as 
large as 5 mm in size. Clinopyroxene is characteristic and hornblende is 
present locally. Groundmass consists largely of plagioclase microlites. 
These �ows are most common in the Sawmill Creek area and to the east in 
the south-central part of the map. Silica content for samples 24DS06 and 
24DS16 ranged from 61.15 to 61.70 percent (Table 2) and they plot near 
the andesite-dacite �eld boundary on a total alkalis-silica diagram. Sample 
24DS06 returned a 40Ar/39Ar weighted plateau age on plagioclase of 49.40 
± 0.10 Ma (Daniel Miggins, written comm., 2025). The sparsely porphyritic 
andesite is medium to dark gray and contains acicular oxidized hornblende 
as long as 6 mm (Figure 8) as well as local plagioclase and clinopyroxene 
phenocrysts. Silica content of sample 24DS15 was 57.77 percent (Table 3) 
and it plots in the andesite �eld on a total alkalis-silica diagram. This same 
sample returned a 40Ar/39Ar weighted plateau age on plagioclase of 49.89 
Ma ± 0.24 (Daniel Miggins, written comm., 2025). Volcanic breccia depos-
its are as thick as 6 m (20 ft) with angular clasts as large as 1 m in size. 
Conglomeratic sandstones and conglomerates are locally well strati�ed and 
lithi�ed, and some contain petri�ed wood. Beds of white to light-gray 
sandstones, siltstones, and mudstones are as thick as 3 m (10m). North of 
Sawmill Creek the unit contains rare, thin, lithic-bearing tu�s. Rare thin 
ma�c tu�s are present locally. Includes “Tab” unit (lavas of Block Creek) of 
McIntyre and Hobbs (1987).

Lithic tu� (Eocene)—Heterolithologic unit of white to light-gray, moderately to 
poorly welded, lapilli to ash-�ow tu�s with distinctive dark angular to 
subrounded lithic fragments (Figure 9) and minor thin epiclastic intervals. 
White round pumice clasts as large as 4 cm that comprise as much as 50 
percent of the rock have a dacitic composition similar to the groundmass. 
Crystals less than 1 mm in size that make up 2 to 6 percent of the unit 
consist of biotite, hornblende, plagioclase, and a trace of smoky quartz. 
Dark, angular, volcanic and siltite lithics make up from 5 to 15 percent of 
the rock and are as large as 4 cm in size. At one locality at 7,300 feet eleva-
tion (2,225 m) along Corral Creek the groundmass is pink, containing 10 
percent white pumice clasts and 5 percent dark lithic fragments. Common-
ly overlain by pumice-rich dacite tu� as thick as 20 m (66 ft) very similar to 
Te. Contains thin 2 m (7 ft) dense, red dacite tu�s with �attened white 
pumice clasts. From 7,400 to 8,000 feet (2,255 to 2,438 m) elevation along 
Corral Creek base is not exposed, with lowest deposits being 20 m (66 ft) of 
brick-red scoriaceous dacitic tu� with glassy, well-�attened white pumice 
clasts as large as 2 cm, overlain by 10 m (33 ft) of pink tu�s with bright 
white pumice clasts and 5 percent dark, angular lithics. Above these are 80 
m (260 ft) of tu�s with white ash matrix and 10 percent dark, angular volca-
nic and siltite lithics. Overlying this are 20 m (65 ft) of dacitic pumice-lithic 
tu�s resembling Te that are capped by 5 m (15 ft) of red dacite lava �ows. 
Sample 24DS18 (collected at 44.8389, -114.2223; NAD27) returned a 
40Ar/39Ar weighted “mini” plateau age on biotite of 50.04 ± 0.14 Ma (Daniel 
Miggins, written comm., 2025).

Aphyric rhyolite (Eocene)—Light-tan, reddish brown weathering, densely 
welded and locally �ow-banded rhyolite with rare, tiny crystals of quartz 
and plagioclase. Silica content of sample 24DS17 was 69.81 percent (Table 
2) and it plots in the rhyolite �eld on a total alkalis-silica diagram. This unit 
is very homogeneous and resembles siltstone, especially where mm-scale 
�ow banding is distinct. Weathers to thin chips and a very �ne soil.

INTRUSIVE ROCKS

Andesite dikes (Eocene)—Dark- to medium-gray nearly aphyric dikes as thick 
as 3 m (10 ft). Plagioclase laths and hornblende present at some localities. 

Dacite dike (Eocene)—Single gray porphyritic dacite dike in the western part of 
the quadrangle. Phenocrysts of plagioclase, hornblende, and biotite.

METASEDIMENTARY ROCKS

Mesoproterozoic metasedimentary rocks are only exposed in the northern 
part of the quadrangle. Unit names follow the revised stratigraphic nomen-
clature (Burmester and others, 2016b) that uses the coarsest unit, the 
Swauger Formation (which we equate to the Hoodoo Formation), to distin-
guish otherwise similar rocks that are present above and below it. Those 
units can be traced from surrounding areas (Figure 1) or assigned based on 
unique lithologic characteristics. See also Winston and others (1999) and 
Tysdal (2000, 2003) for history of naming units in this area.

Coarse siltite member of Apple Creek Formation (Mesoproterozoic)— 
Gray-green medium- to coarse-grained siltite, and �ne-grained feldspathic 
quartzite. Mud cracked and ripple surfaces common in some horizons. 
Typically cm- to dm-thick quartzite beds grading up into or alternating with 
siltite and argillite couplets (Figure 10). Thickness unknown as no upper 
contact appears on this map. Assigned to the coarse siltite unit because of 
lithologic similarity to that unit on the Taylor Mountain map to the north 
(Stewart and others, 2021).

Lawson Creek Formation (Mesoproterozoic)—Quartzite, siltite, and argillite. 
Quartzite is very �ne to �ne grained, feldspathic, and generally well sorted, 
with decimeter- to rare meter-scale bedding. Locally exhibits mm scale 
parallel laminations and intervals with relatively coarse (2 mm) “�oating” 
quartz grains and large rip-up clasts (Figure 11). Upper contact near the 
north edge of the map is gradational into Yac although paucity of outcrops 
makes location highly uncertain. Thickness there is approximately 450 m 
(1,500 ft). Assigned to the Lawson Creek Formation because it directly 
overlies the Swauger Formation as in the Hat Creek area immediately to the 
east (Stewart and others, 2025).

Swauger Formation (Mesoproterozoic)—Pale-pink to white, �ne- to medi-
um-grained, poorly sorted feldspathic quartzite. Quartz grains are well 
rounded to spherical, some rose colored. Contains small red grains, possi-
bly jasperoid or chert, in talus just east of the map. Bedding is thin to thick, 
and planar to trough cross bedded. Previously mapped as Hoodoo Quartz-
ite (Ekren, 1988; Tysdal, 2003), but continuity across the region of the 
Mesoproterozoic strata (Figure 1) supports assigning this unit to the 
Swauger Formation.

Gunsight Formation (Mesoproterozoic)—Quartzite, siltite, and minor argillite. 
Upper contact is gradational into Ys. Previously mapped as Yellowjacket 
Formation (Ekren, 1988; Tysdal, 2003), but it underlies Ys as in its type 
section west of Gunsight Peak in the Lemhi Range (Ruppel, 1975).

STRUCTURE 

Although poorly exposed, the Iron Lake thrust fault of likely Cretaceous age 
extends the length of the quadrangle. Numerous unnamed faults also cross 
this quadrangle, most of which were likely active during Eocene extension 
of the region. More are likely within the lower Challis units but became 
inactive before the end of Challis volcanism so do not cut the youngest 
strata. 

IRON LAKE THRUST FAULT

The Iron Lake fault displaced the Swauger Formation quartzite (Ys; previ-
ously assigned to the Hoodoo Quartzite) northeastward over the Apple 
Creek Formation (Ekren, 1988; Fisher and others, 1992; Tysdal, 2000) in the 
northern part of the quadrangle Mylonitic quartzite of the Swauger Forma-
tion containing a foliation and lineation (Figure 12) is locally exposed along 
the fault. Foliation dips west and at one locality the lineation plunges north-
west, indicating oblique left-lateral thrust motion.

PARK CREEK FAULT

The herein named Park Creek fault extends along the east side of the quad-
rangle where it o�sets both Mesoproterozoic Belt strata and Challis Volca-
nic Group units in a down-to-the-west sense.

INTRODUCTION

The map is the result of �eld work starting in 2022 and culminating in 
2024, and previous research in the region. Many concepts for geologic 
units were developed while mapping in the Beaverhead Mountains to the 
northeast as part of a 1:24,000-scale collaborative mapping project by the 
Idaho Geological Survey and the Montana Bureau of Mines and Geology 
that started in 2007 and resulted in geologic maps of the western (Burm-
ester and others, 2016a) and eastern (Lonn and others, 2019) parts of the 
Salmon 30' x 60' quadrangle (yellow outline, Figure 1) northeast of this 
map (blue outline, Figure 1). Magnetic susceptibilities were measured with 
KT-9 and KT-10 Kappameters from Exploranium G.S. Ltd. and Terraplus. The 
data are in Table 1 and shown in Figure 2. Results of chemical analyses by 
X-Ray �uorescence methods are in Table 2. Previous mapping includes 
Ekren (1988) at 1:125,000 scale, Fisher and others (1992) at 1:250,000 
scale, and Evans and Green (2003) at 1:100,000 scale.

The oldest rocks in the quadrangle are Mesoproterozoic metasedimentary 
rocks. They are overlain by volcanic and sedimentary rocks of the Challis 
Volcanic Group. Glacial deposits are present at higher elevations.
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