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PROGRESS REPORT ON GEOLOGIC

INVESTIGATIONS IN THE

KOOTENAI FLATHEAD A R E A,

NORTHWEST MONTANA

5. Western Flathead County and Part  of  L incoln County

by

W. M. Johns.,  A.  G. Smith,  W. C. Barnes,
E. H. Gi lmour,  and W. D. Page

ABSTRACT

The mapped areas, total ing 1r68J square mi les,  are s j - tuated
in the Whitef ish and Sal ish Mountains and northern parts of  the
Swan and Mission Ranges in Lincoln,  Flathead, and Sanders
Count ies of  northwest Montana.

These areas are under la in by argi l l i te,  quartz i te,  and car-
bonate-bear ing rocks of  the Bel t  Ser ies (Precambrian),  amount ing
to 25r000 feet in th ickness. Bel t  Ser ies strata consist  of
three major groups, which have been subdiv ided j -nto s ix forma-
t ions and three unnamed mappable uni ts.  The Kishenehn Format ion
(Tert iary)  in the North Fork Val ley and Tert iary conglomerate,
sandstone, and volcanj-c f lows in the Horse Plains quadrangle are
descr ibed. Pleistocene val ley glaciers and the Cordi l leran ice
sheet deposi ted dr i f t  over la in by glaciolacustr ine s i l t .

Structural ly,  the map areas are character ized by open folds,
which are broad, gent le,  and symmetr ical .  Stronger fo ld ing
produced some northeast asymmetry.  Northwest-str ik ing normal
faul ts,  the largest of  whlch is the Swan faul t  which has a
strat igraphic throw exceeding f0r000 feet,  are displaced by east-
t rending transverse or wrench faul ts.  Some northwest- t rending
faul ts are present.



Signi f icant amounts of  s j - lver,  gold,  lead, and copper have
been produced from the Flathead and West Flathead mines of  the
Hog Heaven distr ict  22 miLes southwest of  Kal ispel l .  Extensive
hydrothermal al terat ion is associated with s i lver* lead replace-
ment deposi ts in Tert iary volcanic rocks and sedimentary rocks
of the Raval l i  Group (Precambrian).  Nonmetal l ic  deposi ts
throughout the quadrangles are var ied but smal1.

INTRODUCTION

This report  descr ibes the resul ts of  reconnaissance map-
ping dur ing the summer of  L96Z for the f i f th year of  a s ix-year
program in central  and southwestern Flathead County and a smal l
part  of  L incoln and Sanders Count ies.  The mineral  survey of
Lincoln and Flathead Count ies and northern Lake County in north-
west Montana is jo int ly sponsored by the Great Northern Rai lway
and the Paci f ic  Power A Light Company under the supervis ion of
the Montana Bureau of  l " l ines and Geology.

The Kootenaj--Flathead program was begun in 1958 to encour-
age development of  mineral  resoqrces through a mapping project
and a mj-nerals- ident i f icat ion service in Kal ispel l .  Four annual
progress reports have been publ ished by the Montana Bureau of
Mines and Geology on the Yaak River,  Thompson Lakes, Ural ,  and
Pleasant Val1ey J0-minute quadrangles as Bul let ins L2, 17 ,  23,
and 29.

This report  d i f fers f rom previous Kootenai-Flathead bu1-
let ins,  as i t  is  the combined ef for ts of  f ive authors submit t ing
geologic data f rom their  respect ive map areas to be assembled
within one report .  This procedure was necessi tated by the
complex geology within the quadrangles,  such as facies changes
in the upper Raval l i  Group within quadrangles across the
Rocky Mountain Trench, complexi ty of  structure wi th in the
trench, and mj-neral izat j -on associated with igneous rocks in the
Hog Heaven distr ict .  Credi t  for  mapping and geologic inter-
pretat ion is consequent ly l imi ted to each author?s respect ive
f ie ld area.

The four map areas ( index mdpr f ig.  f )  include parts of
the Sal ish and Whitef ish lv lountains and the northern Swan and
Mission Ranges and the intervening val leys of  the St i l lwater,
Flathead, and Swan Rivers,  which occupy the Rocky Iv lountain
Trench, al l  these topographic features ly ing wi th in part  of  the
northern Rocky Mountain physiographic province.

Geologic data obtained dur ing f ie ld work were plot ted on
U.S. Forest  Service planimetr ic base maps. For the Whitef ish
Mountains,  addi t ional-  control  was obtained by t ransferr ing
contours f rom enlargements of  the U.S. Geological  Survey Kint la
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Lakes and Stryker topographic sheets to the Forest  Service base.
Soj-1 Conservat ion Service aer ia l  photographs provided supple-
mentary control  for  p lot t ing f ie ld observat ions.--

SCOPE OF REPORT

Four areas total ing 1168J square mi les (p1. 1 to 4) were
mapped by s ix men dur j -ng the summer of  1962. Wi l l iam Page and
Ernest Gi lmour spent three months j .n the f ie ld mapping 210 and
260 square mi les,  respect ively.  Wi l l is  Johns, assisted by
Wayne Newel l  dur ing the summer months,  spent f ive months in the
f ie ld mapping 800 square mi les in the Kal ispe11 vic in i ty.
Alan Smith and lVj- l l iam Barnes mapped 41J square mi les dur ing a
six-week per iod in the Stryker and Kint la Lakes quadrangles east
of  U.S. Highway 93.
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PREVfOUS WORK

Previous work in the map areas comprises both reconnais-
sance and detai led mapping of  the Bel t  Ser ies,  reports on glaci-
at ion and physiography of  the region, and a study of  mining prop-
ert ies in the Hog Heaven distr ict .

Dur ing the per iod 1921 to L924 a group including
G.S. Lambert ,  A.  Bevin,  and C.H. Clapp, mapped the Sal ish
Mountains in western Flathead County;  th is mapping was used by
C.P. Ross for part  of  the geologic map of  Montana publ ished in
1955. Reconnaissance mapping by C.H. Clapp ( tgSZ) extends north-
westward from the lv l issoula-Drummond-Helena area to Whitef ish
Lake and the southern Whitef ish Mountains.  Bel t  rocks in the
Whitef ish Mountains were studied by G.L.  Sweeney ( fgSS) under"
the auspices of  the Great Northern Ral- lway Co. The or ig in of
the southern Rocky Mountain Trench from the 49th paral le1
through Flathead Lake and Swan Val ley was discussed by Leech
(1959).  Detai led rvork includes a report  by Shenon and Taylor
( fq:6) on the Flathead mine and adjacent propert ies in the
I Iog Heaven mj-ning distr ict ,  and by Erdmann ( tg++, 1947) on struc-
ture,  g laciat ion,  and economi-c geology of  the Hungry Horse dam
site and reservoir  area and other proposed si tes on the Flathead
River and North Fork Flathead River.  Alden (1953) Ur ief ly de-
scr ibed the physi-ography of  the Flathea.d Lake region. Physiog-
raphic studies led Pardee ( fg5O) to postulate block faul t ing in
the Srvan, Flathead, and St i l lwater Va11eys.

Other rvork in both noncont j -guous and adjoining areas of  the
Lewis and Liv ingston Ranges and the Whitef ish and Flathead
Mountains includes studies of  Bel t  rocks by lVi t l is  ( f9OZ),
C.L.  and M.A. Fenton ( tg l l ) ,  Daly ( tgtz) ,  Ross ( fgSq, 1960),  and
Bentzin ( fq6O).  Pr ice ( tg0Z) publ ished descr ipt ions of
Precambrian, Paleozoic,  Mesozoic,  and Cenozoic rocks in south-
eastern Br i t ish Columbia and southwestern Alberta.  Rezak ( tgSl)
made a comprehensive study of  stromatol i tes in Glacier Park,  Trvo
pr ivate reports on the Independence copper deposi t  in the north-
ern Whitef i -sh ]v lountains were submit ted by Channing (1896) and
Fassett  (1904) to pr ivate indiv iduals.

GEOGRAPHY

LOCATION AND ACCESSIBILITY

The Stryker and Kint la Lakes quadrangles (p1. 1) l ie north
of Whitef ish and southedst of  Eureka, Montana, in Flathead County
and a smal l .part  of  northeastern Lincoln County,  and include the
northern Sal ish Mountains,  the St i l lwater Val ley,  and the south
part  of  the Whitef ish Range. A tr iangular port ion of  the
Stryker quadrangle west of  U.S. Highway 93 was mapped by
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E.H. Gi lmour;  the rest  of  the Stryker quadrangle and the Kint la
Lakes quadrangle west of  the North Fork Flathead River were map-
ped by A.G. Sni th and W.C. Barnes. The map area is bounded on
the south by 1at 48"30t N.,  on the north by lat  48"45t N.,  on the
west by the 115th meridj-an, and on the east by the North Flathead
River.

The second map area (pl .2 and 3) includes the Columbia
Fal ls,  Whitef ish,  Kal ispel l ,  and Somers l j -minute quadrangles in
Flathead County;  the area is bounded on the north by 1at 48"3gt
N.,  on the south by Iat  48" N.,  on the west by long 114"30t W.,
and on the east by long IL4" w. These quadrangles include
chief ly the Flathead and south St i l lwater Val leys,  a l though
per ipheral  parts incLude the eastern Sa1ish and extreme southern
Whitef ish Mountains and the northern extremit ies of  the Swan
and l r { iss ion Ranges. KaI ispeII  is  near the center of  the map
area.

The north quarter of  the Horse Plains quadrangle (pl .  4)
l ies in parts of  Flabhead and Sanders Count ies,  in the south
part  of  the Sal ish Ntountaj-ns about lJ mi les west of  Flathead
Lake. The map area is southwest of  Ka1ispel1 and northwes'b of
Polson; the town of  Niarada j -s s j - tuated six mi les south of  the
southern boundary.  The boundar ies of  the Horse Plains map area
are Lat 47'JZr3gt '  N. on the south,  1at  48" N. on the north,
long 115" W. on the west,  and long 114"30? h/ .  on the east.

Ka1ispe11 is at  the junct ion of  nor- th-south U.S. Highway 93
and east-west U. S. Highway Z ,  and j -s served by a branch of  the
Great Northern Rai l i r 'ay.  Communit ies also served by the rai lway
are Libby, Eureka, \ t 'h i tef ish,  Colurnbj-a Fal1s,  and other points
east.  Roads serving the val leys are State Highway 35 fol lowing
the east shore of  Flathead Lake, State l { ighway {O connect ing
Whitef ish and Columbia Fal ls.  and State Highway 28 jo in ing
Plains and Elmo through Camas Val ley.  County and Forest  Service
roads incl-uding the North Fork road; Forest  Service maintained
logging roads up Big Creek, Canyon Creek, and Coal Creek;
Basin Creek-Sunday Creek road; lv lar t in Creek roadl  Truman Creek
road; the Thompson River and Li t t le Bi t terroot roads; and the
road l inking Ki la and Niarada via the Flathead mine, provide
access to the greater part  of  a l l  map areas including the west-
ern Horse Plains quadrangle.  Numerous logging roads and some
Forest Service t ra i ls provide means of  enter ing the less acces-
sible sect ions.

TOPOGRAPHY AND DRAINAGE

The Whitef ish Range is one of  rugged mountainous terrain
trending northwestward and r is ing to al t i tudes of  7r500 feet in
the map area. Bounding the range on the west j -s the St i l lwater
Val ley ly ing wi th in the Rocky Mountain Trench at  an al t i tude of
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3,000 feet.  To the east the North Fork Va1ley at  an al t i tude of
3r200 feet separates the Whitef j -sh Mountains f rom the ranges in
Glacier"  Nat ional  Park.  The 1ocal  re l ief  wi th in the area averages
abott t  2,  500 f  eet  but is as much as 4 r  000 f  eet  in the rvestern
part .  In the t r iangular port ion of  the Stryker quadrangle in
the Sal ish Mountains ly ing southrvest of  U.S. Highway 93, the
topography is more subdued, higher peaks ranging from 5r200 feet
to 5r600 feet in albi tude.

Ihe areas are in a mature stage of  d issect ion and are
drained by the North Fork Flathead River,  St i l lwater River,
Whitef ish Creek, and Lake, Swamp, and Fort j -ne Creeks, t r ibutar j -es
of the Tobacco River.  Tr ibutary streams to the Nor. th Fork in-
c lude Coal Creek.,  Canyon Creek, Big Creek, whereas Sunday Creek
and Good Creek are major t r ibutar ies of  the St i l lwater Rj-ver.

Within Flathead Val ley,  a l t i tudes range from t ,he rvater
level  of  2,89 3 feet  at  Flathead Lake to about 3,000 feet at
Whit ,ef ish Lake. Topography on the west s ide of  the val ley con-
sists of  ro l l ing r- idges, the norbh slopes sparsely t imbered and
south s lopes open. In t .he southern part  of  the Kal ispe11 quad-
rangle,  Blacktai l  Moun'bain r ises to an al t i tude in excess of
6r700 feet.  The northern Swan Range, b,ounding the east s ide of
bhe Flathead Val ley:rnd the west s ide of  Hungry Horse Reservoir ,
is  precipi tous and rugged and r ises to al t i tudes above 7r000
feet.  The St i l lwater and Whitef ish Rivers and Ashley Creek jo i -n
the Fl : rbhead River east of  Ka1j-spe11. North-f lowing tr ibutary
streams to Ashlev Creek are Mount and Truman Creeks.

In the Horse Plains quaclrangle,  the surface r ises f rom low
rol l ing mature i , i l ls  of  the eastern hal f  to culminate in a
' /  

r  000-foot r idge ly ing between the Thompson and Li t t le Bi t terroot
Rivers.  Numerous smal l  streams feed these two south-f lowing
r ivers,  whj-ch occupy val leys at  a lb i tudes of  about 3r300 feet.

CLIMATE AND VEGETATION

Temperature and precipi tat ion records for  Flathead Val ley
were obtained from the U.S. Weather Bureau at  the Flathead County
Ai-rport ,  1 l  mi les north of  Kal ispel l  ( tables I  and 2),

Table 1.--Temperature and precipi tat ion records at  Flathead
Countv Airport ,  1956-61,

Average Maximum Miniraum Precipi tat ion
Y"a" fo" . re i"  "F Date 

-  
- ;F---  

oate in inchesl
1956
79 57
1958
1959
1960

42 .7
42 ,4
45.5
4L.3
4r ,2

91 Aug. 23
92 July 13
95 Aug. 25
97 July 23

104 July 1!

-25 Feb. 16
-28 Jan. 26

-9 Nov. 27
-28 Nov. 16
-29 lu1ar.  3

17.07
L2 ,44
18.00
20.97
L4,24

1461 44.0 105 Aue. 4 : : ,14 ueg. 11 16.40
lrncludes snowfal l  amounts of  about 68 inches annual ly.
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Table 2.--Annua1 and
Flathead Count

monthly maximum and minimum temperatures at
Air Ln oF

19 56

L9 57

r9 58

19 59

1g 6o

19 61

53.
31.

53.
3r.

50.5
34 .4

52
30

55. d
32.7

55.2
31. 8

53.9
32. 5

53.0
33 .4

66 ,6
42.2

69.7
43.L

7 6.3
44 ,3

59.3
35.6

61.9
38 .4

64 .0
40.7

?o
14

L7
1

2.O

10

aq
J2

11

39
22

4L
23

43
qa
LJ

42
25

8
5

9
a

9
J

9
I

3
1

37 .L
22.L

39.3
23.L

38.1
23.6

34
2,L

J/

24

32
2L

6
I

7
4

9
0

9
2

a
J
a

5
8

53
28

JJ

z2

30
L4

/JJ

5

31
IO

36
, ,

31
L4

5
9

5
a

I
0

.5

.4
54
a,
JL

54
31

31.6
L2.5

28.3
24 ,3

3s.3
L7 .B

31
r7

26
L6

z8
L2

29 ,6
8.9

4L, 5
29 .4

38.0
l -o.5

46.5' .  50.2
26.8 .30.7

5
5

The mountainous areas are covered with pine, f i r ,  spruce,
and other coni fers;  the val leys and border ing foothj-11s support
sparser t imber grou' th,  grass,  and brush. A large part  of  Flathead
Val1ey between Whitef ish and Flathead Lake is t i l lable land pro-
ducing excel lent  stands of  wheat,  rape, and other crops. Consid-
erable grazing land within the val ley supports a thr iv ing catt le
industry.  Lumbering, one of  the essent i -a l  industr ies in Flathead
and Lincoln Count ies,  operates on the basis of  sustained yield
on both Federal  and pr ivate land.

GLACIATION

Pleistocene glacial  deposi ts and associated lacustr ine
si l t  and sandy si l t  in the major val leys of  the map areas north
of Flathead Lake have a complex hJ-story.  Glacial  dr i f t  composed
of t i l l  and outwash is found in al l  major val leys in the south-
ern part  of  the Whitef j -sh Range. Local  areas of  th ick moraine
are found on the west s ide of  the val ley of  the North Fork
Flathead River.  Glacial  deposi ts,  except some sand and t i l l  on
the Flathead River upstream from Columbia Fal ls and si l t  and
gravel  of  quest ionable age southeast of  01ney, are bel ieved to
be of  Wisconsin age.

Whi le invest l -gat ing Hungry Horse, Badrock Canyon, Coram
Canyon, and Lower Canyon Creek dam si tes,  Erdmann (1944) tenta-
t i -ve1y recognized two sheets of  pre-Wisconsin glaciaJ.  t i11 or
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bouldery c lay and two possible pre-Wisconsin interglacial  r iver
deposi ts on the upper Flathead River and the North Fork and
South Fork t r ibutar ies.  He judged some of the mater ia l  to be
pre-Wisconsin on the basis of  weather ing,  indurat ion,  hardness,
and other character ist ics.  In the NE+SE+ sec. 5,  T.  30 N.,  R. 19 lV. ,
he measured an incomplete sect ion of  35 feet of  Wisconsin t i l l
over ly ing LLA feet of  o lder stream gravel .  Another sect ion of
Wisconsin dr i f t  and pre-Wisconsin deposi ts total ing IJ0 feet was
measured on the lef t  bank of  the Flathead River in sec.  17 and
20, T.  31 N.,  R, 19 W. Subsequent studies convinced Erdmann
that al l -  mater j -a l  below Wisconsin t i l l ,  in both sect ions,  is
Tert iary (Ross, l -959, p.  68).  Alden (1953, p.  L24) measured a
bluf f  sect ion hal fway between Columbia Fal1s and the mouth of
Badrock Canyon j -n which he regarded the lower 45 feet of  the sec*
t ion as pre-Wisconsin strat i f ied del ta ic sand over ly ing older
pre-Wisconsin glacial  t i l l .

The seeming absence of  deposi ts older than Wisconsin age
in the Rocky Mountain Trench, except for  possible Tert iary s i l t
and pre-Wisconsin gravel  southeast of  01ney, might be explained
in two ways: The older deposj- ts may have been eroded or they
may be covered by the deposi ts lef t  by the Cordi l leran Wisconsin
ice sheet.  I t  seems probable that  remnants of  o lder glacial .
deposi ts may under l ie \ { isconsin dr i - f t  in parts of  the St i l lwater
and Flathead Val leys.  The pre-Wisconsin glacial  deposi ts east
of  Columbia Fa1ls may be exposed because the Flathead River,
above Badrock Canyon, and i ts North and South Fork t r ibutar ies
have been act ively cut t ing through surf ic ia l  mater ia l  to expose
older beds. They may have been preserved because the val ley
glaciers that  moved down these tr ibutar ies may not have removed
older dr i f ts as ef fect ively as did the Cordi l leran ice sheet west
of  the Whitef  ish lv lountains.

The Cordi l leran ice sheet in Wj-sconsin t ime ( f ie.  2)  f r inged
the northern boundary of  the Horse Plains quadrangle whi le
several  smal l  val ley glaciers were concurrent ly present in the
mountains east of  the Thompson River.  The val ley glacier de-
posi ts (pf .  1)  are smal l  and thin and consist  predominant ly of
t i1 l  and moraines, which are expressed topographical ly.  The smal- l
s ize and areaL extent of  their  deposi ts indicate that  the glacj-ers
in the mountains persisted only br ief ly.

In Kal ispel l  Val ley,  late Pleistocene glacial  dr i f t ,  lake-
bed si1t ,  and al luvium are mapped separately for  the purpose of
showing locat j -ons of  the more accessible nearsurface sources of
gravel  and sand.

Ice Movement

Ice moving down St i l lwater Val1ey, which is about 9 mi les
wide at  01ney, in a direct ion about S. 20'E. was crowded against
the west f lank of  the Whj- tef ish Range. East of  the north end of
Whj- tef ish Lake in the SW+ sec. 3,  T.  31 N.,  R. 22 1,{ .  ( f ig,  2) ,
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Erdmann (1944 ,  p,  64) descr ibed a northwest- t rending moun-
tain glacier or j -g inat ing in local  mountain ice f ie lds and
moving down the South Fork to uni te at  the mouth of  Abbot Creek
2 mi les north of  L ion Hi l l  wi th a south-trending smal ler  lobe
descendi-ng the North Fork.  The merging ice moved in a wester ly
direct ion down Flathead River through Badrock Canyon to jo in
the glaci-al  lobe from St i l lwater Val ley near Columbia Fal ls.

In the northwest part  of  the Flathead Val ley,  in the NE'a
sec. 35, T.  31 N.,  R. 23 W.,  g lacial  str j -at ions on middle Piegan
l imestone str ike S. 50' to 55'  E.  Farther south,  in the NEt
sec. 22, T.  29 N.,  R. 22 W,,  l ineaments on aer ia l  photographs
suggest that  the ice moved S. 22" E.

At a point  {  mi les west of  Kal ispel l  the ice movement con-
t inued to advance about S. 22" E, ,  but  there a lobe diverged
southwester ly,  for  g lacial  str iae in the SE+ sec. 6,  T.  28 N.,
R. 22 W.,  str ike S. 10" W. The southwest lobe cont inued past
Ki ta up Ashley and Truman Creeks, and.extended at  least  1 j  mi les
up Emmons Creek, for  str iae in the SIVi  sec.  34, T.  27 N.,  R. 22
W., t rend S. 40" E. Ice also crossed the r i -dge separat ing
Truman and Mount Creeks; in the t {1" sec.  29, T.  27 N.,  R. 22 W.,
str iat ions t rend S. 65' to 83'W.,  and in sec.  30 and 31, T.  27
N.,  R. 22 W.,  they t rend S. 20" to 25" lV.  On the east s ide of
Mount Creek, in the SWi sec.  31, str iae t rend south,  indicat ing
that the ice advanced up this val ley.

The southeast- t rendi-ng lobe cont inued across Foy Lakes
toward Lakeside and Flathead Lake, crossing Patr ick,  Bierney,
and Stoner Creeks. 0n a s lope east of  upper Foy Lake the direc-
t ion of  ice movement was S. 35'E.,  and on the west s ide of
Patr ick Creek in sec.  6,  T.  27 N.,  R. 2I  W.,  the dj-rect ion of
movement was S. 20" to 40"-E. The ice lobe reached a minimum
alt i tude of  5r l -00 feet in the SW corner sec.  L4, T.  27 N.,  R.
2L+ w. ,  where a smal l  lake was dammed by southeastward movement
of  the glacier.  Later recessional  morajnes are bel ieved to have
i-mpounded Foy Lakes.

One lobe of  the ice sheet penetrated southward down the
Thompson River Va11ey, t 'p laster ingtr  the val ley wal ls wi th glacial
deposi ts of  hummocky t i11 and smal1 moraines. Subsequent ly,
outwash al luvium was deposi ted in the val ley bottom.

Glacial  Topographic Features

In the south part  of  the Whitef i -sh Moun'tains the topography
is only s l ight ly modj- f ied by glaciat ion.  Smal1 c i rques developed
around Stryker,  Standard,  and Moose Peaks and at  the head of
Hay Creek.

Alden recognized a recessional  Iateral  moraine, west of
the St i l lwater River,  extending from the mouth of  Lost  Creek to
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Ka1ispe11. This bel t  of  swales,  ponds, and kett le holes he
named the Kal ispe1l  moraine ( f953, p.  LZ3).  He descr ibed the
terminal  moraine just  north and east of  Kal ispel l  as a reces-
sional  feature that  has been almost removed by the St i l lwater,
Whitef ish,  and Flathead Rivers,  leaving only dissevered rem-
nants of  moraine. 'On the east s ide of  Flathead River,  between
U.S. Highway 2 br idge and the old U.S. Highway 2 br idge about a
mi le south,  is  a feature descr ibed by Afden as another remnant
of  the Kal ispel1 terminal  moraine. At the southeast end of  the
remnant a Flathead County gravel  p i t  has exposed south-dipping
strat i f ied gravel  and sandy gravel  that  may have been deposi ted
as a del- ta when the water surface in the val ley was at  an al t i -
tude between 3r000 and 3r100 feet. A conspicuous terrace j -s

present at  an al t i tude of  31000 feet,  and buff  s i l ts  over lap at
the easternmost end of  the gravel  p i t ,  s l ight ly above this
al t i tude. The si l t  layers at  several  locat ions have been bent
into inverted, smoothly curved. V?s (per ig lacial  involutes?),
possibly by f rost  heaving. Hor izontal  beds occur above and below
the contorted beds.

Upper parts of  Sand and Fawn Creeks on the east s lope of
the north part  of  the Swan Range have wel l -developed U-shaped
val leys cut  by val ley glaciers moving northeast toward the South
Fork Flathead Val ley.  Cirques are conspicuous on the upper
tr ibutar ies of  Aurora and Fawn Creeks and on the north s ide of
Dor is Ridge div ide.

As the ice mass moved south f rom Columbia Fal ls,  the glacier
was crowded against  the west f lank of  the Swan Range from Badrock
Canyon to the v ic in i ty of  Lake Blaine. Along the east s ide of
Flathead Val ley,  as the ice mass moved south,  i t  ground against
project ing spurs bevel ing them into facets.  A prominent hang-
ing t r ibutary forms a fa l ls  above the mouth of  a smal l  drainage
in the NW'a sec. 35, T.  30 N.,  R. 20 W. Smal l  a l luvial  fans f rom
hi l lwash were observed in sec.  14, T.  29 N.,  R. 20 W.,  and
another dissected al luvial  fan j -s present northeast of  upper
Lake Blaine. The fans consist  of  gravel  eroded from mountain
f lanks.

Between the mouth of  Mi l l  Creek, L+ mi les southeast of
Lake Blaine, and Echo Lake near the junct ion of  Swan and
Flathead Val leys,  is  a str ip of  l -ow interconnect ing r idges
between smal l  . l -akes local ly ref  erred to as r 'The Potholes.  f '  A
val1ey glacier,  or ig inat ing f rom canyons on the east f lank of
the north part  of  the Mi-ssion Range and to a lesser extent f rom
drainages east of  Swan Val ley,  advanced down Swan River in a
norther ly direct ion to meet the larger south-advancing lobe
occupying Flathead Val1ey. The pothole and r idge topography may
represent terminal  moraine of  the Swan Val ley glacier;  the de-
posi ts,  including kett les,  r idges, swales,  and several  s inuous
r idges bel ieved to be eskers,  were la id down when movement of
the Swan Val ley glacier was retarded by ice in Flathead Val ley.

L2



Glacier str iae a mi le northwest of  Bigfork in the NE{ sec.  25,
T. 27 N.,  R. 20 W.,  indicate that  the direct ion_of f low of
Flathead Val ley ice cont inued south.

Thin and poor ly exposed glacial  deposi ts at  the head of
Mount Creek (p1. 1) are a form of dr i f t ,  that  is ,  ice-raf ted
mater ia l  that  lncludes large boulders deposi ted f rom a glacial
lake at  the head of  Mount Creek. The lake was dammed in the
north by glacj-er ice and had a southern out let  over the 1ow
pass (sec.  10, T.  25 N.r  R. 23 \ \ i . )  at  an al t i tude of  about
4 ,7OO f  eet into a 'br  j -butary of  Sul l ivan Creek (etOen, 1953 )  .
Thj-s t r ibutary (sec.  ! ,  10,  and 16, T.  25 N.,  R. 23 W.) occupies
an anomalous gorge: 3s an underf i t ,  intermit tent  stream.
Brownrs Meadows on Mount Creek are under la in by lake-bed si l t
and clay (p1. 1),  but  these depo-si ts are at  least  part ly post-
glacj-a1. Damming by the terminal  moraine caused part  of  the
lake to remain af ter  recession of  the ice.  Since then i t  has
been f  i l led wi- th debr is.

According to Ri-chmond (1963, personal  communicat ion) and
Alden (1953, p.  154),  g lacial  Lake Mi-ssoula,  which existed
dur ing at  least  three glacial  stages in Wisconsj-n t ime, had i t ,s
highest level  (a l t i tude about 4,150 feet)  pr ior  to the late
\{ isconsin (Pinedale) advance. The lake draj-ned at  least  twice,
and the lake level  f luctuated so that no one stand: or level ,
was of  long enough durat ion for  extensive wave-cut terraces to
form. Near Li t t le l t leadow Creek, a f i l l  terrace deposi ted f rom
glacial  Lake Missoula at  one of  j - ts lower stands in Wisconsin
t ime consists of  20 feet of  brownish-gray c lay and si1t .
Glacial  Lake lu l j -ssoula s i l t *s (Richmond, f963, personal  cummuni-
cat ion) are extensive south of  Niarada. Moreover,  scattered
errat j -cs of  quartz i te and gneiss,  present below 3r800 feet al t i -
tude in the southern part  of  the map area, are ice-raf ted mate-
r ia l  deposj- ted f  rom Lake lv l issoula.

Several  gravel-capped terraces ranging up to 200 feet above
the present r iver level  are present in Li t t le Bi t terroot Val1ey
near Hubbart  Reservoir .  The outwash gravel  on the terraces
ranges from a few feet to at  least  50 feet in th ickness and over-
l ies Tert iary volcanic tuf fs.  The terrace level-s were probably
control led by di f ferent stands of  g lacial  Lake Missoula dur ing
the late Pleistocene.

Thompson River Val ley is part ly f i l led by glacial  outwash,
but is unterraced because the ice lobe protected i t  f rom the
inf luence of  Lake Missoula.  A large, gravel-capped terrace at
the mouth of  Big Rock Creek, however,  is  below the terminal
moraine of  th is lobe. I t  may have resul ted f rom a high stand of
glacial  Lake Missoula,  but  more l ikely i t  is  a pre-Wisconsin
deposi t .  The low div j -de to the north of  the terrace may be an
ear l ; r  Pleistocene channel  for  the Thompson River.
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ROCK TYPES

Argi l l i te,  quartz i te,  and carbonate rocks of  the Bel t
Ser ies (Precambrain) under l ie the major part  of  the map areas.
They are th ick,  conformable,  and thinly laminated, and contain
abundant sedimentary structures indicat ive of  a shal low-water
environment of  deposi t ion.

The lowest uni ts exposed in the rnap areas belong to the
Raval l i  Group, which is div ided into Appekunny and over ly ing
Grinnel l  Format ions or mapped as Raval l i  undi f ferent iated west
of the Rocky lv lountaj-n Trench.

Conformable strata of  the Piegan Group or parts of  the
group are present in al l  map areas; the lower uni t  is  j -dent i f ied
as Pl ,  the niddle uni t  as PZ, and the upper uni t  as P3. The
upper uni t  is  missing west of  the Rocky Mountain Trench, having
been eroded. Whi le mapping the Whitef ish Mountai-ns,  Wi l l iam
Barnes and Alan Smith mapped the group as the Siyeh Format ion
and subdiv ided i t  into lower,  middle,  and upper uni ts.  In
this report ,  the Piegan Group name is retained to conform with
terminology used in previous Kootenai-Flathead progress reports.

Missoul-a Group strata in ascending order are the Shepard,
Kj-nt la,  Phi l l ips,  and Roosvi l le Format ions, al l  conformable,

The Kishenehn Format ion (Tert iary)  l ies unconfor:mably upon
Missoula Group strata in the val ley of  the North Fork Flathead
River northwest of  Glacier View Mountain.  The strata consist
of  sandstone, mudstone, and minor l igni te.  They are very poor ly
exposed, but outcrops along the Flathead River indicate that
they dip uni formly to the northeast at  moderate to steep angles.

An extrusive basic amygdaloidal  and pi l low lava, the
Purcel l  Basal t ,  is  present in the southern part  of  the Whitef ish
Range. I t  decreases in th ickness and wedges out several  mi les
north of  lat  48'30t in the southeast corner of  the Whitef ish
Mountains.

Several  types of  igneous rocks occur j -n the north part  of
the Horse Plains quadrangle.  Lat i te is extensively exposed in
the Hog Heaven distr ict ,  whereas andesi te and basal t  are local ly
present in the v ic in i ty of  the Hog Heaven distr j -ct  and the
Hubbart  Reservoir  respect ively.

Ceno zct ic sediments include glacial  dr i f t  and t i l l  and
unconsol idated sand, s i l t ,  and clay of  suf f ic ient  th ickness
and cont inui ty in some areas to be dist inguished on the geologic
maps. Recent al luvium border ing major streams and r ivers
consist  in part  of  gravel  and sand from reworked glacial
deposi ts.
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BELT SERTES (rnncaunRrAN)

Raval l i  Group

Appekunnv Format ion.--The lowest exosed format ion is the
Appekunny of  the B61t Ser ies,  found on the northeast s ide of
the Whitef ish Creek val ley near Upper Whitef ish Lake in the
Stryker quadrangle;  i t  is  correlated with the Appekunny
Format ion of  Glacier Nat ional  Park.  I t  consists of  l ight-gray
si l iceous argi l l i te that  is  very hard and compactr  f laggy to
slabby, and weathers medium orange brown or brownish gray.
Limonite specks, which may be der ived from the weather ing of
magnet i te,  are common. Some layers are composed of  a l ternat ing
thin laminae of  l ight-gray and dark-gray f ine argi l l i te.  The
upper 31000 feet of  the format ion j -s a l ight-gray or l ight-
greenish-gray very f j -ne grained quartz i te that  weathers pale
yel lowJ-sh gray and contains some interbedded thin laminae of
medium-gray argi l l i te.  The quartz i te contains smal l  rhombic
specks of  1 imonite that  may have once been crystals of  ferroan
dolomite.  The argi l l i te layer"s commonly contain mud-crack
casts.

The thickness of  the Appekunny F-ormat ion is di f f icul t  to
est imate,  os i t  is  fo lded and the base is nowhere exposed,
but i t  must be at  least  5 r  000 feet.  The upper part  of  the
format ion seems to be transi t ional  j -nto the over ly ing Grinnel l
Format ion.

Grinnel l  Format ion.--The Gri .nnel l  Format ion was named
Grinnel l  Argi l l i te by Wi l l is  ( f9OZ, p.  322) f rom exposures on
lv lount Grinnel l  in Glaci-er Nat ional  Pa.rk,  where the format ion
is about 11800 feet th ick.  In the eastern Stryker area, the
Grinnel l  is  exposed in the Rocky Mountain Trench and along the
Whitef ish div ide east of  Whitef ish Creek.

Rocks of  the Raval l i  Group exposed in the t rench area
are l i thological ly s imi lar  to Wi l l is  I  Gr innel l  Format ion of
the Liv ingston Range. Fenton and Fenton ( t937, p.  1887)
div ided the Grinnel l  Format ion into three members,  but  these
members were not separable in the map area. Wi l l iam Barnes
and Alan Smith (personal  cummunicat ion) have used the Glacier
Nat ional  Park terminology for the RavaII i  Group in their  recent
study of  the Whitef ish Mountains.  Ross ( f959) included in the
Grinnel l  Format ion the greenish-gray calcareous argi l l i te above
the reddish sandy argi- l l i te and restr icted the Siyeh Format ion
to the blue-gray r 'molar- toothr '  l imestone. Because the boundary
between the reddish argi l l i te and greenish dolomit ic argi l -
l i te is more easj- ly mapped than the boundary between the
t ' l imestonesrr ,  the term Grinnel l  Format ion is appl ied in th is
report  in the same manner as by Fenton and Fenton ( fgfZ).
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The Grinnel l  Format ion consists chief ly of  purpl ish-gray
coarse-grained argi l l i te,  grayish-red-purple f ine-grained mud-
cracked argi l l i te,  and inter laminated l ight-greenish-gray or
pale-blue-green and grayish-red-purple argi l l i te,  especial ly
near the topl  minor interbedded uni ts consj-st  of  inter laminated
l ight-greenish-gray and greenish-gray argi l l i te.  L ight-gray to
whj- te,  f ine- to medj-um-grained cross-bedded quartz i te and
quartz i t ic  sandstone, containing purpl ish-gray mud chips,  are
interbedded with the argi l l j - te and serve to dist inguish the for-
mat ion f rom other grayish-purple sequences in the Bel t  Ser ies.
Most of  the sandy layers are I  to 6 cm thick,  but  some attain
a thickness of  20 cm. Mud-sr 'sgk casts and associated mud-
chip breccia are found throughout the Grinnel l  Format ion.  Ripple
marks are not common, but are occasj-onal ly found in the l ight-
gray quartzJ-te.

Two dist inct  textures are represented in the Grinnel l .
One is a bimodal sediment composed of  c layey si l t  and var ious
amounts of  medium sand grains,  and the other j -s a unimodal
medium sand. The bimodal sediment (s i1t  and sand) contains 10
to 70 percent sand grains.  The rest  is  s i l t  and clay in the
rat io of  about 70:30.

Sand grains range from 0.06 to 1.10 mm; mean size is 0.04
mm (medium sand).  These grains are subrouncl  to round and thus
indj-cate a high-energy source such as dunes or beaches but not
r ivers.  According to Kuenen (1959),  l i t t le or no rounding of
sand part ic les is accompl ished by r ivers.  Sol i tary rounded sand
grains commonly occur along bedding planes within the s i l t  and

9lay.  Part ic les in the layered si l t  have a mean size of  0.03 rnm
(coarse si l t )  and are angular to subangular.  The textural  name
for these sediments is immature coarse si l ty medj-um sandstone to
immature medium sandy mudstone.

Part ic les i -n the unimodal sand have a mean sj-ze of  0.04 mm.
They are wel l  sorted, subround to round, supermature medium
sandstone. The supermature sand forms interbeds in the s i l t  and
clay.  Flat  pebbles of  c lay and si l t ,  probably der ived from the
under ly ing beds, occur in the sand layers.

The mineral  composj- t ion of  the sand and si l t  grains aver-
ages 90 percent quartz and 10 percent fe ldspar.  Common quartz
const i tutes 8O percent and stretched metamorphi-c quartz grains
less than J percent of  the total  sediment.  Both orthoclase and
plagioclase are present.  The mean size of  the rounded feldspar
grains is less than that of  the neighbor ing quartz grains.
Quartz overgrowbhs cement most of  the supermature sand layers.
Less coInmon are calc i te and secondary dolomite cement.

From the foregoing descript ion of the bimodal and unj-modal
sediments,  the s imi lar i t ies are marked. The sand grains have a
mean size of  0.{  mm and are subround to round in both textural

L7



types. Al though the sand content var ies,  the s i l t - to-cJ.ay rat io
is constant.  The si l t -c1ay component probably represents the
mater ia l  that  was cont inuously deposi ted over much of  the areat
whereas the supermature sand grains were t ransported into the
area of  deposi t ion only sporadical ly.

Cross-beds, r ipple marks,  and mud cracks are found in the
Raval l i ,  Al l  three features character lze the purpl ish-gray
argi l l i te and supermature sandstone beds of  the Grinnel l
Format ion.  In the southwest corner of  the SW Stryker quadrangle
(Raval l i  Group undi f ferent iated),  however,  these features are
much less abundant,  especial ly mud cracks and cross-beds.
Wel l -developed r ipple marks t rend northwest in the southwest
part  of  the map area.

In comparison of  the Raval l i  Group of  the.SW Stryker quad-
rangle to the Raval l j -  Group (Grinnel l  Format ion) of  the Rocky
lulountain Trench, several  s imi lar i t ie-s and di f ferences are evi-
dent.  The si l t  components in both l -ocal i t ies are s imi lar  in
shape and composi t ion,  but the mean si l t  s ize on the west is
medium, whereas that of  the east is coarse. The si lb- to-c lay
rat io j -s about the sa.me. Rounded sand grains are abundant in
the northeast part  of  the area but are absent j -n the southwest
part .  The environment of  deposi t ion in the two areas seems to
be simi larr  os interpreted fr"om si- l t  and clay (except for  the
sl ight  eastward increase in mean si l t  s ize),  but  the eastern
area had an inf lux of  dune or beach sand.

The Grinnel l  Format ion of  Glacier Nat ional  Park was com-
pared to the Grinnel l  of  the t rench in the map area. Grain s ize,
shape, and mineral  composi t j -on are very s imi lar .  In the park
the grains are subround t .o round, have a mean size of  0.3 mm,
and are chief ly quartz but include a minor amount of  smal ler
fe ldspar grains.

Many of  the argi l l i te beds of  the Grinnel l  Format ion con-
tain numerous smal l  rhombic cavi t ies f i l led wi th a very f ine
grained mixture of  c luartz,  i l l i te,  and l imoni te.  Probably these
cavi t ies once contained crystals of  s ider i te or ferroan dolomite,
which have since been al tered by weather ing.  They are more com-
mon in the coarser than in the f iner argi l l i te laminae.

The total  th ickness of  the format ion could be est imated
only in the regi-on near Diamond Peak, where i t  was found to be
2, 500 f  eet  "  The contact  iv i th the over ly ing lower unj- t  of  the
Pi 'egan Group (pl)  is  d i f f icul t  to establ ish,  as i t  is  t ransi-
t ional  through a sequence several  hundred feet th ick.

Al though *qome geologists contend that the l i thologj-c con-
tact  between the Grinnel l  Format i -on and basal  Piegan is sharp
throughout northrvestern Montana, th i ,s was not found to be true
in the Rocky lu lountain Trench within the map area. A transj- t ion
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zone is rvel l  exposed on the south l=J-ank of  Stryker Peak in the
Whitef ish Mountains,  as was pointed out by Alan Smith,  who map-
ped in the Whitef ish Range. The same relat ionship is evident in
traverses perpendicular ly across the t rench. In t raversing the
smal1 hi l ls  in the t rench, i t  is  conmon to cross several
sequences of  greenish-gray and purpl ish-gray argi l l i te in a ver-
t ical  (strat igraphic)  <i istance of  300 feet.  A large part  of  the
becirock in 'bhe Rocky } lountain Trench in the map area is composed
of beds in th is t ransi t j -on zor le.  For convenience of  mapping, al l
purpl ish-gray argi l l i te is included in the Grinnel l  Format ion
except for  the uppermost purpl ish-gray dolomit ic argi l l i te bed,
which over l ies near ly 200 feet of  greenish-gray dolomit ic argi l -
l i te and is therefore included in the basal  Piegan.

Raval l i  Undi f ferent iated. --Raval l i  rocks crop out along
Fort ine Creel< in the southivest  part  of  the Str ; rker quadrangle.
Al though near '1y 30 square mi les of  Raval l i  rocks were mapped in
this area, the Raval l i  sect ion is not complete.  The base of  the
Raval f i  Gr"oup is not exposed, and because of  faul t ing,  the r , r iddle
part  of  the group is missing. l3edrock is commonly obscured by
glacial  deposi ts and by vegetat ion.  The uppermost Raval l i  is
wel l  exposed along Fort ine Cr:eek road and Twin Meadr-. ,ws road,
rvhere the beds are vert ical  .

On the southeasf;  f lank of  Davis lv lountain,  the quartz i te
layers of  the Raval l i  Group for"m resistant ledges. This is
character ist ic of  kaval l i  quarczi te over much of  northwestern
Montana (Shelden, I96L, p.  16;  hal1,  L)62, p.  27;  .Johns, 1960-
62),  The resistant ledges al"e on the ant id ip s lope of  the nort- ,h-
westward-plunging E1k lu lountain ant ic l ine.  This s lope should con-
tain the contact  between the lo iver and middle Raval l i  Group
(Hatt  ,  1962, p.  28),  but  because both uni ts are quartz i t ic  ancl
general ly cover the under ly ing s lopes with ta lus and because of
the th ick cover of  vegetat i -on,  the Raval l i  could not be sub-
ci iv ided into uni ts.

Megascopical ly,  the R.aval l i  Group consists of  interbedded
argi l l i te,  sandy argi-J- l i te,  and ouartz- i - te.  These rocks range
from di f ferent shades of  gra).  to greenish gray and purpl ish gray.
The quartz i te tends to be gray,  and the argi l l i te is commonly
greenish or purpl i -sh gray.  Strat i f icat ion also var ies in the
Raval l j -  Group. General ly,  quartz i te is th in to th ick bedded,
and argi l l i te is laminated to th in bedcied. The strat j - f icat ion of
the laminated and very th in bedded argi l l i te is emphasized by
the al ternat j -on of  purpl ish wi th greenish bbds or l -aminae. This
is especi-a11y character ist ic of  the uppermost 3r000 to 4r000
feet of  the Raval l i .

At  several  locat ions in the Horse Plaj-ns quadrangle pecul iar
structures are present.  The rounded, convex upward structures are
smoothly i r regular but di f fer  in s j -ze.  They are crudely anal-
ogous to r ipple marks;  wave lengths at ta in 1{ cm and heights J cm.
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These structures may be r ipple marks but more probably are sedi-

mentary cast ings resul t ing f rom di f ferent ia l  compact ion dur ing

diagenesis.

In th in sect ion the upper Raval l i  sediments east of  Fort ine

Creek road are seen to consist  of  about 70 percent s i l t  and 30
percent c lay.  A sma1l percentage of  very f ine sand occurs in

t f r"  basal  part  of  microscopical ly graded laminae. These graded

laminae pass upward into medium si l t ,  By Folkrs terminology
(f96f) ,  the textural  name fur these sediments j -s very f ine

sandy mudstone. Included in these graded sequences are scattered

round,ed intraformat ional  pebbles of  c lay-size mater ia l ,  s imi lar

in general  appearance to the c lay beneath the graded sequence.

These pebbles,  a long with mica f lakes and a few quartz grains,

seem t ,o be imbricated and to indicate thereby a southeastward

direct ion of  movement of  the t ransport ing medium, possibly of f -

shore currents.  Few thin sect ions were avai lable for  examina-

t ion,  however.

The total  s ize range of  these sediments is c lay to f ine
sand (O.Zf mm). Sort j -ng is poor,  and the textural  matur i ty is

imrnature.  The mean size of  the s i l t  is  medium si l t .  The abun-

clance of  c lay and medium si l t  resul ts in a bimodal s ize dis-
t r ibut ion in these sedimentary rocks.

Quartz,  which const i tutes more than 9O percent.  of  the sand
and. s j - I t  g"r i t rs,  is  most ly common quartz ( f 'otk,  L96L) and occurs
as single grains or as parts of  rare composi te grains.  Ext inc-

t ion i i  s t ra ight to s l ight ly undulose (nofk,  196I) .  Scattered
stretched metamorphic grains ( less than 2 percent)  were seen in
most of  the th in sect ions.

Some of the subangular composi te grains contain wel l -
rounded grains of  quartz.  These grains indicate that  the com-
posi te grain was der ived from a pre-Raval l i  sedimentary rock in
which quartz grains had been cemented by quartz cement.  Sub-
sequent erosion of  the sedimentary rock produced the subangular
composi te grains deposi ted in the Raval l i .

Feldspar,  mainly plagioclase, const i tutes less than 5 per-

cent of  the sand and si l t .  Al though evidence is not conclusive,
the d. istr ibut ion of  c lay minerals around the feldspar grains

indicates that the fe ldspars were al tered in place. Quattz
grains surrounding the feldspar are in point  contact  wi th other
quartz grains wi thout c lay part ic les between, but a coat ing of
c lay separates fe ldspar grains f rom quartz grains.  Some of the
black and green biot i te found in the sand and si l t  f ract ions is
probably detr i ta l - .

For rocks in the southwest part  of  the SW Stryker quad-
rangle the term Raval l i  Group undi f ferent iated as adopted by
Calkins (1909) i= used, al though in a future detai led
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strat igraphic study a three-fold div is ion of  the Raval l i  Group
in th j -s area may be feasible.  The environment of  deposi t ion for
much of  th is sect ion seems to have been uni form, as the rocks
are fa i r ly homogeneous, hence the Raval l i  Group designat ion is
best sui ted for  th is area. This usage is j -n accord wi th Johns
(fg6o-62),  Gibson and others (1941),  Shelden (1961),  and Hat l
(1962),  who have mapped west and south of  the present map area.

The upper part  of  the Raval l i  Group in the Rocky } lountain
Trench area along the nort ,heastern s ide of  the Sal ish Mountains
di f fers l i thological ly f rom equivalent rocks of  the southwest
corner of  the SW Stnyker quadrangle.  0n1y the upper 1 r  500 feet
of  the Raval l i  Group i -s f  ound in the t rench area -south of  U. S.
Highway 93. In both areas the Raval l i  Group j -s over la in by a
reer ies of  greenish-gray dolomit ic argi- l l i te beds. The exact
thickness of  the upper part  of  the Raval l j -  is  d i f f icul t  to
determJ-ne, because of  the many sma11 f  aul ts,  poor acce*ssj-bi-1i ty. ,
and thick vegetat ion.  Except in the northern part  of  t ,he t rench.,
near the- i ,or ,vn of  Stryker,  the boundary bet.ween the Raval l i  Group
and the Pi-egan Group is a faul t  contact ,

IJndi f ferent j -ated Raval l i  rock-s in rhe Whitef ish and
Ka1ispe1l  quadrangles west of  the t rench commonly consist  of
l ight-gray noncalcareous quartz i te and argi l l - i te containing
magnet i te and sparse to modera.te amounts of  b iot i ter  brr t  purple.-
gray banded quartz i te predominates throughout the upper par. t .

From the j t rnct ion of  Wi ld Bi l l  and Truman Cr"eeks sout,heast
to Blacktai l  Mount.ain (sou+-hwest corner of  Kal ispe11 quadrangle)
narrow dj-scont inuorrs streaks of  red, purple,  and pale-green
argi l l i te appear in predominant ly gray noncalcareous argi l l i te
of  t .he upper part  of  the Raval l i .  Southeast of  Bfacktai l
Mountain the Raval l i  l i thology abrupt ly changes to a red-toned,
dark-purpl ish-gray noncalcareou-q th in-bedded argi l1I- te containing
mud chips and smal l  l imoni te- f i l led voids through a th ickness of
several  thou-<and feet below the Ravat l i -Piegan contact .  A
graphical ly measured thickness of  +7 r4OO feet was determined for.
the exposed part  of  the Raval l j -  Group from structural  sect ions
in ihe southwest Kal ispel l  quadrangle.  The base was not exposed
in th is area.

Raval l i  s t rata in the north part  of  the Mission Range in
the Somers quadrangle are thin-and medium-bedded medium-gray t
l ight-gray,  and purple-grair :  red,  and green-toned argi l l i te
j -nterbedded with whi te f ine- and medium-grained quartz i te.
Except for  the occurrence of  interbedded quartz i te,  these strata
are s imj- lar  to the upper part  of  the Raval l i  at  Blacktai l  Mountain.

The lowest exposed unj- ts in the Horse Plains quadrangle are
greenish-gray and gray argi l l i te,  which grade upward into l ight-
gray,  purple-banded quartz i te,  whj-ch in turn grades into the
purple-toned argi l l i te below the Piegan Group. The upper two
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units are wel l  exposed in Big Rock Creek. The thick quartzJ-te
uni t  separates the argi l l i te u.ni ts,  g iv ing the Raval l i  Group a
threefold di f ferent iat ion of  l i thology, but the threefold div i -

-s ion is somewhat obscured by numerous q.uartz i te beds thr.oughout
the *sect ion.  Because of  the general ly poor.  exposure-q and the
reconnaissa.nce nature of  the 

- tuAy, 

t i re-Rava.I l i  Group wa-.  not
div ided j -nto f  ormat ions wi thin the Horse Plains e.uadrangle "

The Raval l i -Piegan contact  i .s  gradat iona- l"  The purpl i -sh-
gray a.nd greenish-.gr:ay a.r"gi l l i te of  the upper part  of  the
Ra,val1i  grade into greenish-gray and grayish-green banded argi l -
l i . te a.n.d calcareous argi l l i . te of  hhe l -owe::  par: t  of  the Piegan
Group. In the Horse Plains q.uadrangle map area, the contact  was
placed belolv the f i rst  c,alcareor:-s argj- l l i te or l imestone bed in
the gradat ional  z,o! te" Al though the base of  the Raval l i  is  not
exposed, the group j -s bel ieved to i re abou.t  10r000 feet th ick"

Pi.egan Group

The Piegan Group i -e div is ib le into three rrni ts,  which can
be traced throughout t ,he map areas" The lower and D,pper r :n i ts
ai ."e composed mainly of  green argi l l i te and the middle un' i t  of
ve-ry calcareorrs and dolomj- t ic  a.rgi l l i te.

Pl  Uni t .  "  - -The lower uni t  generel ly consists of  l ight-
gr"eeni .sh-gray and gre.enish-gray f j -ne-grained argi l l i te inter-
lamina,ted ."r i th lesser ve! : -v l ight  95.ay coar-<e-g.rained a.r :g i . l1 i t .e,
rvhich pr"oduce-s a banded appear. ; .ncF->, I - , ight-greenish-gr jy:
greenlsh-.{hi te,  and dusky-yel low coarse-grained argi l l i te is
interbedded lv i+-h the f iner grained ;rrgi- l l i - te but makes up only
a minor part  of  th.e uni t , ,  Many of  Lhe argi- l l i te layer"s are mud-
cra.cked, and mud-chip br.eccia.s . - r re common. In the lower" th i rd
of the lower uni t  are a few bed.s of  purpl i -sh-gray m;-rd-cracked
argi l l i te interbedded with I ight-gr:eenish-gray to gre:eni*sh-gray
mud-cracked argl l l i te and mud-ch, ip breccia.  Minor th in beds of
very l ight  gray,  l ight-gray,  and greenish-gray medir : .m- to coar-se-
grained, cr.oss- lamj-nated q.u.artzi t ,e and qts.a,r tz i t ic sand.stone are
present throughout the lower uni t ,  but  decrease in abundance
toward the top. The unj . t  is  part ly cal-careous and dolomit ic,
the carbonate content increasing upward in the sect j -on" Weathe::-
ing of  the more calcareous laminae produces fent icular hole-s
in outcrop. These holes are restr icted to the lower and middle
uni ts of  the Piegan Group and serve as one means of  d ist inguish-
ing the lower unj- t  f rom other green argi l l i te unj- ts,  which are
conmon in the Bel t  Ser ies in the Stryker and Kint la quadr.angle-s.

In summary,  the lower Piegan represents a t ransi t ional
unit  betrr 'een the underly j-ng sandy and si l ty argi l l i te and the
over ly ing dolomit ic and argi l l i t ic  l imestone. In the lower part ,
the change from Raval l i  to Piegan is shown by a color change, a
sl ight  reduct ion in mean grain s ize,  and an increase in dolomite
and calc i te,  but  the mineral  composi t ion and the sort ing and
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shape of  the grains are very s imi lar .  The decrease in str ingers
of rounded sand grains,  general  decrease i -n mean sj-ze of  s i l t
part ic les,  decrease in mud cracks,  and increase in carbonate,
proceeding up sect ionr mdy possibly indicate deposi t ion somewhat
farther of fshore than the Grinnel l  sediments.

The lower Piegan uni t  P1 observed in the Whitef ish and
Kal ispel l  quadrangles j -ncludes medium-bedded and laminated
medium- and l ight-gray conmonly calcareous argi-11j- te,  pale-
yel lorv-green calcareous argi l l i te,  and greenish-gray laminated
calcareous and noncalcareous si l t -s j -ze argi l l j - te j -nterbedded

iv i th a few thin gray l imestone beds. Very th in layers of  green-
ish and purpl ish-gray argj- l1 i te,  s i l iceous argj- l1 i te,  and l ight-
gray quartz i te are sparse. Some beds are brown toned: weather
medium gray and orange brown, and are abundant ly r ipple marked
and mud cracked. Leaching of  calcareous mater ia l  produces elon-
gate cavi t ies along beddr ' -ng planes local ly in the upper part  of
the uni t .  L imy oval  nodules several  inches long \vere noted in
unweather"ed rock.

The lorver part ,  of  the Piegan Group (  pf  )  is  exposed near
the Thompson River and consists of  beds of  pale-green to grayish-
green, moderate-yel low-green, and some medium-gray a.rgi l l i te
and calcareou.s argi l l i te.  Local ly,  th in beds of  necl ium-gray
f ine crystal l ine l imestone and thin beds of  l ight-gra,y to whi te
calcareous-cemented quartz i te are present.  The argJ-11i te j -s
general ly medium-banded pale green to dark yel lowish green, and
bedding ranges from laminated and local ly f iss i le to medium
bedded. Mud cracks are comnon, and the more sandy uni ts are
rJ-pple marked. Ser ic i te and cubes of  pyr l te occrrr  in a few beds.
The uni t  lveathers to character j -st ic ye11ow-bror{n pebbles.

In th in sect ion,  the lower part  of  the basal  Piegan is
simi lar  to the highest Raval l i  in most respects.  The sand layers
di f fer  only in that  the mean size is somewhat srnal ler  (O.ZS run).
The sand is wel l  sorted and supermature.  The grains are subround
to round and range in s ize f rom 0.1 to 0.5 mm (f ine to medium
sand).  As j -n the Grinnel l ,  the sand is interbedded with the c lay
and si l t  layers.

The f ine-grained mater ia l  consists of  very f ine to medium
quartz s j - l t ,  ser ic i te,  chlor i te,  and dolomite.  The quaxtz s i l t
is  s imi lar  to that  of  the Grinnel l  in composi t ion,  s ize,  and
shape. Pyr i te cubes and l imoni te pseudomorphs af ter  pyr j - te in
the basal uni t  are as much as 6 cm in width' .

,  El l ipsoidal  calc i te segregat ions as much as 10 cm in length
character ize the upper part  of  the basal  uni t .  They are gen-
era11y al igned para11el  to the beddj-ng, but in places l ie at  an
angle to the bedding. Al though al l  appear s j -mi lar  on f i rst  examj--
nat ion,  they may have di f ferent or ig ins.  Some segregat ions are
i-nterpreted as of  pr imary or ig in,  because the enclosing lami-nae . , )
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bend around the segregat ion.  0thers are interpreted as of
secondary or ig in,  because laminae can be traced through the
segregat ion.  The calc i te segregat ions weather more rapJ-dly than
the surrounding dolomite and produce a deeply pi t ted surface,
character ist ic of  the basal  Piegan and the lower part  of  the
central  Piegan members.  Weather ing of  the pyr i te cubes and
l j .monite pseudomorphs produces i ron-stained, brownish surfaces,
contrast ing wi- th the usual  var ious shades of  green.

Both symmetr ical  and asymmetr ical  r ippJ-e marks are present
in th is format ion;  their  t rend ranges from N, 30'W. to N. 10o E.;
the most f requent ly observed direct ion is about N. 15'  W.,  which
para11els the shorel ine of  the marine Bel t  basin postulated by
Fenton and Fenton ( t937, p.  1939).  Mucl  cracks occur in the
lower part  of  the uni- t ,  but  not in the upper part .

Beds of  the basal  Piegan are poor ly exposed except in
roadcuts or in places where glacial  erosion has uncovered fresh
bedrock. In several  roadcrr t  outcrops the basal  Piegan has been
al tered bo brorvn clay,  and the calcareous mater i -a l  has been
leached out ,  but  orJ-ginal  beddi-ng is preserved. In the north-
west part  of  the S\{  Stryker quadrangle,  the unj- t  contains more
quartz s i1t ,  r^rhich forms wel l -exposed resistant ledges.

The contact  wi th the over ly ing uni t  I 'Z was placed above
the pi t ted and nodule-bear ing l imestone beds in calcareous
argi l l i te and where the Y'rnolar- toothi '  l imestone becomes prevalent.

The thickness of  the lower uni t ,  Pl ,  measured near Werner
Peal<. ,  r r ros found to be approximately 1r400 feet.  The cont,act
wi th the middle unj- t  j -s gradat ional  and was placed where greenish-
gray calcareous and dolomit ic argi l l i te wi thout t 'molar- toothtY

structure i*s over la in by l ight-  to dark-gray argi l iaceolrs
dolomite general ly showing I 'molar- toothr '  structure.

Outcrops of  the basal  Piegan uni t  form two paral le l  bel ts
in the Stryker-Kint la map area (p1. 1).  A wide bel t  of  basal
Piegan beds dipping gent ly west extends from the southern margin
of the area northward to Dickey Lake i -n the east part .  Vert ical
to overturned basal  Piegan strata occupy the area east of  the
Brush Pass thrust  faul t  in the southwest part  of  the area.
These beds dip more gent ly to the north.  The uni t  is  more than
2,700 feet th ick:  os measured across outcrops where the beds
are vert ical .  In the SE Stryker quadrangle the th ickness seems
to be about the same (p1. 1,  cross sect ions).

The l -ower uni t  was determined to be 3 r  150 to 3 r  200 feet
thick f rom structural  sect lons near Blacktai l  Mountain.  Incom-
plete sect ions measured graphical ly gave minimum thicknesses of
L,750 and 11850 feet for  th is member,  but  a th ickness between
Lr250 and l - r500 feet was determined for the complete lower uni t
in Badrock Canyon on the Flathead River east of  the Rocky Mountain
Trench
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In the northern part  of  the Horse Plains quadrangle,  uni ts
simi lar  to other descr ibed lower and middle uni t_s of  the Piegan
Group crop out,  but  because of  faul t ing,  the th ickness of  the
uni ts could not be measured. A total  th ickness of  about 8r000
feet for  the Piegan was determined by Johns ( t96Za, p.189) in
the Thompson Lakes quadrangle northwest of  th is area.

PZ Unit"--The middle uni t  of  the Piegan Group consists of
inter laminated l ight-gray coarse-grained argi l l i te and dark-gray
f ine-grained carbonaceous argi l l i te,  both of  which are calcareous
and dolomit ic,  and lesser amounts of  very f ine grained calcareous
and dolomit ic q.uartz i te,  which show cross- laminat ion on weathered

"surfaces "  L ight-gray stromatol i t ic  l imestone composed of  the
form-genus Col lenia is e-special ly a.bundant in the upper 1r000
feet of  the mj-ddle uni t  and local ly forms sequences as much as
40 feet th ick.  Occasional  intraformat ional  conglomerate consist-
i -ng of  l ight-  to medlum-gray di-scoidal  l imestone fragments in a
matr ix of  1 i -ght-brown-weather ing calcareous and dolomj- t ic  - .and-
stone i -s diagno*st ic of  the uni t .  El l ipsoidal  holes in outcrop
surfaces simi lar  to those found in the lower uni t  are porduced
by di f  ferent j -a l  weather ing of  calc i te lenses "  

tYMolar- tootht t

stru.ctures are abundant in the middle uni t  and are formed by
di f ferent ia l  rveather ing of  an intr icately contorted system of
cal-c i te veinlets in a calc i te-poor lamj-nated argi l l i te.  Mud
cracks are rare in the middle uni t  "

L imestone of  the middle uni t  of  the Piegan Group forms the
highe-st  peaks in the area and crops out extensively on the higher
r idges and the steep-sided va11eys. Because jo int  pat terns are
rvel l  developed.,  the middle Piegan general ly appears blocky,  but
unbrol<en massive strata are also present.  Weathered surfaces
are yel low to brown, depending on the dolomite content.  Rocks
containing the most dolomit j -c argi l l i te may Iocal ly have a
weathered reddj-sh-brown coat ing ranging from 2 to J0 mm in
thickne ss .

fn hand specimen the central  Piegan uni t  consj-sts of  s i l ty
dolomit ic ar:gi l l i te,  argi l l i t ic  dolomite,  and l imestone" The
l imestone layers are commonly bluish gray; the greenish-gray and
ol ive-gray beds are general ly more dolomit ic.  Strat i f icat ion
ranges from laminated to th ick bedded.

As ment ioned previously,  calc i te segregat ions are present
in both the lower and middle uni ts.  In the rniddle Piegan uni t
these segregat ions are both perpendicular and paral le l  to bedding.
Hal1 ( t962 ,  p.  34) presents an excel lent  d iscussj-on of  these
structures.  Cubes and pockets of  pyr i te occur in the centers of
the calc i te segregat j -ons.

The t tmolar- tootht t  structure as descr ibed by Daly ( tgtZ,
p.  73) and by Fenton and Fenton ( t937, p.  L926) I r  very rare and
only tentat ively ident i f ied i -n the SW Stryker map area. What is
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commonly cal1ed t tpoor ly developed molar- toothrY by many geologists
is widespread in the area. This type is bel ieved to be of  in-
organic or ig in.  The rocks have a f ractured appearance, and the
fractures seem to be f i1 led wi th secondary calc i te.  Shelden
(f96f ,  p.  23) studied these structures j -n th in sect ion and con-
cluded that second'ary calc i te had f i l led the f ractures,  provid-
ing the veinl ike patterns f  ound in the middle Piegan l ime-qtone.
He reported calc i te f i l l ings cut t ing across ear l ier  f i l l ings.

An interest ing cycle of  sedimentat ion is exposed j -n a
roadcut in sec.  6,  T.  32 N.,  R. 25 W. The f i rst  uni t  of  th is
cycle is 3 feet  of  ? lpoor ly developed molar- toothtr ,  which grades
upward into about 3 feet  of  homogeneous dark-gray argi l l i t ic
dolomite.  Rest ing sharply on this uni t  is  2 to 4 inches of
brecciated algal- l ike l imestone and dolomite,  over la in by a
4-foot bed of  calc i te segregat ions;  the lower ones are paral le l
to bedding, but the upper ones are perpendicular to bedding.
These perpendicular segregat ions grade into a second zone of
r lpoor ly developed molar- toothi '  s t ructure "  Var iat ion-s of  th is
cyc1e, such as the absence of  -qom.e uni ts,  were noted in other
local i t ies.

The transi t ion f rom basal  to central  Piegan is marked by
an increase in car.bonate content and a color change from green-
ish gray to bluish gray.  The two uni ts are s imi lar"  in the iypes
of minerals present but di f fer  in quant i t i -es.  Againr BS be-
tween the Raval- l i  and the basal  Piegan, the boundary between
these t tvo uni ts is arbi t r"ary.

Within the Kal ispel l  area (p1. 2 and 3) the middle unj- t
is  ch.aracter" ized by t 'molar- tootht t  structures in th in--  to medium-
bedded and ma-esive dark- through l ight-gray and l ight-yel low-
brown dolomit ic and argi l laceous l imestone, but includes minor
amounts of  medium-gray and gray-green banded argi l l i te.  The
uni t .  weathers gray and moderate ye11ow orange and brown.

In the few outcrops examined in the Horse P1ains area,
the uni t  is  a medium-gray and f ight-  to moderate-yel lowish-
brown trmolar- toothr '  l j -mestone interbedded with greenish-gray
argiJ- l i te;  the l imestone weathers yel low brown and l ight  gray.
None of  the stromatol i tes that  cause the rrmolar- toothtr  structure
were ident i f ied.

In th in sect ion the centrral  uni t  is  seen to be very s imi-
lar  to the basal  uni t ,  but  i t  contains more dolomite and cal-
c j - te and less c lay.  In some beds the carbonate content (Aoto-
mite and calc i te)  reaches 50 percent,  but  the quartz and feld-
spar s i l t  content is generral ly about 70 percent.  The si l t  is
very f ine to medium, angular to subangular.  X-ray di f f ract ion
examinat ion showed no basic changes in miner:alogy from that of
the basal  uni t .
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Northrvest of  Flathead Lake an incomplete sequence 5r800
feet th ick was measured from a structural  sect ion.  The top of
the middle uni t  is  an erosion surface in th i -s area. The expo-
sures of  the unj- t  in the east Stryker and Kint la quadrangles were
insuff ic ient  for  sect ion measlrrement,  but  graphical  est imates at
South Coal  and Bj-g Creeks gave 4r600 and 51800 feet respect ively.
The contact  wi th the upper uni t  is  gradat ional  but  fa i r ly  abrupt,
ly ing wi th in a sect ion less than 100 feet th ick.  The middle
Piegan uni t  is  the most widespread l i thologic uni t  in the SW
Stryker map area and covers more than 125 square mi les (p1. 1).
I t  forms a bel t  10 mi les wide through the center of  the area and
extends from the southern end of  the quadrangle to the Rocky
Mountain Trench. Because upper Piegan rocks were not found in
this area: ro complete th ickness could be determined for the
middle Piegan. Maximum thickness determined by cross sect j -on
(pl .  1,  sect ion) i "  about 4r500 feet.  The uni t  is  poor ly ex-
posed in the Horse Plains quadrangle and is.  found only along
the extreme western edge of  the area (p1. 4).

Pl  Uni t . - -The upper uni t  consists of  pale-yel lowish-green,
yel low-greenish-gray,  and pale-green f ine-grained argi l l i te
inter lamj-nated with pale-grayish-green to grayJ-sh-green, pale-
greenish-gray to greenish-gray,  and minor pale-ye11owJ-sh-green
and very l ight  gray coarse-grained argi l l1te,  j -nterbedded wj- th
dusky-red and grayish-red coarse- to f ine-grained argi l l i te.  In
the northern part  of  the map area, the reddish argi l l i te is
present only in the upper part  of  the uni t ,  but  i t  increases in
abundance toward the southeast.  Laminat ion in the argi l l i te j -s

general ly paral le1,  but some of the th icker coarse-grained
argi l l j - te faminae are cross- laminated in very th in sets.  Most
of  the argi l l i te,  especial ly the coarser,  is  calcareous.

In the northern part  of  the \ {h i tefJ-sh map area, the upper
uni t  of  the Pj-egan Group is about 11200 feet th ick,  but  i t
th ickens toward the southeast.  I t  is  about 1r800 feet th ick
near Moose Lake and on Standard Peak. The top of  the upper uni t
is  arbi t rar i ly  p laced at  the base of  the over ly ing Purcel l  lava.
South of  the wedge-edge of  the lava, the contact  between the
Piegan Group and Shepard Format ion seems to be transi t ional  and
is di f f icul t  to establ ish.

The only other exposure of  the upper Piegan uni t  throughout
other map areas is in the northeast corner of  the Columbj-a Fa11s
quadrangle,  where the uni t  is  est imated to be 11800 to 21000 feet
thick

Missoula Group

The Missoula Group is subdiv ided into four conformable
format ions over ly ing the Purcel l  Basal t .  Missoula strata are
present in the central  and eastern parts of  the Whitef ish
Mountains and between Lake Five and the Middle Fork Flathead Ri-ver.
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Purcel l  Basal t . - -The Purcel l  lavas, named the Purcel l  Basal t
(Wi lmarth,  1938, p.  L746),  are present only in the Whitef ish
Mountains,  where they are th ickest j -n the north-central  part  of
the range. They are about 350 feet th ick near Moran Peak, th in
fair ly uni formly toward the southeast,  and are only 20 feet th ick
on Standard,  Peak, i , ihere a basal  f low of  chlor i t ized pi l1ow lava
is over la in by amygdaloidal  f lows. The lavas are absent at  the
junct ion of  Kimmerly and Canyon Creeks.

The occurrence and composi t ion of  the Purcel l  Basal t  j -n

the NE Ural  quadrangle is descr ibed in detaj- l  by A.W. Shelden
j-n a sect ion of  lu lontana Bureau of  Mines and Geology Bul let in 23
publ ished in 1961.

Shepard Format ion.-- In the Whitef ish Mountains,  the
Shepard Format ion consists of  interbedded medium-l ight-gray
cross-bedded calcareous and dolomit ic quartz i te and ool i t ic
l imestone and very pale orange stromatol i t ic  dolomite,  a l l  of
which weather grayish orange or pale yel lowish orange, inter-
bedded with grayl-sh-green and gray dolomit ic s i l ts tone and argi l -
l i te.  Toward the southeast the s i l tstone and argi l l l - te increase
at the expense of  the quartz i te and stromatol i t ic  dolomite.

The thickness of  the Shepard Format ion is about 400 feet
throughout i ts area of  exposure in the southern part  of  the
l{hi tef ish Range. The lower boundary of  the format ion is the
top of  the Purcel l  Basal t  where that format ion is present,  but
where lavas are absent the boundary is arbi t rar i ly  p laced where
the grayish-greer l  argi l l i te of  the upper uni t  of  the Piegan
Group grades upward into the pale-yel lowish-orange-weather ing
dolomit ic argi l l i te of  the Shepard Format ion.  The contact  wi th
the over ly ing Kj-nt la Format ion is also gradat ional .

Kint Ia Format ion.--The term Kint la Format ion is here used
to include beds strat igraphical ly equivalent to the Kint la as
or ig inal ly def ined by Wi l l is  ( t9OZ, p.  324) in the northwestern
part  of  Glacier Nat ional  Park.

The Kint la Format ion of  the map area consists of  greenish-
gray coarse-grained micaceous argi l lJ- te or very f ine grained
sandstone and quartz i te,  part ly paral le l - laminated and part ly
cross- laminated in th in sets,  inter laminated with grayish-red-
purple f ine-grained argi l l i te.  The upper part  of  the format ion
consists mai-n1y of  greenish-gray coarse-grained argi l l i te,  part ly
cross- laminated, containing inter laminated pale-red or yel lowish-
gray to very l ight  brownj-sh-gray f ine-grained argi l l i te.  The
f ine-grained argi l l i te j -s also commonly found as mud chips in
the coarser-grained argi l l i te.  A few thin beds of  medium-gray
si l ty dolomite weather ing grayish yel low orange are found in the
uppermost part  of  the format ion.  In the lower part ,  th in dolo-
mit ic stromatol i te beds interbedded with quartz i te are found
local1y.  The Kint la Format ion is general ly f laggy weather ing,
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commonly spl i t t ing in the th inner grayish-red-purple f ine-grained
argi l l i te interbeds, producing extensive ta lus sheets.  Sal t -
crystal  casts and molds are found throughout the format ion and
serve to dJ-st inguish the Kj-nt la f rom simi lar  format ions such as
the Snowsl ip.  Current r ipple marks are cornmon in the Kint la
Format ion.

The Kint la Format ion is about 2rp00 to 3r300 feet th ick
throughout (p1. 1).  The contact  wi th the over ly ing Phi l l ips
Format ion j -s general ly sharp.

Phi l l ips Format ion.--The Phi l l ips Format ion conslsts of
moderate-grayish-red to moderate-dusky-red very f j -ne grai-ned to
f ine-grained feldspathic sandstone and quartz i te,  containing
interbedded moderate-grayish-red or moderate-dusky-red coarse-
grained argi l l i te and lesser amounts of  grayish-pink and pale-
red sandstone. Moderate-red mud chips are local ly common.
Medium to coarse rounded frosted sand grains,  probably of
eol ian or ig i -n,  are local ly scattered along laminat ion planes,
part icular ly in the lower part  of  the format ion.  L ight-greenish-
gray sandstone is found in the lower few feet of  the format ion
in some areas. The Phi l l ips quartz i te and sandstone are com-
monly cross-bedded, and r ipple marks and mud-crack casts are
found in the interbedded argi l l i te.

The thickness of  the Phi l l ips is almost uni form through-
out the area of  outcrop in the southern part  of  the Whitef j -sh
Mountains,  ranging from about 650 to 700 feet.  The upper con-
tact  is  gradat ional  into the over ly ing Roosvi l le Format ion
throush a th ickness of  a few tens of  feet .

Roosvi l le Format ion.--The Roosvi l le Format ion is the upper-
most Precambrian uni t  in the region and is widely exposed in the
northeast part  of  the map area.

The format ion consists of  a lmost uni form paral le l - laminated
greenish-gray coarse-grained argi l l i te,  most ly noncalcareous.
Light-greenish-gray f ine-grained argi l l i te is local ly interbedded
or inter lamj-nated with the coarser argi l l i te,  and the coarser
laminae commonly contain mud chips of  l ight-greenish-gr&y:
reddish-brown, pale-grayish-orange, and yel lowish-orange f ine-
grained argi l l i te.  About 700 feet above the base is a 35-foot
zone of  dusky-red and dusky-red-purple coarse-grained argi l l j - te,
some of which contains some very th in lamj-nae of  moderate-red
f ine-grained argi l l i te.  Thin j -nterbeds of  } ight-gray or medium-
l ight-gray to greenish-gray f ine- to medium-grained quartz i te
are found in the lower part  of  the format ion.  Thin beds of  dolo-
mrt ic stromatol i tes of  the Cql lenia type, some of whj-ch are
si l ic i f ied,  are found in the lower 1r000 feet.

The upper part  of  the Roosvi l le Format ion is faul ted out
and not exposed in the map area, and no informat ion as to the
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nature of  the Precambrian-Cambrian
minimum thickness of  the Roosvi l le
is about 4 r  000 feet.

boundary is avai lable.  The
exposed along Dead Horse Creek

CENOZOIC

Kishenehn Format ion

The Kishenehn Format ion under l ies most of  the val1ey of
the North Fork Flathead River north of  Glacier View lu lountain,
but because i t  is  nonresistant and is extensively covered by
Quaternary morainer.  outwash, and al luvium, exposures are near ly
l imi ted to the bank of  the r iver on the convex side of  meanders,
where the Quaternary cover is th in.

0n1y a smal l  part  of  the format ion is exposed, therefore
the descr ipt ion given here may not be representat ive of  the
ent i re sect ion.  Most of  the outcrops examined contain several
di f ferent rock types interbedded with one another.  The most
common is a l ight-gray to very l ight  gray,  very f ine grained
sandstone or sandy si l tstone that weathers l ight  gray.  I t  con-
tains carbonized twigs and wood fragments,  and some sand-size
fragments of  maroon and green Bel t  argj- l l i te.  I t  is  local ly
clayey and commonly calcareous. Pale-brown or brownish-gray
f ine- to medium-grained sandst<;ne is also present.  Moderate-
reddish-brown si l ty and sandy calcareous claystone and dark-
gray carbonaceous shale and l igni te are interbedded with the
si l tstone and sandstone. The l igni te is general ly only a few
inches thick,  but  two seams exposed along the Flathead River
bank about a mi le below the mouth of  Coal  Creek are 2 to 3
feet th ick.

The Kishenehn l ies unconformably on Bel t  Ser ies rocks in
the North Fork area. tsxposures of  the Kishenehn are insuff ic ient
to permit  a rel iable est imate of  th ickness, but the at t i tude of
the beds and the width of  their  outcrops indicate that  i t  amounts
to several  thousand feet,  even al lowing for repet i t ions due to
normal faul t ine.

In the Horse Plains quadrangle,  conglomerate and sand-
stone are poor ly exposed, mainly in a narrow area at  the base
of over ly ing volcanj-c tuf fs.  They are not di f ferent iated as
separate uni ts on plate 4,  Poor ly consol idated subangular to
rounded pebbles and boulders of  l taval l i  argi l l i te and quartzJ-te
in a matr ix of  quartz sand, c1ay, and ser ic i - te compose the l ight-
gray to moderate-yel lowish-brown conglomerate.  Local ly,  sof t
l ight-gray quartz sandstone is present.  Wood from decomposed trees
found in shal low prospect pi ts owned. by H.M. Connant (eastern
part  of  sec.  26, T.  25 N.,  R..  23 W.) retains so l i t t le of  the
or ig inal  texture that  ident i f icat ion as to genus is impossJ-ble.
Elsewhere f ine-grained mater ia l  contains plant impressions.
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A conglomerate,  at  l -east  2J feet  th ick. ,  under l ies a cap of
Quaternary terrace gravel  in a logging-road cut south of  Tamarack
Creek (SW+ sec. 30, T.  26 N.,  R. 24 rN,) .  The rounded argi l l i te
and quartz i te boulders are in a sof t  c lay-r ich sandy matr ix and
are stained dark yel lowish orange. There are interbeds as much
as 6 inches thick of  sof t  grayish-orange claystone, and a 2-
inch tuf f  bed near the base of  the exposure.

Several  smal l  streams (Clear,  Tamarack, Redmond, Br iggs)
in the v ic in i ty are underf i t  and occupy broad al luvial  val leys,
which are about 200 feet higher than the present val ley of  the
Li t t le Bi t terroot River. ,  indicat ing that the conglomerate was
deposi ted when volcanic f lows dammed Li t t l -e Bj- t terroot River in
Tert iary t i rne.  Later dissect ion by Tamarack Creek has exposed
the conglomerate as a remnant of  a f i l led Tert iary val ley.

Glacial  Deposi ts

Glacial  deposi ts of  Late Pleistocene age occur wi th j -n the
quadrangles mainly as surf ic ia l  deposi ts wi th in Flathead and
St i l l rvater Val leys.  01der-appear ing Pleistocene dr i f t  is  exposed
1oca1ly along the North Fork Flathead and Flathead Rivers in the
Columbia Fal ls quadrangle.

Deposi ts of  d i rect  g lacial  or ig in j -nclude construct ional
moraines, out lash deposi ts,  and t i1 l  composed of  boulder c lay,
sand, and strat i f ied and unstrat i f ied gravel .  Boulders,  cobbles,
and pebbles can be recognizeci  as being der j -ved chief ly f rom
sedimentary rocks of  the Bel t  Ser j -es.

Deposi ts j -ndj-rect ly related to the Corci i l - leran ice sheet
are nonindura. tecl  lacustr ine sand, s i1t ,  varved c1ay, and ice-
raf ted boulders;  the deposi ts are surf ic ia l  and are var iable in
thickness. Erdmann ( t944 ,  p,  7 5) descr ibed a remnant of  s i l t  on
the southeast s ide of  Teakett le l " lountai-n at  a elevat ion of  41250
feet,  probably represent j -ng the uppermost stage of  a lake in
which si l t  was deposi- ted wi th in the val1eys.

Glacial  outwash gravels are present in both the Li t t le
Bi t terroot Val ley and the Thompson Rj-ver valJ-ey and represent
most of  the al luvium on plate { .  Several  gravel-capped terraces
ranging up to 200 feet above the present r iver level  are present
in the Li t t le Bi t terroot Val ley near Hubbart  Reservoir .  The
outwash gravels on the terraces are more than 50 feet th ick in
pJ.aces and over l j -e Tert iary volcanic tuf fs. .  The terrace levels
were probably control led by di f ferent stands of  g lacial  Lake
l" l issoula dur ing the Late Pleistocene.

Thompson River val ley is part ly f i l led by glacial  outwash,
but is unterraced, because the ice lobe protected i t  f rom the
inf luence of  Lake lv l issoula.  A large gravel-capped terrace at  the
mouth of  Big Rock Creek, below the terminal  moraine of  th is 1obe,
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may have resul ted f rom a high stand of  g lacial  Lake Missoula,
but more probably i t  is  a pre-Wi-sconsin deposi t .  The low div ide
to the north of  the terrace may be an Ear ly Pleistocene channel
for the Thompson River.

Thicknesses df  lake-bed si l t  are var iable wi th in the val leys,
as the amount removed by r iver and stream erosion is not uni form
from place to place. In some local i t ies only th in superf ic ia l
s i l t  covers th ick deposi ts of  g lacj-al  and glaciof luvial  mater ia l .
Several  feet  of  lake beds, exposed in an i r r igat ion di tch (sec.
23, T.  26 N.,  R. 23 W.),  consist  of  moderate-yel lowish-brown to
l ight-gray bedded clay and sandy clay;  some l igni t ized plant
fragments were observed on bedding surfaces. Alden ( f953, p.
724) stated that a th in dune-sand cover at  several  local i t ies
in Flathead Val ley \ {as deposi ted af ter  recession of  the ice and
lowering of  the lake occupying the val ley.

Recent Al luvium

Al luvial  deposi- ts of  unconsol idated gravel  and sanci  der ived
j-n part  f rom reworked glacial  deposi ts border most r ivers and
streams. Areas of  th ick soi l  adjoining Flathead kiver between
Columbia Fal1s and Flathead Lake may have been developed in
large part  by f loodj-ng and rechannel ing of  the Flathead River
between these points.

VOLCANIC ROCKS

The igneous rocks have an areal  extent of  about 25 square
mi les (pl .  4)  and consist  of  andesi te and lat i te,  anclesi t ic  tuf f ,
and intrusive bodies of  andesi te,  lat i te,  quartz lat i te,  and
basal t .  Igneous rock suj- tes of  th is type f i t  into Turner and
Verhoogents c lassi f icat ion ( fg6O) a" late or.ogenic erupt ions
tkrat  are conf ined to a cont inental  env- i ronment,  but  the volcanic
rocks are not part  of  an extensj-ve igneous province. The near-
est  other Ter: t iary volcanic rocks are the Columbia River basal t
f lows ( lu l iocene) in Idaho, which are 85 mi les di-stant.  Because
the volcanj-c rocks are genet ical ly related f lows and intrusive
bodies and are conf ined to an j -solated area, they can be treated
as a uni t .  The wri ter  (Page) suggests the name t 'Hog Fleaven
volcanicsi l  af ter  Hog Heaven Hi l l  east  of  the Ffathead mine, which
is in the Hog Heaven mining distr ict .

The t ime of  the volcanic act iv i ty is unknown, but probably
i t  is  late Tert iary or ear ly Pleistocene. I t  is  certainly
pre- ' lVisconsin. ,  ds several  g lacial-outwash terraces are cut  into
the tuf f  near Hubbart  Reservoir ,  and some erosion has occurred
since the erupt ions;  Shenon and Taylor ( f936, p.  Zf)  est imate
not more than 400 feet in the v ic in i ty of  the Flathead mj-ne.
No cones have been found, and the lack of  cont inui ty of  the
f lows and tuf fs suggests that  only the th icker parts now remain,
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presumably where they have f i l led pre-voJ-canic val leys.  Support-
ing th is hypothesis is the presence of  poor ly sorted argi l l i te
conglomerate and quartz sandstone, which are probably stream
deposi ts,  under the volcanic rocks in many places. They are wel l
exposed und.erground at  the West Flathead mine ( f ig.  a)  and the
Sul l ivan Creek Spr ing dr i f t  ( f ie.  3) .

The rocks have been named according to Johannsenls c lassi-
f icat ion (1939) but were not del ineated separately on plate 4
except for  the basal t .

Porphyr i t ic  Andesi te

At least  three di f ferent k inds of  porphyr i t ic  andesi te
occur in the map area--one f inely porphyr i t ic  b iot i te andesj- te
and two coarsely porphyr i t ic  andesi tes "  Ttr"  f inely porphyr i t ic
rock caps hi l1s near the Flathead mj-ne (Sw+ sec. 9,  Sw* sec. L6,
and center sec.  20, T.  25 N.,  R. 23 W.).  I t  was descr ibed by
Shenon and Taylor (1936, p.  L2):

I ' I t  is  a dense brownish-gray rock which under the micro-
scope shows wel l -def ined f low structure.  I t  contains
plagioclase and biot i te phenocrysts in a fe l ted ground-
mass. The phenocrysts make up about 40 percent of  the
rock.  Plagioclase rv i th a composi t ion of  Ab70 const i tutes
abor-r t  8O percent of  the phenocrysts,  b iot i te about 15
percent,  sanidine less than J percerr t ,  and magnet i te
about 1 percent.  The plagioclase phenocrysts have a
maximum length of  about 1 mi l l imeter and average about
0.02 mi l l imeter.  Ti tani te occurs as isolated grai-ns.
Rock of  th is type is general ly relat ively unal tered,
al though the biot i te is s l ight ly changed to a f ibrous
product and magnet i - te.  r r

Accessory minerals j -nclude apat i te and sphene.

The coarsely porphyr i t ic  andesi tes are biot i te andesi te and
biot i te-hornblende andesi te.  The biot i te andesi te is found
north and west of  the Flathead mine (sec.  8 and 17, T.  25 N.,
R. 23 W.,  and SW part  of  sec.  24, T.  25 N.,  R. 24 W.).  I t  is  a
l ight-gray to grayi-sh-b1ue moderately resistant rock.  Phenocrysts
are maj-nly euhedral  to broken plagioclase crystals,  o l igoclase to
andesine (ave. Ab65) having a maxj-mum length of  6 ni l l imeters.
They are commonly twinned and weakly zoned; some have potassium-
r j -ch r ims around an andesine core.  0ther phenocrysts include
euhedral  b iot i te,  embayed sanidine, and rounded quartz.  The
matr ix,  about 60 percent of  the rock,  is  e i ther devi t r i f ied glass
or very f j -ne crystal l ine t rachyt ic fe ldspar and some quartz.
Accessory minerals are z j - rcon, apat i te,  i ron ore,  and sphene. In
many places the rock shows f low structure of  subparal le l  b iot i te
and contains broken feldspar phenocrysts.  The bi-ot i te andesi te
probably const i tutes several  separate f1ows.
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The biot i te-hornblende andesi te is a f low (or f lows?) in
sec. L9t 27, and 30, T.  25 N.,  R. 23 W.,  and sec, 35, T.  25 N.,
R. 24 W. The matr ix is dark-gray and local ly pale-brown f low-
banded glass.  The phenocrysts are s imi lar  to those in the
biot i te andesi te but j -nclude some minor hornblende, which is
part ly al tered to biot i te and i ron ore,  Also,  the plagioclase
phenocrysts are more calc ic and have a composi t ion of  andesine
(ave. Ab6g)r  and some have a pecul iar  I thoneycombt '  structure.
The feldspar has many rounded vermicular holes f i l led wi th glass,
biot i te,  magnet i te,  and unident i f ied crystal l ine mater ia l .
Kuno (1950) has descr ibed a s imi lar  structure in some of the
plagioclase (ol igoclase to andesj-ne) f rom the Harkone volcanic
rocks in Japan. He thinks that such feldspar is xenocrysts
( foreign crystals f rom wal l  rock) t t rat  were out of  equi l ibr ium
with the magma. Part ia l  melt ing along cleavage cracks of  the
plagj-oclase was accompanied by di f fusion of  mater ia l  into the
crystal  f rom the magma. The glass and crystal l ine mater ia l  in
holes seems to support  th is hypothesis.  The source of  the
xenocrysts is unknown, but they may have come from another part
of  the crystal l i -z ing magma, f rom another magma, or f rom inclu-
sions of  wal l  rock.  The r im of  nonvermicular plagioclase impl ies
that the plagioclase had reached equj- l ibr ium with the magma and
had started to grow again just  before extrusion.

Porphyr i t ic  lat i te

Porphyr i t ic  lat i te j -s found mainly in a smal l  area around
the Flathead mine (sec.  L6, LJ,  and 2L, T.  25 N.,  R. 23 W. )  but
is exposed in a prospect pi t  (W; sec.  24, T.  25 N.,  R. 24 ' ' ,N.) .

The rock is general ly al tered but where f resh i t  is  as Shenon and
Taylor ( f936, p.  9)  descr j -be:

I 'The porphyr i t ic  lat i te where f resh is dar:k gray and
has two dist inct  groups of  phenocrysts in a micro-
crystal l ine groundmass. As an average the phenocrysts
make up about 50 percent of  the rock.  The larger
phenocrysts are glassy-appear ing sanidine; the smal ler
ones are pr incipal ly plagioclase with a composi t ion
of about AbZO. Very few quartz pher locrysts were seen.
Sparsely distr ibuted microphenocrysts of  b iot i te and
magnet i te are scattered through the groundmass, but
together they const i tute less than i  percent of  the
rock.  The rnicroscope shows the presence of  a highly
al tered pyroxene and a smal l  amount of  t i tani te.  The
groundmass is so f ine-grained that i t  is  impossible
to dist inguish af l  the minerals,  even under high
power.  I t  is  made up largely of  t iny lath-shaped
feldspar crystals but contains also very f ine-grained
quartz.

rrThe sanidine phenocrysts range j-n length from
about 0.5 cent imeter to over 6 cent imeters,  and most
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of them show wel l -developed car lsbad twinning. I ' lany
sanidine crystal-s exhibi t  d ist inct  zoning. In general ,
the sanidine crystals have sharp boundar ies,  and none
were observed to be broken. The plagioclase pheno-
crysts are general ly less than 0.  J cent j -meter in length
and usual ly show pronounced albi te twinning. The
out l ines of  these phenocrysts are general ly sharp,
but embayments are more conrmon than in sanidine crystals.  t r

Andesi t ic  Tuffs

Most tuf fs are andesi t j -c and are general ly a whi te to
grayish-orange al tered porous l ightweight rock ( for  example,
near Hubbart  Reservoir ,  sec.  18, T.  25 N.,  R. 24 W,,  and east
of  Sul l ivan Creek Spr ing, sec.  26,27,28, 33,34, and 35,
T. 25 N.,  R. 23 W,).

Subangular to rounded fragments of  argi l l i te and quartz i te
are ubiqui tous,  but vary great ly in total  amount,  averaging 12
percent of  the rock.  i 'The fragments are more resistant than
the enclosing mater ia l  and hence weather out as prominent nod-
uJ.es on exposed surfaces, in many places causing the rock to
resemble a conglomerate" (Shenon and Taylor,  1936, p.  13).
The andesi t ic  tuf f  contains broken fragments of  p lagioclase
(andesine, Ab6c) (+O percent) ,  euhedral ,  broken and f lexed bio-
t i te (E percen[) ,  and some sanidine and accessory z i rcon, i ron
ore,  sphene, and apat i te.  The matr ix i -s glass,  which is gen-
eral ly al tered to c1ay, but local1y has been al tered to chlor j - te,
carbonate,  epidote,  and hemati te.

An unal tered, greenish-gray,  hard,  dense crystal  tuf f ,
the crystal l ine f ragments having the composi t ion of  lat j - te,
crops out in a road cut west of  L i t t le Mead.ow Creek (center of
sec.  22, T.  25 N.,  R. 24 W.).  Fol iat ion str ikes N. 20" w. and
dips L2" SW. The tuf f  consists of  18 percent rounded to subangular
argi l l i te f ragments,  20 percent devi t r i f ied glass matr ix,  45 per-
cent fe ldspar:r .  and 15 percent biot i te.  Zoned plagioclase ( .andes-

ine,  Ab65) s l ight ly exceeds sanidine in quant i ty.  The feldspars
are angular and broken; the biot j - te i .s general ly bent.

At least  some of the tuf fs are water la id.  An al tered crys-
tal  tuf f  of  t rachyt ic composi t ion is wel l  exposed in the Montana
Sunset Quarry east of  L i t t le Bi t terroot River.  I t  consists of
a hydrothermal ly banded but l ight-colored rock having graded
bedding (str ikes N. 35" W.,  d ips 34" NE.) .  The rock is composed
of angular f ragments of  sanidine and some magnet i te,  zLrcon,
and spinel ,  imbedded in a c lay matr ix.  Also present are rounded
and subrounded fragments of  quartz i te and argi l l i te.

A tuf f  of  a completely di f ferent character is exposed
south of  Tamarack Creek in a poor ly consol idated boulder con-
glomerate.  The 2- inch bed of  sof t ,  punky, al tered tuf f  near the
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base of  the exposure consists of  broken, zoned sanidine, sub-
rounded qwaricz grains,  and broken and bent biot i te.  The matr ix
is most ly cJ-ay but includes some carbonaceous mater ia l .

Porphyri t ic [ luartz Lat i te

This rock crops out west of  Brooks Creek (sec.  9r 10,15,
and L6, T.  25 N.,  R. 24 W.) and is l ight  to medium gray,  hard,
and dense. I t  consists of  about 50 percent subhedral  pheno-
crysts,  80 percent of  which are plagioclase (andesine, Ab65);
aZ percent biot i te;  8 percent rounded, resorbed quartz,  and some
sanidine. The matr ix is f inely crystal l ine,  granular or sac-
charoidal  in texture,  and consists mainly of  potassium feldspar
and some plagioclase and quartz.  Accessory minerals include
sphene, i ron ores,  apat i te,  and zj-rcon. Local ly the rock has
been si l ic i f ied.  and the fractures have been f i l led wi th smal l
quartz veins.

Porphyr i t ic  Basal t

The basal- t  is  a l tered, but is hard,  dense, and black,
weather ing into sma1l rounded, dark-yel lowish-brown boulders.
Two steeply dipping dikes crop out west of  Hubbart  Reservoir
(sec.  11 ,  12,  and L3, T.  25 N.,  R. 25 W,) and trend N. 46" W.,
but the eastern part  of  the eastern dike in sec.  12 and 13
changes to a f low(;  )  containing numerous amygdules of  quartz and
probably zeol i tes.  The basal t  j -s porphyr i t ic ,  but  the pheno-
crysts are completely replaced by epidote,  chlor j - te,  and magnet-
i te.  The matr ix,  about 60 percent of  the rock,  consists of  sub-
paral le l  p lagioclase ( labrador i te) ,  a lso part ly replaced by these
minerals.

Relat ionships of  Intrusions and Extrusions

Most of  the volcanic rocks are f lows, but intrusive rocks
have been found at  several  local i t ies.  Def in i te intrusive re-
lat ionships are disclosed j -n the underground rvorkings at  the
West Flathead mine ( f ig.  4) ,  There a f ine-grained, punky, al tered

"fels i tet '  (andesi te?) i "  in sharp contact  wi th warped argi l l i te
of  the Raval l i  Group, and smal l  d ikes f rom the I ' fe ls i tet 'cut  the
argi l l i te.  In the center dr i f t  of  the mine, relat ionships indi-
cate that  the andesi te intrudes porphyr i t ic  lat i te.  The 01e mine
(f ig.  5)  a lso exposes a dike- l ike body that cuts rocks of  the
Raval- l i  Group. 

.

In an intrusive body exposed near the Mart in mine west of
Sul l ivan Creek (SW+ sec. 20, T.  25 N.,  R. 23 W.) a bul ldozer cut
exposes the top of  a smal l  t ' fe ls i tet 'p lug,  which intrudes a
brecciated and faul ted zone in Raval l i  argi l l i te.

Where a possibly intrusive body occurs west of  Brooks Creek
(NW* sec. 15, T.  25 N.,  R. 24 w.)  the contacts are not exposed,
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but th in sect ions show the rock to be coarser grained and of  a
di f ferent composj- t ion (quartz lat i te)  than other rocks of  the
volcanic sui te.  Perhaps the rock is a plug or s i I l  that  has
cooled slowly,  resul t ing in a coarser grain sLze and saccharoidal
texture.

The porphyr i t ic  lat i te that  Shenon and Taylor (1936, p.  9)
regarded as a possibly intrusive body near the Flathead mine is
at  least  in part  a f low: 3s t ree t runks have been found within
this rock in the mine, but the Anaconda Mining Company under-
ground maps show dikes and si l ls  in the deeper workj-ngs.

Some of the contacts between Raval l i  and volcanic rocks
are faul t  contacts that  postdate sol id i f icat ion of  the igneous
rocks,  thus obscur lng the relat ionships.  Sul l ivan Creek Spr ing
dr i f t  shows the relat ionships best ( f ie.  3) .  The cir i f t  is  in
al tered crystal  andesi t ic  tuf f  that  contains numerous angular
to subrounded fragments of  quartz i te and argi l l i te and some car-
bonized wocd. The tuf f  over l ies a conglomerate but near the
end of  the tunnel  there is extensive al terat ion and shear ing.
The surface exposure shows argi l l i te of  the Raval l i  Group in
brecciated contact  wi th the tuf f .  The surface breccia zone can
be traced southward into sheared argi l l i te.  Thin sect ions of
the breccia f rom several  local i t ies show that quartz i te f ragments
are cemented wj- th c1ay, not f ine-grained igneous rock as would
be expected i f  i t  were an intrusive contact .  In addi t ion,  the
poor ly sorted Tert j -ary conglomerate that  under l ies the f low
commonly resembles breccia that  can be confused wi- th intrusive-
contact  structures.

Intruslve bodies are only a smal l  percentage of  the total
igneous rock in the area. Most igneous rocks are extrusive.
The exact sequence of  erupt ions and f lows and tuf fs has been
only part ly determined. The al tered andesi t ic  tuf fs are the
most extensive igneous recks and seem to be products of  the f i rst
erupt ions.  Shenon and Taylor ( f936, p.  13) stated that the
numerous rounded argi l l i te f ragments in the tuf fs point  to a
water la j -d or ig in for  the tuf fs,  but  the poor sort ing and even
distr ibut ion of  the argi l l i te f ragments and the large areal
extent of  s imi lar  crystal  tuf fs is more l ikely the resul t  of  a
nu8e ardente erupt ion whereby a hot densi ty-current of  volcanic
mater ia l  incorporated loose argi l l i te pebbles f rom the oJ.d land
surface and distr j -buted them throughout the f low.

The tuf fs over l ie Tert iary conglomerate and are the most
extensively al tered of  the f lows. The tuf fs in turn are over la in
by the coarsely porphyr i t ic  b iot i te andesi te and the porphyr i t ic
lat i te f1ows. These f lows are more al tered and presumably
older than the fresh glassy hornblende-biot i te andesi te f l -ow.
The youngest volcanic rock is the unal tered f ine-grained andesi te
that caps some of the hi l ls  around the Flathead mine and over l ies
a tuf f  at  Batt l -e Butte and the porphyr i t ic  lat i te southeast of
the Flathead mine.
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The relat ionship of  the basal t  to the other igneous rocks
is unknown, but the basal t  certainly postdates the andesi t ic  tuf f ,
as i t  e i ther cuts or caps i t .

STRUCTURAL GEOLOGY

SEDI}, IENTARY ROCK STRUCTURE

The Whitef ish Range is a t i l ted faul t -b lock mountain range
ly ing between the Rocky Mountain Trench and the North Fork
Val ley,  both of  rvhich are faul ted hal f -grabens. Two separate
per iods of  deformat ion produced the present structural  con-
f igurat ion of  the range--Laramide folding and later normal faul t ing.

Laramide folding is near ly restr icted to the southwest
hal f  of  the map area (p1. 1) and produced open folds that  are
most ly broad and gent le.  In the north-central  part  of  the area
stronger fo ld ing produced northeast asymmetry and local  over-
turning of  beds, part j -cular ly in the middle uni t  of  the Piegan
Group. Local  rvestrvard asymmetry is found in an ant ic l ine that
paral1e1s Whitef ish Creek on the east,  but  minor fo lds wi th in the
ant j -c l ine have near ly vert ical  axial  p lanes. The axis of  one
such fold east of  Upper Whitef ish Lake plunges about 20o NW.,
probably j -ndicat ing the plunge of  the major structure.

The general  northwest structural  t rend in the Stryker
quadrangle west of  U.S. Highway 93 is shorvn by f ive major ant i -
c l ines and syncl ines (p1. 1).  Two minor fo lds are located in
the northern part  of  the map area.

The pr incipal  fo lds are in the western and southern parts
of  the SIV Stryker quadrangle.  The most southwester ly fo ld,  a
northwest extension of  the Elk Mountain ant ic l ine (Haff ,  L96Z)
is a northwestward.-plunging asymmetr ical  ant ic l ine (pl .  1) .  Dips
on i ts west l imb range from 10 to 20 degrees, those on the east
l i rnb f rom 60 to s l ight ly overturned. Johns ( t96Zu) reported
that th is fo ld extends into the SE Pleasant Val1ey quadrangle.
RavalJ. j -  rocks crop out along the crest ,  but  on the eastern l imb,
both Raval l i  and Pi-egan rocks are exposed.

Paral1el  to the Elk Mountain ant ic l ine and adjacent to i t
on the east is the northern extension of  the asymmetr ical  Ingal ls
syncl ine (Haf l ,  1962),  the eastern l imb of  the Elk Mountain ant i -
c l ine merging into the west l imb of  the Ingal ls syncl ine.  I ts
trend of  N. 25'  W. cont inues from the Pleasant Val ley NW quad-
rangle.  The dip of  the east l imb of  the syncl ine is 5 to 15
degrees. Johns ( tg6Za) has traced this fo ld in the NE and SE
Pleasant Val1ey quadrangles,  indicat ing a total  length of  about

J0 mi- les.  Piegan rocks occupy the trough of  the syncl ine.
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A gentte syrunetr ical  ant ic l ine about 10 mi les long ly ing
to the east of  the Ingal ls syncl ine plunges northwestward and
trends N. 20" W. to N. 35'  W. Piegan rocks are at  the surface
over the ant ic l ine.  This structure extends southward into the
Pleasant Val ley NW quadrangle and dies out northward in the
vic in i ty of  Beaver 'Creek.

Nearly paral le1 to the ant ic l ine just  descr ibed and adja-
cent to i t  on the east is an asyrrmetr ical  syncl ine approximately
10 mi les long. Dips on the east l imb range from 5 to 25 degrees
and the trend is N. 15" W. to N. 30" W.;  i ts  t rough exposes only
middle Piegan strata.

An asymmetr ical  ant ic l ine extends into the area from the
south along Gergen Creek, through Grouse Mountain,  and across
Mart in Creek, and dies out south of  Sunday Creek. This fo ld
is named the Grouse Mountain ant ic l ine (pl .  1) .  On the western
1imb, dips range from 10 to 25 degrees; on the eastern 1imb,
to a maximum of 20 degrees. Rocks of  the middle Piegan uni t
cover the f lanks and most of  the axial  region of  the fo ld.  In
the canyon rval ls along Mart in Creek, basal  Piegan rocks are
exposed in the core of  the ant j -c l ine.  The at t i tude of  the beds
is hor izontal  in the roadcut on Sunday Creek road. This fo ld
rvas t raced for 6 mi les in the SW and SE Stryker quadrangles and
may be the northern extension of  the easternmost ant ic l ine of
Johns ( t962^,  p l .  1 )  .

A doubly plunging ant ic l ine,  approximately 6 mi les 1ong,
extends along the western margin of .  the Rocky Mountain Trench in
the vic in i ty of  Sunday Creek (pl .  1) .  Northwestward the axis
of  the ant ic l ine crosses into the t rench and disappears under
the glacial  cover.  This structure is named the Jumbo Lake ant i -
c l ine.  The trend of  the fo ld is N. 30'W.,  and dips on the
l imbs range from 5 to l$ degrees. The contact  zone between the
basal  Piegan uni t  and the under ly ing Grinnel l  Format ion is ex-
posed in the rai l road cuts along the Great Northern Rai lway tracks
southeast of  Dj-ckey Lake in the plunging nose of  the ant ic l ine.

West of  the Jumbo Lake ant ic l ine,  strata dip westward under
glacial  deposi ts.  At  the head of  Ivor Creek, beds dip north-
east under glacial  cover.  These dips suggest the existence of
a northwest-plunging syncl ine in the v ic in i ty of  Dudley Slough.

A relat ively smal- l  symmetr ical  ant ic l ine was mapped north
of Edna Creek. The axial  t race of  th is structure crosses Ivor
Creek a mi le northwest of  Edna Creek (pf .  I ) .  The fold was
traced approximately l j  mi les and has a northwest t rend.

In the Kal ispel l  quadrangle (pl .  3)  a northwest- t rending
northwest-plunging ant ic l ine and syncl ine are s l ight ly asymmet-
r ical  to the northeast.  0n the ant ic l ine RavaII i  rocks are
exposed, whereas the middle uni t  of  the Piegan IPZ) is exposed
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in the syncl inal  t rough. The lower Piegan uni t ,  Pl ,  is  repeated
on the f lanks of  the syncl i -ne.  The west l imb and crest  of  a
south-plunging ant ic l ine t rend northwest along the west s ide of
the t rench into the southwest corner of  the Whj- tef ish quadrangle
(pl .  2)  .

Sedimentary rocks throughout other areas of  p lates 2 and 3
have gent le to moderate easter ly dips except where steeper bed-
ding at t i tudes resul t  f rom drag folding along faul ts.

Folds in the northern Horse Plains quadrangle are gent le,
as are most fo lds in the Bel t  Ser ies of  northwest Montana. The
structure in the map area is a broad, poor ly def ined ant ic l ine
or ant ic l inor ium. Rocks of  the Raval l i  Group dip gent ly west-
ward throughout most of  the area, but the Piegan Group, which
over l ies the Raval l i ,  d ips 30" W. at  the western edge of  the
area, and east of  the area i t  d ips gent ly to the east.

Minor fo lds are gent le and discont inuous, and they general ly
trend and plunge southward. The folds are not as pronounced as
those farther north.  In the Pleasant Val ley quadrangle,  for
example,  Johns ( tg6Za, p.  f7)  reports that  the Li t t le Bi t terroot
ant ic l ine is a t ight  fo ld,  asymmetr ical  to the east,  but  in the
Horse Plains map area (pl .  4)  i t  is  only weakly expressed and
dj-es out southward. Faul t ing has of fset  the fo1ds, and tracing
of indiv idual  structures is di f f icul t .

FAULTS

Descr j -pt ion of  Faul ts

Two master faul ts,  the Swan and Flathead, may be traced for
long distances in northwest Montana. The Swan faul t  enters the
lVhi tef ish map area from the south along the val ley of  Whitef ish
Creek and spl i ts into two branches south of  Upper Whitef ish Lake"
The west branch fol lows the val ley of  the West Fork of  Whitef ish
Creek to a point  about a mi le northwest of  Upper Whitef ish Lake
where i t  agaj-n spl i ts.  The second master faul t ,  the Flathead
faul t ,  enters the map area at  Big Creek ranger stat ion near the
junct ion of  Big Creek and the North Fork Flathead River and can
be traced northwest to Cyclone Lake, where i t  spl i ts into t t ' ro
parts.

Both the Swan and Flathead faul ts have large displacements.
Near Upper Whitef ish Lake, the strat igraphic throw on the Swan
faul t  is  of  the order of  11,000 feet.  Where the Flathead faul t
crosses Coal Creek about 3 mi les southeast of  Cyclone Lake i ts
strat igraphic throw exceeds 10r000 feet.  Other faul ts in the
map area, al though subsj-diary to the Swan and Flathead faul ts,
may also have large displacements.  Orre such fau1t,  a long Stryker
Ridge in the southwest part  of  the area, has a maximum displacement
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of about 41500 feet.  East of  Stryker Lake the faul t  that  forms
the east boundary of  the Rocky l " lountain Trench has a strat igraphic
throw of  about 41000 feet.  The other faul ts that  d iverge from
the Flathead and Swan faul ts are smal ler ,  but  d isplacement may
beas much as a few thousand feet.

Three types of  faul ts were mapped in the west part  of  the
Stryker quadrangle.  The largest faul ts are three longi tudinal
high-ang1e thrust  faul ts.  Also impressive are Iongi tudinal
normal faul ts concentrated in the Rocky Mountain Trench area.
Two transverse normal faul ts are located in the northern part  of
the area.

The Brush Pass thrust  faul t  has the largest displacement
of  any faul t  in the map area (Haff ,  1962, p.  +L);  a 6-mi le seg-
ment of  th is faul t  cuts through the southwest corner of  the
Stryker quadrangle.  This faul t  has been traced from Li t t1e
Bit terroot Lake (Johns, 196Za) in the Pleasant Val ley SE quad-
rangle northward through the Ural  quadrangle (Johns, I )6L3
I962a),  a distance of  at  least  70 mj- les.  The northern extension
of th is faul t  i -s cal led the Gut Creek-Pi-nkham Creek faul t .  Johns
(f96f,  p.  29) has reported a strat igraphic thrcw of  7r000 feet
in the Ural  quadrangle,  rvhere Pr ichard rocks have been thrust
against  Piegan rocks.  The faul t  str ikes N. 20'W. to N. 30'W.
The main evidence for t i re dip of  the faul t  ts the asymmetry of
the associated E1k Mountain ant ic l ine and Ingal ls syncl ine.
Sou+-h of  the Stryker SW quadrangle,  Hal l  ( t962, p.  42) reports
a disturbed zorte dipping 7O to 75 degrees. Strat igraphic throw
in the h 'h i tef ish area could not be determined, because rocks of
the Raval l i  Gror.rp are f  ound on both s ides of  the structure.
The throw could be as great as 71000 feet and st j - l l  produce the
mapped relat ionship.

A thrust  faul t  of  less magnitude, the Dunsire thrust
(Haff ,  1962, p.  42,  p l .  1) ,  extending northward from HalIrs area
was mapped 2 mi les east of  the Brush Pass thrust  (pI .  I ) ,  but
i t  seems to die out before i t  reaches Fort ine Creek. Strata
west of  the faul t  d ip vert ical ly and beds east of  the faul t  are
near ly hor izontal .  The faul t  zor 'e is character ized by f ractured
rocks and i r regular ly dipping blocks of  strata.  I l iddle Piegan
rocks are exposed on both s ides of  the faul t ,  and exact dis-
placement could not be cal-culated. The apparent strat igraphic
throw is between 500 and 11000 feet in the Ski l let  Creek area.

The third thrust  faul t ,  in the Stryker SE quadrangle,  is
along Mart in Creek, for  which the structure is named in th is
report .  The Mart in Creek thrust  begins in the southeast corner
of  the map area_ as a longi tudinal  faul t  and gradual ly changes
into a t ransverse faul t  south of  Ketowke Mountain.  Strata on
the north s ide of  Mart in Creek were dragged upward near the
faul t .  The dip of  these beds increases from 20o about a quarter
of  a mi le northeast of  the faul t  to near ly 60'  adjacent to the
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faul t  t race. The west s ide has moved up in relat ion to the dorvn-
thrown east s ide.  This faul t  is  in basal  Piegan strata along
Mart in Creek and middl-e Piegan strata south of  Ketowke Mountain.
The trace of  the faul t  ranges from N. 30" W. to N. 70" W. wi th in
a distance of  8 mi les.  This faul t  is  not  present in the Sunday
Creek area.

Except for  the Mart in Creek thrust ,  most of  the faul ts in
the vic i -n i ty of  the Rocky Mountain .Trench have displacements
character ist ic of  normal faul ts.  These faul ts form horsts and
grabens in the 'brench proper.  The main di f f icul ty in correct ly
interpret ing these faul ts is that  the exposed strata consj-st  of
several  hundred feet of  interbedded purpl ish and green argi l l i te
belonging to the upper part  of  the Grinnel l  Format j -on and the
lower part  of  the basal  Piegan uni t .

In isolated smal l  h i l ls  in the t rench f loor,  exposures are
too l imj- ted strat igraphical ly to permit  recogni t ion of  t .he
arbi t rary Grinnel l -Piegan boundary.  Detai led strat igraphic
studj-es are needed to establ ish parameters for  d ist inguishing
t.he var ious minor l i thologj-c uni ts in the t rench so that the
smal l  f  aul ts coul-d be mapped.

The pr incipal  normal faul t  in the Stryker area extends from
the glacial  c ieposi ts in the southeast to the glacial  deposi ts i -n
the northwest (p1. 1).  Raval l i  rocks on t ,he east s ide have been
faul ted against  basal  Piegan strata on the west.  The faul t
t race, t rending N. 35" W.,  is  eas11y seen on aer ia l  photographs.
The amount of  d isplacement along the faul t  decreases northwest-
ward (p1. 1).  The west s ide of  the faul t  has moved down in
relat j -on to the east s ider ds is character ist ic of  faul ts i ie the
Whitef ish Range on the east s ide of  the Rocky Mountain Trench.

Two faul ts just  southwest of  the Mart in Creek thrust  and
northeast of  the pr incipal  thrust  faul ts (pl .  1)  are normal
faul ts forming a graben. Displacement of  the block is greatest
in the southeastern part  and dimj-nishes northwestward, becoming
negl ig ib le.  The traces of  the faul ts form straight l ines regard-
less of  topography, hence their  d j -p must be near ly vert ical .

Other smal l  normal faul ts northeast of the main normal
faul t  have displacements of  tens of  feet  to several  tnrndred feet.
0n1y the two largest were included on the present map (p1. 1).
These faul ts are readi ly discernj-ble on aer ia l  photographs and
are easi ly ver i f ied by f ie ld invest igat ion ryhere accessible.

Two transverse faul ts that  cut  normal faul ts are present
in the northern part  of  the Stryker area. Movement along the
faul ts produced approximately 300 to 400 feet of  strat igraphJ-c
throw. These faul ts cause basal  Piegan strata to be displaced
westward against  rocks of  the middle Piegan uni t .
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The str ike of  these faul ts is N. 75'W. The major normal
faul t  on the southwest s ide of  the t rench is cut  by these trans-
verse faul ts in the v ic in i ty of  Jumbo Lake. Displacement is
minor,  but  the t ransverse faul ts postdate the longi tudinal
faul ts,  ds shown by the abutment of  d i f ferent l i thologies along
the transverse faul t  t races.

l " la jor  faul ts in Flathead Val ley and border ing areas (pI .  2
and 3) are northwest-str ik ing structures of  h igh ang1e, in-
c luding both normal and reverse types. Only one low-angle faul t
p lane (dipping about 30'w.)  was observed; i t  occurs in a wide
breccia zor\e in a cut  on U.S. Highway 2 about hal f  a mi le
southwest of  Ki la.  A subsidj-ary group of  vert ical  faul ts str ik-
ing N. 65" E. displaces northwest faul ts.

That part  of  the Rocky Mountain Trench between Kal ispel l
and Flathead Lake is a graben, that  is ,  a depressed block bounded
by normal faul ts.  The structure of  the t rench between Kal ispel l
and trVhi tef ish is bel ieved to be more complex,  and some faul t ing
probably is concealed beneath gravel  and si l t .  0n a diagonal
l ine f rom the northeast corner to the southwest corner of  the
' t {h i tef  ish quadrangle,  a l l  f  aul ts mapped are normal to the l ine
and are ei ther high-angle west-dipping or vert ical  ones, the
west s ide having dropped down relat ive to the east s ide.  This
evidence ver i f ies the observat i -ons of  Barnes and Smith concern-
ing the Rocky lu lountai-n Trench in the Stryker quadrangle;  th is
parb of  the t rench is a faul ted hal f  graben.

The concealed Swan faul t  enters the southeast corner of
the Somers quadrangle f rom Swan Lake Val ley paral le l ing the
western s lope of  the Swan Range to a point  hal f  a rni le ea,st  of
Lake Blaine, crosses the Flathead Val ley 2|  mi les southwest of
Columbia Faf1s,  and fol lows the east shore of  Whitef ish Lake to
the Stryker-  quadrangle.  The faul t  is  bel ieved to be a high-
angle west-dipping normal faul t ;  strat igraphic throw in the
Stryker quadrangle was found to exceed 10r000 feet.

Another part ly concealed normal faul t  of  large displace-
ment paral1e1s the east shore of  Flathead Lake to merge with or
displace(?) the Swan faul t  at  a point  a short  d j -stance west of
Lake Blaj-ne. Northwest of  Bigfork,  east-dipping lower Pi-egan
rocks to the west adjoin east-dipping lower(?) Raval l i  rocks east
of  the fau1t.  The strat igraphic displacement was not determined,
but i t  is  less than 10 r  000 feet.

Six paral le l  northwest-str ik ing high-angle or vert ical
faul ts t raverse the Whitef ish quadrangle but disappear beneath
va1ley f i l l  to, the southeast.  The faul ts are bel ieved to be
normal,  the west s ide dropped relat ive to the east.  The faul t
s i tuated 2 mi les northeast of  Whitef ish Lake is,  on the south end
of the Whitef ish Mountains,  a contact  between east-dipping
lorver Piegan strata and upper Raval l i  (Gr innel l )  strata,  hence
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the strat igraphic throw is less than 4r000 feet.  Another,  paral-
l -eJ- faul t  hal f  a mj- le northeast of  Whitef ish Lake displaces the
Raval l i -Piegan contact .  Hor izontal  separat ion-amounts to 1r050
feet.  Two faul- ts near Blanchard,  Beaver,  and Boyle Lakes and
another structure paral le1 to St i l lwater Rj-ver ( inferred from
strat igraphic evidence) repeat the Piegan Group sect ion across
this part  of  the t rench. The faul t  in Lost Creek drainage in
the southwest corner of the whitef ish quadrangle was rnapped on
the basis of  strat igraphic evidence and drag folding. This
faul t  cont inues northrvest along Lost Creek in the Pleasant Va1ley
quadrangle and paral1e1s the east shore of  Tal ley Lake, where i t
marks the contact  betrveen the east-dipping niddle Piegan unj- t  to
the west and the east-dipping lower Piegan unj- t  east  of  the lake.
At the mouth of  Lost  Creek, th is faul t  forms the contact  between
lowest strata of  the middle Piegan uni t  and the upper part  of
the Raval l - i  purple-gray banded quartzJ-te.  The strat igraphic
throw exceeds 3r000 feet:  3s at  th is locat ion the faul t  cuts out
the lower Piegan uni t .

Sever"al  faul ts t rending northwestward were mapped in the
Truman-Patr ick area west of  Flathead Lake in the Kal ispel l  quad-
rangle.  The largest faul t  was mapped from a point  2 mi les north
of Lakeside to west Kal ispel l ;  j -n part  i t  fo l lows the west s ide
of Flathead Val ley.  The faul t  is  a normal one, and where
observed dur i -ng relocat j -on of  U.S. Highway 93 in the lV* sec.  35,
T. 27 N.,  R. 2J-W.,  the gouge and breccia zone is 12 to L4 feet
wide and dips 62" NE. strat j -graphic dj-splacement was not deter-
mined.,  ds no rel iable marker beds were found within the two
Piegan uni ts,  but  in the val ley in sec.  29 and 30, T.  28 N.,
R. 2L W. ,  pyr i te-bear ing molar- tooth l imestone outcrops of  the
middle Piegan uni t  are in near juxtaposi t ion wi th lower Piegan
strata west of  the f  aul- t .  A minimum strat i -graphic throw of  8OO
feet is indicated, but displacement is probably much greater.

A faul t  inferred from topographi-c evidence and drag fold-
ing extends from Bierney Creek across the head of  Patr ick Creek
to a posi t ion l f  mi les east of  Smith Lake. Movement on the east-
dipping(?) structure repeats middle Piegan strata.

Another faul t  of  consj-derable length crosses a r idge three-
quarters of  a mi le north of  Blacktai l  Mountain and fol lows
Truman Creek to U.S. Highway 2.  In a roadcut hal f  a mi le south-
west of  Ki l -a a sheared and brecciated zone several  hundred feet
wide contains two west-dipping strands, the western of  which
dips about 65o, the other approximately 30o. The reverse faul t
cuts out part  of  the lower Piegan uni t .

A smal1 faul t  str i -k ing sl ight ly west of north and dipping
85'  W. is exposed along U.S. Highway !J one mi le southwest of
Somers.  Vert ical  movement occurred within a 26- inch shattered
zone,
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Two transverse faul ts str ik ing N. 65" E. were mapped in
Trai l  Creek (southeast of  Lake Blaine) and in the Teakett le
Mountain area (3 mi les northeast of  Columbia Fal ls) .  A th i rd
near-paral le l  inferred faul t :  Proiected from the Nyack SW quad-

rangle to Echo Laker may in part  have caused the abrupt termina-
t ion of  the Missic in Range north of  Bj-gf  ork.

The Trai l  Creek faul t  and the inferred Echo Lake faul t
form a graben or depressed block occupied by basal  and middle
Piegan uni ts;  Raval l i  s t rata cap the upthrown blocks.

The northeast-bear ing vert ical  faul t  on Teakett le lv iountain
possj-bly cont j -nues up the lv l iddle Fork Flathead River where i t  i .s
concealed beneath al luvium. The north s ide is dropped relat ive
to the south s ide. A probable faul t  in the northwest corner of
the Columbia Fal ls quadrangle was inferred from the presence of
shatter ing and shear ing on each side of  the drainage.

The numerous faul ts in the northern l {orse Plaj-ns quard-
rangle fa1l  into three categor ies,  north-trending normal and
reverse f  aul t -s,  east- t rencl ing wrench f  aul ts,  and smal l  faul ts
associated with the volcanj-c rocks.

The oldest faul ts t rend north.  A normal faul t  of  th is
type, expo-qed ea.st  of  the Thompson l t iver in a logging-road cut
south of  Big Rock Cr 'eek,  is indicated by a zorre of  breccia and
al tered l imest- .one at  least  50 feet wide. I l lsewhere, the faul t
is  expressed as a l ineirr  faul t - l ine -scarp prominent on aer ia l
photographs. The middle uni t  of  t i re Piegan Group on the west
sic le has been downthrown into contact  wi th the lower uni t  of
the Piegan on the east s ide,  i .ndicat ing a strat igraphic displace-
ment of  about 1,000 feet.  This faul t  j -s probably a southeast-
rvard cont inuat ion of  the Pine Creek-Thompson Lakes faui t  that
Johns descr ibed ( t960, p,  2L).  The Pine Creek-Thompson Lakes
faul t  is  a major faul t ;  the west s ide is downthrown with respect
to the east s j -de,  and the length is at  least  40 mi les.

Several  other north-trending and probably steeply dipping
norrnal  faul ts were mapped. The displacement on these faul ts j -s

unknown, but drag folds indicate that  a long many of  them the
west s ide has been downthrown with respect to the east s ide.

A rever-se faul t  ha]- f  a mi le east of  Thompson River in
Murr Creek Canyon seems to dip steeply to the west.  Rava1l i
b lue-gray quartz i te is faul ted against  middte or upper Piegan
argi l l i te,  indicat ing a strat igraphic displacement of  about 4r000
feet.  The faul t  may trend north,  but  because of  extensive
glacial  dr i f t  i ts  t rue or i -entat ion and extent could not be dis-
cerned. The west s ide is upthrorvn wj- th respect to the east s ide.

A large, high-angle wrench faul t  near Shroder Creek in
the western part  of  the Horse Plains quadrangle is named the
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Shroder Creek faul t .  I t  t rends sl ight ly north of  west over much
of i ts extent in the southwest part  of  the map area. The faul t
is  exposed in a logging-road cut south of  Shroder Creek near
Thompson River,  where i t  produced a minimum of 20 feet of
bleached and punky l imestone breccia.  Elsewhere the faul t  is
expressed topographical ly.  In the Thompson River val ley i t  is
marked by a steep faul t - l ine scarp,  but eastward i t  changes
direct ion and is expressed by l inear creeks and lorv dj-v ides for
13 mi les.  The faul t  movernent seems to be dominant ly str ike s l ip,
the north s ide moving east and down wj- th respect to the south
side, dS i t  of fsets the north-south faul t  east  of  the Thompson
River about 1j  mi les ancl  the Piegan-Raval l i  contact  about 2 mi les.
A subparal- I .e l  faul t  may be present far ther north in the Br iggs
Creel< val ley.

Wrench faul ts postdate the normal faul ts.  Major rvrench
faul ts in the regj-on include the Osborn and Hope faul ts of  fdaho
and Montana, rvhich str ike s l ight ly north of  west.  They shorv
some vert ical-  movement,  but  they are predoninant ly str ike s1ip,
the north s ide noving east wi th respect to the south.  Nlovement
on each of  these faul ts is about 12 nr i les (Anderson, 1948).  The
Shroder Creek faul t  in the map area is s i -mi lar  in both t rend and
sense and is probably related to the east- t rending faul t  set .

Consider ing the possibi l i t ies of  ore deposi ts,  the most
signi f icant faul ts are those that cut  the volcanic rocks.  The
faul ts are i - r regular to l inear,  but  many trend north.  Where the
faul ts br ing R.aval l i  beds into contact  wi th the volcanic rocks. ,
the faul ts are invar iably expressed as a yel low to red, i ron
oxide stained, porous breccia,  in which angular f ragments of
quartz i te are cemented iv i th the c lays.  The breccia zone is com-
monly several  f  eet  wide, but rnuch rv ider areas are hydrothermal ly
al tered and bleached. Faul ts that  extend into the volcani-c rocks
are expressed as shear and fracture zones, but in the argi- l l i te
and quartz i te of  the Raval l i  Group they are expressed by drag
folds,  s laty c leavage, and bleached and al tered areas. The
direct ion and amount of  movement of  the faul ts are unknown.

A possible arcu-ate faul t  wi th a component of  lef t -hand
str ike s l ip movement,  present in Sul l ivan Creek near the Mart in
mine, has displaced the contacts about 500 feet,  the west s ide
having moved southward with respect to the east s ide.

The sequence of  structural  events in the northern l Iorse
Plains quadrangle is essent ia l ly  the same a€ elsewhere in north-
west Montana. The north-trendj-ng faul t  east  of  the Thompson River
has been of fset  by the west- t rending Shroder Creek wrench faul t .
The emplacement of  the volcanic rocks probably postdates major
movement on the north-trending faul ts,  as the volcanic rocks are
not cut  by a north-south faut t  that  t rends under them near Hubbart
Reservoir .  The relat ive age of  the volcanic rocks wi th respect
to the shroder creek faul t  is  unknown. The volcanic rocks
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themselves are cut  by faul ts that  are possibly related to intru-
sion of  a stock at  depth,  or  to recurrent movement on pre-exist ing
faul ts.

.  
Summary of Fault ing

Superimposed on the folds in the Bel t  Ser ies of  northwest
Montana are normal and reverse faul ts.  The dominant feature is
the northwest- t rending Rocky Mountain Trench. This topographic
form is both a graben and hal f  graben with vert ical  d isplacement
measured in thousands of  feet .  The Swan faul t ,  paral le l ing the
eastern s ide of  the t rench, perhaps exerts the greater inf luence
on the trend of  th is topographic feature.

West- t rending transverse faul ts and wrench faul ts post-
date northrwest-str ik ing normal faul ts rvhere observed within
the quadrangles.  In the Horse Plains quadrangle the Shroder
Creek faul t  is  s imi lar  in both t rencl  and sense to the west-
s 'br ik in.g Hope and Osborn iaul ts of  Idaho and Montana. These faul ts
have some vert ical  movement but are pr-edominant ly str" ike s l ip,
the north s ide having nroved easb with respect t .o the south.
l " lovement on these faul ts is about 12 mi les (Anderson, 1948).
The Shroder Creek faul t  probably is related to th is east- t rending
rvrench f  aulb set .

Many wri ters assign folding in the tsel t  Ser ies to the late
Cretaceous-ear ly Tert iary Laramide orogeny. Some faul t ing is
perhaps related to Laramide t ime, but undoubtedly major faul t ing
has occurred dur ing the Tert iary Fer iod.  .b-aul t ing in the
hhi- tef ish l t lountains t ,ook place whi le the Kishenehn Format ion was
being deposi ted,  and the Lewis thrust  faul t  is  late Eocene or
ear ly Ol igocene and has been cut by north-trending block faul ts
that ha,ve had sporadic movement throughout the Tert iary and
Pleistocene ( l r tansf  ie1d, L923 ,  p.  269) ,

The emplace.etr t  c, f  the volcanic rcrcks j -n the Hc.rg Heaven
distr ict  postdates major movement on the north-trending faul ts
of  the Horse Plains quadrangle,  as the north-trending faul t  near
I{ubbart  Reservoir  and beneath the f lor . /s is ear l ier  than the
igneous rocks and does nct  cut  them. The relat j -ve age of  the
volcanic rocks wi th respect to the Shroder Creek wrench faul t
is  unknown. The volcanic rocks themselves are cut  by faul ts
possibly related to j -ntrusion of  a stock at  depth,  or  to recur-
rent movement on pre-exist ing faul ts.

HYDROTHERMAL ALTERATION IN T}IE HORSE PLAINS QUADRANGLE

Extensive hydrothermal-  a l terat ion and, loca11y, mineral i -
zat ion,  is  assocj-ated with the volcanic rocks but i -s structural ly
control led by faul ts and fractures.  The si l ic i f icat j -on and
al terat ion of  the porphyr i t ic  lat i te to c lays and aluni te at
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the Fla. thead mine has been descr ibed by Shenon and Taylor ( t936,
p.  g) ;  e lsewhere hydrother inal  a l terat ion is general ly less
intense. Bleaching and i ron oxide staining is the most conrmon
alterat ion of  both the volcanic and the Raval l i  rocks.  A tuf f
in the Montana Sunset bui ld ing-stone quarry i -s banded pa1.e
yel lowish orange and pale red. The banding is c lear ly related
to a north-trending faul- t . .  the posi t ion of  which,  west of  the
quarry,  is  indicated by a porous i ron oxide stained breccia.

Local ly,  hydrothermal al terat ion is intense, changing the
rock completely to c1ay. A t ' th ick-beddedt '  massive,  dense,
white c laystone with s l ight  i ron oxide stain on the jo int-s is
exposed in the root cel lar  of  the Jackson?s old homestead
(Sw+ sec. 26, T.  25 N.,  R. 23 w.) .  The clay consists most ly of
montmori l loni te.  The composi t ion as analyzed by the Montana
Bureau of  Mj-nes and Geology is 66 percent s i l ica (SiO2),  20 per-
cent alumina (A1203)r  and 0.5 percent each of  f luor ine and
cafcium oxide.

Argi l l i te and quartz i te of  the Raval l i  Group are local ly
bleached or stained grayish orange to J- ight  brown for several
hundred feet near the igneous bodie-s (S$ sec.5 and NE+ sec.8,
T,  25 N.,  R. 23 W. ) .  The argi l l i te is commonly al tered to sof t
whi te c lay and ser ic i te next to the contact  wi th volcanic nock,
but far ther away the argi l l i te is stained orange to brown" The
al terat ion is probably related to faul ts.  Elsewhere, for  ex-
ample,  a long faul ts that  are several  mi les f rom exposed i -gneous
rock,  +-he Raval l i  quartz i te and argj- l l i te show bleaching and
ser ic i t izat i -on.  An al tered area related to a faul t  is  wel l
exposed west of  Hubbart  Reservoj-r  where Raval l i  quartz i te has
been al tered to a sof t ,  f r iable sandstone, containing quartz,
whi te c lay,  and ser j -c i te.  The width of  the al terat ion zone
exceeds 50 feet.

ORE DEPOSITS

In contrast  to meager product ion f rom the other map areas,
sj-1ver- lead product ion in the Hog Heaven mining distr j -ct  has been
signi f icant.  Most mines of  the distr ict  have made ore shipments,
but the Flathead and West Flathead mi-nes have accounted for
near ly al l  the output;  product ion amounts to 7 ni l l ion ounces of
s i lver,  d thousand ounces of  gold,  23 mi l l ion pounds of  lead,
600 thousand pounds of copper,  and g thousand pounds of z i-nc
(aata summarized from u.s.  Bureau of  Mines Minerars Yearbook
f928-195J and records of  Anaconda Company).

The Ole,  Mart in,  Birdseye, and Maryann mines were examined
in a cursory manner,  and the open workings mapped. These mines
were discovered in thelQJOts but have been only minor producers.
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SILVER-LEAD REPLACEMENT DEPOSITS

The ore deposi ts in the Hog Heaven distr ict  are smal l ,
i r regular,  h igh-grade, s j - lver- lead epi thermal lodes. The Mart j -n
and Batt le Butte mines have produced some copper,  z inc,  and lead;
the 01e mine, some'si lver and gold,  Tetrahedr i te containing some
si lver was ident i f ied recent ly at  the West Flathead property.

MANGANESE

A bog-type manganese deposi t  consist ing of  pyrolusi te
occurs in the Hog Heaven distr ict  of  the Horse Plains quadrangle.
The deposi t  does not seem to be extensive and is present ly
covered by water.

COPPER-BEARING QUARTZ VEINS

The copper- i ron
and scattered in smal l
Whitef ish,  Kal ispel l ,
has been only cursory
from prospects located

disul f ide mineral  chalcopyr i te is spotty
amounts in narrow quartz veins in the

and Columbia Fal ls quadrangles.  There
explorat ion and l i t t le,  i f  any:  product ion

on these veins.

DESCRIPTION OF ]" I INING PROPERTIES, NORTH HORSE PLAINS QUADRANGLE

Flathead Mine

The Ffathead mine, discovered in I )28,  has produced more
than 90 percent of  the ore in the distr ict .  Before c losing in
J-946 the workj-ngs were excavated to the 1r000-foot level .  The
wri ter  (Page) was unable to examine much of  the workings because
of f looding and treacherous condi t ions.  The mineraLLzat|on in
this mj-ne is probably character ist ic for  the distr ict ,  therefore
the geologic relat ionships have been summarized from the under-
ground maps of  the Anaconda Mining Company and from Shenon and
Taylorrs report  ( fgg6) on the Hog Heaven mining distr ict .

The workings near the surface are in volcanic f lows and
agglomerate,  but  the deeper dr i f ts are in dikes and plugs that
intrude both a f ib lack,  cherty argi l l i ter '  and volcanic rocks.
The ore body is in s i l ic i f ied,  a luni t j -zed porphyr i t ic  lat i te and
has a cel lu lar  structure resul t ing f rom leaching and replace-
ment of  fe ldspar phenocrysts.  According to C.S. Foote,  geologist
for  the Anaconda Mining Company, the ore body is shaped l ike an
It inverted Mexican hatt t .  The t fbr imrr of  the ore body is the zone
of intense supergene enr ichment l  the r fcrownrt  is  f i l led wi th veins
and pods of  pr imary ore showing some supergene enr ichment.  The
main vein j -s i r regular but near ly vert ical-  and trends sl ight ly
west of  north,  b isect ing the I 'crownff  of  the rrhatt t .  Where this
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vej .n intersects west- t rending fractures and veins,  the ore occurs
in large pods. Nonetheless,  the main ore body rakes steeply
south.

The pr imary minerals are sul f ides,  rnaj-nly pyr i te ( feS2),
galena ( fUS),  and ant i -monial  mat i ld i te (AgZS.Bi2S1),  but  includ-
ing some enargi te.(3CuZP.As2S) and .gorni te (Cu5Fe54).  The
gangue is bar i te (BaS04)r aluni te LlKzNa)20.1A1203.4Si0 3.6H2O/,
guartz,  and c1ay. Shenon and Taylor ( f936, p.  77J shorv-that
there are two stages of  mineral izat ion:

r rFine-grained quartz and pyr i te were formed dur j -ng
the f i rst  stage. The rock was then fractured, and the
fractures were healed, largely by very f ine-grained
qwartz,  bar i te,  and sulphides .  Galena is def in i te ly
later than the bar i te.  I t  occurs commonly at  the con-
tacts of  bar i te and quartz and, in some places, fo l lows
fractures in the bar i te.  The mat i ld i te appears to be
contemporaneous with the galena and is int imately inter-
grown with i t .  t '

Near the surface and general ly in the i ibr imrr of  the
I ' inverted Mexican hattr ,  supergene enr ichment has been extensive.
Argent i te (AgZS) and marcasi te (neS2) are the most common min-
erals in th is zone, but covel l i te (CuS) i .  a lso present.  These
supergene sul f ides almost completely replace the hypogene sul-
f ides,  making r ich ore.  Also present near the ore bodies are
sul fate oxidat ion products:  ubi-qui tous beudant i te (un arsenate
or pho-<phate wi th sul f  ate of  ferr ic i ron,  lead, and bj-smuth) and
sparse amounts of  anglesi te (pbSOa),  s iderot i le (EeSO4.5HZ0),
melanter i -1 'e / (ZnrCu,ne)SO4 .7HZO/, 'and malachi te (CuCO3.Cu(OH)Z) .
The beudant i te is a ye11ow clay mineral ,  which was X- iayed and
ident i f ied by Dr.  Russel l  Honea of  the Universi ty of  Colorado.

Solut ion holes or tubes several  feet  in di-ameter and tens
of feet  long are present above the 1r000-foot leve1. They con-
tain l t fumarole mudtf  ( i ron-r ich beidel l i te)  and commonly bar i te
and aluni te.  Shenon and Taylor ( f936, p.  2L) stated that the-qe
minerals are pr imary,  perhaps resul t ing f rom fumarole or hot-
spr ing act iv i ty in the volcanic rocks.

Rich ore i -s st i l l
mines but in pods and
workings.

present in the deeper parts of  the
lenses smal ler  than those in the upper

West Flathead Mine

The West Flathead mine has produced about 2201000 ounces of
s i lver.  Discovered about L94L by the Anaconda Mining Company, i t
has s ince been operated intermit tent ly.  The workings are shal low
and are conf ined to the supergene enr ichment zor 'e.
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The ore bodies occur in argi l l i te of  the Raval l i  Group,
adjacent to an al tered porphyr i t ic  andesi te plug. The ore : is
argent i te,  which occurs in t 'beidel l i te mudr ' .  The clay-r ich mud
f i l ls  smooth,  rounded tubes and solut ion holes in the argi l l i te
that probably resul ted f rom fumarole leaching and subsequent
mineral izat i -on,  heirce the tubes are cal1ed t ' fumarole holest t  bY
the miners in the area. The tubes di f fer  in s ize,  the largest
being about 6 feet  in diameter and at  least  200 feet long.
They general ly 1ie in bedding planes, but tabular I ' fumarole

holestr  occupy jo ints in the argi l l i te.  Mineral izat ion and al ter-
at ion j -n the argi l l i te is conf ined to the tubes and to a narrow
zone of  several  inches in adjacent rock.

Ore is sparse in the igneous rocks of  the mine, i .  st r ik ing
contra-st  to the Flathead mine. Low-grade mineral izat i -on at  the
West Flathead, however,  i *s most extensive in the igneous rocks,
pyr i te and other sul f ides occurr ing extensively in port ions of
the andesi te.  The dissemi.nated mi-neral izat ion is intense around
joints and fractures,  making smal l  veins and pods where f rac-
tures j -ntersect.  IVainots dr i f t  fo l lows one of  these veins
(f ig,  4) .  The vein is i r regular and r ipoddy" and consists mai-nly
of  t rbeidel l i tet ' ,  beudant i te,  bar i te,  a luni te,  and.some argent i te.
Pr imary sul f ides (pyr i te,  argent i te,  b isnruthini te(?),  etc.)  i t t
an aluni te matr ix are found below the water table i -n the lo l r 'er
workings and rv inze.

At least  two types of  i -gneous rock are present.  An al tered
porphyr i t ic  lat i te j -ntruded by porphyr i t ic  andesi te occurs near
the portal  of  the center dr i f t .  The lat i te,  s imi lar  to that
near the Flathead mine, is probably related to that  body, and
the andesi te is probably the same body that intrudes the argi l -
l i te in the main dr i f t  of  the West Flathead mine. Extrusj-ve
andesi te,  which may be part  of  the same body or f rom a di f ferent
source, over l ies the coal-bear ing conglomerate in the main dr i f t .

More t ' fumarole holestr  are probably present northwest of
the present mine rvorkings, as the ore pipes already mj-ned are
or iented en echelon in that  d i rect ion,  Ore is also l ikely to
be found at  vein and fracture intersect ions in the igneous rock,
as is conrmon in the adjacent Flathead mine.

01e Mine

The wri ter  (Page) conf i rms Shenon and Taylorts work ( fgf6)
on the 01e mine. The mine consists of  exploratory dr i f ts and
shafts ( f ie.  5)  in an al tered porphyr i t ic  lat i te(?) dike that
has intruded argi l l i te of  the Raval l i  Group. Supergene argen-
t i te mineral izat ion in the porphyr i t ic  lat i te has associat ions
simi lar  to that  of  the Flathead and West Flathead mines. Pyr i te,
bar i te,  beudant i te,  and some aluni te occur in veins and as
disseminated ore near s i l ic i f ied,  cel lu lar  lat i te. ,  but  the
argi l l i te has been only s l j -ght ly al tered. I t  is  s i l ic i f ied near
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the igneous body and has been bleached along jo ints and bedding
surfaces for severaJ- hundred feet f rom the intrusion. The upper-
most workj-ngs in the argi l l i te have exposed sma11, i r regular
solut ion holes that  have hard,  intensely s i l ic i f ied wal1s,  and
were probably formed by fumarole act iv i ty.  Some of the holes
contain beudant i te,  bar i te,  and i ron oxide. Even though these
indicat ions of  mineral izat ion are present,  no large ore bodi-es
have been found.

Birdseye and lularyann Mj-nes

The workings of  the Birdseye ( f ig.  O) and Maryann mines
are in porphyr i t ic  lat i te and have mineral izat j -on very much l ike
that of  the Flathead mine, mainly argent j - te-galena in s i l ic i f ied
cel lu lar  lat i te.  Ore bodies discovered thus far are sma1l.

lv lar t in and Batt le Butte Mines

The Mart in mine ( including the Batt le Butte mj-ne) ( f ig.  Z)
and related prospects were started in the late 1930rs and have
operated intermit tent ly to the present.  Most of  the exploratory
workings are inaccessj-ble because of  f looding and cave- ins.  The
mineral izat ion j -s mainly base metaL--z inc,  copper,  and lead--
but includes some si lver;  the only z i -nc produced in the distr ict
came from the Mart in mine. According to Waino Lindbom, €X-
foreman of  the mine, severaf  sul f ide ore bodies were discovered
j-n the Mart in shaft  and the Batt le Butte mine, but by the t ime
a mi l l  was constructed, a drop in base metal  pr ices forced the
mine to c lose.

Most of  the workings are in al tered andesi te,  which is
probably intrusive.  According to Lindbom, the l " lar t in shaf t
extends at  least  300 feet completely i -n andesi te,  whereas the
Batt le Butte shaft ,  300 feet to the southeast,  extends more than
100 feet completely in argi l l i te.  Moreover,  surface excavat ion
west of  the shafts has exposed an intrusive relat ionship.  lv l iner-
al izat ion,  s imi lar  to that  in the Flathead ni-ne, consj-sts of
sul f ides in a s i l ic i f ied breccia zor, .e in argi l l i te of  the Raval l i
Group, chief ly as pods and veins in the breccia.  Sul f ides
locaI ly replace the breccia almost completely ( t indbom, personal
communicat ion).

Other Deposi ts

Al though shal low prospects are numerous in the distr ict ,
part icular ly in the v ic in i ty of  the Flathead and Mart j -n mines,
two unexplored mineral j -zed areas found in the volcanic rocks
probably warrant fur ther explorat ion.  fn an area near the center
of  sec.  22, T.  25 N.,  R. 24N,,  nodules of  s i l ica and i ron oxides
containing beudant j - te are scattered on the surface. The nodules
probably resul t  f rom fumarole act iv i ty possibly related to the
quartz lat i te intrusive located a mi le to the north.  The
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nodules assayed only 0.3 ounce of  s i lver per ton,  but s i lver
assays of  surf ic ia l  rock in the distr ict  are general ly low.

In another area, just  west of  Hubbart  Reservoir  in the SE+
sec. 6,  T.  25 N.,  R. 24 N.,  mineral izat ion consists of  l imoni te
veins and nodules e*posed in a recent dozer cut .  Si lver content
assayed onJ-y 0.{  ounce per ton.

I t  has been reported that Paul  Sperry discovered bar i te
f loat  near the center of  sec.  29, T.  25 N.,  R. 25 W.,  north of  the
Flathead Indian Reservat ion boundary.  Bar i te in place has not
been found to date to determine the extent of  mineral izat ion.

DESCRIPTION OF MINING PROPERTIES, WHITEFISH, KALISPELL, SO}' IERS,
COLUMBIA FALLS, AND STRYKER gUADRANGLES

Wort Prospect

The Wort  prospect is in the SEi sec.  11, T.  31 N.,  l { .  23
W,,  on a ranch acquired by George S. Wort  in 1948. The property
is /  mi les northwest of  Whitef ish and about 150 feet south of
the Great Northern mainl ine,  The prospect is inact ive,  and the
development work is bel ieved to have been done dur ing the ear ly
1930 I  s.

A J- inch and a 4- to 6- inch vein str ik ing east and dipping
70" S. contain whi te massive quartz,  l imoni te,  and sj-der i te.
The veins are developed by an B x 10 shaft  145 feet deep now f i l led
with water.  I t  is  rumored that rvat ,er  became a problem at that
depth.  The workings are in lower Piegan (pf)  argi l l i te str ik ing
N. 25" W.,  and dippJ-ng 36" E.

According to Vance Wil leford of  Whitef ish,  at  a depth of
85 feet a dr i f t  f rom the shaft  exposed a JO-inc.h vein assaying
{ percent copper and traces of  lead and gold.  The dump mater ia l
examined contained no sul f ides.  The status of  the property
is unknown.

Micho Prospect

The Micho prospect is at  the south end of  the Whitef ish
Mountains on a southwest- f lowing tr ibutary of  Haski l l  Creek j -n
the S+ sec. 32, T.  32 N.,  R. 2L Vl .  The workings include one
adi t ,  now caved, and two pi ts developed by the lv l icho brothers
of Whitef ish about 30 years ago. The caved adi t  t rends N. 5o W.
The workings are_ in contorted grayish-red ser ic i t ic  argi l l i te
interbedded with layers of  copper-stained white quartz i te and
sandstone. The sedimentary rocks are in the upper part  of  the
Raval l i  Group (Grinnel l ) .
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No minerals were noted on the dump, and i t  is  thought that
the excavat ions explored i ron- and copper-stained beds of  the
Grinnel l  Format ion.

Seek Prospect

The Seek prospect is on the west f lank of  the Swan Range a
mi le northeast of  Lake Blaine in the NI{}  sec.  24, T.  29 N.,  R.
20 w.

The development begun by Mr.  Seek in 1922 includes a L2-
foot cut  and an 8-foot s l ight ly incl ined adi t  on a Z|- foot
whi te i ron-stained quartz i te bed in grayish-red argi l l i t ic  s i l t -
stone of  the Raval l i  Group. The quartz i te was not sampled.

Other Prospects

A 6- inch near-vert ical  qruartz f issure vein containing i ron
oxides str ikes N. 80" W. along the Truman Creek road in the NE+
sec. 10, T.  25 N.,  R. 22 W. I t  occupies a pre-exist ing faul t
in l ight-gray Raval l i  quartz i - te and argi l l i te.  Ravaf l i  rocks in
the area str ike N. 40" W. and dip 32" E.

An adj- t  150 feet long, bear ing S. 74" W. in the NE+ sec.
L2, T.  27 N.,  R. 2I+ W.,  was dr iven in rniddle Piegan (pZ)
magnesian l imestone str ik ing N. 60" W. and dipping 11" S. The
adi t  is  bel ieved to be in barren country rock:  3s no vein mate-
r ia l  was observed on the dump or in the w<-rrk ings. Oscar Oftedahl ,
who resldes south of  Foy Lakes, stated that test  p i ts for  p lacer
gold were excavated on r idges between Patr ick Creek and the
drainage f lowj-ng north to Foy Lakes.

A rancher residing 10 mi les northwest of  Kal ispel l  in the
W; sec. L2, T.  29 N.,  R. 23W. is reported to have dr i l led a
water wel l  for  stock to a depth of  56 feet,  penetrat ing 28 feet
of  gravel  and 28 feet of  bedrock.  Some of the excavated bedrock
contained copper-  and lead-bear ing quartz.  The water was green
and unf i t  for  stock,  consequent ly the wel l  was f j - l led in.

On the slopes of  Diamond Peak, about a mi le northeast of
Upper Whitef ish Lake, smal l  prospect pi ts were opened along a
barren quartz vein.  The vein str ikes N. 80" E. and dips 68'S.,
paral le l  to the regional  jo int  system in the region. The r fveinrr

consists of  a braided system of th in quartz seams having a total-
th ickness of  about 18 inches. The sheared zone was not sampled.

NONMETALLIC DEPOSITS

Nonmetal l ic  deposi ts j -n the quadrangles are smal l  but  var ied.
Bui ld ing stone has been quarr ied f rom the Horse Plains area. A
smal l  c lay deposi t  near Woodland Park,  southeast of  the Great
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Northern Rai lway trestre adjacent to the Kal ispel l  c i ty l imi ts
has produced clay used loca11y as a ceramic c lay.  Gravel  and
sand are moderately abundant wi th in the major val leys.  L igni t j -c
coal  occurs at  the rrCoal  Banksrr  a long Coal Creek, a t r ibutary
to the North Fork FJathead River.  Marl  deposi ts border and
probably under-he Marl  Lake in the western part  of  the Stryker
quadrangle.  Smal l  amounts of  peat are associated with marsh
areas west of  Whitef ish and south of  Creston.

Bui ld ing Stone

The hydrothermal ly banded tuf f  in the north part  of  the
Horse Plains quadrangle is quarr ied by the Montana Sunset
Company for decorat ive bui ld ing stone, but product ion is sporad-
ic and total  product ion is smal l .

Thr"ee quarr ies in the southeast corner of  the Horse Plains
area have produced l ightweight concrete aggregate.  The rock
is a l ightweight,  porous, al tered tuf f ,  but  because 10 to 20
percent of  the rock consists of  f ragments of  unal tered argi l -
l i te and quartz i te and because a large percentage is c1ay, the
tuf f  is  poor mater ia l  for  th is purpose.

Limestone

Post-Bel t  l imestone beds, except for  the marl  at  MarI
Lake, are absent throughout the map areas. A grab sample of
marl  at  Marl  Lake (sample no. S-32 in Appendix)  contains 52.8
percent calc ium oxide. The marl  or  f resh-water l imestone at
th j -s local i ty is composed of  f ragments of  late Cenozoic fossi l
shel ls.

CIay

Analyses of  both Cenozoic lakebed clay and hydrothermal ly
al tered cl .ay are l is ted in the Appendix of  th is report .  The
two major components of  sampled clay are s i l ica and alumina;
calc ium oxide and i ron are present in minor amounts.  The cLay
represented by sample number FC-z,  f rom the north boundary of
Woodland Park at  Kal ispel l ,  has been used local ly in smal l
amount for  ceramic c lay.  A c lay deposi t  near Round Prair ie
on the North Fork Flathead River (sample number FC-6) is
beU-eved to be older than lakebed clays of  Lake lv l issoula or ig in.

Some clay deposi ts in the Horse Plains area are possibly
economic.  They are mixtures consist ing most ly of  montmori l -
loni te,  but  the deposi ts are hydrothermal in or ig in,  therefore
smal l .
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Gravel  and Sand

Heterogeneous mixtures of gravel and a smhl l  amount of sand
are associated with morainal  mater ia l  and steam al luvium. In
most surface exposures the deposi ts are unindurated, but deeper
beds, exposed along the Flathead and North Fork Flathead Rivers,
are cemented with a calcareous binder.

The Val ley Sand and Gravel  Company operates a gravel  p i t
f rom a moraine and obtains gravel  and sand by dragl ine f rom
Flathead River bars.  The operat ion is adjacent to U.S. Highway
2 br idge on the Flathead River in the NWf sec. 2,  T.  28 N.,  R.
21 W. The Flathead County Road Department operates a gravel
pi t  in the SEf sec.  J,  T.  28 N.,  R. 2L W.,  on strat i f ied and
fair ly wel l  sorted mater ia l  possibly in part  re lated to a
del ta ic deposi t  formed when the al luvium-bear ing r iver empt ied
into the glacial  lake occupying Flathead Val ley whi le at  a
temporary level  s l ight ly above 3 r  000 feet.

A morainal  gravel  deposi t  is  being excavated by the Mount
View Paving Company adjacent to the St i l lwater River j -n the
NW+ sec. 8,  T.  28 N.,  R. 2LW.; the Engebretson Gravel  operat ion
is excavat ing the eastern extension of  th is morainal  deposi t
in sec.  8.

Other gravel  p i ts throughout Flathead and St i l lwater Val leys
have intermit tent ly provided gravel  and sand for road construct ion
and other uses.

Coal and Peat

Coal lands belonging to the First  Nat j -ona1 Bank of  Butte
are s i tuated on the t 'Coal  Bankstr  a long Coal Creek adjacent to
the North Fork Flathead River in northern Flathead County.  The
ground is in parts of  sec.  18, L9,2Or 28r 29,30, 32, and 33,
T. 34 N.,  R. 20 W.,  on a gent le east-dipping bench covered with
second-growth lodgepole pine.

The North Fork mine, in 1ot 8 of  sec.  !J,  was operated on
thin beds of  l igni te in the lower part  of  the Kishenehn Format ion
str ik ing N. 55'  to 60" W. and dipping 30'  to 40" N. (Erdmann,
L947 t  p.  207-2LO).  The mine is reached by a short  access road
from the North Fork road at  a point  6.3 mi les above Big Creek
Ranger Stat ion.  The present instal lat ions include a t ipple and
six bui ld ings,  of  which only two are in fa in condi t ion.

The North Fork mine was vis i ted by C.E. Erdnann Ln 1934,
at  which t ime the dai ly product ion amounted to 10 tons, and total
product ion f  or  1933 amounted to 600 tons. Srna11-sca1e mi-ning
operat ions had been carr ied on for several  years at  the property.
According to Ted Ross of  Polebr idge, the property was act ive
between 1936 and L942, and coal  was sold at  $6 a ton throughout
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Flathead Val ley.  The mine was closed at  the beginning of  World
War I I  and has been id l -e subsequent ly.

The mine was developed by a southwestward-bear ing adi t
(now caved) adjacent to and about 13 feet above the North Fork
Flathead River.  Considerable water was encountered in the adi t
dur ing mining operat ions.  Black l igni te interbedded with th in
seams of  c lay and sandstone occurs in a bed descr ibed by
Erdmann ( t944, p.111) as 25 feet th ick,  only the upper 6 to
8 feet of  the bed was mined to exploi t  a l igni te seam J feet
thick.

Tom Crum reports the occurrence of  a J- igni te outcrop on
lower Hay Creek road, 10 mi les northwest of  the I 'CoaI Banksrf  ,
and Erdmann 1L947, p.  f57 )  descr ibes a J0O-foot adi t  str ik ing
northwestward and located on the r ight  bank of  the Flathead
River in the NE+ NE{ sec .  L9,  T.  3f  N.,  R. 19 W. The adi t  was
dr iven in red-gray c lay containing carbonaceous streaks and
fragments of  carbonized logs.  Erdmann stated that the carbona-
ceous mater ia l  is  probably of  ear ly Pleistocene age but was
mistaken for Tert iary coal-bear ing strata such as crop out at  the
t 'Coal  Bankstt  at  Coal  Creek.

A peat deposi t  borders anq probably under l ies a smal l
lake in the SW corner of  the SWi sec.  35, T.  3I  N.,  R. 22 \1, ,
about 1|  rn i les west of  Whitef ish.  Peat in considerable amount
occurs adjacent to a creek on the Walter C. Robbin ranch 3+
miles south of  Creston in the SE+ sec. 34, T.  28 N.,  R. 20-W.

Oi1 and Natural  Gas

Oi l  and natural  gas seepages have been reported in the
Bigfork-Creston area of  Flathead Val ley by a few ranchers who
encountered rare gas seeps whi le dr i l l ing water wel ls.  The
seepages may be related to the Swan faul t  and the faul t  paral-
le l ing the east shore of  Flathead Lake, which displace east-
dipping strata of  the Bel t  Ser ies.

Rocks of  younger age than the Bel t  Ser ies could occur at
depth beneath Flathead Val ley,  or  the source rnight be Tert iary
sediments bur ied beneath glacia1- dr i f t  wi th in the val ley proper.

In 1946 Herb Poston of  Kal ispel l  dr i l led a wel l  to a depth
of I r475 feet to explore an area several  mi les southeast of
Kal ispel l  for  potent ia l  o i l  and gas. Gravel  was penetrated for
the ent i re depth of  the hole,  and the wel l  was abandoned.

A Flathead Val ley rancher l iv ing in the v ic in i ty of  Creston
is reported-)r  to have dr i l led a wel l  to 7OO feet through gravel ,
sand, and clay before abandoning the dr i l l ing.

-) iPersonal  comrnunicat ion.  0scar A. Moen.

62



GROUND WATER

Artesian water south of  the area in Li t t fe Bi t terroot
Va1ley comes from Pleistocene or Tert iary sand, which under l ies
several  hundred feet of  g lacial  Lake Missoula s i l t  and clay
( l" Ie inzer,  19f  6) .

Al though no wel ls are known to have been dr i l led in the
map area, mapping north of  Niarada suggests that  there may be
ground water in the Tert iary pre-volcanic drainage channels.
Undoubtedly the f lows, even though broken by faul ts,  occupy
ancient stream val leys and are under la in by Tert iary gravel .
The outcrop pattern of  the volcanic rocks is general ly dendr i t ic ,
indicat ing that they are val ley f i l l ings.  Ground water wi l l
probably be found along any of  the drainage ways, but part icu-
1ar1y important might be the pre-volcanic va11ey of  L i t t le
Bi t terroot River.  In sec.  2L and 22, T.  25 N.,  R. 24 W.,  the
volcanic f lows have been faul ted,  and are narrower in outcrop,
possibly restr ict ing ground-water movement.  In addi t ion,  the
source area i -s large; the f lows in Tert iary t i -me blocked C1ear,
Tamarack, Redmond, and Br iggs Creeks, which now occupy broad
al luvial  val leys.

In addi t ion to ground water in bur ied Tert iary al1uvium,
ground water wi l l  probably be found j -n pre-Wisconsin stream
gravel ,  which must under l ie the glacial  lake deposi ts in Brorvnts
Meadows. Even though the recharge area j -s smalI ,  the ground
water would be suff j -c j -ent  to supplement i r r igat ion in Brownts
Meadows. Welcome SprJ-ng (sec.  35, T.  26 N.,  R. 23 W. )  is  a cold
(42"f)  spr ing f lowing out of  what seems to be a th in veneer of
glacial  dr i f t  t  i t  may be related to an old Pleistocene stream.

SUGGESTIONS FOR PROSPECTING

As a resul t  of  the recent j -ncreases j -n the pr ice of  s i lver,
prospect ing in the area probably wiJ-J.  become more act ive,  and
new ore deposi ts may be found. In the Hog Heaven area, supergene
enr ichment of  s i lver ore should be found near the surface, but
base-metal  deposi ts may extend to depth.  The ore deposi ts are
l ikely to be smal1,  h igh-grade, i r regular bodies that  are con-
trol led by f issures or t t fumarole holest f  .  Ore may be found in
the north Horse Plains quadrangle in ei ther the volcanic rocks
or the sedimentary rocks of  the Raval l i  Group near intrusive
bodies where surf ic ia l  oxidat ion products such as aluni te,
beudant i te,  and bar i te wi l l  indicate mineral j_zat ion.

Detai led geologic mapping of  the volcanic f lows and intru-
sive bodies and di f ferent iat ion into di f ferent rock types, in
addi t ion to a detai led div is ion of  the Raval l i  Group into
format ions, would del ineate structure and areas of  possible
mineral izat i -on.  Geochemical  prospect i -ng used in conjunct ion wi th
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the mapping would be a good tool for locat ing areas of mineral-
Lzat ion. Some work along these l ines has been done, and both
the Sunshine Mining Company and the Northern Pacif ic Rai lway
Company have found geochemical  anomal ies.

Two signif icbnt trends of mineral izat ion zones were noted
in the Horse Plains area (p1. 4),  Both zones trend east-west
and are marked by prospects and mine locat ions. The northern
trend extends from the 01e mine to the Birdseye mine; a mi le to
the south, the other trend extends through the Mart in mine.
Considering that aI I  the product ion in the distr ict  has come
from these two trends, and considering that intrusive bodies
occur in both,  prospect ing in these zones and along their
extensions may prove frui t fu l .
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