
IDAHO

QUADRANGLE LOCATION

Base digitally scanned from 24,000-scale USGS 
film separates, 1965.

Shaded elevation from 10 m DEM.

Topography by photogrammetric methods from 
aerial photographs taken 1965. Field checked 
1966. 

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 2010.

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

Geologic Mapping Program, 
USGS Award No. G10AC00223.

Digital cartography by Collette Gantenbein at the 
Idaho Geological Survey’s Digital Mapping Lab.

Reviewed by J.D. Kauffman, Idaho Geological 
Survey.

Map version 10-11-2011.

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

ADJOINING QUADRANGLES

BI
RD

CREE
K

NORTH
FO

RK

SH
EW

AG
LA

KE JU
M

BO
M

OUNTA
IN

SA
LM

ON

BA
DGER

SP
RIN

G
GULC

H

EA
ST

 O
F

SA
LM

ON

BO
HAN

NON
SP

RIN
G

HOM
ER

YO
UNGS

PE
AK

UTM Grid and 
1966 Magnetic North 

Declination at Center of Map

GN

MN

2o 00 19o

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

DIGITAL WEB MAP 132
BURMESTER AND OTHERS

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

40

80

80

45

45

55

30

20

40

35

50
40

35

70

35

80

70

75

80
50

20

10

80

85

45

15

15

15

15

15

25

22

35

50

40

20

30

20

45

40

75

65

60

45

80

60

73

80

60

65

40

35
40

35

55

80

80

25

25

20

25

15

20

25

25

10

10

8

10

15

5

5

30

15

35

18
24

15

12

25

20

34

65

30

50

20

75

20

30

3025

25

57 57

7070

65
60

55

60

50

35

40

35

45
40

30

85

60
45

60

30
50

35

50

40

20

30
5

5
30

50

30
30

30

25

30
15

15

30

20

25

45

25

58

80

50

85

75

25

45

40

25

25
45

60
10

26

5

43

65

60

50

80

50

80

30

40

60

62

54

70

40

40

55

30

25

35
80

80

20

47

35

35

30

30

27

35

25

45

30

60

85

45

15

30

40

70

40

30

45

25

40

20

30

80

80

25

45

35

35

60

40

50

25

5

2

25

35

25
50

25

25
15

35

20

20

20

5

5

25

5

10

FAULT
DIVIDE

BEAVERHEAD

DETACHMENT

BASIN

SALM
ON

THRUST

F
A

U
LT

C
R

E
E

K

FR
EEM

AN

C
AR

M
EN

S T O C K

C R E E K

C A R M E N

Qgo

Qgoo

Qaf

Yqcl

Qls

Qaf

Tdi

Tdi

Qas

Tgd

Tqm?

Tdi
Tgr

Tqm?

Tqm

Tqm

Tgr

Tgr

Tqm

Tqm

Tdi

Tdi

Tdi

Tdi

Tdi

Tgd

Yqcl

Yqcl

Yqcl

Yqcl

Yqcl

QTcg

Tkg

Tkg

Qaf

Tgd

Tgd

Yqff

Yqff

Yqcl?

Yqcl?

Qaf

Tkg?

Ysq

Qls

Qaf

Qas

Qaf

Qmg

Qmg

Qmg

Qmg

Qmg

Tdi

Ysq

Ysa

Ysa

Ysa

Ysa

Ysa

Ysa?

Ysa?

Ysa

Ysa

Ysa

Ysa

Ysa

Ysa

Ysa

Yqff?

Yqff

Yqff

Yqff

Yqff

Yqff

Yqff

Yqff

Yqff

Yqcl

Yqcl

Yqcl

Yqcl

Yqcl?

Yqcl

Yqcl

Yqcl

Yqcl

Yqcl

Yqcl

Yqcl
Yqcl

Yqcl

Yqcl

Tcv

Tdi

Tdi

Tdi

TdiTdi?

Tdi

Tdi

Tgr

Tgd

Tgd

Tgd

Tgd

Tgd

Tgd

Tgd

Tgd

Tkg

Tkg

TkgTkg
Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg

Tkg
Tkg

Tkg

Tkg

Tkg

Tkg

Tcc

Tcc

Tcc

QTcg

QTcg

QTcg

QTcg

Qgoo

Qgoo

Qgoo

Qgoo

Qgoo

Qgo

Qgo

Qgo

Qgo

Qgo

Qgo

Qgt

Qgt

Qgt

Qgt

Qgt

Qgt

Qms

Qms
Qms

Qms
Qms

Qms

Qms

Qms

Qms
Qms

Qms

Qms
Qms

Qms

Qms

Qls

Qls

Qls

QlsQls

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

Qlsa

Qlsa

Qlsa

Qafo

Qafo

Qafo

Qafo

Qafo

Qafo

Qafo

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

Qaf

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

2Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg
3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

3Qtg

2Qtg

2Qtg

2Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

1Qtg

5Qtg ?

5Qtg ?

5Qtg

5Qtg

5Qtg

4Qtg

4Qtg

4Qtg 4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

4Qtg

A

A’

GEOLOGIC MAP OF THE BADGER SPRING GULCH QUADRANGLE, LEMHI COUNTY, IDAHO

Russell F. Burmester, Reed S. Lewis, Kurt L. Othberg, Jeffrey D. Lonn, Loudon R. Stanford, and Mark D. McFaddan

2011

CORRELATION OF MAP UNITS

?

?

? ?

? ?

MESOPROTEROZOIC

CENOZOIC

TERTIARY

Eocene

Oligocene

Pliocene

QUATERNARY

Pleistocene

Holocene

Volcanic Rocks

Metasedimentary

Rocks

Glacial Deposits

Sedimentary Deposits

Mass Movement Deposits Alluvial Deposits

Intrusive Rocks

Ysq

Ysa

Yqcl

Yqff

Qgt

Qgoo

Qgo

QTcg

Tcc Tkg

Qlsa

Qms Qls

Qmg Qas

Qafo

Qaf

TqmTcv

Tgr

Tdi

Tgd

Qtg5

Qtg

Qtg

Qtg

Qtg4

3

2

1

INTRODUCTION

The Badger Spring Gulch 7.5' quadrangle spans an important fault zone 
previously thought to juxtapose two different Mesoproterozoic sedimentary 
rock packages. To the east and northeast, in the West Pioneer and Pintler 
Mountains (Figure 1), are exposures of rocks assigned to the Belt Super 
Group (Ruppel and others, 1993; Lonn and McDonald, 2004), whereas to 
the southwest in the Lemhi Range and Salmon River Mountains are the 
reference sections of the Lemhi Group, Swauger Formation, and Yellow-
jacket Formation (Ross, 1934; Ruppel, 1975). In the intervening Beaver-
head Mountains, both the stratigraphic and structural interpretations have 
been controversial among previous workers (MacKenzie, 1949; Tucker, 
1975; Ruppel and others, 1993; Winston and others, 1999; Evans and 
Green, 2003; O'Neill, 2005; Tysdal and others, 2005). The Idaho Geologi-
cal Survey and Montana Bureau of Mines and Geology have now mapped 
at 1:24,000-scale this important fault system from near Lemhi Pass into the 
Badger Spring Gulch quadrangle in an attempt to resolve some of the 
long-standing controversies. 

Bedrock mapping in 2010 by Lonn, Lewis, Burmester and McFaddan built 
on their earlier reconnaissance work in 2000, 2005, and 2007. Tertiary 
sedimentary rocks and Quaternary surficial deposits were mapped in 2010 
by Othberg and Stanford, expanding Stanford’s earlier field work in 2007. 
Tertiary sedimentary units had been previously described and mapped by 
Anderson (1959) and Harrison (1985). Anderson (1959) also described the 
Proterozoic metasedimentary rocks and the intrusive rocks of the Carmen 
stock. Selected attitudes from Anderson (1959) were included on the map. 
Many concepts for geologic units were developed while mapping the 
adjacent Homer Youngs Peak and East of Salmon quadrangles (Lonn and 
others, 2008; Othberg and others, 2010). Soils information is from Hipple 
and others (2006). 

The contact between the Mesoproterozoic metasedimentary rocks of the 
Beaverhead Mountains and sedimentary rocks of the ancestral Salmon 
basin is the late Eocene-Oligocene Salmon basin detachment. Salmon 
basin sedimentary rocks are mostly semi-consolidated conglomerates 
deposited in the basin as it formed. Much of the basin sedimentary section 
has been subsequently eroded through Pleistocene drainage incision. The 
oldest surficial deposits in the quadrangle are bouldery gravels that cap an 
early erosion surface on dipping Tertiary sedimentary rocks; locally some 
rest on Mesoproterozoic rocks of the upper plate of the Salmon basin 
detachment. The Quaternary deposits show evidence of glaciation, terrac-
ing, incision, and landsliding. These features are characteristic of Quater-
nary processes that formed the thin alluvial, glacial, and mass movement 
deposits.

DESCRIPTION OF MAP UNITS

The geologic map of the Badger Spring Gulch quadrangle shows bedrock 
units exposed at the surface or under thin surficial cover of soil and collu-
vium. Surficial alluvial, colluvial, glacial, and landslide deposits are shown 
where they are thick and of mappable aereal extent. Mesoproterozoic 
sedimentary rocks, the oldest rocks in the map area, dominate bedrock of 
the Beaverhead Mountains along the east and north parts of the quadrangle. 
Tertiary sedimentary rocks form the undulating low hills and foothills that 
comprise most of the south and west half of the map area.

Intrusive rocks are classified according to International Union of Geologi-
cal Sciences nomenclature using normalized values of modal quartz (Q), 
alkali feldspar (A), and plagioclase (P), on a ternary diagram (Streckeisen, 
1976). 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). Bedding thicknesses and lamination 
type are after McKee and Weir (1953), and Winston (1986). Distances and 
bed thicknesses are given in metric units. Formation thicknesses and eleva-
tions are listed in meters and feet. Multiple lithologies in a rock unit are 
described in order of decreasing abundance. 

ALLUVIAL DEPOSITS

Side-stream alluvium (Holocene)—Carmen and Freeman creeks: Subrounded 
to well-rounded, moderately sorted and stratified pebble to boulder sandy 
gravel. Gravel clasts primarily quartzite and siltite. Foothill stream valleys 
and local drainageways: Angular to subrounded, poorly sorted, moderately 
stratified pebbly to cobbly sandy silt; includes minor sheet wash, collu-
vium, and fan deposits. Soils not developed to weakly developed. These 
sediments are 1-3 m (3-10 ft) thick.

Alluvial and debris-flow fan deposits (Holocene to late Pleistocene)—Angular 
to subrounded, poorly sorted, matrix-supported pebble to boulder gravel in 
a sand, silt, and clay matrix. Soils undeveloped to weakly developed. 
Commonly grades into, interfingers with, and caps side-stream alluvium 
(Qas). Thickness varies greatly, ranging from 1 to 24 m (3 to 80 ft). Soils vary 
from weakly to moderately developed.

Older alluvial-fan deposits (Pleistocene)—Angular to subrounded, poorly 
sorted, primarily matrix-supported pebble to boulder gravel in a sand, silt, 
and clay matrix. Soils moderately to well developed. Commonly caps and 
interfingers with terrace gravel. The thickness varies greatly, ranging from 1 
to 15 m (3 to 50 ft).

GRAVEL TERRACE DEPOSITS

Gravel deposits of Pleistocene terraces are composed of moderately sorted 
and clast-supported sandy gravel. Clasts primarily subrounded to well-
rounded pebbles, cobbles, and boulders of quartzite and siltite from the 
Beaverhead Mountains. Clasts of Tertiary granodiorite (Tgd) occur in terrace 
gravel north of Freeman Creek. Terrace deposits form relatively thin (3-9 m; 
10-30 ft) caps over stream-cut bedrock surfaces. Several levels of terraces 
and terrace remnants are preserved 3-140 m (10-460 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 Pleisto-
cene. Along the Beaverhead Mountain front and adjacent to hills of Tertiary 
sediments, terrace gravels commonly are capped by and probably interfin-
ger with alluvial-fan deposits (Qaf and Qafo), which are included in the 
terrace unit locally.

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 30-55 m (100 to 
180 ft) above modern streams. Soils well developed. 

Gravel of fourth terrace, (Middle? Pleistocene)—Forms terrace 60-90 m (200-
300 ft) above modern streams. Soils well developed.

Gravel of fifth terrace (Early? Pleistocene)—Forms terrace 110-140 m (360-
460 ft) above Carmen and Freeman creeks. Soils well developed.

MASS MOVEMENT 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 and along fault zones. For some, 
map shows 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. Includes solifluction deposits, 
colluvium, and some alluvial-fan gravel.

Mass movement and glacial deposits undifferentiated (Holocene to late 
Pleistocene)—Angular unsorted to poorly sorted boulder to large boulder 
gravels. Forms protalus ramparts and slumps derived from moraine 
remnants and frost-wedged debris on high, glaciated valley walls. Includes 
some alluvial-fan gravel and young glacial and periglacial deposits. Deposits 
are as thick as 15 m (50 ft).

GLACIAL DEPOSITS

Till deposits of last local glacial maximum (Pleistocene)—Poorly sorted sandy 
to clayey boulder till. Clasts subangular to subrounded. Forms end 
moraines and recessional moraines. Primarily late Pinedale Glaciation 
equivalent. Includes younger till deposited in or just below cirque floors up 
to 2,440 m (8,000 ft) and local deposits of outwash. Soils weakly developed. 
Deposits are as thick as 25 m (80 ft). 

Outwash gravels of last local glacial maximum (Pleistocene)—Angular to 
rounded, poorly to well-sorted sandy cobble to boulder gravel. Bouldery, 
poorly sorted component probably attributable to debris avalanches 
associated with glacial and periglacial conditions. In the Carmen Creek 
valley, grades into gravel of first terrace (Qtg1) near the confluence with 
Freeman Creek. Age-equivalent to till deposits (Qgt) that correlate with the 
late Pinedale Glaciation. Soils weakly developed. Deposits are 3-9 m 
(10-30 ft) thick. Probably overlies stream-cut surface on bedrock. Unit 
includes alluvial-fan deposits that cap and may interfinger with outwash.

Outwash gravels older than last local glacial maximum (Pleistocene)—Angular 
to rounded, poorly to well-sorted sandy cobble to boulder gravel. In the 
Carmen Creek valley, grades into gravel of second terrace (Qtg2) near the 
confluence with Freeman Creek. Probably time equivalent to early Pinedale 
or older Glaciation. Soils moderately well developed. Deposits are 3-12 m 
(10-40 ft) thick. Probably overlies stream-cut surface on bedrock. Unit 
includes alluvial-fan deposits that cap and may interfinger with outwash.

Colluvial and glacial deposits (Early(?) 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. Deposits are 12-24 m (40-80 ft) thick.

TERTIARY SEDIMENTARY DEPOSITS OF THE 
SALMON BASIN

Janecke and Blankenau (2003) interpreted the Salmon basin as one of 
several supra-detachment 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. 
Previously, sedimentary rocks of the Salmon basin were described, subdivided, 
and mapped by Anderson (1957) 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 
lithostratigraphic 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 
gradational 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. Most 
units are semi-consolidated; 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.

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; conglomerate beds similar to those in the Kriley Gulch 
formation. 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. Contact placement 
estimated geomorphically. Forms low-relief hills and valleys in nearly 
horizontal strata. Bluffs north of Carmen Creek expose 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. Forms steep 
slopes with coarse gravelly soils and resistant ridges commonly capped 
with lag pebbles and cobbles, and rare lag boulders. Colors are gray, white, 
and red. Silica and hematite cement common. Clasts mostly 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. Depositional environments 
range 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). Clasts 
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). Gradational contact is placed where proportion of 
fine-grained beds exceeds coarse-grained beds, and is estimated geomor-
phically.

INTRUSIVE ROCKS

Quartz monzonite dikes (Eocene)—Fine-grained intermediate intrusions 
characterized by low quartz content. Hornblende acicular to blocky. 
Plagioclase abundance greater than or equal to potassium feldspar.

Diorite dikes and sills (Eocene)—Medium- to fine-grained hornblende diorite. 
Similar rocks described by MacKenzie (1949) as meladiorite composed of 
altered hornblende, albite, biotite, chlorite, and clinozoisite, with andesine 
and orthoclase in some of the less altered rocks. Occurs both along the 
Beaverhead Divide fault and within the country rock, where it is less or not 
deformed. Sample 08RB057 from Goldstone Pass quadrangle to the south-
east has U-Pb age of 46 ± 2 Ma (Richard Gaschnig, written commun., 
2009). Records Eocene or later faulting where it is foliated or has sheared 
margins. Presumed older than Carmen Creek stock because latter appears 
to intrude the fault zone along which Tdi is deformed. Alternatively, relative 
ages could be the opposite if intrusion of the Carmen Creek stock blocked 
extensional deformation along the Beaverhead Divide fault in its vicinity.

Biotite granite (Eocene)—Light gray, fine- to medium-grained, equigranular to 
porphyritic biotite granite of the Carmen Creek stock. Forms core of stock 
west of Carmen Creek and rare 1-3 m (3-10 ft) wide dikes.

Granodiorite (Eocene)—Medium-grained hornblende-biotite granodiorite of 
the Carmen Creek stock and associated dikes. Part of the granodiorite unit 
of Kilroy (1981) that is also exposed to the east of the quadrangle where it 
was described by MacKenzie (1949). Complexly zoned oligoclase (An25-35), 
quartz, microcline, hornblende, and biotite are the major constituents and 
dioritic inclusions are common (Anderson, 1959). Eocene age based on 
40Ar/39Ar dating of biotite (47.7 ± 0.6 Ma) and hornblende (50.5 ± 1.8 Ma) 
from a sample collected along the ridge east of Carmen Creek near the 
eastern map boundary (Kilroy, 1981), and a U-Pb zircon age of 49.2 ± 1.7  
Ma from a sample collected east of the East Fork Tower Creek (lat 
43.3482˚N., long 113.8307˚W.; Darin Schwartz, written commun., 2011).

VOLCANIC ROCKS

Challis volcanics, undivided (Eocene)—Resistant knob west of Carmen Creek. 
Composition unknown, but suspected to be mafic to intermediate volcanic rock.

MESOPROTEROZOIC STRATA

Low metamorphic grade metasedimentary rocks of Mesoproterozoic age 
are exposed in the northern and eastern parts of the Badger Spring Gulch 
quadrangle. Strata there correlate with the Lemhi Group and overlying 
Swauger quartzite present in the Lemhi Range to the south. All part of the 
Lemhi subbasin of the Belt Supergroup. 

Conglomeratic quartzite (Mesoproterozoic)—White to light gray, poorly 
sorted, fine- to coarse-grained, trough and planar crossbedded, feldspathic 
quartzite in beds as thick as 2 m. Dark hematite lamination internal to beds 
commonly define trough cross beds, more rarely smaller sedimentary 
structures. Floating pebbles as large as 2.5 cm in diameter of quartz, quartzite 
with little or no feldspar, gneiss, and hornblende granite are characteristic 
though not uniformly distributed or abundant. Pebbles are angular to 
rounded, some concentrated in beds as thick as 10 cm, but most are 
scattered within quartzite. Contains dark gray argillite and siltite interbeds 
as thick as 15 cm. Some 1 cm thick interbeds have quartzite-filled desicca-
tion cracks about 1 cm wide that form polygons 10 cm across. Dark argillite 
also as rare chunks or ripup clasts. Where contact metamorphosed by the 
Carmen Creek stock, fine-grained material has dark spots up to 1 cm 
(cordierite?) and is locally deformed. Carbonate cement, where present in 
abundance, allows punky weathering of the quartzite; calc-silicate miner-
als present locally. Some beds exhibit soft sediment deformation ranging 
from 1 dm loads to 2 m broad channels that apparently sagged into under-
lying beds. Potassium feldspar content subequal to, or greater than, plagio-
clase. Seventeen samples contain about 6-20 percent potassium feldspar 
(average 15 percent) and 4-22 percent plagioclase (average 9 percent). 
Grades downward over a few hundred meters to Yqff. Correlated with the 
Swauger Formation based on stratigraphic position above Yqff (Gunsight 
Formation equivalent) and on previous assignment of this unit to the 
Swauger by Anderson (1959), who noted similarities in composition and 
texture to the Swauger in the Borah Peak quadrangle described by Ross 
(1947). Top not exposed in the area but thickness approximately 3,000 m 
(10,000 ft) in the Homer Youngs Peak quadrangle to the east.

Fine-grained feldspathic quartzite (Mesoproterozoic)—Well-sorted, 
fine-grained, medium- to thick-bedded, medium gray, light-weathering 
feldspathic quartzite and minor darker siltite and argillite. Dark specular 
hematite laminations as thick as 2 mm are more common in this unit than 
Yqcl. They define large trough cross beds, high-angle planar cross bedding, 
ripple and climbing ripple cross lamination as well as flat lamination. In the 
east, laminations are distorted by intense cleavage development; where 
least deformed in the west, some quartzite is pink. Argillite is present as thin 
layers or skins (some discontinuous) on quartzite parting surfaces, less 
commonly as thin mud chips or flakes along with muscovite on bedding 
surfaces, and as graded tops of darker siltite and argillite couples within the 
unit. Plagioclase content subequal to, or greater than, potassium feldspar. 
Four samples contain 0-15 percent potassium feldspar and 15-45 percent 
plagioclase. In the northwestern part of the map, grades upward into Yqcl 
over a few hundred meters with increase in coarse-grained quartzite and 
bed thickness as well as a decrease in feldspar and dark fine-grained 
quartzite. Correlated with the Gunsight Formation of the Lemhi Group 
(Ruppel, 1975) based on similarity with rocks in the type section.

Siltite and argillite (Mesoproterozoic)—Laminated to thin-bedded dark gray 
siltite and darker gray argillite. Siltite layers about 1 dm thick approximately 
equal in volume to siltite and argillite couplets. Some zones characterized 
by graded siltite and argillite couples. Commonly cleaved. Includes 1 
cm diameter brown-weathering spots in white matrix where contact 
metamorphosed. Green and pink casts of non-spotted laminae suggest 
rock is calc-silicate although little residual carbonate was found. 
Tentatively correlated with the Yellow Lake unit of the Apple Creek 
Formation of the Lemhi Group (Tysdal, 2000) based on uniformly fine grain 
size, thin bedding, interpretation of original carbonate, and plausible 
stratigraphic position below Yqff. Base not exposed, but a minimum 
thickness of 600 m (2,000 ft) likely. Relative age of Yqff and Ysa based on 
correlation with units in the Lemhi Range.

Siltite and quartzite (Mesoproterozoic)—Thick- to thin-bedded dark green 
siltite, white quartzite, and dark argillite.  Tentatively correlated with the 
type Inyo Creek Formation of the Lemhi Group (Ruppel, 1975) and with 
rocks beneath the Inyo Creek Formation exposed in the Lemhi Range. 
Thickness uncertain because of folding, but a minimum of 2,400 m (8,000 ft) 
likely based on exposures in adjoining quadrangles.

STRUCTURE

Two major structures, the Beaverhead Divide fault and the Freeman thrust, 
enter the map area from the southeast and appear to be intruded out by the 
Carmen Creek stock. Their continuation west of the Carmen Creek fault is 
not as well defined. A third major fault runs up Carmen Creek through the 
Carmen Creek stock. A fourth, the Salmon basin detachment, is to the 
southwest of the first two and the stock.

BEAVERHEAD DIVIDE FAULT ZONE

The Beaverhead Divide fault was first described by MacKenzie (1949) who 
referred to the structure as the Miner Lakes fault. Anderson (1959) mapped 
its extension northwest of Miner Lakes and Tucker (1975) extended it south-
east. Ruppel and others (1993) interpreted it as a major structure separating 
the Missoula Group to the northeast from the Mesoproterozoic Yellow-
jacket Formation and Lemhi Group to the southwest. Evans and Green 
(2003) mapped it as a thrust reactivated as a normal fault, separating 
Missoula Group from Lemhi Group. More recently, O'Neill (2005) 
interpreted it as a low-angle normal fault that has been rotated to vertical, 
with non-metamorphosed upper plate rocks now to the northeast and 
metamorphosed lower plate rocks now to the southwest. Our mapping to 
the south and east suggests that the Beaverhead Divide fault is a zone of 
both ductile and brittle deformation. In quadrangles to the southeast, we 
mapped two strands of the Beaverhead Divide fault. The eastern strand, 
characterized by chloritic breccia, separates weakly foliated, east-facing 
vertical conglomeratic quartzite (Yqcl) on the northeast from strongly 
foliated and tightly folded medium-grained quartzite on the southwest. The 
medium-grained quartzite is thought to be the lowest part of the Yqff unit. 
The western strand is a zone of 35°-65° southwest-dipping mylonitic 
foliation. It separates the medium-grained quartzite and Yqff. This ductile 
shear zone contains mafic dikes (Tdi) that exhibit foliation parallel to that of 
the shear zone. Similar dikes persist west of the Carmen Creek stock in a 
zone of shear and brecciation that may be the western continuation of the 
Beaverhead Divide fault zone. There, in contrast to the southeast, Yqcl and 
Yqff are not as foliated and locally are not separated by a fault. This suggests 
that the fault is not as regionally significant as previously thought. 

FREEMAN THRUST

The Freeman thrust, first mapped in the adjoining quadrangle to the east 
(Lonn and others, 2008), is exposed north of Davis Canyon near the east 
edge of the map. There the fault places Ysa in the hanging wall against Yqff 
in the footwall. It is characterized by a 45° west-dipping mylonite zone that 
is intruded by Eocene granodiorite (Tgd) to the north and south. The 
Freeman thrust was not recognized west of Carmen Creek.

UNNAMED THRUST FAULTS WEST OF CARMEN CREEK

Two poorly constrained faults are mapped west of Carmen Creek in an area 
with sparse outcrops. Local mylonitic zones, breccia, and numerous 
northwest-striking Tdi dikes indicate faulting in the area, but the exact 
locations of the structures responsible are unknown. The northeastern of the 
two faults is possibly the western extension of the Beaverhead Divide fault 
in that it locally places Yqff over Yqcl. 

FAULT INTRUDED BY CARMEN CREEK STOCK

The Yqff/Yqcl contact is offset in an apparent right-lateral sense across the 
western arm of the Carmen Creek stock. This relationship suggests that the 
stock intruded along a pre-existing east-northeast fault that had offset the 
Proterozoic strata. It is unknown whether this was a strike-slip fault, or a 
down-on-the-southeast reverse or normal fault, and whether it formerly 
extended east of Carmen Creek.

CARMEN CREEK FAULT

The upper part of Carmen Creek is controlled by a steep fault. This appears 
to be one of a set of northeast- to east-striking brittle faults that postdate the 
ductile fabrics. It is interpreted to be a down-on-the-west normal fault 
based on the smaller, presumed higher level exposure of the Carmen Creek 
stock on the west. However, left lateral offset of southwest-dipping Beaver-
head Divide fault and its suspected continuation contradicts this sense of 
motion. Its relationship to the Salmon Basin detachment is unclear, but it is 
interpreted to be an older structure.

SALMON BASIN DETACHMENT

The Salmon basin detachment forms the range front in the eastern part of 
the map. Topographic expression is less apparent in the west. The fault is 
marked by repetition of the Yqcl unit in the central part of the map and the 
Yqff(?) unit in the southeast corner. Both are carried by the fault from the 
northeast to the southwest. The detachment is exposed in the road north-
west of the intersection with the Carmen Creek fault. There the fault is 
characterized by gouge and a foliation defined by numerous closely spaced 
shear surfaces dipping roughly 35° to the south.

INTERPRETATION

To the southeast along the Beaverhead Divide and Freeman faults the rocks 
were penetratively deformed during contraction that stacked older strata of 
the Lemhi subbasin eastward over younger strata of the same sequence. It 
is uncertain whether the two faults moved synchronously or progressively. 
The observation to the southeast that the Freeman thrust cuts and deforms 
cleaved Yqff strata suggests that some of its movement post-dates at least 
some cleavage formation and possibly some of the activity on the 
Beaverhead Divide fault. Generally low dips in the current map area and 
lack of penetrative cleavage to the west suggest that the deformation to the 
south that produced these faults, the cleavage adjacent to them, and the 
steep dips was locally controlled and not fundamental to these faults. 
Localization may have been due to an indenter from the west or a buttress 
to the east that did not extend north to this map area. How much if any of 
this deformation predates Cretaceous contraction is unknown. Eocene 
extension allowed some of the thrust stacking to relax, but not enough to 
completely restore the original stratigraphy. The last motion appears to have 
been normal faulting, on the eastern strand as interpreted by Evans and 
Green (2003), and on the western one as indicated by deformation of Tdi 
along it. Most extension likely was accommodated by the Salmon Basin 
detachment and faults within the basin. Slip on the detachment must have 
been over 5 km (3 mi) for Yqcl in its hanging wall to have originated north-
east of the Beaverhead Divide fault or if Tdi south of Freeman Creek 
intruded near that fault. The hanging wall would also have carried the 
higher parts of the Beaverhead Divide and Freeman faults into the basin, so  
the Salmon Basin detachment must be entirely younger than 46 Ma. 
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SYMBOLS
Contact: dashed where approximately located.

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.

Detachment fault: hachures on downthrown side; dashed where 
approximately located; dotted where concealed.

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

Reactivated thrust fault: teeth on upper plate;  bar and ball on 
downthrown side on reactivated fault segments; dashed 
where inferred; dotted where concealed.

Syncline axial trace, dashed where approximately located.

Strike and dip of bedding.

Strike of vertical bedding.

Strike and dip of bedding; ball indicates bedding known to be 
upright.

Strike and dip of bedding, strike variable.

Strike and dip of bedding known to be overturned.

Strike and dip of bedding interpreted to be overturned.

Estimated strike and dip of bedding.

Horizontal bedding.

Strike and dip of foliation.

Estimated strike and dip of foliation.

Strike and dip of folliation, strike variable.

Strike of vertical foliation.

Strike and dip of mylonitic foliation.

Strike and dip of cleavage.

Strike and dip of joint.

Bearing and plunge of lineation, type unknown.

Bearing and plunge of mineral lineation.

Bearing and plunge of mylonitic lineation.

Bearing and plunge of intersection lineation.

Bearing and plunge of asymmetrical small fold showing 
counterclockwise rotation viewed down plunge.

Bearing and plunge of asymmetrical small fold showing 
clockwise rotation viewed down plunge.

Bearing and plunge of small fold axis.

Bearing and plunge of crenulation lineation.

Vein.

Tectonic breccia.

Headwall scarp of landslide; ticks on top of scarp.
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Figure 1. Location of Badger Spring Gulch 7.5' 
quadrangle with respect to known Belt Supergroup 
rocks and the reference and type sections of the 
Lemhi Group and Yellowjacket Formation. Shaded 
areas represent mountain ranges containing 
Mesoproterozoic sedimentary rocks.
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