
IDAHO

QUADRANGLE LOCATION ADJOINING QUADRANGLES

BI
RD

CREE
K

SA
LM

ON

W
IL

LI
AM

S
LA

KE

EA
ST

O
F

SA
LM

O
N 

SA
L

M
OUNTA

IN

BA
KE

R

HOM
ER

YO
UNGS

PE
AKBA

DGER
SP

RIN
G

GULC
H

BO
HAN

NON
SP

RIN
G

Base digitally scanned from 24,000-scale USGS film separates, 
1989.

Shaded elevation from 10 m DEM.

Topography by photogrammetric methods from aerial 
photographs taken 1985. Field checked 1986. 
Map edited 1989.

Projection: Idaho coordinate system, central zone (Transverse 
Mercator). 1927 North American Datum. 

10,000-foot grid ticks based on Idaho coordinate system, 
central zone.

1000-meter Universal Transverse Mercator grid ticks, zone 12.

Field work conducted 2009.

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

USGS Award No. G09AC00163.

Digital cartography by  Loudon R. Stanford and Jane S. Freed 
at the Idaho Geological Survey’s Digital Mapping Lab.

Review status: Authors only.

Map version 2-4-2011.

PDF (Acrobat Reader) map may be viewed online at 
www.idahogeology.org.

MILE
FEET

KILOMETER

1

0

0 1000 2000 3000 4000 5000 6000 7000

10.51

1000

01 0.5
SCALE  1:24,000

Contour interval 40 feet

UTM Grid and 
1989 Magnetic North 

Declination at Center of Map

GN

MN

2o 16.5o

Published and sold by the Idaho Geological Survey
University of Idaho, Moscow, Idaho 83844-3014

DIGITAL WEB MAP 125
OTHBERG, STANFORD, AND LEWIS

IDAHO GEOLOGICAL SURVEY
MOSCOW-BOISE-POCATELLO WWW.IDAHOGEOLOGY.ORG

GEOLOGIC MAP OF THE EAST OF SALMON QUADRANGLE, LEMHI COUNTY, IDAHO

Kurt L. Othberg, Loudon R. Stanford, and Reed S. Lewis

2011

4,800

4,600

4,400

4,200

3,800

4,800

4,600

4,400

4,200

3,800

FEET

FE
ET

A’
5,000

4,000

A
5,000

4,000

Twc

Qls

Qaf

Qas
Qas

QamQam

Tsc
Tsc

Tsc

River
Lemhi

3Qtg

1Qtg
1Qtg2Qtg

5Qtg

6Qtg

6Qtg

Veritcal exageration is 3x.

B’

FEET

11,000

10,000

9,000

8,000

7,000

5,000

4,000

3,000

FE
ET

B

Yqff?
Ysq

Tkg

TccTsc

QTcg

QTcg

Qms

Qls

Qls
QafoQaf Qas

m
6Qtg

30

8

3

15

10

10

30

35

30 25

10

25

25

30

30

5

5

8

8

8

8

8

5

10

7

5

6

7

26

3

3

3

8

6

A

B

B'

A'

Tcc

Twc

Twc

Twc

Qas

Tkg Ysq

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg
Tkg

Tkg

Tkg

Tkg

Tkg

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc
Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tcc

Tsc

Tsc

Tsc

Tsc

Tsc Tsc

Twc

Twc

Twc

Twc

Twc

Twc

Twc

Twc

Twc

Twc

Twc

Twc

Twc

Twc
Twc

Twc

QTcg

QTcg

QTcg

Qms

Qms

Qms

Qms

Qms

Qms

Qms

Qms

Qms

Qms

Qms

Qms

Qls

Qls

Qls

Qls?

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls

Qls
QlsQls

Qls

Qls

Qls?

Qls

QlsQls

Qlsa

Qafo

Qafo

Qafo

Qafo

Qafo

Qafo

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf
Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas
Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qas

Qam

Qam

Qam

Qam

Qam

Qam

Qam

m

m

m

m

m

m

m

m

m

m

m

Qls
Qaf

Tsc
Tsc

Tsc

Tsc

Tsc

Twc

Twc

Twc

Twc

Twc

Twc

Qls

Qls

Qls

Qls

Qls

Qls

Qls?

Qls?

Qls
Qls

Qls

Qls

QlsQls

Qls

QlsQls

Qls

Qls

Qls

Qls

Qafo

Qafo

Qaf

Qaf

Qaf

Qls

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qas

Qas

Qas

Qas

Qas

Qas

Qas

m
m

m

6Qtg

6Qtg

6Qtg

6Qtg

6Qtg

6Qtg

6Qtg

6Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

5Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

2Qtg

2Qtg

2Qtg

2Qtg

2Qtg

2Qtg
2Qtg

2Qtg

2Qtg

2Qtg

2Qtg

2Qtg

2Qtg

2Qtg

2Qtg

2Qtg

2Qtg

2Qtg

CORRELATION OF MAP UNITS

Pliocene

TERTIARYMiocene

Oligocene

Eocenelate

QUATERNARY
Pleistocene

Holocene

MESOPROTEROZOI C

CENOZOIC

Artificial
Deposits

Mass Movement
DepositsDeposits

Glacial

Salmon Basin

Metasedimentary Rocks

Sedimentary Deposits of the

Alluvial Deposits

Twc

Qms

QTcg

Qls

m Qlsa

Ysq

Tcc

Yqff

Tsc Tkg

Qafo

Qas Qam
Qaf

4Qtg

Qtg6

Qtg5

Qtg3

Qtg2

Qtg1

?

?

? ? ?

8

8

SYMBOLS

Contact: dashed where approximately located; small dash 
where infered.

Gradational contact between interfingering units: placed where 
change in erosional resistance is expressed topographically.

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

Syncline axial trace: approximately located; dotted where 
concealed; arrow indicates plunge direction.

Strike and dip of bedding.

Horizontal bedding.

Strike and dip of bedding determined from 3-point analysis on 
bed traced in Google Earth 3-D imagery.

Headwall scarp of landslide; ticks on top of scarp.

Gravel pit or rock quarry that exposes a map unit.

Extent of placer-pit excavations.

Linear ridges: possible debris-flow levees.
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INTRODUCTION

The geologic map of the East of Salmon quadrangle shows rock units 
exposed at the surface or underlying a thin surficial cover of soil and collu-
vium. Thicker surficial alluvial, colluvial, glacial, and landslide deposits are 
shown where they form significant mappable units. Semi-consolidated to 
consolidated Tertiary sedimentary rocks form the undulating low hills and 
foothills that comprise most of the map area.

The map is the result of our research and field work in 2008 and 2009, and 
previous research in the region by Anderson (1956 and unpublished 
mapping), Tucker (1975), Harrison (1985), and Blankenau (1999). Many 
concepts for geologic units were developed while mapping the adjacent 
Bohannon Spring quadrangle (Lewis and others, 2009), part of a 1:24,000-
scale collaborative mapping project started in 2007 by the Idaho Geologi-
cal Survey and the Montana Bureau of Mines and Geology. Attitudes from 
previous mapping by Anderson (1956 and unpublished mapping) were 
used to supplement the structural data collected by the authors. Soils 
information is from Hipple and others (2006). 

The oldest rocks in the quadrangle are metasedimentary rocks of Mesopro-
terozoic age that form the Beaverhead Mountains just east of the quad-
rangle. Their contact with sedimentary rocks of the ancestral Salmon basin 
is along the late Eocene-Oligocene Salmon basin detachment fault. Salmon 
basin sedimentary rocks vary from coarse conglomerate to shale, represent-
ing a wide range of depositional environments in the basin as it formed. 
Much of the basin sedimentary section has been subsequently eroded. The 
oldest surficial deposits in the quadrangle are bouldery gravels that cap an 
early erosion surface on dipping sedimentary rocks. Evidence for that 
Pliocene or early Pleistocene surface has been mostly removed through 
Pleistocene drainage incision. The Quaternary deposits show evidence of 
glaciation, terracing, incision, and landsliding. These are characteristic of 
Quaternary processes that formed the thin alluvial, glacial, and mass move-
ment deposits.

DESCRIPTION OF MAP UNITS

Mineral modifiers are listed in order of increasing abundance. Grain size 
classification of unconsolidated and consolidated sediment is based on the 
Wentworth scale (Lane, 1947). Distances and bed thicknesses are given in 
abbreviation of metric units (e.g., cm=centimeter). Formation thickness and 
elevation are listed in both meters and feet. Multiple lithologies within a 
rock unit description are listed in order of decreasing abundance. 

ARTIFICIAL DEPOSITS

Made ground (Holocene)—Artificial fills and gold placer tailings. Fills 
composed of excavated, transported, and emplaced construction materials 
typically derived locally. Includes landfills and earth-fill dams and levees 
for  reservoirs and ponds. Tailings mostly from dredging of terrace gravel in 
Kirtley Creek valley.

ALLUVIAL DEPOSITS

Main-stream alluvium (Holocene)—Well rounded, moderately sorted and 
stratified pebble to boulder sandy gravel. Gravel clasts mostly quartzite, 
siltite, and volcanic rocks. Includes flood-plain areas of silt, clay, and sand. 
Thickness 3-9 m (10-30 ft). Weakly developed soils.

Side-stream alluvium (Holocene)—Kirtley and Carmen creeks: Subrounded to 
well- rounded, moderately sorted and stratified pebble to boulder sandy 
gravel. Gravel clasts primarily quartzite and siltite. Foothill drainageways: 
Angular to subrounded, poorly sorted, moderately stratified pebbly to 
cobbly sandy silt. Thickness 1-6 m (3-20 ft). Weakly developed soils. 

Alluvial and debris-flow fan deposits (Holocene to late Pleistocene)—Angular 
to subrounded, poorly sorted, matrix-supported pebble to boulder gravel in 
a matrix of sand, silt, and clay. Thickness highly varied, ranging 1-15 m 
(3-50 ft). Soils vary from weakly developed to moderately developed.

Older alluvial deposits (Pleistocene)—Angular to subrounded, poorly sorted, 
matrix-supported pebble to boulder gravel in a matrix of sand, silt, and clay. 
Thickness highly varied, ranging 1-15 m (3-50 ft). Soils moderately devel-
oped to well developed.

GRAVEL TERRACE DEPOSITS

Gravel deposits of Pleistocene terraces in the Salmon and Lemhi valleys are 
composed of moderately sorted and clast-supported sandy gravel. Clasts 
primarily are subrounded to well-rounded pebbles, cobbles, and boulders 
of quartzite and siltite from the Beaverhead Mountains. Near the Lemhi and 
Salmon rivers, gravel clasts also include volcanic rocks and purple quartzite 
from outside the Salmon basin; some granitic clasts occur in Salmon River 
terrace gravel. All terrace deposits form a relatively thin (3-9 m; 10-30 ft) 
cap over a stream-cut bedrock surface. The gravels are more resistant and 
several levels of terraces and terrace remnants are preserved at heights of 
6-180 m (20-600 ft) above the present-day streams. These record long-term 
episodic incision of the Salmon basin, which was probably driven by 
periodic glacial climate during the Pleistocene. Where terraces abut hills of 
Tertiary sediments, terrace gravels commonly are capped by and probably 
interfingered with alluvial-fan deposits (Qaf and Qafo), which are often 
included in the terrace unit.

Gravel of first terrace (Holocene to Late Pleistocene)—Forms terrace 3-6 m 
(10-20 ft) above modern streams. Soils weakly developed. 

Gravel of second terrace (Late? Pleistocene)—Forms terrace 12-18 m (40-60 ft) 
above modern streams. Soils moderately developed.

Gravel of third terrace (Middle? Pleistocene)—Forms terrace 30-49 m (100 to 
160 ft) above modern streams. Soils well developed. 

Gravel of fourth terrace, (Middle? Pleistocene)—Forms terrace 61-91 m (200-
300 ft) above Lemhi and Salmon rivers. Soils well developed.

Gravel of fifth terrace (Early? Pleistocene)—Forms terrace 122 m (400 ft) above 
Lemhi and Salmon rivers. Soils well developed.

Gravel of sixth terrace (Early? Pleistocene to Pliocene)—Forms terrace 
remnants 150-180 m (500-600 ft) above Lemhi and Salmon rivers.  May be 
age-equivalent to the erosion surface buried by colluvial and glacial depos-
its (QTcg). Soils of original terrace surface eroded away.

MASS MOVEMENT AND GLACIAL DEPOSITS

Deposits of active landslides (late Holocene)—Unstratified, poorly sorted silty 
clay and gravelly silty clay. Deposited by slumps, slides, and debris flows 
from slope failures in Tertiary sediments. Directly related to and formed 
after development of water ditches and irrigation.

Landslide deposits (Holocene to Pleistocene)—Unstratified, poorly sorted silty 
clay and gravelly silty clay. Deposited by slumps, slides, and debris flows 
that primarily occur in Tertiary sediments. Map may also show the landslide 
scarp and the headwall (steep area adjacent to and below the landslide 
scarp) from which material broke away (see Symbols).

Mass-movement deposits (Holocene to Pleistocene)—Angular to subangular 
poorly sorted silty and clayey gravel. Deposit includes solifluction deposits, 
colluvium, and some alluvial-fan gravel.

Colluvial and glacial deposits (Pleistocene to Pliocene?)—Pebble, cobble, and 
boulder gravel that caps highest foothill ridges and overlies erosion surface 
on Tertiary sediments. Primarily colluvium with large, lag surface boulders; 
original deposits probably include till, pediment gravel, and creep and lag 
deposits derived from Tertiary conglomerate (Tkg). Soils of original surface 
eroded away. Thickness 12-24 m (40-80 ft).

TERTIARY SEDIMENTARY DEPOSITS OF THE 
SALMON BASIN

Janecke and Blankenau (2003) interpreted the Salmon basin as one of 
several superdetachment basins that formed in east-central Idaho and 
western Montana between 46 and 31 Ma (late middle Eocene to early 
Oligocene). Blankenau (1999) studied the structure and stratigraphy in the 
southern portion of the Salmon basin. He described and mapped coarse-
grained basin-margin facies near the mountain front and suggested they 
formed in response to movement along the Salmon basin detachment fault. 
Previously, sedimentary rocks of the Salmon basin were described, subdi-
vided, and mapped by Anderson (1956) and Tucker (1975). Harrison (1985) 
studied the sedimentology of the basin-filling sediments, identified a series 
of gradational facies, and described and sketch-mapped several lithostrati-
graphic units. In contrast to Anderson's ideas, she demonstrated that the 
basin sediments are conformable, and their lithologic distribution resulted 
from depositional environments that varied by proximity to the active, 
basin-bounding fault. The sediments were deposited in alluvial-fan, 
braided-stream, mixed-channel and flood-plain, and lake environments in 
a downfaulted subsiding basin. Harrison (1985) defined laterally grada-
tional and interfingering, coarser and finer grained lithostratigraphic units. 
The units are local and informal: Harrison’s “Formation” is changed to 
“formation,” and her Carmen Creek “Member” is changed to “formation” 
because its map distribution suggests equal status with the other units. 
Although semi-consolidated to consolidated throughout, cementation is 
restricted to thin beds of sandstone and conglomerate which are not 
laterally extensive. As a result, outcrops are rare and many slopes are 
covered with thin sheet wash and colluvium. Conglomerate beds weather 
to a gravelly soil mantle. Where bedding attitudes are nearly horizontal, 
cemented sandstone and conglomerate beds form low, flat benches that 
can be misinterpreted as Quaternary terraces. 

Wimpey Creek formation (Oligocene and Eocene)—Vitric siltstone, bentonite, 
mudstone, and carbonaceous shale with interbeds of conglomerate and 
sandstone. Colors vary from white to greenish gray and pinkish brown. 
Locally stained and cemented with iron and manganese. Mostly distin-
guished by poorly consolidated fissile carbonaceous shale and bentonitic 
beds. Bed thicknesses range from a few millimeters to a few meters. Depo-
sitional environments vary from flood-basin swamps and ponds, to sandy 
mixed-load streams, to proximal mixed-load streams (Harrison, 1985). 
Gradational and interfingers with the generally coarser-grained Kriley 
Gulch formation (Tkg), Salmon City formation (Tsc), and Carmen Creek 
formation (Tcc). May be stratigraphically youngest among the Salmon basin 
sedimentary rock units. Gradational contact with the other, more resistant 
units, is placed where proportion of coarse-grained beds exceeds 
fine-grained beds, and is estimated geomorphically. Forms gently sloping, 
low-relief, and "badlands" topography that is prone to erosion and landslid-
ing when wet.

Salmon City formation (Oligocene and Eocene)—Fine- to coarse-grained, 
moderate to well sorted vitric quartz arenites interbedded with vitric 
siltstone and shale; minor proportion of conglomerate and carbonaceous 
shale beds. Outcrops generally buff to reddish-brown. Bed thicknesses 
range 50 cm to 3 m. Depositional environments predominantly distal sandy 
stream and distal shallow braided stream (Harrison, 1985). Grades upward 
into and interfingers with Wimpey Creek formation (Twc). Gradational 
contact is placed where proportion of fine-grained beds exceeds coarse-
grained beds, and is estimated geomorphically. Forms resistant cliffs and 
relatively steep slopes.

Carmen Creek formation (Oligocene and Eocene)—Trough cross-stratified 
sandstone beds that vary from well-sorted quartz arenites to vitric and lithic 
wackes. Resistant beds cemented with silica and hematite. Buff colored in 
outcrop. Common interbeds of massive and trough cross-stratified 
conglomerate; conglomerates similar to those in the Kriley Gulch forma-
tion. Less commonly includes interbedded volcanic ash beds and vitric 
siltstones with abundant plant remains. Toward the detachment fault, 
grades into and interfingers with Kriley Gulch formation (Tkg); gradational 
contact placed where sandstone exceeds conglomerate. Away from the 
detachment fault, grades upward into and interfingers with Wimpey Creek 
formation; gradational contact placed where sandstone exceeds finer 
grained beds. Contact placements estimated geomorphically. Forms 
low-relief hills and valleys over extensive area of nearly horizontal strata. 
Resistant beds of conglomerate form “caps” on ridges and gentle slopes; 
large lag boulders occur on ridge tops. Pebble-cobble gravelly soil is exten-
sive but thin; gully erosion exposes interbedded light-colored fine-grained 
beds.

Kriley Gulch formation (Oligocene and Eocene)—Matrix-poor breccia, 
matrix-supported conglomerate, and clast-supported conglomerate; 
includes interbeds of ashes, vitric siltstone and sandstone. Colors are gray, 
white, and red. Silica and hematite cement are common. Clast sizes 
commonly pebbles and cobbles, but large boulders locally occur as lag 
deposits from weathered and eroded beds. Beds are predominantly breccia 
and matrix-supported conglomerate lower in the unit, but transition 
upward to better sorted and cross-stratified clast-supported conglomerate. 
Clast compositions are primarily Mesoproterozoic quartzite, siltite, and 
argillite derived from the adjacent Beaverhead Mountains. Percentage of 
fine-grained beds increases laterally as the unit grades and interfingers with 
the Carmen Creek formation (Tcc) and the Wimpey Creek formation (Twc). 
Gradational contact is placed where proportion of fine-grained beds 
exceeds coarse-grained beds, and is estimated geomorphically. Deposi-
tional environments vary from proximal fan and fan head at the base of the 
unit to mid fan and proximal braided stream in the upper part (Harrison, 
1985). Forms steep slopes with coarse gravelly soils and resistant ridges 
capped with common lag pebbles and cobbles, and infrequent lag 
boulders.

MESOPROTEROZOIC STRATA

Fine-grained feldspathic qauartzite (Mesoproterozoic)—Fine-grained, 
medium- to thick-bedded, light-weathering feldspathic quarzite and minor 
darker siltite and argillite. Not exposed in the map area.

Siltite, quartzite, and argillite (Mesoproterozoic)—Predominately siltite and 
argillite. Finer grained intervals contain laminated to thin-bedded dark 
siltite and darker argillite, with some thin-bedded and rare thick-bedded 
quartzite. Decimeter-scale siltite layers approximately equal in volume to 
cm-scale siltite and argillite couplets. Exposed only in northeast corner of 
map. Tentatively correlated with the type Inyo Creek Formation of the 
Lemhi Group (Ruppel, 1975) and rocks below the Inyo Creek Formation 
that are not exposed in the Lemhi Range.
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