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ABSTRACT

The grea o f study embraces 200 square miles in the Selish Moun- 

ta in s  o f northwestern Montana 30 miles west o f K a lls p e ll .  Bedrock con

s is ts  o f  about 16,000 fe e t  of Precambrian B elt Series rocks including  

the upper 4,500 fe e t  of the Prichard Formation, 10,000 fe e t  o f the 

Ravalli Group and the basal 1,500 fe e t  o f the Piegan Group. The P r i 

chard Formation consists mainly of medium-gray a r g i l l i t e  with minor 

calcareous beds a t  the top. The Ravalli Group consists of interbedded 

a r g i l l i t e ,  fine-gra ined  q u a r tz i te ,  and intermediate gradations between 

these compositions; three informal subdivisions o f th is  group are recog

nized. The Piegan Group consists of a r g i l l i t e  and q u a r tz l t ic  a r g i l l i t e ,  

both of which types are calcareous in about 50 percent o f th e ir  occur

rences. Belt Series rocks are correlated with units in the Coeur d'Alene  

d i s t r i c t ,  Libby Quadrangle and G lac ier Park.

A low grade of regional metamorphism is indicated in the Belt  

rocks by the development of s e r ic i t e ,  c h lo r i te ,  and b io t i t e ,  and by the 

re c ry s ta l l iz a t io n  of quartz grains. The Prichard Formation and the two 

lower units of the Ravalli Group are c la s s if ie d  in the q u a r tz -a lb i te -  

e p id o te -b io t i t e  subfacies o f the greenschlst facies and the upper Ravalli 

un it  and the Piegan Group rocks are of the qu artz -a lb ite -ch lo rite -m u sco -  

v i te  aubfacies.

S tru c tu ra l ly  the area is characterized by broad open folds of  

no rth erly  trend. Several longitudinal fa u lts  o f small displacement and 

a transverse f a u l t  w ith about 2,500 fe e t  o f displacement were mapped.

These structures are believed due to La rami de orogenic movements, although 

i t  Is possible th a t some deformation may be of la te  Precambrian age.



During Pleistocene time the Cordillerean Ice Sheet covered the 

area. On the higher slopes remnants of older t i l l  consist of g ra n it ic  

boulders derived from Canada. Younger t i l l  of large blocks of Belt  

rocks in a s i l t  and clay matrix floors the valleys and forms dams fo r  

the lakes found in the area. Lacustrine s i l t s  and clays in the southern 

h a lf  of the area are related to recession of the ice.

V I



INTRODUCTION

LOCATION AND ACCESSIBILITY

The map area, which comprises the southwest 15 minute quarter of 

the 30 minute Pleasant Va lley  Quadrangle, includes 200 square miles of 

the Selish Mountains in northwestern Montana, 30 miles west of Kali spell 

(Figures 1 and 2 ) .  I t  is bounded on the west by 115th meridian and on 

the south by 48th p a r a l le l .  The area occupies a portion of the Kootenai 

National Forest and, in the northeast corner, a small section of the 

Flathead National Forest.

The quadrangle is accessible via U. S. Highway 2 , whiçh passes 

through the south h a lf  of the area. Secondary Forest Service roads and 

temporary logging roads are present but are confined to the valleys and 

mountain slopes. The ridges must be reached by foot. Several Forest 

Service t r a i l s  are present in the area but most of them are poorly main

tained and must be cleared of downed timber before pack and saddle a n i

mals can pass through. Due to heavy snowfall, a c c e s s ib i l i ty  of the 

ridges is lim ited to the months of June through September.

TOPOGRAPHY

The map area is s ituated in the Selish Mountains(Figure 2 ) ,  which 

extend from the Tobacco River on the north to a po int southwest of F la t 

head Lake. They are bounded on the east by the Flathead v a l le y ,  which 

forms part of the Rocky Mountain Trench, and on the west by the Kootenai 

River and Fisher River. The Selish Mountains trend north-northwest, 

p a ra l le l in g  the regional s tructure . Within the mapped area these moun

tains are comparatively rugged and heav ily  forested (Figure 3 ). Most of

the area is drained by w esterly  flowing t r ib u ta r ie s  o f the Kootenai River,

1
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although about 10 square miles in the northeast corner are drained by a 

tr ibu tary  of the Flathead River, located to the east.

Figure 3. View looking southwest from Lost 
P ra ir ie  Valley. Meadow Peak is in center right.

Major ridges rise to an average elevation of 5,100 fe e t ,  and a 

maximum elevation of 6,450 feet is attained at Meadow Peak (Figure 3). 

Where sedimentary beds are nearly horizontal steep c l i f f s  have developed. 

Main stream valley floors average h a lf  a mile In width and reach a depth 

of 1,000 feet to 2,650 feet below the adjacent ridge tops. Stream grad

ients loca lly  exceed 300 feet per mile. The lowest elevation is 3,400 

feet a t the point where McGregor Creek leaves the mapped area. Most of 

the wider valleys are floored with glacial m ateria l, much of which has 

not been reworked s u ff ic ie n t ly  by the streams to o b lite ra te  the faceting  

of the pebbles and boulders.
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CLIMATE AND VEGETATION

Temperature and p re c ip ita t io n  records fo r  the Flathead V a lley  were 

obtained from the U. S. Weather Bureau a t  the K a llsp e ll A irp o rt .  Mean 

annual p re c ip ita t io n  fo r  the K a llspe ll area between 1921 and 1950 was 

16.38 Inches. The mean annual temperature fo r  a 30 year period was 

43.2°F . The highest temperature recorded in the la s t  40 years was 104oF 

In i 960 and the lowest* was "38®F In 1950. Snowfall averaged 68.3 Inches 

during an 11 year period. I t  is assumed that p re c ip ita t io n  In the moun

tains of the map area Is greater than In the Flathead Valley .

Mountain slopes throughout the map area are forested with ponde- 

rosa pine, spruce, larch , and,fo llowing logging,with a secondary growth 

of f i r  and lodgepole pine. Densest growth Is present on the north 

slopes, and th ickets  of brush are generally  present on a l l  but the 

highest slopes. On the rocky ridges and In the larger va lleys the coun

t ry  Is more open; the wider va lleys provide grazing fo r  c a t t le .  Logging 

Is a c t iv e ly  carr ied  on throughout the map area.

PREVIOUS WORK

Previous geological work covering the map area Is l im ited  to a 

reconnaissance survey o f Pleistocene g la c ia t io n  made by Alden (1953). In 

nearby areas Gibson (1948) mapped the geology of the Libby Quadrangle and 

Johns recently  completed reconnaissance geological surveys of the south 

h a lf  o f the 30 minute Yaak River Quadrangle (1959), the 30 minute Thomp

son Lakes Quadrangle ( i 960) ,  the south h a lf  of the 30 minute Ural Quad

rangle and the northern h a lf  o f the Yaak River Quadrangle (1961), and the 

two 15 minute quadrangles In the east h a lf  of the Pleasant V a lley  Quad

rangle ( 1962) .  Shelden (1961) mapped the northwest 15 minute Ural
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Quad rangle and Sommers (see Johns, 1961) mapped the northeast 15 minute 

Ural Quadrangle. Hall (1962) mapped the northwest 15 minute Pleasant 

Valley  Quadrangle (Figure 2 ) .  Lambert's geological reconnaissance of 

Lincoln and Flathead Counties made during compilation of the State Geo

logical Map (1955) may have covered parts of the area.

FIELD WORK

Reconnaissance geologic mapping was done during the months of June, 

July and August, 1961. Geology was plotted d ire c t ly  on Forest Service 

planim etric maps (2 inches to the mile) by inspecting topography and 

drainage, often with the aid of ae ria l photographs. A ll major ridges in 

the area were traversed and formational contacts were projected between 

traverses. Although geologic f ie ld  work was handicapped by a cover of 

s o i l ,  vegetation and g lac ia l d r i f t ,  location of formational boundaries 

is considered to be reasonably accurate. A rock color chart published 

by the Rock-Color Chart Committee of the Geological Society of America 

was used to standardize rock color descriptions.
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PHYSIOGRAPHY

GEOMORPHOLOGY

The mapped grea is w îth in  the extensive mountainous region tha t  

characterizes large parts  o f northwestern Montana and central and north

ern Idaho. S p e c i f ic a l ly ,  I t  l ie s  west of the Rocky Mountain Trench In

the centra l p a r t  of the Selish Mountains (Figure 2 ) , .  In the mapped area 

the mountains trend northwest with small la te ra l  ridges trending eas t-  

west. The flanks of these comparatively rugged mountains dip gently  to  

the v a lle ys . Mature topography Is the res u lt  of p re g la c ia l stream ero

sion modified by the e ffe c ts  o f  the C o rd ille rean  Ice Sheet. The d ra in 

age pattern  Is d e n d r it ic .  The major valleys are Lake V a lle y ,  trending some

what east of north; Pleasant V a lle y , occupied by the upper Fisher River 

and trending northwest; the v a l le y  west of Dahl Lake and the McGregor 

Lake V a lle y ,  both trending east. The la s t  three va lleys  are transverse  

to  the major s tru c tu re , possibly being superposed on the s tructure  or  

developed along zones of weakness In the rocks tha t correspond to f ra c 

tures or shear zones w ithout s ig n if ic a n t  displacement. Such shear zones 

might be related to the ; transverse f a u l t  In the v a l le y  of Dahl Lake.

Lake V a lley  Is a s t r ik e  or subsequent v a l le y  tha t coincides with the 

weak, re a d ily  eroded B e lt  rocks o f the Prichard Formation.

West of the mapped area are the Cabinet and Purcell Ranges. Ex

cept fo r  parts of the Cabinet Range, ^hese mountains present topographic 

c h a ra c te r is t ic s  s im ila r  to the Selish Mountains described In the area 

Investigated In th is  study.

The physiographic h is to ry  of northwestern Montana Is traced by

Anderson ( 1929, p. 7^7"764) back to the u p l i f t  o r ig in a ted  by Laramlde

7



8

orogeny in la te  Cretaceous or early T ert ia ry  time. The gradual rise of 

the mountainous region halted s u ff ic ie n t ly  to permit the formation of a 

surface of moderate r e l ie f ,  which reached a stage of maturity in late  

Tertia ry  time. Regional rejuvenation in la te  T ert ia ry  and Pleistocene 

time resulted in the development of the present topography by stream 

erosion and glaciation (Ross, 1959b, p. 114).

GLACIATION

At times during the Peistocene, the Cordillerean Ice Sheet coverecj 

the mapped area, and probably a large part of northwestern Montana, with 

variable ice thicknesses. According to Ross (1959b, p. 116) glacial 

str iae  along the flanks of the Flathead Valley indicate that the ice was 

probably over 3,000 feet in maximum thickness in that area. Daly (1912, 

p. 535) suggests that the ice in the Rocky Mountain Trench at the 49th 

para lle l was about 5,000 feet thick. On the basis of glacial s tr iae  

observed a t elevations of up to 5,500 feet (Figure 4) the ice reached a 

thickness of a t least 2,000 feet over the lower parts of the mapped area. 

Glacial s tr iae  a t higher elevations, commonly occupied by softer a r g i l 

l i te s  of the Piegan Group, may have weathered away.

Studies by Alden (1953) indicate there were several stages of 

glaciation in western Montana, but only in a few places is i t  possible 

to c le a r ly  d if fe re n t ia te  e a r l ie r  deposits from those of the la te  or Wis

consin stage of glaciation . In the mapped area i t  may be possible to 

discern two ages of g lacial t i l l .  Older t i l l  may be recognized by the 

occurrence of rounded quartz monzonite erra tics  on the slopes and higher 

elevations of the ridges. The lack of such plutonic bed rock in the 

region leads the w rite r  to agree with Shelden*s conclusion ( I 96 I ,  p. 6)
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th a t  quartz monzonite e r ra t ic s  orig inated  from a c id ic  igneous plutons 

present in the S e lk irk  Mountains in Canada, about 100 miles north of the 

mapped area. Younger t i l l ,  which f lo o rs  the va lleys  and dams the lakes 

found in the area , consists of large angular blocks of lo c a l ly  derived  

B elt sediments in a m atrix  of s i l t  and clay.

In the area of study morainal heterogenous t i l l  is recognized 

east and west o f McGregor Lake and separates L i t t l e  McGregor Lake from 

the main body of water. This morainal m aterial dams McGregor Lake,

which has the topographic character of a drowned v a l le y  (Figure 5 ) .  The

shore is con stitu ted , in p a r t ,  by steep slopes and in p a r t ,  by more 

gentle slopes or shelving beaches of shingle. One p o s s ib i l i ty  presented 

by Alden (1953, p. 135) fo r  the o r ig in  of the morainal dams is an ice 

lobe advancing eastward from the v a l le y  of the Thompson River to the 

present McGregor Creek V a lley  and depositing the east end moraine of the 

lake and on receding the west moraine. The w r i te r  did not f ind  evidence 

in the f ie ld  that would support th is  theory, as no g la c ia l s t r ia e  were 

found on the bed rock along the v a l le y  w alls . Also the v a lle y  west of

the lake does not have the features common to a g la c ia l trough. Another

p o s s ib i l i t y  advanced by Alden and one favored by the w r i te r  is an ice 

advance southward through saddles in the h i l l s  immediately north of 

McGregor Lake, Such an advance could have deposited the t i l l  a t  each 

end of the lake. This g la c ia l  ice could have diverged from the Great 

Flathead G lac ier  when i t  s t i l l  had a s u f f ic ie n t  ice depth in a la te  

stage o f g la c ia t io n  to push a tongue from Trego (Figure 2) southward 

along F o r t ine Creek, over a d iv ide  ( 3,900 fe e t  e levation ) and down into  

Wolf Creek and Pleasant V a lle y  as f a r  as McGregor Lake. South of Lost
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îf î#^V a l1ey"th e  îce had to reach a minimum e levation  of 4 ,100 fe e t  

i t  could flow  over the h i l l s  and down to the basin now occupied 

bf HcGregor Lake. (Note the two saddles In north p art  o f Figure Gla

c ia l  s t r ia e  found by the w r i t e r  on these h i l l s  Ind icate tha t there were 

ice flows across them. Although the shapes of the moraines a t  the east 

and west ends o f the lake are not very well defined, hints of curva

tures v is ib le  In a e r ia l  photographs suggest that Ice f i l l e d  the lake 

basin and moved east and west from the center, depositing low moraines 

a t  e i th e r  end. Alden's th ird  assumption, that an Ice lobe extending 

westward from the Ashley Creek branch of the Great Flathead G lac ier  

could have deposited the east moraine of the lake. Is not supported by 

the present shape o f the moraine. Moraines forming dams on the west 

side of Dahl Lake, the south side of Lynch Lake and the south and east 

sides o f Island Lake are believed to be add itiona l deposits o f the Ice 

tongue th a t  diverged a t  Trego. These moraines are expressed topographi

c a l ly  as low curved ridges segmented by drainage o u t le ts .

G lac ia l lobes advancing down the Purcell Trench blocked the v a lle y  

of the C lark  Fork River and formed a dam 2,000 fe e t  or more In height 

(Gibson, 1948, p. 55). The resu ltin g  lake formed In the Clark Fork 

V a lley  was designated G lacial Lake Missoula by J. T. Pardee (1910). The 

north boundary o f th is  lake along the v a l le y  of the Thompson River Is not 

known with c e r ta in ty .  The lake may have expanded across the d iv ide  a t  

Bootjack Lake (3 ,350  fe e t  above sea le v e l)  (Figure 2) ju s t  west of the 

map area , or I t  could have been blocked by an Ice dam at th is  po in t.  

Accumulations of h o r iz o n ta l ly  laminated b u ff-co lo red , s i l t  and clay In d i

cate deposition In one or more g la c ia l  lakes In the southern p a r t  of the
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map area when the îce receded. Such deposits were observed along the 

Fisher River in the southwest p a rt  of the area and along U. S. Highway 2 

(Figure 6 ) .  The slopes of the h i l l s  surrounding McGregor Lake are a lso  

covered by s i l t s  and clays. The evidence points to the presence o f one 

or more prog lac ia l lakes that occupied the va lleys  In the south h a lf  of 

the area. Since lacustrin e  deposits were not observed in the va lleys  of  

the northern h a lf  of the study area, i t  is assumed that the ice formed a 

b a r r ie r  on the north. On the other hand i t  is possible that lacustrine  

deposits in that area may have been eroded away. According to Alden 

(1953, p. 134- 136) local p rog lac ia l lakes expanded in the headwater t r i r  

butaries of the Fisher River, forming them into  a s ing le  branching lake. 

The lake or lakes that occupied the southern h a lf  of the mapped area may 

have been o f Alden's prog lac ia l type or an extension of G lac ia l Lake 

Missoula.

Figure 6. S t r a t i f ie d  lacustrine  s i l t s  3 miles 
west o f McGregor Lake on U. S. Highway 2.



REGIONAL GEOLOGY

Northwestern Montana, as treated in th is  paper, embraces that part  

of the s ta te  west o f the eastern fro n t  of the Rocky Mountains as fa r  

south as the l in e  through Thompson F a lls  and Poison (Figure 1). The 

region is characterized by a sequence of mountain ranges and p a ra l le l  

valleys  that trend e s s e n t ia lly  northwest.

In p art  of the region the rocks belong c h ie f ly  to the Precambrian 

Belt Series , which consists mainly of a r g i l l i t e ,  q u a rtz ite  and impure 

limestone. Most of the la rg er va lleys  are floored by Quaternary g lac ia l  

and a l lu v ia l  deposits in form of r iv e r  gravels, lacustrine  s i l t s  and 

g lac ia l debris.

Evidence gathered by Maxwell (1959) southwest of Drummond in d i

cates that there was some deformation of the B elt sediments p r io r  to the 

deposition of Cambrian rocks. However, most geologists believe that the 

major deformation of the Belt rocks is related to the Laramlde orogenic 

movements in Mesozoic or e a r ly  T e r t ia ry  time which folded the rocks and 

displaced them along extensive fa u l ts .  Folds and fa u lts  generally  trend 

northwest. Outstanding s tru c tu ra l features of the region are the Lewis 

Overthrust in G lac ier National Park and the Rocky Mountain Trench. The 

Lewis Overthrust, along which Precambrian B elt rocks were thrust east

ward over Mesozoic shales and sandstones, has been shown by MacKenzie 

( 1916) to be Eocene In age. The Rocky Mountain Trench is a remarkably 

f l a t  depression that extends from the Flathead V a lle y  northwestward fo r  

about 800 m iles, Daly (1912) has suggested that the trench is a f a u l t  

zone with a normal master f a u l t .  Evans (1933) states that the trench was

formed by overthrusting and overturning towards the trench, with the

14
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trench thrust down in re la tion  to its  surroundings.



STRATIGRAPHY

Northwestern Montana Is underlain by an extremely thick sequence 

s tra ta  that belong to the Belt Series of Precambrian age. The Series 

udes assemblages of a r g i l l i t e s ,  quartz ites , intermediate gradations 

between these compositions, and carbonate rocks. Shallow water features 

such as osci1 le t  ion and current ripple marks, mudcracks, and cross-bed

ding are abundant. Most of these Belt rocks have suffered low grade 

metamorphism. Although some show shaly f i s s i l l t y ,  s la ty  or schistose 

cleavage was not observed in the mapped area.

C. P. Ross (1959a, p. 6) has te n ta tive ly  c lass if ied  the Belt 

Series rocks In Glacier National Park into three groups to f a c i l i t a te  

correlations. In ascending order these groups are the Raval11, Plegan 

and Missoula (the last named does not occur in the area of thjs study). 

Gibson (1948) suggests from studies In the Libby Quadrangle, that strata  

below the Ravalli rocks correlate with the Prichard Formation, described 

by Galkins and MacDonald (1909) in northern Idaho and northwestern Mon

tana. Ross (1959a) believes that detailed studies of rocks below the 

Ravalli : Group west of G lacier National Park w i l l  result in the recogni

tion of several map units , which may la te r  be embraced In a group.

Johns (1959"1961) mapped the rocks below the Ravalli Group In nearby 

areas as broadly equivalent to the Prichard Formation and placed them 

under the heading "Pre-Raval1i Group". Rocks below the Ravalli Group 

have not been subdivided In the map area. They are llthological ly s im ilar  

to rocks mapped as Prichard Formation to the west, and are therefore  

included under the heading "Prichard Formation" throughout this paper.

The Raval11 and Plegan Groups have not been formally subdivided

16
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between the Rocky Mountain Trench and the Idaho border. An attempt w il l  

be made in this paper to suggest three possible subdivisions of the 

RiSval 1 i Group. In northwestern Montana, excluding the area east of the 

Rocky Mountain Trench and Flathead Lake, post-Beltian sediments have 

been completely eroded except where loca lly  trapped and preserved by 

fau lting . Both intrusive and extrusive basic igneous rocks of late  

Precambrian to Cambrian age and intrusive rocks of Mesozoic age (Gibson, 

1948) occur in the region but not in the mapped area. Pleistocene glac

ial debris occurs in a l l  of the larger valleys.

All consolidated strata in the Southwest Pleasant Valley Quad

rangle are part of the Belt Series (Table 1). They total approximately 

16,000 feet in thickness and comprise, in ascending order, the Prichard 

Formation, Ravalli Group and the Piegan Group. Neither the base of the 

Prichard Formation nor the top of the Piegan Group are exposed. Uncon

solidated Quaternary sediments include widely distributed Pleistocene 

glacial s i l t s ,  clays and t i l l .

For the most part , the Belt section is poorly exposed and presents 

a mapping problem because of its  lack of fo ss ils , poor marker horizons, 

and d i f f ic u l ty  in obtaining continuous descriptive sections. Since most 

of the formational contacts are gradational in the lower Belt Series, 

local uncertainties as to the precise position of boundaries are inev it

able. The thicknesses of rock units are approximate because they were 

obtained by p lo tting  structure sections based on the geologic map.

PRICHARD FORMATION 

Oldest strata in the mapped area belong to the Prichard Formation 

which was named by Ransome (1905, p. 281) in the Prichard Creek area of
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Table 1. GENERALIZED STRATI GRAPH 1C SECTION OF BELT STRATA 

IN THE SOUTHWEST PLEASANT VALLEY QUADRANGLE

Nomenclature General Lithology Thickness
(feet)

Top eroded

P iegan 
Group

Greenish-gray, purplish-gray  
q u a rtz it ic  a r g i l l i t e .  Thin- 
bedded and mud cracked,
1 oca 11 y caicareous.

1,500 f

Light gray to whit e ,purple- 
banded quartzite  and a r g i l la 
ceous quartz ite , 3,500 ^  feet  
thick.

Rava11Î 
Group

Medium-bedded 1ight-gray to 
medium gray a r g i l l i t e  and 
argillaceous quartzite  with 
b io t i te  and magnetite, 4,500 ± 
feet thick.

Greenish-gray a rg i11i te and 
q u a rtz it ic  a r g i l l i t e  with 
abundant b io t i te ,  2,000 _t 
feet thick.

10,000 +

Prichard . 
Formation

Banded blue-gray and medium 
gray a rgi 11 i te and quartzi t ic  
a r g i l l i t e ,  minor calcareous 
beds a t the top. Commonly 
contains b io t i te  and sparse 
pyri te.

Base not exposed

4,500 ♦
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northern Idaho. Only the upper 4,500 feet of the Prichard Formation are 

exposed in the northwest corner of the mapped area, wherç the lithology  

is very consistent. The rocks are mainly banded a r g i l l i t e s  in hues of 

medium to dark blue-gray. The bands average about one quarter of an inch 

thick. Occasionally thin beds of medium-gray q u a rtz it ic  a r g i l l i t e s  are 

found interbedded with the a r g i l l i t e s .  The Prichard rocks contain an 

abundance of b io t i te  and sparse p y r ite. They have shaly partings in 

places. Shallow water features are notably absent except for a few r ip 

ple marks observed in the uppermost horizons. The rocks show a typical 

red-brown color on weathered surfaces, which resulted from the oxidation 

of the iron bearing minerals (Figure 7). Beds vary from less than one 

inch thick to a rare maximum of 2 feet thick.

A calcareous member was found near the top of the Prichard Forma

tion throughout most of the contact zone. This member consists mainly 

of a calcareous a r g i l l i t e  banded in l ig h t shades of gray and bearing 

abundant b io t i te  and sparse p y r ite  (Figure 8). its  thickness is e s t i 

mated to be between 15 and 20 feet. Bedding thickness varies from a few 

inches to about one foot thick.

Peti*oqraphy. Three thin sections of the Prichard rocks were 

observed under the pétrographie microscope (See Appendix). They show a 

fine-grained character with original textures somewhat obscured by recry

s ta l l iz a t io n .  Post depositional fractures about 0.30 m illim eter wide 

were observed cutting across the bedding. Except for the calcareous 

a r g i l l i t e ,  the fractures are common1 y f i l l e d  with quartz and hematite, 

which could have been hydrothermally Introduced into the rock or remo

b il ized  from the matrix to the fractures during recrys ta lliza tio n . Two
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Figure 7. Prichard a r g i l l i t e  exposed along 
Lynch Lake road showing typical red-brown 
weathering.

Figure 8. Upper Prichard calcareous a r g i l l i t e  
from along Lost P ra ir ie  road. I t  shows banding, 
black blebs of b io t i te  porphyroblasts and 
p y r ite  with oxidation aureoles.
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sections of Prichard a r g i l l i t e ,  s tra t i  graphical] y lower than the calcare

ous un it,  showed that about 50 percent of these rocks Is composed of 

s e r lc lte  In a micaceous mat formed by shreds about 0.004 m illim eter In 

length. S e rlc lte  tends to 11e para 1 le i to the beddJng. Quartz Is pre

sent In amounts up to 40 percent, mostly as interlocking recrystallized  

grains In the sandy bands. Quartz ranges from 0 .04 m illim eter to 0.20 

m illim eter In diameter. Some larger grains, up to 0.35 m illim eter in 

diameter, may indicate poor original sorting. B io tite  is present in 

anhedral and subhedral p o ik î l i t i c  plates in amounts up to 10 percent. 

Textural relationships such as inclusions of quartz and zircons, and the 

non-preferred orientation suggest that i t  is metamorphic in orig in . The 

weak pleochroism of the b io t i te  prompted the w rite r  to take x-ray mea

surements to determine the amount of iron i t  contained. The Intensity  

ra t io  of the basal reflections (004) to (005) is known to increase as the 

amount of iron in the b io t i te  increases. Using techniques employed by 

Gower (1957, p. 142) 53 percent of the octahedral positions of the bio

t i t e  was found to be occupied by iron. The FeO content is about 25 per

cent. According to Foster's (I960, p. 25) triangular composition dia

gram, the b io t i te  is magnesium rich. The low pleochroism is a reflection  

of this composition. Pen ini te , a varie ty  of ch lo r ite , is present in 

amounts of one percent as randomly oriented p o ik i l i t i c  crystals up to 

1.5 millimeters in length. The p o ik i l i t i c  texture and the much larger  

size of the peninite compared to the size of the matrix in the rock sug

gests that peninite is metamorphic. Other constituents in these rocks 

are ilmenlte and leucoxene present in amounts of about one percent and 

hematite, zircon, tourmaline and ap a tite ,  to ta ling  less than one percent.
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The leucoxene and hematite were observed to be s p a tia lly  associated with 

the ilmenlte, which suggests that this relationship resulted from the 

metamorphic a lte ra tio n  of ilmenite. Dark banding is produced by s e r i-  

c ite  bands and an increase in concentration of opaque minerals.

A thin section of the calcareous unit showed that about 40 per

cent of the rock consists of a mosaic of carbonate grains that range in 

size from a few hundredths of a m illim eter to about one m illim eter in 

diameter. The larger grains are most l ik e ly  the result of re c ry s ta l l i 

zation which these rocks have undergone. Small veinlets about 0.20 

m illim eter in thickness are present in the rock and f i l l e d  with carbonate 

grains. This carbonate could have been hydrothermal 1 y introduced or may 

have been mobi11 zed from the groundmass and introduced into these frac

tures during metamorphism. Quartz, commonly present in recrystallized  

clear grains and presenting ch ie fly  a stra ight extinction, forms about 

40 percent of the rock; i t  is unimodal and commonly ranges in diameter 

from 0.04 m illim eter to 0.30 m illim eter. B io t ite  porphyroblasts are pre

sent in anhedral and subhedral plates about 0.25 m illim eter in diameter 

and in amounts up to 10 percent. They have a p o ik i l i t i c  texture with 

numerous inclusions of opaque minerals, quartz and d e tr ita l  zircon. The 

b io t i te  is oriented e ith e r  perpendicular or inclined to the bedding.

These d is tin c tive  features indicate that the b io t i te  is metamorphic in o r i 

gin. S e r ic ite  is present in shreds a few hundredths of a m illim eter in 

length with no apparent preferred orientation and in amounts of about 8 

percent. P y r ite , some of which is fractured, is present in small p o ik i l i 

t ic  anhedral blebs in amounts less than one percent and surrounded by limo- 

n ite  (Figure 8 ). Other minor constituents include ap a tite , zircon and tour-
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malIne, which occur in small prismatic crystals up tp 0.1 m illim eter in 

length.

Correlation, Prichard rocks in the mapped area are correlated  

(Table 2) with l i th o lo g ic a lly  and s tra t i  graphically s im ilar rocks in the 

Coeur d'Alene area, which were f i r s t  described by Ransome (1905) near 

Prichard Creek. In the type section the rocks consist mainly of a gray- 

blue argi 1 1 i te and subord inate amounts of gray sandstones having a mini

mum total thickness of 8,000 feet (Calkins and MacDonald, 1909). On the 

basis of this description these rocks appear to be somewhat more sandy 

than rocks designated Prichard in the mapped area, although the last  

named represent only the upper 4,500 feet of the section. In the Libby 

(Quadrangle, Prichard rocks are l i th o lo g ic a lly  very s im ilar to those in 

the mapped area. Here Gibson (1948) reports that Prichard Formation con

sists mostly of dark gray to blue-gray a rg i11i tes interbedded with ligh t  

colored sandstone and quartz ite  and having a minimum thickness of 9,700 

feet; the base is not exposed. The a r g i l l i t e s  also weather to the red- 

brown color typical of the mapped area.

In Glacier: National Park, where the Prichard Formation has not 

been recognized, the lowest exposed unit is the Altyn limestone, which 

consists of a dark, impure magnesian limestone that weathers to a gray

ish-orange. This unit contains stromatolite zones, is about 2,000 feet
Is

th ick, and the base^not exposed (Ross, 1959b, p. 19). According to RosS 

(1959b, p. 18) the s tratigraphie  relationships between the Altyn and 

overlying c la s tic  Ravalli Group rocks and the Altyn and Prichard Forma

tion are not known. Ross (1959a, p. 59) has suggested that the Altyn 

may prove to be older than ahy of the units referred to as the Ravalli



Coeur cl' Alene 
Area

3alkins & MaoDcnald 
(1909)

Libby
Quadrangle
Gibson
(19U8)

This Paper
G lacier Park 

Fenton and Fenton 
(1937)

P u rce ll
B r itis h  Columbia 

Schofield 
(1911t)

Missoula Group
Top eroded 

S triped  Peak

Top eroded

Libby 
6,000 F t .

U ndifferen tiated  
ll,800 F t.

Top eroded

"oateray 
2,000 F t.

S triped  Peak 
2,000 F t . Top eroded

Piegan Group 
± 1,500 F t.

H il le r  Peak 
± 2,150 F t.

Piegan Group Wallace 
U,000-6,000 F t,

Wallace 
12,000 F t.

Sheppard 
585-1,500 F t.

P u rce ll Lava 
300 F t.Spokane 

180-800 F t.
Siyeh 

U,000 F t.
Slyeh 

+ lt,013 F t.

R av a lli Group

S t .  Regis

i
i

R avalli Group 
10,000 F t .

R av a lli Group 
+ 10,000 F t.

GrlnneU 
i  3,000

K itchener 
U,500 F t.

Creston 
5,000 F t.

R evett

Burke Altyn 
+ 2,260 F t.

P re -R av a lli Prichard 
8,000 F t.

Prichard 
+ 9,000 F t.

(base not exposed)

Prichard 
+ U,000 F t.

(base not exposed)

Aldridge 
+ 8,000 F t.

T^ble 2. B elt Series nomenclature in  northwestern Montana and ad jacen t areas
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&mup î n Mon tang. In the Gal ton Series Daly (1912) recognized the Altyn 

IImastone as s t ra t i  graph le a l ly  equivalent to rocks below the Ravalli 

Group. Calcareous beds In the upper Prichard were recognized by Johns 

( i 960, p. 8) east of the Kootenai River near the boundary of the Ural 

and Thompson Lakes (Quadrangles. Shelden (1961, p. 32) also found minor 

calcareous Interbeds at the top of the Prichard In the northwest Ural 

Quadrangle which he Interpreted as possibly a more c las tic  equivalent 

of the Altyn. The w rite r  recognized beds of calcareous a r g i l l i t e  a t the 

top of the Prichard Formation, but th e ir  relation to the Altyn Is not 

known because the Information avallable Is very spotty and vague. I t  Is 

noteworthy that the areal extent In which these calcareous beds are 

recognized Is now enlarged with the present report.

RAVALLI GROUP

The Prichard-Raval11 contact Is conformable and gradational 

through a zone 700 to 8OO feet thick. I t  was placed between predomi

nantly dark to medium gray a r g i l l i t e s  and predominantly l ig h t gray and 

grayish-green quartz I t ic  a r g i l l i t e  and argillaceous quartz ite . Locally, 

poorly developed ripple marks were noted In this In terval. I t  Is note

worthy that calcareous beds occuring ju s t  below the Prichard-Raval11 

contact provide a good marker horizon throughout most of the mapped area.

Rocks of the Ravalli Group are dominantly q u a rtz it ic  a r g i l l i t e s  

that range from medium gray to white In color. These rocks show well 

developed mud cracks and ripple marks. The more sandy members show good 

cross-bedding. Typ ica lly , Ravalli rocks weather in joint-bound blocks 

and form massive ledges, dip slopes and prominent talus slopes; when 

f l a t  lying they may give rise to precipitous c l i f f s .  Occasional beds
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that are ferruginous exhibit reddish or purplish tin ts  on weathered sur

faces. Ravalli rocks extensively underlie the mapped area.

The Ravalli Group is about 10,000 feet thick in the area of inves

tigation compared with 9,500 to 10,000 feet in the Libby Quadrangle 

(Gibson, 1948) (Table 2 ). . Immediately west of the mapped area, in the 

Thompson Lakes Quadrangle, the thickness of the Ravalli Group is more 

variable and ranges between 7,070 and 15,000 feet (Johns, I960).

During most of the f ie ld  season no attempt was made to map sub

divisions of the Ravalli Group. However, toward the end of the f ie ld  

work i t  became apparent that three lithologie units could be d is tin 

guished, and might be mappable as subdivisions in future work. The 

lower unit is about 2,000 feet thick and consists mainly of a greenish- 

gray and gray-green a rg i11i te and argillaceous quartzites in beds that 

range from less than one foot to about 2 feet thick. These rocks weather 

to a pale green-colored surface. Abundant b io t i te ,  sparse magnetite and 

well developed mud cracks are characteristic of this basal unit. Rocks 

in the core of McGregor Lake an tic line , north of the lake, were assigned 

to the lower Ravalli although they are not typical because they are more 

arenaceous, lighter in color and weather to a brown surface. These rocks 

consist of medium-light gray to light gray argillaceous quartzite and 

quartzite with well developed ripple marks (Figure 9)* Minor interbeds 

consist of grayish-green a r g i11i te typical of the lower Ravalli. The 

rocks in this area do not appear to belong to the middle Ravalli unit 

because of the ir  ligh ter color, brown weathering and more arenaceous 

character. Typical middle Ravalli rocks were observed higher in the 

stratigraphie section, east of the an tic lina l axis in the southeast
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Figure 9. Ripple marks in a rg i1laceous 
quartzite of the lower Ravalli on Lost 
FYairie road, north of McGregor Lake.

Figure 10. Evenly bedded purple-banded 
quartzite from upper Ravalli Group. Dark 
bands contain hematite and d e tr ita l  opaque 
minerals.
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q M f t e r  ô f section .12, T 27 N, R 25 W* The w r ite r  concludes that the 

rocks In question probably represent a facies change in the lower un it.

The middle un it  Is about 4,500 fe e t  th ick . I t  consists mainly of 

a l ig h t  to medium gray q u a r tz l t ic  a r g i1I I te and argillaceous qu artz ite  

In beds from less than one foot to about 3 fe e t  th ick . These rocks com

monly contain magnetite octahedrons and lo c a l ly ,  coarse b io t i te .  Well 

developed mud cracks are abundant. The quartzites  are usually f a in t ly  

banded.

The upper u n it  Is about 3,500 fe e t  th ick and consists mainly of 

a l ig h t  gray to white q u a rtz ite . These rocks commonly exh ib it  d is t in c t  

narrow purple bands, very well developed cross-bedding and ripple marks 

(Figure 10).

Petrography. Seven thin sections from Ravalli Group rocks were 

observed under the pétrographie microscope. Five sections of a rg i l la c e 

ous quartz ites  from the lower un it show that these rocks are composed of 

45 to 55 percent p a r t ia l  1 y recrystal 1Ized, subangular quartz grains. The 

quartz grains range In size from 0.04 m ill im eter  up to 0.30 m illim eter  

In diameter. They are c lea r  with mostly s tra ig h t extinctions. Subangu

la r i t y  Is probably due to the deposition of s i l ic a  around the grains, 

which produces grain enlargement and change in outlines. S e r lc lte  Is 

I r re g u la r ly  scattered through th is  u n it  and forms 20 to 40 percent of 

the rock. Porphyroblasts of b io t i t e ,  about 0.20 m ill im eter  in diameter, 

were observed In amounts up to 10 percent. The b io t i te  Is p o i k i l i t i c ,  

enclosing crysta ls  of quartz, zircon and opaques. Magnetite, the most 

Important of the opaque minerals, Is present In amounts of about one 

percent* I t  varies In size from a few hundredths of a m ill im e te r  to
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abôitt mil Unie te rs in diameter* The magnetite Is porphyroblastic, and 

inclusions of quartz are common* Leucoxene forms about one percent of 

the rock. Metamorphic grains of plagioclase feldspar are present in 

amounts less than one percent* Other minor constituents are muscovite, 

epidoteyhematite, i I lm en ite  and d e t r i ta l  a p a t ite ,  z ircon, tourmaline and 

rutUè» in one section ve in le ts  about 0.40 m ill im eter wide were observed 

f i l l e d  with quartz and hematite, which may have been hydrothermally in tro 

duced or remobilized from the matrix during re c ry s ta l l iza t io n . Sparse 

sulphides were observed in hand specimens but not in the sections examined.

One thin section of argillaceous q u artz ite  from the middle un it of 

the Ravalli showed that th is  rock is composed of 70 percent Interlocking 

quartz grains which range in size from 0.04 up to 0.40 m ill im eter with a 

median of about 0.10 m ill im eter . Most of the grains are c lear with  

c h ie f ly  s tra ig h t ex tinction . P o i k i l i t i c  b io t i t e  porphyroblasts, from . 

0.10 to 0.35 m ill im ete r  in diameter, are randomly oriented and occur in 

amounts of about 10 percent. S e r ic ite  occurs randomly oriented and forms 

about 15 percent of the rock. Minor constitutents are i lm en ite , leu- 

coxene, hematite, muscovite, d e t r i ta l  r u t i le  and tourmaline.

From a section obtained from the purple banded quartz ites  of the

upper un it  i t  was seen that these rocks contain about 90 percent recry-
!

S ta ll iz e d  quartz grains with a median size of 0.15 m ill im eter. The 

quartz showed both undulose and s tra ig h t  ex tin c tio n . Metamorphic p la 

gioclase fledspar, which makes up about one percent of the rock, appears 

fresh and in sizes tha t range from 0.04 to 0.10 m ill im ete r  in diameter. 

Leucoxene forms about 2 percent of the rock. Other minor constituents  

are i I lm e n ite ,  hematite, muscovite, zircon and tourmaline, a l l  to ta lin g
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about #  percent. Dark banding in these rocks is produced by an increase 

In  the amount of opaques.

C orre la tions. F. C. Calkins (1909) applied the term "Raval1i 

Group" to rock assemblages above the Prichard Formation and below the 

Wallace Formation in northern Idaho and northwestern Montana. In the 

Coeur d'Alene region the Ravalli Group is divided into basal siliceous  

shales and s e r ic i t ic  quartz ites  known as the Burke Formation, a hard 

white q u a rtz ite  and purple-green si 1iceous shales known as the Revett 

Formation, and a q u a r tz i t ic  sandstone called the St. Regis Formation. 

These three formations are assigned a to ta l thickness of 4,200 feet  

(Calkins, 1909, p. 37 and Table 2 ) .  They are roughly equivalent to the 

three units described in the mapped area. In the Libby Quadrangle the 

Ravalli Group is undivided (Gibson, 1948) and consists prim arily  of dark 

gray a r g i l l i t e  and l ig h t  gray to white q u artz ite  with abundant sedimen

tary  structures. The Ravalli Group in that lo c a l i ty  is estimated to be 

about 10,000 fee t th ick . S im ila r  litho logy is recognized in the mapped 

area with a comparable thickness. In the Thompson Lakes Quadrangle 

Johns ( i 960, p. 8) reports that the Ravalli Group, which varies in 

thickness from 7,070 to 15,000 fe e t ,  is dominantly q u a r tz i t ic  and com

prises q u artz ite  and argillaceous q u a rtz ite  containing b io t i te  and mag

n e t i te  octahedrons. The rocks in the mapped area are broadly s im ila r ,  

although they do not present the wide varia tions in thicknesses reported 

by Johns.

In G lacier National Park the sequence la te r  known as the Ravalli 

Group was divided by B. W i l l is  (1902, p. 316) into the Altyn Limestone 

a t  the base, the Appekuqny A r g i l l i t e ,  and the Grinnell A r g i l l i t e  a t  the
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top (Table 2 ) .  Ross (1959a, p. 6) placed these formations In the Ravalli 

Group but assigned the Altyn to the Ravalli only provis ionally . The 

Appekunny A r g i l l i t e  consists of interbedded a r g i l l i t e s  and quartz ites  in 

various shades of gray, green, purple and brown, and Is about 2,900 fee t  

th ick. The Grinnell A r g i l l i t e  is about 3,000 fe e t  th ick and includes 

white and pink q u a rtz ite  with interbedded, dominantly red a r g i l l i t e .  

Although these formations are termed a r g i l l i t e s ,  according to descrip

tions by Ross ( 1959b, p. 21-34) th e ir  l itho logy is highly q u a r tz it ic .

They also show an abundance of sedimentary structures common in s t r a t i -  

graphically  equivalent rocks in the mapped area. There is only a gross 

l i th o lo g ie  resemblance of these G lacier Park formations to Ravalli rocks 

In the mapped area. Although the Appekunny A r g i l l i t e  may thicken to the 

west a t  the expense of the Grinnell A r g i l l i t e ,  there is not s u ff ic ie n t  

f ie ld  information to support th is .

PI EGAN'‘group

The contact between the Ravalli Group and the overlying Piegan 

Group rocks is gradational through a zone about 300 fe e t  th ick. I t  was 

placed where commonly calcareous gray a r g i l l i t e s  of the Piegan o verlie  

white and purple-banded quartz ites  of the Ravalli Group. The contact 

zone is well exposed on the crest of Meadow Peak.

piegan rocks include the succession of s tra ta  above the Ravalli 

Group in which carbonates are c h a ra c te r is t ic . Piegan rocks crop out in 

the southwestern corner of the mapped area where only the basal 1,500 

fe e t  are exposed because erosion has removed the higher s tra ta .  Commonly 

the rocks show dark bands that range from i  to i  inch th ick. Mud cracks 

are abundant and very well developed (Figure 11), but r ipp le  marks are
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Fîgure 11, Thin bedded, mud cracked quartz itic  
a r g i l l i t e  from basal Piegan Group.

sparse. The bedding ranges from less than one inch to about one foot 

thick In the more limy beds. In the mapped area about half of the spe

cimens of Piegan tested were calcareous. Some horizons have orange- 

brown weathered surfaces produced by the weathering of sparsely dissemi

nated pyrite.

Petrography. Two thin sections were made from Piegan rocks. A 

section of quartz itic  a r g i l l i t e  was seen to consist of about 60 percent 

seric ite  shreds only a few hundredths of a millimeter in length. Quartz, 

in grains that range from 0.01 to 0.30 millimeter in diameter with a 

median of about 0.10 millimeter, is present in the amount of 35 percent. 

The grains are clear and have mostly straight extinction. Other minor 

constituents are leucoxene and zircon, totaling about 5 percent.

A section of calcareous a rg i11i te contains about 40 percent 

quartz. The grains range from 0.01 m illimeter up to 0.40 millimeter in
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diameter with a median of about 0.15 m illim eter. The grains are clear  

with c h ie f ly  s tra igh t extinction. Calclte  Is present In grains from 

0.06 to 0.40 m illim eter In diameter and as cement between the quartz 

grains. The to ta l amount of c a lc lte  present Is about 40 percent. Seri

c i te  occurs In shreds up to 0.10 m illim eter In length In the amount of 

15 percent. Minor constituents are c h lo r ite ,  Ilmenlte, leucoxene, z i r 

con and muscovite, a l l  to ta lin g  5 percent. Dark banding Is apparently 

caused by an Increase In the amount of s e r lc lte  and opaques.

Correlation. The Piegan strata  of this study may be correlated  

wl th 11 thologlcal 1 y and s t ra t i  graph leal ly s Iml la r  rocks In the Ural Q,uad- 

rangle, the Whiteflsh Range and Glacier National Park. In the Ural Quad

rangle, Johns ( 1961, p. 15) has te n ta tiv e ly  recognized three units In the 

Piegan Group. The lower unit Is a thin-bedded or medIum-bedded gray- 

green and medium gray a r g i111 te and q u a r tz i t ic  a r g i l l i t e .  Approximately 

50 percent of the«rocks tested are si Ig h t ly calcareous. No thickness Is 

given fo r  th is  unit but the descriptions correspond with s tra tlg rap h l-  

c a lly  equivalent rocks In the southwestern edge of the mapped area.

Descriptions of the lower Slyeh of Daly's Gal ton Series (1912, 

p. 104-106) closely resemble descriptions of s tra t lg rap h lca lly  s im ilar  

rocks In the mapped area. They consist of medium to thIn-bedded green 

and greenish-gray highly si 1iceous, sometimes dolomitic, a r g i l l i t e .  

Abundant sun cracks and ripple marks are present a t various horizons. 

These rocks a t ta in  a thickness of about 800 feet. The difference In 

thickness from that In the mapped area may be explained by a thickening 

of the Piegan Group towards the south and west. In the northwest Ural 

Quadrangle, Shelden ( I 96I ,  p. I 9) reports that the Piegan Group Is about
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7,6(HQ fe e t th ick , of which the lower unit comprises 2,000 feet. His 

lower un it is considerably thicker than the 800 feet assigned by Daly to 

a s im ila r  sequence of rocks in the Whitefish Range.

In G lacier National Park, Fenton and Fenton (1937, p. 1893) des

cribed lower Piegan rocks as the Collenia symmetrica zone. These rocks 

are described as consisting of a medium- to thin-bedded qu artz ite , a r g i l 

l i t e  and dolomitic a r g i11i te weathering green, brownish or buff with a 

thickness^ of 500 to 900 fe e t .  These rocks have only a gross resemblance 

to rocks in the mapped area* Differences In thickness, lithology and 

the absence of the fossil algae Collenia symmetrica in the mapped area 

may be explained by a thinning of the rock un it towards the east accom

panied by a change in the depositional environment. According to Fenton 

and Fenton (1937, p. 1893) th e ir  Col lenia symmetrica zone may be co r ren

ia ted w I th the lower unit of Daly's Siyeh in the Gal ton Series.

QUATERNARY SEDIMENTS

Unconsol Idated sediments recognized in the area are Pleistocene 

glacial deposits and stream gravels. During the reconnaissance f ie ld  

mapping, no attempt was made to map subdivisions of the Quaternary sedi

ments and a l l  were included under Quaternary Gravels. The g lacia l depo

s its  (see p. 9“ 15) are of two types; s t ra t i f ie d  lacustrine s i l t s  and 

clays, and heterogenous t i l l .  Lacustrine deposits are exposed west of 

McGregor Lake in a road cut of U. S. Highway 2. These deposits are 

characterized by buff-colored, horizonta lly  s t r a t i f ie d ,  interbedded 

laminae of calcareous s i l t  and s i I t y  clay. The t i l l  floors the valleys  

and dams the lakes found in the area. I t  was mapped as Quaternary Gra

vels where I t  exceeds an estimated 20 to 30 feet in thickness. In the
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larger valleys most of the strean®have flood plains floored by thin and 

narrow alluvium.

CHEMICAL COMPOSITIONS AND METAMORPHISM 
OF BELT SERIES ROCKS

The chemical composition of seven samples taken from the Belt 

Series w ithin the mapped area are shown in Table 3. The rocks include 

calcareous a r g i l l i t e ,  dolomitic a r g i l l i t e ,  siliceous a r g i l l i t e  and 

qu artz ite . A ll of the rocks are moderately high in si 1ica. Since CÔ  

analysis were not ava ilab le , i t  Is assumed that in the calcareous rocks 

Mg and Ca are c h ie f ly  in the form of carbonates.

Inspection of the chemical analyses of the Belt rocks indicates 

that Prichard sediments, on the average, have 2.31 percent more of 

ferrous iron than the rest of the Belt rocks analyzed. This is explained 

by the widespread presence of p y r ite  in the Prichard compared to its  

absence or only sparse d is tr ib u tion  in the rest of the Belt rocks. Fur

ther ind irect evidence of probable higher p y r ite  content in Prichard 

sediments than in the other Belt rocks is the typical red-brown weather

ing produced by the oxidation of the sulphide at the outcrop.

Although the Prichard a r g i l l i t e s  observed under the microscope 

were high in quartz, the chemical composition of Sample A approaches the 

percentage of s i l ic a  and aluminum oxide of muscovite (Si02”5 i .8 4  percent, 

Ali03"25*8l percent. Brown, 1961, p. 231), which indicates that there are 

some very clean argi 11 i tes present in the Prichard Formation.

The Belt rocks in the mapped area have undergone low grade regional 

metamorphism. I t  is very d i f f i c u l t  to place a boundary between diagene

sis and low grade metamorphism; according to Moorhouse (1959, p. 353)
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TABLE 3

ANALYSES OF ROCKS OF THE BELT SERIES

(A ll analyses made In the laboratory 
of the Montana Bureau of Mines)

A B C D E F G

S i02 60.0 59.2 73.8 71.6 81.0 66.2 59.3

AI2O3 23.25 17.2 14.7 18.9 16.65

FegOg 1.35 .56 1.40 1.74 .90 1.55 .43

FeO 4.04 3.84 1.28 1.80 1.28 1.28 2.80

MgO 2,38 2.7 1.45 3.1 6.5

CaO 1.1 6.7 1.0 1.5 4.2

(The samples at the le f t  represent the 
St rati graph leal ly lowest position)

A “ Red-brown weathering Prichard Formation a r g i l l i t e .  NW i  of 
Sec. 31, T 29 N, R 26 W

B -  Calcareous argi 11 i tej top of Prichard Formation. SE i  of
Sec. 25, T 28 N, R 27 W

C -  Basal green Raval1i q u a r tz it ic  a r g i l l i t e .  NW & of 
Sec, 23, T 27 N, R 25 W 

D -  Middle Ravalli unit q u a r tz it ic  a r g i l l i t e .  SE & of 
Sec. 21, T 27 N, R 25 W 

E -  Upper Ravalli un it purple banded quartz ite . SW ? of 
Sec. 20, T 27 N, R 26 W 

F -  Basal Piegan purple a r g i l l i t e .  SE i  of 
Sec. 8, T 26 N, R 26 W 

G -  Basal Piegan calcareous (dolomitic?) a r g i l l i t e .  SW i  of
Sec. 8, T 26 N, R 26 W
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le  processesj.such as the recrystal 11zatIon of clays to c h lo r ite ,  

eôffimoh. Higher temperature and pressure developed by increased depth 

of b l r la l  resulted in the recry s ta ll Iza tio n  of quartz and the formation 

of mfiierals, such as a lb i te ,  muscovite and b io t i te ,  not orig inal 1 y pre

sent In the sedIments.

The Belt rocks now display mineralogica1 assemblages that are 

ind icative of the greenschist facies. Prichard a rg i11i tes consist mainly 

of quartz, s e r ic i te ,  b io t i te  and ch lo rite . The two lower units of the 

Ravalli Group rocks contain quartz, plagioclase, c h lo r ite ,  b io t i te ,  musco

v ite  and epidote. These two mineralogica1 assemblages are characteris

t ic  of the q u artz -a lb ite -e p id o te -b io t i te  subfacies of the greenschist 

facies as set forth  by Turner and Verhoogen ( I 96O). The upper unit of 

the Ravalli Group and the basal Piegan Group rocks in the mapped area 

have a mineralogical assemblage consisting of quartz, s e r ic ite ,  ch lo rite  

and muscovite. This mineralogy would place these rocks in the quartz- 

alb i te-ch lor ite-muscovi te subfacies of the greenschist facies. Thus, 

these rocks are the product of a lower grade metamorphism than the P r i 

chard and lower Ravalli rocks. Mineralogical comparisons between rocks 

in the mapped area and s im ila r  rocks in the Libby Quadrangle (Gibson,

1948) and Glacier National Park (Ross, 1959a) indicate a correspondence 

in the mineralogical components. This suggests that the degree of meta

morphism of these rocks is approximately s im ila r  to that of the rocks in 

the mapped area.

According to Daly (1912, p. 172) Precambrian sediments along the 

49th p a ra lle l  were metamorphosed before folding and fau lt in g  took place. 

Assuming that recrystal 1izatIon ob lite ra ted  any previous s tra in  in the
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quartz, the undulose extinction in the quartz grains and the fractures in 

p y r ite  observed in Belt rocks in the mapped area may have originated from 

s tra in  induced by deformation a f te r  the rocks underwent metamorphism. I f  

metamorphism was simultaneous over the Belt terrane, fau lts  with unmeta

morphosed gouge in the Coeur d'Alene area (Silverman, personal communica

tion) would also indicate that deformation took place a f te r  metamorphism 

was completed.



STRUCTURE

STRUCTURAL SETTING 
AND

AGE OF DEFORMATION

K ;lrt »+ïis d iv is io n  of the Great C o rd il le ra , Eardley (1951) places the

#rea east o f  the Rocky Mount a in Trench in the Eastern System and the 

area west o f the Trench In the Central and Western Systems. The Eastern 

'System comprises the Foothi 11 Division characterized by imbricate west" 

dipping reverse fa u lt jn g  and, the Mountain Belt D ivision bound on the 

east by the Lewis Overthrust and on the west by the Rocky Mountain Trench.

The map area is located in the Central System which embraces the 

S e lis h , Purcell and Cabinet Mountains in northwestern Montana. The 

region is characterized by broad folds and fa u lts  that generally trend 

northwest. Gibson (1948) and Johns (1961) have described three groups 

of fa u lts  based upon general trends. The oldest fa u lts  s tr ik e  northwest, 

the second group s tr ikes  northeast, and the the th ird  group strikes  east. 

Faults of the second and th ird  groups displace the northwest fa u lts ;  

hence they are younger. The time relationship between the northeast 

and e a s t"s tr ik in g  fa u lts  is not yet c le a r ly  understood.

The structure of the map area follows generally a northerly  trend. 

Two broad a n t ic lin e s  and two open adjacent synclines are the principal 

structura l elements. These structures trend north or s l ig h t ly  west of 

north. The ax ia l planes are e s s e n t ia lly  v e r t ic a l .  Several longitudinal 

fa u lts  and a transverse fa u l t  were mapped.

I t , i s  not possible to accurately  date the age of deformation from 

ev^Nence w ith in  the quadrangle because of the absence of Paleozoic and 

Mesoaoic #onmatIons. There is some evidence of deformation p r io r  to the

> ,4  ' i\
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deposition of Cambrian sediments elsewhere in Montana. Maxwell (1959), 

when studying the Cambrian-Beltian contact southwest of Drummond, con

cluded that the Belt Series rocks were strongly t i l t e d ,  warped and 

probably faulted p r io r  to deposition of Cambrian rocks. An angular 

discordance of the Belt rocks beneath the Cambrian in the Phi 1ipsburg 

Quadrangle (Emmons and Calkins, 1913, p. 30) also points to a t i l t in g  

and gentle warping of the Belt rocks before Cambrian time, in southwest 

B ritish  Columbia, Precambrian intrusives related to the Purcell lava 

took paths of least resistance, probably tension cracks produced by 

feeble diastrophism (Ross, 1959b, p. 75). A faulted block of Devonian(?) 

limestone in the northeast Ural Quadrangle suggests that folding and 

fau ltin g  is a t least post-Devonian (Johns, I 96I ) ,

Most geologists agree that the principal folding and fau lting  in 

northwestern Montana Is related to the Larami de Orogeny of late Mesozoic 

and early  T ert ia ry  time. However, additional movements along new or 

older fau lts  may have occurred during u p l i f t  and rejuvenation of the 

Rocky Mountains in la te  T ert ia ry  time, movements that may not have 

e n t ire ly  ceased. Johns (1959) has observed displaced Pleistocene lake 

beds and glacial t i l l  deposits on benches and valleys in the south part  

of the Yaak River 30 minute Quadrangle. A recent fa u lt  cut across mor

aines of a t least two Pleistocene glaciers a t Red Rock Pass, towards 

Henry*s Lake, Idaho (Alden, 1953, p. I 89) .  Just west of Yellowstone 

National Park in 1959 two fa u l t  blocks east of the Madison Range and one 

west of the Madison Range dropped, reactivating ancient normal fau lts  

with fa u lt  scarps appearing coincident or closely para lle l to these

fa u lts . Release of the strains resulted in a major earthquake (Witkind, 

IÔ6O, p. 31).
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FOLDS

Belt Series rocks have been deformed into broad, almost symmetri

cal folds. Two antic lines  and two synclines were mapped in the area 

(P late 1). The Wolf Creek a n tic lin e  (Johns, I 96Q) in the northwest cor

ner of the area is a broad structure that trends north-northwest and 

plunges about 5° to the southeast. Its  fold axis is cut by a concealed 

fa u lt  along the Pleasant River Valley. The structure enters the area 

northwest of Island Lake and extends in a southerly direction crossing 

Pleasant River Valley and into the Pleasant Valley, where i t  plunges 

under the gravels. I t  has been mapped continuously fo r about 21 miles, 

(8 miles In the mapped area and about 13 miles in the northeast 15 min

ute Thompson Lakes (Quadrangle (Johns, I960)). Prichard strata are 

exposed in the core of the fold.

The east f lank of the Wolf Creek a n tic lin e  is the common west 

flank of the north-trending, broad, south-plunging Wolf Creek syncline. 

The limbs dip gently, varying from 5° to 15° on both sides. The struc

ture is not found south of the Pleasant Valley but is continuous north

ward crossing the north boundary of the mapped area and continuing into  

the northwest quarter of the Pleasant Valley (Quadrangle. F. Hall (per

sonal communication) reports the structure extends in a northwesterly 

direction and reaches the north boundary of the Pleasant Valley (Quad

rangle, thus being continuous for approximately 30 miles. Prichard and 

Ravalli sediments are exposed on the western limb of the syncline. 

Ravalli rocks are continuous on the east.

The east f lank of the syncline is the common west flank of the 

north-trending McGregor Lake a n tic lin e . The structure is broad with
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gently slop irrg 1 i mbs and Is almost symmetrical In the north and central 

parts of the map area, changing to a more asymmetrical structure In the 

south p a rt ,  north of McGregor Lake. Dips vary from 10° to 30° on the 

west limb and 10^ to 15° on the east flank. The structure has been 

mapped continuously for about 20 miles extending into the northwest quar

te r  of the Pleasant Va 1 ley (Quadrangle.

The east limb of the McGregor Lake a n tic lin e  is the common west 

f lank of a north-trending syncline. The structure which was continu

ously mapped for about 20 miles, Is almost symmetrical. The limbs dip 

5° to 10^ west of the axis and 10° to 20° east of the axis. The struc

ture extends north into the northwest quarter of the Pleasant Valley  

Quadrangle. Ravalli Group sediments are exposed throughout the struc

ture.

The trend of the folds suggests that the compressive forces in 

the area acted mainly along east-west lines, with the easiest re l ie f  

upward. The axis of mean stra in  would be nearly horizontal and would 

str ik e  north.

Thinning or thickening of the beds was not observed In the f ie ld .

Scarcity of continuous exposures hindered the observations to such a

degree that i t  is Impossible fo r the w rite r  to make a de fin ite  statement, 

but the gentle folding In the area and competent lithology suggest that

the folding is essentia lly  concentric.

FAULTS

Several longitudinal, high-angle fau lts  and a transverse fa u lt  

were mapped. Because the actual fa u lt  surfaces were not exposed, recog

n it ion  of these structures depended upon the separation of rock units .
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drag, artd fihyslographic anomal i es* Sinee most of the map units present 

in the map a rea a re th ick and quite homogenous, fau lts  with several hun

dred fee t or more of displacement may have gone unnoticed.

A longitudinal fa u lt  was mapped ju s t  north of McGregor Lake, 

p a ra lle lin g  Lost P ra ir ie  Road for a distance of 2.5 miles. Recognition 

was< on the basis of an abrupt change in dip over a small distance and a 

1ithologic change. A few poorly developed siickensides on f lo a t  were 

also found. The fa u lt  trace apparently is not affected by re la t iv e ly  

low topographic re1ie f ,  suggesting a vertica l or close to ve ft ica l dip 

fo r  the fa u l t  surface. The projection in a structure section of the 

gradational contact between lower Ravalli and middle Ravalli rocks east 

of the fa u l t  suggests a minimum displacement of 900 feet. The west 

block dropped down re la t iv e  to the east block placing middle Ravalli 

against lower Ravalli rocks.

Along the above fa u lt  trace a small fold remnant truncated below 

by a fa u lt  surface was observed in a cut of Lost P ra ir ie  Road; underlying 

beds belong to the zone of drag ju s t  east of the fa u lt .  The truncating 

surface, which dips about 41° to the west, belongs in the fa u lt  zone but 

is not necessarily the master fa u l t .  The fold suggests a compressional 

o rig in , probably the result of deformation of a block or horse trapped 

between shear planes in the fa u lt  zone. This feature may possibly be 

the result of previous thrust fau lt in g  a t  a time when compressional 

stresses were great. Later, relaxation of the compressive forces could 

have caused tension and normal fau lt in g  along this zone of weakness, 

producing steepened west dips ju s t  east of the fa u lt  zone.

A longitudinal fa u lt  was mapped for one and a ha lf miles north of
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L i t t l e  McGregor Lake» The drag of the beds Indicates that the west side 

has dropped re la t iv e  to the east side of the fa u lt .  There is no l i th o 

logie change observable across the fa u lt  trace. The amount of displace

ment appears to be very small.

The longitudinal fa u lt  mapped east of Lost P ra ir ie  Valley was 

based on a l ith o lo g ie  change and beds dragged down in the Immediate 

v ic in i ty  east of the fa u lt  trace. The structure is interpreted to be a 

high-angle fa u l t ,  with the west side down re la tive  to the east side of 

the fa u lt .  Middle Ravalli rocks have been dropped down against lower 

Ravalli Group rocks. A minimum stratigraphie throw of 1,000 feet is 

indicated by projecting the base of the Ravalli Group from Just east of 

the quadrangle border and inferring the position of the top of the lower 

Ravalli unit using its  average thickness of 2,000 feet. The structure  

was extended northeastward approximately three and a half miles along a 

l inear trending furrow which would indicate a zone of weakness. Topo

graphy does not a f fe c t  the fa u lt  trace, hence the dip of the fa u lt  sur

face is interpreted as v e r t ic a l .  The fa u lt  cuts the synclinal axis of 

the fold before dying out. However, no displacement of the axial trace 

is shown because of the almost symmetrical nature of the fold.

The concealed transverse fa u lt  mapped on the west side of Pleasant 

Valley is required by the displaced Prichard-Raval 1 i contact. Projection  

of availab le  data onto a structure section (B-B' ,  Plate 1) indicates an 

approximate vertica l displacement of 2,500 feet across Pleasant Valley, 

Since the nose is not o ffse t la te r a l ly  the movement was prim arily  dip-  

s l ip ,  with the south block upthrown re la t iv e  to the north block.

Two small probable fau lts  immediately south of Dahl Lake were
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'#h#'basl5 o f  abrupt changes In the a tt itu d e  of the Ravalli 

W  r a;. s hërt ad i stance, si I ckens I ded f lo a t ,  two 11 nea r fu r  rows, 

ddnd the presence o f  springs. The re la tive  movements on these two fau lts  

were not interpreted because of the in su ff ic ient information avaIlab le, 

r A normal fa u lt  with minor displacement mapped by Johns (I960) in

the southeast Thompson Lakes Quadrangle was continued for one and a ha lf  

miles along a linear furrow in the southwest corner of the mapped area. 

The trace occurs in an area of Quaternary gravels in Long Creek Valley; 

however, these sediments are only a thin veneer and do not conceal the 

furrow in the bedrock below.

The fa u lt  a t  the center of the north border of the area was mapped 

by F. Hall in the northwest Pleasant Valley Quadrangle (personal communi

cation). The only evidence for this fa u lt  in the area of study is a 

northeast-trending furrow that extends for s l ig h tly  over a mile. Accord

ing to H a ll ,  the structure is a high angle normal fa u lt  with the east 

block down-dropped re la t ive  to the east block.

The study of lineaments on aeria l photographs indicated the prob

able presence of three additional fa u lts , trending approximately north- 

south, shown by special symbols in the northeast quarter of the geologic 

map.

JOINTS

A few attitudes of continuous Joints scattered throughout the area 

were recorded. These jo in ts  apparently form sets that s tr ike  mainly 

N 550 to 80° W and N 50° to 85° E. The jo in ts  vary from 75° to vertica l 

in dip, but they are mostly v e rt ic a l .  These jo in ts  are interpreted as 

shear fractures developed by compressive forces related to the folding
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and fau lt in g  of the Belt rocks. These forces acted generally in an east- 

west d irection. Areas of prominent east-west jo in ts  essentia lly  perpen

d icu lar to fold axés were also noted. These jo in ts  may be tensional in 

orig in  and are probably related to the transverse d ip -s lip  fa u lt  in the 

area.



ECONOMIC GEOLOGY

Neither mining operations nor commercial mineralization were 

found during the course of the f ie ld  work. Several quartz veins para l

le l to the bedding were sampled and analyses made by the Montana Bureau 

of Mines. They showed only traces of gold and s ilv e r . I t  Is noteworthy 

that mineralized quartz veins para lle l to the bedding are common in the 

Libby Q,uadrangle (Gibson, 1948, p. 74). These "bed veins*' are favored 

by prospectors for gold in that lo ca lity .

East of McGregor Lake the Montana Highway Department operates a 

gravel p i t  in unconsolidated t i l l .  The gravels are screened and crushed 

to be used la te r  in road maintenance as road aggregate.

47
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APPENDIX

PETROGRAPHIC THIN SECTIONS 

Prichard Formation

Thin Sec, 
Number

84

40

50

146

115

130

140

154

101

102

207

205

Upper Prichard calcareous 
a rg Î 11Î te

Prichard q u a rtz it ic  a r g i l l i t e
1  1,300 feet below upper 
contact

Prichard quartzi t ic  a r g i l l i t e
2  4,000 feet below upper 
contact

Raval 1 i Group

Lower Ravalli argillaceous  
q u a rtz ité

Lower Ravalli gray-green 
q u a rtz it ic  a r g i l l i t e

Lower Rava111 argillaceous 
quartzi te

Lower Ravalli q u a rtz it ic  
argi 111 te

Lower Ravalli pure qu artz ite 
bed about 4 inches thick

Middle Ravalli q u a r tz it ic  
a rg i 11 i te

Upper Ravalli purple banded 
quartzi te

Piegan Group Rocks

Lower Piegan greenish-gray 
a rg111 i te

Lower Piegan calcareous 
a r g i l l i t e

Loca 11 on

SE i  of sec. 12, T. 28 N .. 
R. 27 W.

North end of Lynch Lake,
SE i  of sec. I I ,  T. 28 N. , 
R. 27 W.

NW i  of sec. 36, T. 29 N . , 
R. 27 W.

NW i  of sec. 22, T. 28 N ., 
R. 26 W.

NW i  of sec. 23, T. 27 N ., 
R. 25 W.

SW i  of sec. 31, T. 27 N . , 
R. 25 W.

SW i  of sec. 31, T. 28 N . , 
R. 26 W.

NW i  of sec. 11 ; T. 28 N . , 
R. 26 W.

SE {; of sec. 11, T. 26 N ., 
R. 26 W.

Road below Lookout Tower 
sec. 20, T. 27 N. , R. 26 W.

On ridge, sec. 8, T. 26 N . , 
R. 26 W.

NE i  of sec. 17, T. 26 N ., 
R. 26 W.
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