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Figure 4. Exposure of the upper, more thinly bedded part of the quartzite of the 
Golden metamorphic sequence (Yfqg) about 0.5 km (0.3 mi) north-northwest of the 
outlet of Lower Gospel Lake (45.6420°N, 115.9575° W, NAD27).

Figure 3. Hand sample of Square Mountain Formation (ZYsm) quartzite dated by 
U-Pb detrital zircon methods (Figure 2).

500 1000 1500 2000 2500 3000

Date (Ma)

R
el

at
iv

e 
pr

ob
ab

ilit
y

18RL410
Qtzite of Golden

Metamorphic
Sequence (Yfqg)

n=108

19DS06
Square Mtn

Formation (ZYsm)

n=101

Figure 2. Probability density plots of LA-ICP-MS U-Pb dates from detrital zircons 
from two quartzite samples in the Sawyer Ridge quadrangle. Locations (NAD27): 
18RL410 = 45.6274°N, 115.9574°W; 19DS06 = 45.7085°N, 115.8807°W. Analyti-
cal work was by Jim Crowley at Boise State University. Plotted with Isoplot 3.0 
(Ludwig, 2003).

Figure 1. LA-ICP-MS zircon U-Pb ages for hornblende-biotite tonalite (Kt) sample 
19RL024 collected in the southwest part of Sawyer Ridge quadrangle. Weighted 
average 206Pb/238U ages were obtained after excluding 4 analyses with ages greater 
than 94 Ma. Data bars represent 2 � error. Location (NAD27) = 45.6722°N, 
115.9809°W. Analytical work by Jim Crowley at Boise State University. Plot created 
using Isoplot 3.0 (Ludwig, 2003).
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Table 1. Major-oxide and trace-element XRF analyses of sample collected in the Sawyer Ridge quadrangle.
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STRUCTURE

SALMON RIVER SUTURE

The Salmon River suture that forms the boundary between Precambrian and 
lower Paleozoic continental metasedimentary rocks in the east and Meso-
zoic island-arc rocks to the west (Lund and Snee, 1988) crosses the north-
west part of the map. The boundary is locally intruded by foliated biotite 
granodiorite and tonalite (Kbgdt) that to the north in the Hungry Ridge 
quadrangle has initial 87Sr/86Sr ratios transitional between 0.704 and 0.706 
(Criss and Fleck, 1987; Fleck and Criss, 2007). The fault boundary between 
Mesozoic ultrama�c rocks (K^um) and Precambrian to Cambrian schist 
and gneiss (_Zss) that crosses Melton Creek in the west part of the quadran-
gle marks the suture there.

MILL CREEK FAULT

The Mill Creek fault forms a marked topographic linear along and west of 
Mill Creek in the northwestern part of the map. It likely formed as a west-di-
rected Cretaceous compressional structure west of the Salmon River suture 
prior to, and possibly during, intrusion of Kbgdt. Later down-to-the-east 
normal motion down-dropped Columbia River basalts on the east side 
farther to the north along the trace of the fault.

GOSPEL LAKES ANTICLINE

Strata in the southern part of the map are folded into a doubly-plunging 
anticline, shown in cross section B-B', which was termed the Gospel Lakes 
anticline by Lund (1984). Sedimentary structures indicate that the rocks are 
upright.

JOHNS CREEK SYNCLINE 

A highly speculative syncline is mapped along Johns Creek in the eastern 
part of the map. Thought to be cored by quartzite of the Square Mountain 
Formation, this structure is in the hanging wall of the Wilson Cow Camp 
fault. 

WILSON COW CAMP FAULT

A thrust fault mapped on stratigraphic grounds at the southern edge of the 
eastern part of the map was termed the Wilson Cow Camp fault in the 
adjoining Hanover Mountain quadrangle to the south (Lewis and others, 
2025a). The fault was mapped there by Lund (1984) to explain the repeti-
tion of subunit mq3 (Square Mountain Formation) and subunit mc4 (Anchor 
Meadow Formation). A more recent map by Lund (2004) places the fault 
slightly farther west, but we prefer the location shown by Lund (1984).

HANOVER MOUNTAIN FAULT

North-south fault mapped across the quadrangle. Age and direction of 
motion uncertain. Trace is suggestive of a relatively steep dip, likely to the 
west, and younger strata are present on the west side. Possibly a 
down-to-the west normal fault that predates intrusion of the Idaho 
batholith. Named by Lewis and others (2025a) for structure on the Hanover 
Mountain quadrangle to the south.

DESCRIPTION OF MAP UNITS

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) integrated with the Global 
chronostratigraphical correlation table for the last 2.7 million years (Cohen 
and Gibbard, 2016). 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

Fine-grained alluvial and lacustrine deposits in glaciated uplands (Holocene to 
Late Pleistocene)—Clay, silt, and sand deposited behind end moraines and 
in glacially scoured depressions. Rare exposures show spongy peat and 
organic-rich sand and silt over reddish brown to black clay. Thickness 0.5 
to 5 m (2 to 15 ft).

Side-stream alluvium (Holocene to Late Pleistocene)—Mostly thin deposits of 
angular to subrounded, moderately sorted and strati�ed sandy cobble to 
boulder gravel. Includes some reworked colluvium, alluvial fan deposits, 
and glacial till and outwash. Soils not developed to weakly developed. 
Thickness 1 to 5 m (3 to 15 ft).

Alluvial-fan deposits (Holocene to Late Pleistocene)—Angular to subrounded, 
poorly sorted sandy boulder gravel, silt, and sand. In places grades into 
talus and rock fall deposits (not mapped). Soils not developed. Thickness 
varied from 1 to 15 m (3 to 50 ft).

Moores Station Formation (Neoproterozoic)—Varied unit that to the south in 
the Hanover Mountain quadrangle consists of schist, metasiltstone, calc-sil-
icate rocks, �ne-grained quartzite, diamictite, amphibolite, and clast-sup-
ported quart-pebble conglomerate (Lewis and others, 2025a). Present only 
in cross section. Thickness to the south approximately 150 to 300 m (500 to 
1,000 ft).

Edwardsburg Formation (Neoproterozoic)—Varied unit that to the south 
consists of schist, metasiltstone, calc-silicate rocks, �ne-grained quartzite, 
diamictite, amphibolite, and clast-supported quart-pebble conglomerate 
(Lewis and others, 2025a). Postulated to extend into the southern edge of 
the quadrangle along Moores Creek, but not visited there. Thickness to the 
south approximately 150 to 300 m (500 to 1,000 ft).

Anchor Meadow  Formation (Neoproterozoic  or Mesoproterozoic)—Calc-
silicate gneiss, meta-siltstone, and rare marble. Lower part is dark calc-sili-
cate gneiss composed of quartz, plagioclase, biotite, and actinolite (Lund, 
1984). Regionally, upper part is mostly pale-green calc-silicate gneiss 
composed of tremolite and local potassium feldspar, quartz, plagioclase, 
epidote, muscovite, and sphene (Lund, 1984). Southeast of Gospel Peak 
in the Hanover Mountain quadrangle to the south, unit alternates with 
two zones of lighter calc-silicate rocks sandwiched by darker biotite 
meta-siltstone (Lewis and others, 2025a). In part equivalent to subunit mc4 
of Lund (1984) and named for exposures immediately east of the Hanover 
Mountain quadrangle (Lund and others, 2003; Lund, 2004). ZYam thought 
to be unconformably under Ze (Lund, 2004). Thickness approximately 150 
to 300 m (500 to 1,000 ft).

Square Mountain Formation (Neoproterozoic or Mesoproterozoic)—White to 
light-gray, poorly sorted quartzite (Figure 3). Muscovite is the most 
common minor mineral, more abundant that biotite. Minor interstitial 
plagioclase is present (Lund, 1984), but the unit characteristically lacks 
feldspar. Base of unit is more feldspathic and biotitic; uppermost part 
contains biotite laminations (Lund, 1984). Equivalent to subunit mq3 of 
Lund (1984) and named for exposures on Square Mountain southeast of this 
map (Lund and others, 2003; Lund, 2004). Detrital zircon analyses from a 
sample collected east of Johns Creek show a prominent age peak at 1,710 
Ma and no ages less than 1,500 Ma (sample 14DS06, Figure 2). These 
results are like results from exposures of the lower part of the Square Moun-
tain Formation in the adjoining Hanover Mountain quadrangle to the south 
(Lewis and others, 2025a) and to a sample from upper part of the Square 
Mountain Formation in the Big Creek area 70 km (45 mi) to the southeast 
(Stewart and others, 2013; Lewis and others, 2023). A sample from the 
lowermost part at Big Creek contained eight grains 1,360 to 1,280 Ma in 
age, which is younger than the depositional age of the Belt Supergroup. 
Otherwise age of unit is poorly constrained. Upper contact gradational into 
ZYam over tens of meters to the south on Hanover Mountain map (Lewis 
and others, 2025a).

Plummer Point Formation (Neoproterozoic or Mesoproterozoic)—Biotite 
schist, biotite gneiss, calc-silicate gneiss, meta-siltstone, and calc-silicate 
marble. Schist is locally garnetiferous. Calc-silicate gneiss is purple and 
green. Purple layers are mostly potassium feldspar and red-brown biotite 
whereas the green layers are rich in diopside; plagioclase is the only other 
major mineral (Lund, 1984). Less common is dolomitic or calcitic marble 
containing 50 percent or more calc-silicate minerals or talc. Equivalent to 
subunits ms2 and mc3 of Lund (1984) and named for exposures on Plummer 
Point southeast of this map. Age highly uncertain but upper contact is 
gradational into ZYsm north of Middle Knob Lake. There, dm-scale, 
cross-laminated meta-siltstone beds and calc-silicate layers thin upward, as 
quartzite beds thicken and schist interlayers thin. Thickness approximately 
300 to 600 m (1000 to 2000 ft).

Feldspathic quartzite of Golden metamorphic sequence 
(Mesoproterozoic)—Medium- to thick-bedded feldspathic quartzite 
grading up into thin-bedded metamorphosed-siltite and argillite couplets. 
Exposed in an anticline under a carbonate-bearing unit mapped as 
Plummer Point Formation (ZYpp), but not symmetrically as there is more 
meta-siltstone and argillite on the west limb than the east. Muscovite and 
biotite are common, as are micaceous partings. Near Lower Gospel Lake 
strata are dominantly dm to m scale, mostly pure coarse-grained quartzite. 
West of West Gospel Creek most exposures are of feldspathic quartzite with 
darker, biotite and muscovite-rich zones de�ning cm-thick layers (Figure 4). 
These are likely metamorphosed siltite and argillite couplets. Parting 
surfaces are micaceous. Schist increases toward the top where it is 
interlayered with calc-silicate (diopside) rocks mapped as ZYpp. 
Interlayering may be tectonic. The thinly layered rocks appear less well 
represented to the east where their contact with calc-silicate rocks is 
obscured by igneous rocks, although they are intermingled in migmatite on 
and southwest of Pyramid Peak. The unit locally contains �brolitic 
sillimanite and tourmaline breccia (Lund, 1984). Abundance of feldspar 
and mica distinguishes this unit from the younger quartzite units. 
Equivalent to subunit mq2 of Lund (1984). Detrital zircon analyses from 
Golden metamorphic sequence sample 18RL410 (Figure 2) show an 
abundance of ages between 1,800 and 1,650 Ma, similar to rocks of the 
Lemhi subbasin of the Mesoproterozoic Belt Supergroup (Link and others, 
2016). Base not exposed, but minimum thickness approximately 910 m 
(3,000 ft).

MASS-MOVEMENT DEPOSITS

Talus and block �eld deposits were not mapped separately but included in 
the rock units on which they lie.

Landslide deposits (Holocene and Late Pleistocene)—Poorly sorted and poorly 
strati�ed angular rock debris mixed with silt and clay. Primarily deposited 
by slumps, slides, and one large rock fall on Slate Creek in the southwest 
part of the map. This deposit shows evidence of at least two events since last 
local glacial maximum. Boulders in this slide are up to 11 m (35 ft) across. 
Thickness from 1 to 40 m (3 to 130 ft).

GLACIAL AND PERIGLACIAL DEPOSITS

Young glacial and periglacial deposits (Holocene?)—Poorly sorted angular to 
subangular boulder gravel. Primarily pro-talus ramparts and small rock 
glaciers marking the extent of ice and snow�elds, possibly of the Little Ice 
Age. Deposits found at higher elevations in cirques and north-east facing 
protected areas. Soils not developed. Thickness as much as 12 m (40 ft).

Till (Late Pleistocene)—Poorly sorted sandy boulder till. Some boulders > 4 m 
(13 ft) across. Clasts subangular to rounded. Forms end moraines and reces-
sional moraines. Boulders partly buried on moraine crests. Includes some 
alluvium. Soils weakly developed. Thickness as much as 45 m (150 ft).

Glacial outwash gravels (Late Pleistocene)—Subangular to rounded, moder-
ately sorted, sandy cobble and boulder gravel that forms the �oor of Slate 
Creek. Unit may include some alluvium. Thickness 1 to 12 m (3 to 40 ft).

SEDIMENTARY DEPOSITS

Sediments (Tertiary)—Poorly exposed pebbles, cobbles, and sand west of 
Melton Creek in the western part of map and northeast of Snoose Creek in 
the northeast corner. Deposits west of Melton Creek were mapped as older 
till by Kau�man and others (2011) but reassigned to the Tertiary here based 
on the presence of similar deposits to the north that are far removed from a 
potential glacial source.

COLUMBIA RIVER BASALT GROUP

Grande Ronde Basalt, N1 magnetostratigraphic unit (Miocene)—Single area of 
poorly exposed basalt �oat in northwest part of map. Unit assignment 
based on correlation with �ows in the Hungry Ridge quadrangle to the 
north (Lewis and others, 2025b) and with regional basalt assignments by 
Swanson and others (1979).

INTRUSIVE ROCKS

Leucocratic granite (Cretaceous)—White to light-gray, generally �ne- to 
locally medium-grained biotite-muscovite granite. Equigranular with 
subequal amounts of quartz, plagioclase, and potassium feldspar. Musco-
vite as disseminated �akes as much as 2 mm in size comprises a maximum 
of 5 percent of the rock. Biotite is of similar size but less abundant than 
muscovite. Interpreted as a late di�erentiate of the Idaho batholith.

Granodiorite and tonalite (Cretaceous)—Light-gray, �ne- to medium-grained 
biotite granodiorite and biotite tonalite. Initial 87Sr/86Sr ratios are greater 
than 0.704 in along-strike exposures in the adjoining Hungry Ridge quad-
rangle to the north (Criss and Fleck, 1987; Fleck and Criss, 2007). U-Pb age 
of 85 ± 2.1 Ma from 1.6 km (1 mi) west of the quadrangle (Gaschnig and 
others, 2010) is the best estimate for age of unit. This age indicates that Kgt 
in the area is older than the biotite granodiorite and two-mica granite that 
makes up the main mass of the Atlanta lobe of the Idaho batholith to the 
south, which ranges in age from 80 to 74 Ma (Gaschnig and others, 2010). 
The Kgt unit is similar to 87 Ma granodiorite in the Smiths Ferry area 140 
km (90 mi) to the southwest (Schmidt and others, 2017), both of which can 
be distinguished from the younger biotite granodiorite and granite of the 
main Atlanta lobe by a relative paucity of pegmatites, lower average potas-
sium feldspar content, and slightly �ner overall grain size.

Hornblende-biotite tonalite and biotite tonalite (Cretaceous)—Mixed unit of 
medium-gray hornblende-biotite tonalite and subordinate biotite tonalite in 
the north-central and western parts of the map. Epidote, likely primary, 
sphene, and allanite are common. Initial 87Sr/86Sr ratios are greater than 
0.704 in this quadrangle and in along-strike exposures in the adjoining 
Hungry Ridge quadrangle (Criss and Fleck, 1987; Fleck and Criss, 2007) to 
the north. Laser-ablation ICP-MS U-Pb zircon age of 89.5 ± 1.6 Ma (Figure 
1) was determined from sample 19RL024 collected southwest of Sawyer 
Ridge (sample 19RL018; see symbols). A similar age of 90.2 ± 2.7 Ma was 
obtained by McClelland and Oldow (2007) from an along-strike sample 
along the South Fork of the Clearwater River 8 km (5 mi) to the north of the 
map.

Biotite granodiorite and biotite tonalite (Cretaceous)—Mixed unit of foliated 
light-gray biotite granodiorite and biotite tonalite in northwest part of map. 
Locally compositionally layered. In the Hungry Ridge quadrangle to the 
north, initial 87Sr/86Sr ratios are transitional between 0.704 and 0.706 (Criss 
and Fleck, 1987; Fleck and Criss, 2007). Laser-ablation ICP-MS U-Pb age 
determination of about 109 Ma in the Hungry Ridge quadrangle to the 
north (Lewis and others, 2025b). This age is similar to the ~105 to ~110 
ages obtained from granodiorite gneiss of the Little Goose Creek complex 
emplaced along the Salmon River suture northwest of McCall 47 mi (75 
km) to the south (Manduca and others, 1993) and the Crevice pluton east 
of Riggins, 17 mi (28 km) to the south-southwest (Gray and others, 2012).

MESOZOIC STRATA AND ULTRAMAFIC ROCKS

Ultrama�c rocks (Cretaceous to Triassic)—Olivine- and amphibole-rich 
ultrama�c body in northwest part of map. Largely altered to talc.

Gneiss and schist (Cretaceous to Triassic)—Ma�c schist and gneiss in north-
west part of map. Exposure along strike to the southwest contain �ne- to 
medium-grained plagioclase-hornblende gneiss that grades into 
hornblende ± biotite ± chlorite schist, muscovite-plagioclase-quartz ± 
biotite ± zoisite schist, and calc-silicate rocks (Kau�man and others, 2011). 
Garnet is common.

MESOPROTEROZOIC TO PALEOZOIC STRATA

Quartzite and schist (Ordovician to Neoproterozoic)—Pale yellowish orange 
to white, medium- to coarse-grained quartzite with subordinate amounts of 
schist. Largely recrystallized quartz with minor biotite and muscovite. 
Detrital zircon analyses from a sample collected along strike to the south on 
Umbrella Butte show an abundance of 1,900 to 1,800 Ma ages (Lewis and 
others, 2025a), like what is found in the Ordovician Kinnikinic Quartzite in 
the Stibnite and Clayton areas (Barr, 2009; Lewis and others, 2023; Krohe 
and others, 2020). Near Umbrella Butte, OZqs likely includes Cambrian 
strata in the central exposures and the easternmost exposures may include 
Neoproterozoic strata (Moores Lake Formation?). Less section is present in 
the Sawyer Ridge quadrangle and its age is uncertain. Additional detrital 
zircon analyses are required to fully characterize the unit.

Schist and gneiss of Syringa metamorphic sequence (Cambrian to Neoprotero-
zoic)—Muscovite-biotite schist and biotite-quartz-plagioclase gneiss near 
western map boundary. Locally sillimanite bearing. Includes one small 
exposure of diopside gneiss in the Mill Creek drainage west of the main 
mass of schist and gneiss.

Quartzite of Syringa metamorphic sequence (Cambrian to 
Neoproterozoic)—Orange to white quartzite. Outcrops are sparse and 
typically form “ribs” visible in lidar imagery. Where exposed, beds 
generally thick. Composition of soil-covered intervening areas, possibly 
schist or granitic rocks, is uncertain. Muscovite, the only major mineral 
aside from quartz, locally present on parting surfaces. Most or all of unit 
likely equivalent to subunit mqc of Lund (1984) that was later designated 
Moores Lake Formation by Lund and others (2003) and Lund (2004). 
Although quartz-pebble conglomerate found in the adjoining quadrangle to 
the south in the Moores Lake Formation was not recognized on this map, 
detrital zircon age sprectra of samples collected along strike in the 
adjoining quadrangle to the north (Lewis and others, 2025b, Hungry Ridge 
quadrangle) are similar to those from the Moores Lake Formation in the 
Hanover Mountain quadrangle. These spectra show an abundance of 1,200 
to 1,100 Ma ages, similar to ages reported from Neoproterozoic strata 
elsewhere in the region, such as the Mutual and lower Camelback 
Mountain formations in the Pocatello area (Yonkee and others, 2014). 
Thickness estimated to be as much as 1,000 m (3,000 ft) by Lund and others 
(2003).
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SYMBOLS

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 downthrown side.

Thrust fault reactivated by later normal motion: teeth on upper plate, ball 
and bar on downthrown side; dashed where approximately located; 
dotted where concealed.

Thrust fault: dashed where approximately located; dotted where 
concealed; teeth on upper plate.

Syncline: dashed where approximately located.

Anticline: dashed where approximately located, dotted where 
concealed; arrow indicates plunge direction.

Strike and dip of bedding.

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

Strike and dip of bedding interpreted to be overturned on the basis of 
stratigraphic position.

Strike and dip of compositional layering.

Strike and dip of foliation.

Strike and dip of foliation, strike variable.

Strike of vertical foliation.

Strike and dip of cleavage.

Trend and plunge of minor fold hinge.

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

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

Prospect pit.

Mine adit.

Geochemical sample location (Table 1).

Geochronological sample location (Figures 1 and 2).

Landslide headwall scarp; hachures point downscarp.

LOCATION OF FIELD OBSERVATIONS
Sawyer Ridge Quadrangle

Extent of LiDAR coverage as of 04/2025

INTRODUCTION

Most of the Sawyer Ridge quadrangle is underlain by metamorphosed 
sediments of Mesoproterozoic to Ordovician age that have been intruded 
by Cretaceous plutonic rocks. Mesozoic strata in the northwest part of the 
quadrangle have been accreted along the Salmon River suture, now marked 
by a zone of foliated plutonic rocks and a lens of ultrama�c rock. All strata 
have been metamorphosed to lower amphibolite facies and most of the 
Proterozoic metasedimentary rocks are repeated by folding and faulting. 
Separation and contortion of these strata by the intrusions add to the 
di�culty of correlating units. Quaternary sur�cial deposits occur in stream 
beds and glaciated areas.

Bedrock was mapped in 2018 and 2019 by R. Lewis, D. Stewart, R. Burm-
ester, and K. Schmidt. Quaternary deposits were mapped in 2019 by L. 
Stanford. Proterozoic stratigraphy is modi�ed from work by Lund (1984), 
Lund and others (2003), Lund (2004), and Lund and others (2015). Where 
metamorphism and deformation precluded unit assignment based on that 
stratigraphy lithologic names from the Syringa metamorphic sequence 
(Lewis and others, 1992; 2007) were used instead. Mapping is supplement-
ed by U-Pb analysis of igneous and detrital zircons (Figures 1 and 2). Lund 
(1984) was the �rst to suggest that these strata are not part of the Mesopro-
terozoic Belt Supergroup, and, except for the feldspathic quartzite of 
Golden metamorphic sequence (likely Belt), we concur with this conclu-
sion. Some attitudes and contacts from Lund (1984) supplement those 
measured by the authors.
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